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Economic Feasibility of Implementing a Resin Distribution 

Measurement System for MDF fiber 

 

Keith A. Scott 

 

(ABSTRACT)
 
There have been successful techniques developed to measure resin distribution of phenol-

formaldehyde adhesive on several types of wood surfaces.  However, a technique that 

quantitatively measures UF resin on wood surfaces has been a problem because UF resin 

is colorless on wood fiber.  The first objective of this study was to develop a technique to 

quantitatively measure surface area coverage and statistical distribution of urea-

formaldehyde (UF) resin on medium density fiberboard (MDF) fiber.  Two techniques 

were evaluated to quantitatively measure UF resin.  One technique treated the resinated 

fiber with a reactive stain, such that the resin and wood could be distinguished and 

separated using digital image analysis.  An epi-fluorescence microscope, color video 

camera, A/D image capture board, and image analysis software were used to measure the 

percent of resin coverage on the wood surface.  The measured resin coverage of the 

treated fibers did not correlate with the target resin loading level.  The other technique 

added ultraviolet dye to the resin and measured the distribution of resin with an image 

analysis system.  The results of a mill trial confirmed the accuracy of the technique.  This 

system has potential to be incorporated into a mill setting, which will provide MDF mills 

with a method of determining how resin is being distributed on their fiber. 

 

The second objective of this study was to identify factors that would influence the 

technique’s acceptance among MDF mills.  A questionnaire was developed, pretested, 

and sent to every MDF mill in the United States.  The method of adding UV dye into the 

resin was favorable to most mills and could be tested either on-site or by a third-party 

company.  This allows MDF mills to determine potential problems with their blending 

process.  This method saves time and money since it is a proactive measure rather than a 
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reactive measure.  It should also lead to a more uniform and consistent product, which is 

the goal of every MDF mill.            
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Preface 
 

This thesis consists of five chapters.  Chapter One reviews literature relevant to this 

project and outlines the objectives.  Chapter Two describes the post-blending method 

used to measure resin distribution on MDF fiber and particles.  The chapter also describes 

the results obtained from the mill trial, board testing, and nitrogen analysis.  Chapter 

Three details the ultraviolet dye method of measuring resin distribution.  This chapter 

also identifies the results obtained from the mill trial, board tests, and nitrogen analysis.  

Chapter Four describes the development of a questionnaire that was sent to participating 

medium density fiberboard (MDF) mills.  This chapter outlines the questions asked in the 

questionnaire and summarizes the responses.  The cost of implementing a continuous 

resin distribution measurement system in a MDF mill was computed.  Chapter Five 

summarizes the results obtained from the mill trials and questionnaire, and gives 

conclusions relevant to this project.  This thesis was designed to have chapters that can 

stand alone as separate publications.  Therefore, some duplication of material is present 

within chapters.  The author apologizes for any inconvenience this may cause the reader.   
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Chapter 1: Introduction 
 

In the recent past, the wood products industry has changed from a solid-wood based 

industry to a composite-wood based industry.  One main reason for this change is the 

scarcity of large trees available to use for larger construction applications.  This led the 

wood products industry to search for innovative new ways to construct building materials 

from smaller trees.  Currently, composite wood products have gained an appreciable 

marketshare in the industry, which will continue to grow as smaller trees are used to 

support the demand for wood products.  Some examples of wood products that are 

commonly used in the industry are oriented strandboard, particleboard, medium density 

fiberboard (MDF), composite I-joists, and composite lumber.  Each of these products can 

use a small diameter tree by flaking, peeling, chipping, grinding, or pulping it.  The 

resulting wood from these processes can be combined with an adhesive to make a usable 

wood product. 

 

MDF has enjoyed success in the furniture industry for many years.  In addition, MDF is 

used in interior door skins, mouldings, and interior trim components.  Similar to other 

wood product mills, MDF plants have a quality control department that assures their 

product is uniform and conforms to specifications.  There are many reasons a 

manufactured wood product might not conform to specifications.  One problem area is 

the method of adhesive addition on the wood surfaces.  Either blowline blending or dry 

blending may be used to add adhesive to MDF fiber.  Blowline blending is mechanically 

a simple process in which resin is injected and atomized inside a small-diameter section 

of pipe, a short distance downstream from the refiner. A high velocity flow of steam and 

fibers passes through the blowline and through the stream of resin droplets. Turbulent 

flow in the blowline promotes mixing of the fiber and further distribution of the adhesive. 

Robson et al. (1997) states that blowline blending has many advantages over dry 

blending, but blowline blending consumes greater amounts of resin to yield equivalent 

board properties.  Since many factors affect the process, optimization of blowline 

blending is difficult (Chapman, 1998).  Some of these factors are: location of the resin 

injection point, orientation of the nozzle, diameter of the blowline, steam pressure, and 
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flow rate (Hague et al, 1999).  In ideal situations, Chapman states that each fiber should 

be bonded by at least one resin droplet.  A significant portion of the adhesive transfer 

occurs as a result of fiber-to-fiber contact. In such a case, the adhesive does not appear as 

uniform drops, but rather as an intermittent coating on the fiber. In some cases, the 

adhesive forms clumps. One would expect that a uniform and constant distribution of the 

adhesive throughout the fibers prior to mat formation would lead to the best board 

properties for a given amount of adhesive. Manufacturers have experimented with their 

blowlines by changing these variables, but optimal results vary from one mill to another. 

Hague et al. (1999) provided an excellent review of the blowline blending factors, along 

with results of a pilot-plant study. They found thickness swell and internal bond strength 

was poorly correlated with resin addition level due to high variability in the test results. 

 

As a result of blending variations and other processes that lead to problems with resin 

distribution, mills have manufactured products that are variable in strength and lack 

uniformity.  However, the most common way that mills currently determine if a 

manufactured board is meeting specifications is to test the internal bond strength.  This 

test occurs only after the board has been pressed, and by this time in the process many 

other boards with similar qualities have been produced.  If a method was available to 

measure resin distribution before the board was pressed, changes could be implemented 

and less waste would be incurred.  Previous research has been done to identify resin on 

surfaces of wood.  Roll (1997) has researched the detection of MDI on wood surfaces, 

and found that the fluorescent dye Hostasol Rot GG can be mixed with MDI prior to 

application to distinguish the resin from the wood surface.  Phenol-formaldehyde (PF) 

adhesive has a distinctive red-brown color, but when it appears in a thin layer, it is also 

difficult to detect against a wood background. Murmanis et al. (1986) observed PF 

adhesive in hardboard using transmitted light fluorescence and thin sections. Specimen 

preparation involved embedding with various polymers prior to sectioning, a procedure 

requiring three days. The PF could easily be observed with near-ultraviolet light. No 

quantitative measurements were obtained with this process.  Urea-formaldehyde (UF) 

adhesive is nearly colorless when viewed in white light, and is therefore, difficult to 

detect visually on the surface of MDF fiber.  Donaldson and Lomax (1989) used 
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interference microscopy and thin microscope sections to detect UF and PF adhesive in 

MDF panels. A difference in refractive index between the adhesive and the wood 

provided the contrast needed to observe the adhesive.  They measured the contact angle 

between the adhesive and the fiber surface and concluded the UF had more variability in 

the way it interacted with the fiber. Gibson and Krahmer (1980) investigated the 

detection of UF resin droplets on veneer surfaces and particleboard furnish.  Most of their 

methods involved either spray reagents for chromatography, pH indicators, histological 

stains, or acid treatments.  They found that the acid treatments were the easiest to use and 

could be applied before or after curing. However, degradation of the wood surface was an 

issue with certain acid treatments. Schriever (1981) reacted p-Dimethylaminocinnam-

aldehyde (DACA) with UF-resinated particles, which provided a color change of the UF.  

No quantitative measurements were done. A fluorescent dye can be added to the adhesive 

or wax prior to blending with the MDF fiber to enhance the observed contrast of adhesive 

on the wood fiber (Pecina, 1963; Lehmann, 1968; Ede et al., 1998). Various microscopy 

techniques may then be used to observe the dyed adhesive or wax on the fiber.  Loxton et 

al. (2000) developed a technique to visualize UF resin distribution on MDF fibers.  The 

method used a fluorescent label chemically bound to the resin and analyzes digital 

images by confocal laser scanning microscopy. 

 

Quantitative measurement of adhesive distribution is problematic. The adhesive spots are 

small, requiring magnification of 30 to 50x to observe in a microscope.  The spots are 

also extremely variable, requiring replicate measurements to ensure adequate statistical 

representation.  Several techniques are available to quantitatively measure the distribution 

of resin on a wood surface.  X-ray photoelectron spectroscopy, fluorescence microscopy 

using contrasting agents, and fluorescence microscopy using labeling techniques were 

used to show the quantification of wax on MDF panels (Ede et al. 1998).  Kamke et al. 

(1996) used image analysis software and a fluorescence microscope to differentiate 

between the phenol-formaldehyde (PF) resin spot size and coverage on oriented 

strandboard flakes.  This process resulted in a commercial product called the RDM100 

system produced by the Eagle Analytical Company (Blacksburg, Virginia) for routine 

adhesive distribution measurement on OSB strands. This method also works with MDI 
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adhesive, and requires no special dyes to be added prior to adhesive blending because PF 

resin is visible on wood surfaces. The OSB strands are simply collected off the forming 

line and observed directly using a fluorescence microscope and a black and white video 

camera. All measurements are automated, and many replications provide reliable 

statistics for detecting process changes.  Kennedy (1999) used an ultraviolet dye to 

differentiate between UF resin and wood particles in resin distribution measurements by 

using the threshold capability of the image analysis software.  Ultraviolet dye was 

necessary to use because UF resin is colorless and is not visible on wood surfaces.  This 

process was found to be effective using the resin distribution measurement system from 

Eagle Analytical Company.  

 

One of the objectives of this project was to develop a technique that quantitatively 

measures the surface area coverage and distribution of urea-formaldehyde adhesive on 

the surface of MDF fiber.  This system would allow MDF mills to have an important 

control procedure that would indicate how the resin-addition system distributes resin on 

the fiber.  Ideally, this new system would also allow MDF mills to save on resin costs and 

have a troubleshooting method for their manufacturing process.  Two techniques were 

employed to measure resin distribution on MDF fiber.  The first technique utilized a post-

blending procedure, such that no dyes had to be added to the UF resin prior to blending. 

Preliminary tests were conducted to find a suitable chemical reagent. A mill trial was 

then performed to evaluate the sensitivity of the technique to selected process changes. 

The method was also tested on particleboard furnish.  The second technique added an 

ultraviolet dye into the resin to distinguish the resin from the wood surface through the 

use of an image analysis system.  A mill trial was performed to evaluate the sensitivity of 

the resin distribution measurement technique to selected process changes, in addition to 

performing board tests and a nitrogen analysis to confirm the technique’s results. 

 

The second objective of this project was to identify factors that will improve the 

technique’s acceptance among MDF mills, such as the benefits and costs of such a 

system and how much a company would be willing to pay for this system.  In addition, 

the product attributes necessary for measuring resin distribution were identified.  New 
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product introduction is an important aspect of any industry. New product development is 

a process that begins with a goal, moves through a phase that promotes the conception of 

the idea, is reduced to practice during its implementation stage, and is completed when 

the product becomes established in a transitional phase (Servi, 1990).  Many new product 

ideas originate in research and development departments.  Studies have shown that 88% 

of new product ideas come from within companies, of which 60% originated in the 

research and development division (Hisrich and Peters, 1978).  There are two types of 

strategies in developing new products and services.  These strategies are classified as 

either an innovative strategy or a follow-the-leader strategy.  An innovative strategy is 

where a company attempts to be the first entrant in the market with a new product or 

service.  This creates a risk for the company since the new product or service may not be 

accepted until it has been on the market for a period of time.  A follow-the-leader strategy 

reduces this risk, but potential profits and revenues are reduced because the innovating 

company will already have a loyal customer base (Hise, 1977).  Product feasibility is 

another important consideration to major companies.  The companies should consider the 

following questions when considering the introduction of a new product: Does the 

product fill a need?  Is the product timely?  What competition will the product have?  

What are the economics of production?  Can, and should, the product be patented?  These 

questions are the basis for determining whether a new product will be attractive to 

consumers in the marketplace (Walker, 1971).   

 

There are many innovations in the particleboard and medium density fiberboard (MDF) 

industries.  These products are similar to each other in some of their manufacturing 

processes and end uses.  One innovation in this industry is the use of an optical 

profilometer to measure surface roughness in wood products.  The advantages to using 

this process are the performance monitoring of sanders, the prediction of adhesive joint 

performance, and the assurance of thin surface laminate integrity (Lenmaster, 1996).  

Another innovation is the use of agricultural fiber residues as supplements for wood 

composite panels.  Some of the fibers being studied are kenaf, cornstalk, switchgrass, and 

wheat straw.  Even though wood fiber is superior to agricultural residues for wood 

product use, these residues are a potential supplement for industries to utilize in the future 



 6 

(Kuo et al., 1998).  Continuous reading moisture measurement systems are another 

innovation to particleboard and MDF industries.  Some new moisture meters that are 

being introduced are infrared moisture meters and radio-frequency moisture meters 

(Laughinghouse, 1999).  However, each type of moisture meter has its limitations, so 

currently there are no “perfect” moisture meters in use.  Another innovation is the science 

of blending urea-formaldehyde (UF) resin with MDF fiber.  The blowline blending 

process can be modified by either utilizing different types of nozzles of placing the 

nozzles in different locations along the blowline (Chapman, 1998).  The quantitative 

measurement of resin distribution is another innovation in the wood products industry.  

This technique includes using a microscope and a digital video camera to observe UF 

resin on wood fibers.  The process uses fluorescent dye to force the resin to fluoresce, 

which is then measured by the image analysis system (Kennedy, 1999).  This process will 

be used to detect UF resin on MDF fiber in this experiment, and is the new procedure 

being introduced to MDF mills as a process monitoring procedure.  

 

There are numerous benefits for using this resin measurement process in a medium 

density fiberboard mill.  First, it is a quick and relatively easy process to obtain a measure 

of resin distribution on fibers.  This would be valuable to mills because they would be 

able to detect problems with the resin pump or blowline before they tested the boards for 

internal bond strength.  Second, it is a relatively inexpensive addition to a mill 

considering the amount of resin it could potentially eliminate from the process, which 

would decrease a mill’s expenses.  For example, a mill may only need to make minor 

changes to save large amounts of resin and obtain similar board properties.  This process 

would give the mill a procedure that immediately tells them how the resin is distributed 

on the fibers.  Third, an independent testing company could perform the analysis.  This 

would allow companies, who only want to test occasionally, to avoid the cost of the 

equipment.  Fourth, there is a possibility of switching to an on-line measurement system 

for future applications.  This would allow for a continuous measurement system of resin 

distribution and would eliminate the technician’s job of collecting and preparing fiber.  

Fifth, if only a few producers of MDF use this process, product claims against a company 

that uses UV dye could be disputed if the board that failed did not contain UV dye. 
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To determine if MDF mills are willing to use this resin distribution measurement process, 

a market survey was conducted, which included all of the MDF mills in the United 

States.  The questionnaire included questions regarding blending methods, current 

method of measuring resin distribution, and what board property is most sensitive to 

adhesive content.  In addition, the mills were asked to rate their satisfaction with certain 

issues such as current resin usage as compared to the industry average, internal bond 

strength of their manufactured board, and current method of testing resin distribution (if 

applicable).  The value of knowing how resin is distributed on a mill’s fiber and the value 

of a resin distribution measurement system for the MDF mills was determined.  The mills 

were separated into segments based on their amounts of production in order to determine 

if their possible acceptance of a resin distribution measurement process is influenced by 

the size of the mill.         
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Chapter 2: Acriflavine Mill Trial and Results 
 

Abstract 
The objective of this study was to develop a technique to quantify surface area coverage 

and statistical distribution of urea-formaldehyde (UF) resin on MDF fiber and 

particleboard furnish.  By treating the resinated fiber with a reactive stain, the resin and 

the wood can be distinguished and separated using digital image analysis.  An epi-

fluorescence microscope, color video camera, A/D image capture board, and image 

analysis software were used to measure the percent of resin coverage on the wood 

surface.  These measurements can assist companies in making blending improvements, 

testing new resin formulations, and reducing resin costs. 

 

The results of the resin coverage measurements for the treated fibers did not correlate 

with the target resin loading level. However, preliminary trials with commercially 

blended fiber clearly showed the presence of UF resin when treated with the acriflavine 

solution. Due to the large number of images to be processed (250 per sample), an 

automated method was used. It is suspected that slight variations between specimens may 

have induced significant variations in the processed images.  Alternative image 

processing techniques are continuing to be investigated. Variability is to be expected. 

However, the nitrogen analysis used a specimen of similar size, and yet it correlated to 

the target resin loading levels. It should be noted that the resin coverage results are 

surface area measurement, while resin loading and nitrogen content are based on mass of 

resin solids.  The results of treating particleboard furnish with the acriflavine solution in 

order to measure resin distribution was also unsuccessful.  The variations in the size of 

the particles and problems with depth of field were problems with this measurement 

method.  Since the results of the resin coverage measurements were inconclusive, more 

research is needed to refine the treatment process and reduce variability. At this time the 

technique is only qualitative. 
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Objective 
The objective of this study was to develop a technique to quantify surface area coverage 

and statistical distribution of urea-formaldehyde (UF) resin on MDF fiber and 

particleboard furnish.  The technique was to employ a post-blending treatment, such that 

no dyes had to be added to the UF resin prior to blending. Furthermore, the technique 

should use relatively simple and inexpensive analytical tools. Preliminary tests were 

conducted to find a suitable chemical reagent. A mill trial was performed to evaluate the 

sensitivity of the technique to selected process changes. The method was also tested on 

particleboard furnish. 

 

Experimental Methods 
Preliminary Results 
Several candidate chemicals were identified from the literature for the post-blending 

treatment of urea-formaldehyde adhesive. Each chemical’s name and structure is listed in 

Table 2.1. The testing on the candidate chemicals considered the stability of the resin 

upon application of the treatment. The treatment must not cause the UF resin to flow. To 

assess this possibility uncured UF resin drops were observed under a microscope when 

the chemical was applied. Any spreading of the resin drop is an indication that the 

treatment partially solubilizes the resin before solidification, which is unacceptable. Other 

indicators of treatment performance were color change and inducement of fluorescence.  

Preliminary treatments were done on a test tube scale with several MDF fiber samples, 

which were provided by four different companies. Most of the trials were done using 

fresh MDF fiber, less than three days old, from the Georgia-Pacific MDF facility in Holly 

Hill, South Carolina. 
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Table 2.1. Chemicals evaluated for UF resin treatment 
Chemical CAS or NSN 

number 
Structure Solution 

Acriflavine hydrochloride 8063-24-9 C27H28Cl4N6 w/ 50% 
concentrated 

HCl 
4-Dimethylaminocinnamaldehyde 

(DACA) 
6203-18-5 C11H13NO 

 
w/ 50% 

concentrated 
HCl 

Nitric acid 7697-37-2 HNO3 10% 
solution 

Fast blue G powder 685000N011472 N/A 
(Proprietary) 

0.2% 
solution 

Resorcin crystal violet 81133-29-1 N/A 
(Proprietary) 

w/ 50% 
concentrated 

HCl 
 
 
The first trials used the DACA solution with poor results. While others have tried the 

DACA solution with mixed results, our trials did not yield enough contrast to make 

quantitative measurements. All of the other chemicals, with the exception of the 

acriflavine solution, either showed a weak color change or no detectable reaction. 

 

The acriflavine solution was the most promising. This chemical solution solidifies the UF 

resin almost instantly and causes the UF resin to fluoresce.  The acriflavine solution was 

very acidic and stained glassware. The solubility in water is low. A 0.3% solution was 

sufficient to cause a color change. This chemical was not found in the literature in 

conjunction with UF. It was selected because it has a similar chemistry to DACA and 

possesses fluorescence characteristics within the visible range. 

 

Some samples of MDF fiber that contained UF resin with UV-dye were obtained for a 

comparison with the post-staining method. This technique was reported by Kennedy 

(1999). With the UV-dyed UF resin on the MDF fiber, it was easy to observe the resin 

and make quantitative measurements without a post-treatment. Some of the UV-dyed UF 

fiber was treated with the acriflavine solution to determine if the UV-dye stayed with the 

resin in the blowline. A photograph of a fiber bundle, before and after treatment with the 

acriflavine solution, is shown in Figure 2.1. Figure 2.1B shows bright UV-dyed UF resin 
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spots as seen under ultraviolet light. Figure 2.1A is the same fiber, after a five-minute 

treatment with the acriflavine solution, as seen under ultraviolet light. In this case, the UF 

resin spots are red.  In Figure 2.2 is a photograph of UF-resinated MDF fiber that has 

been treated with the acriflavine solution. The UF resin is red or orange and the wood 

fiber is bright green when viewed under ultraviolet light. 

 
 

Figure 2.1. Same fiber bundle, before and  
after acriflavine treatment, as seen under UV  
light (A-after treatment, B-before treatment)  

(2x magnification) 
 
 

 A 

B 
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Figure 2.2. Fiber with UF resin added, then treated with  
acriflavine solution (5x magnification) 

 
 
The preliminary fiber samples were examined using a fluorescence microscope and 

several variations of optical filter sets. The optical filters were used to create specific 

excitation and emission wavelengths (excitation 360/40 nm, DC mirror 400 nm, emission 

420 nm). This was needed to enhance the contrast between the treated UF resin and the 

wood.  A high-resolution color video camera (Dage-MTI DC330) was used. The contrast 

of the samples was not distinct enough to use a black and white video camera.  

 

These preliminary tests were evidence that the acriflavine solution reacts with the UF 

resin, causing a color change, fluorescence and solidification. Therefore, the acriflavine 

treatment was chosen for the mill trial.   

 

 

MDF Fiber Methods 

Mill Trial 
Resinated MDF fiber was obtained from an MDF facility in South Carolina.  The mill 

was using 100 percent southern pine to produce ¾-inch panels. The mill had three 

refiners, two Sprout and Bauer, and one Sunds.  The test parameters included wood feed 
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rate and resin loading level, as shown in Table 2. The wood feed rate was determined by 

the weigh-belt that was downstream from the Sunds refiner. 

 

Three fiber samples, of approximately 1-gallon bulk volume, were collected at 5-minute 

intervals from the weigh-belt section following the dryers. These samples were mixed 

together to comprise single samples, which are indicated in Table 2.2. These samples 

were sealed in plastic bags for subsequent chemical treatment either the same day, or the 

following day. Plant personnel advised that a 15-minute delay was needed between 

implementation of a process change and fiber sample collection.  

 

Board samples were coordinated with the fiber samples. Board samples were taken from 

the same press opening over three successive press loads for each treatment.  Nitrogen 

analysis, using the Kjeldahl technique, was conducted on all fiber samples. Two different 

commercial laboratories replicated the nitrogen analysis. No blank sample was run.  

 
Table 2.2. Target and actual blending parameters for the MDF mill trial 

Sample Resin Loading 
Level 
(%) 

Target Wood 
Feed Rate 
(ton/hr) 

Actual Wood 
Feed Rate 
(ton/hr) 

S-R1F1 10.0 10 10.6 
S-R1F2 10.0 11 11.4 

S-R1F3A 10.0 12 12.4 
S-R1F3B 10.0 12 11.7 
S-R1F3C 10.0 12 11.2 
S-R1F4 10.0 13 13.1 
S-R1F5 10.0 14 13.9 
S-R2F3 10.5 12 12.4 
S-R3F3 11.0 12 12.0 
S-R4F3 11.5 12 11.9 
S-R5F3 12.0 12 11.5 

SB-R1F3A 10.0 12 - 
SB-R1F3B 10.0 12 - 
SB-R2F3 10.5 12 - 
SB-R3F3 11.0 12 - 
SB-R4F3 11.5 12 - 
SB-R5F3 12.0 12 - 

 S=Sunds Refiner 
 SB=Sprout-Bauer Refiner 
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Fiber Treatment 
All of the fiber samples were treated on the same day of collection or the next day. The 

acriflavine solution (solution C) was prepared one week in advance with the components 

shown in Table 2.3. The solution had a translucent orange color.  

 
Table 2.3. Acriflavine solution recipe 

Solution Component Amount 
A Concentrated hydrochloric acid  (37.6% assay) 

Water 
200 ml 
200 ml 

B Acriflavine powder (Sigma A-8251) 
Water 

1.0 gram 
200 gram 

C Solution A 
Solution B 

Water 

1 part 
1 part 
5 parts 

           
 
 
Twenty grams of resinated fiber was placed in a glass flask and mixed with 600 ml of the 

acriflavine solution. The flask was sealed and then gently shaken for 3-minutes, and left 

to soak for 10 minutes. The solution immediately turns opaque and a darker shade of 

orange when mixed with the resinated fiber. Old fiber, or fiber containing no resin, does 

not affect the clarity of the solution. Care was taken to protect skin and eyes from the 

acidic solution. This procedure was performed at room temperature. The treated fiber was 

then filtered through an 8-inch diameter separatory funnel using very coarse filter media. 

The fiber was repeatedly washed with tap water until the wash-water was clear of the 

acriflavine solution.  The treated fiber was then dried in a convection oven at 104 degrees 

Celsius for approximately 3 hours.  The remaining untreated resinated fiber was saved for 

the nitrogen analysis. 

 

Resin Distribution Measurement 
The adhesive distribution measurements were made using the RDM100 (Eagle Analytical 

Company, Inc.). The RDM100 is an automated system designed for the measurement of 

resin distribution on OSB strands. It consists of a fluorescence microscope, 100W 

mercury light source, low light B&W video camera, frame capture digitizing board, 

computer, and image processing and analysis software. The software was modified for 
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color separations for this application. A 3-chip color video camera was used in place of 

the B&W camera. The direct-current mercury lamp provided a constant exciting light 

intensity on the samples.  The light traveled through excitation filters chosen for this 

application (excitation 360/40 nm).  Once this light contacted the sample, the emitted 

fluorescence passed through an emission filter chosen for this application (emission 420 

nm).  The emissions were then measured to determine the level of fluorescence for each 

sample.  The setup of this measurement system is shown in Figure 2.3.  Automatic gain 

control was used and the maximum color saturation was used. The color images had a 

field of view of 2.0 mm by 1.5 mm. The image resolution was 3.13 micron per pixel with 

50x magnification. 

 
 

Figure 2.3.  Setup for the resin distribution measurement system 

 
 

Treated fibers, approximately 1 gram, were packed into clear polycarbonate cuvettes.  

The fiber was tightly compressed into the cuvette by hand. This provided four viewing 

surfaces on the cuvette with an adequate depth of field when observed under the 

microscope.  Some areas in the images were out of focus. Fibers that were compressed 

against the walls of the cuvette were in clear view, and those that were not were out of 

focus and partially hidden by shadows.  This was considered a random event with equal 

probability for all specimens.  Ten images were collected from each specimen, and the 

 

SPECIMEN 

LIGHT SOURCE 

VIDEO CAMERA 

IMAGE PROCESSING AND 
ANALYSIS SOFTWARE 

MICROSCOPE
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results combined to yield the data for one specimen. Each sample was comprised of 25 

specimens, for a total of 250 images per sample. An example of the images collected is 

shown in Figure 2.4A. The red areas are the resin. By contrast, Figure 2.4B shows 

samples of MDF fiber that contained no resin, but received the same acriflavine 

treatment. In the unresinated fiber, the color of the fiber is uniform and appears green 

with this filter-set. 

 
 

Figure 2.4. MDF fiber treated with acriflavine solution (A-resinated fiber, B-
unresinated fiber) (5x magnification) 

 
 
The automated image processing included a linear equalization and an open filter (5 x 5 

circle) enhancement to define the edges of objects. The resin spots were selected using 

the cube-based technique, where the operator used the cursor to select an area (3 pixels 

by 3 pixels) that was known to be resin. All other pixels that exhibit the selected color 

range were then automatically highlighted, and subsequently counted as resin spots. The 

data collected was the number of resin spots and the area of each spot. The resin coverage 

was calculated as the sum of all the individual resin spot areas divided by the field of 

view, then multiplied by 100 to give percent coverage. The cuvette ensured that the entire 

field of view was covered by fibers. 

 

Nitrogen Analysis 
The nitrogen analysis was performed on resinated, but untreated, fiber specimens.  The 

analysis employed the Kjeldahl method, used 3 replications, and was performed by two 

A B
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independent commercial laboratories. This test used a sample of approximately one gram, 

which is then dissolved in hot sulfuric acid.  This converts the nitrogen into ammonium 

phosphate.  The solution is then made alkaline with NaOH to liberate the ammonia.  The 

liberated ammonia is titrated with HCl using methyl red as the indicator.  The percent 

nitrogen content is then calculated based on the normality and volume of the acid, and 

weight of the sample (Schmidt, 2001).  No blank was used, so the nitrogen content is 

only relative to the specimens in this experiment. The Kjeldahl analysis is based on mass, 

while the resin distribution technique is based on surface area. Consequently, these 

results would not necessarily be proportional, but should yield the same trends. 

 

Board Testing 
The boards were taken back to Virginia Tech, cut into test specimens, conditioned at 65 

percent relative humidity and 20oC for three weeks, and then tested. The board tests were 

internal bond, dry bending, thickness swell (24-hour soak) and water absorption.  These 

samples were tested according to the ASTM D1037 standard (American Society for 

Testing and Materials, 2000).  The results from these tests were analyzed statistically 

using the General Linear Models Procedure and Duncan Grouping to determine 

significant differences between samples (SAS software, Version 6.12). 

 

 

Particleboard Furnish Methods 

Experimental Design 
Resinated particleboard furnish was obtained from a commercial facility in Virginia.  The 

particles were a mixture of 65% white pine and 35% mixed hardwoods. The particles 

were collected from the forming line, stored in sealed bags, and treated the same day. 

Additional particles, without resin, were collected from the dry feed-bin to the blender 

(Littleford EK-60). The adhesive was liquid urea-formaldehyde added at approximately 

an 8% loading rate. The particles were screened into four size classifications using a 

sieve shaker (Table 2.4). The screens were selected to yield equal fractions based on 

weight. 
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Table 2.4. Screen size classifications for particles 
Sample 
Code 

Screen No. 
(Tyler) 

Actual Opening (inch) 

P1 +28 – 20 0.0234 – 0.0331 
P2 +20 – 10 0.0331 – 0.0661 
P3 +10 – 8 0.0661 – 0.0937 
P4 > 8 0.0937 

  
 
Particle Treatment 
The particles were treated with the same acriflavine solution and procedure as described 

previously for MDF fiber. 

 

Resin Distribution Measurement 
The procedures for resin distribution measurement were nearly the same as the 

procedures used for MDF fiber. Because of the larger size of the particles, a 2x objective 

lens and a 0.55 photo coupler were used to view the specimens under the microscope. 

This provided a field of view of 5.1 mm by 3.8 mm, with a resolution of 7.98 microns per 

pixel.  The lower magnification provided a better depth of field and allowed more 

particles into the field of view. However, as with the MDF fiber, shadows and out of 

focus areas were present.  

 

The particles provided more background color variation than the MDF fibers. This is due 

to the inclusion of all water-soluble extractives, which are generally washed out during 

thermomechanical pulping. The furnish contained a mixture of earlywood and latewood, 

heartwood and sapwood, and some bark, all of which contributed to color variations. The 

larger particles, with varying grain orientation, absorb the chemical treatment with more 

variability than fibers. The added color variation made the process of resin identification 

more difficult than the fibers.  
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Results 
MDF fiber 

Resin Distribution Measurement 
The results of the resin distribution measurements showed no correlation between resin 

coverage and resin loading level (Figure 2.5).  With an increasing resin loading level, 

there was a decreasing trend in resin coverage measurements with an R² value of 0.0205.  

The expected results are an increasing trend in resin coverage measurements with an 

increasing resin loading level.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 2.5. Resin coverage measurements versus mill resin loading  
level 
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There was also no significant correlation between resin coverage and wood feed rate   

(Figure 2.6).  With an increasing wood feed rate, there was a decreasing trend in resin 

coverage measurements with an R² value of 0.1495.     

 
 

Figure 2.6.  Resin coverage measurements versus wood feed rate 
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No correlation was found between resin coverage and the nitrogen content (Figure 2.7). 

With an increasing amount of resin coverage, there was a decreasing trend in nitrogen 

content measurements with an R² value of 0.0072.  The expected results were an 

increasing trend in nitrogen content measurements with an increasing amount of resin 

coverage on the fiber. 

       

Figure 2.7.  Resin coverage measurements versus % nitrogen  
content 

 
 
These results that were obtained indicate that the acriflavine treatment method failed to 

provide a quantitative measure of resin coverage.  The variability in the resin coverage 

results was high. Some of the variability was due to the method of image processing. All 

of the images were processed automatically with a linear equalization. This procedure 

redefined the color intensity of each pixel element in the image such that the maximum 

range of 256 levels was used. With a linear equalization, the adjustment was done 

proportionally. However, if the average light intensity varies between images, there is no 

assurance that this enhancement will consistently assign color intensity levels to the 

objects of interest. In addition, some areas of each image were not in focus or covered by 

shadows, which may have caused some resin spots not to be counted.  
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The resin could easily be seen on the treated fiber when viewed through the microscope. 

However, in many cases shadows and focus problems reduced the contrast between the 

resin and the fiber surface. Perhaps a secondary chemical treatment would improve the 

contrast. There is also a chance that an alternative image processing procedure could do a 

better job of differentiating the resin spots.  

 

Board Testing 
The board properties followed the trends expected when the resin loading level was 

changed. Internal bond strength increased by nearly 33% when the resin loading was 

increased from 10 to 12% (Table 2.5). The bending properties also increased, but were 

less sensitive to resin loading. Thickness swell and water absorption after a 24-hour soak 

both showed improvement with increased resin loading.  Table 2.6 shows the different 

board properties were significantly different from each other with 95% level of 

confidence as the resin loading was increased from 10 to 12%. 

 

 
Table 2.5. Effects of resin loading level on board properties; target wood feed rate 

was 12 ton/hr. 
Sample Resin 

Loading 
Level 
(%) 

Actual 
Wood 

Feed Rate 
(ton/hr) 

IB 
(psi) 

MOR 
(psi) 

MOE 
x 105 
(psi) 

24-Hr 
TS 
(%) 

24-Hr 
WA 
(%) 

S-R1F3 10.0 11.5 103.9 4807 4.28 7.7 9.3 
S-R2F3 10.5 12.4 109.8 4600 4.12 7.7 8.7 
S-R3F3 11.0 12.0 117.9 4705 4.35 7.5 8.1 
S-R4F3 11.5 11.9 114.5 4740 4.22 6.6 8.0 
S-R5F3 12.0 11.5 137.9 5073 4.39 6.7 7.6 
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Table 2.6. Letters indicate statistically significant populations based on a Duncan 
Multiple Range test with an alpha level of 0.05 

Sample Resin 
Loading 

Level 
(%) 

Actual 
Wood 

Feed Rate 
(ton/hr) 

IB 
(psi) 

MOR 
(psi) 

MOE 
x 105 
(psi) 

24-Hr 
TS 
(%) 

24-Hr 
WA 
(%) 

S-R1F3 10.0 11.5 C B CB A A 
S-R2F3 10.5 12.4 BC C D A B 
S-R3F3 11.0 12.0 B BC AB A C 
S-R4F3 11.5 11.9 B B C B CD 
S-R5F3 12.0 11.5 A A A B D 

 
 
The influence of wood feed rate on the board properties was not clear (Table 2.7). The 

worst IB and bending properties occurred with the target feed rate of 12 ton per hour, 

which was in the middle of the range studied. In general, the greatest feed rates provided 

the best board properties, with the exception of the mid-range (12 ton/hr) feed rate. Table 

2.8 shows all the board properties, except 24-hour thickness swell, were significantly 

different from each other with 95% level of confidence as the target wood feed rate was 

increased from 10 to 14 tons/hour.   

 
 

Table 2.7. Effects of wood feed rate on board properties; resin loading was 10% 
Sample Target 

Wood 
Feed Rate 
(ton/hr) 

Actual 
Wood 

Feed Rate 
(ton/hr) 

IB 
(psi) 

MOR 
(psi) 

MOE 
x 105 
(psi) 

24-Hr 
TS 
(%) 

24-Hr 
WA 
(%) 

S-R1F1 10 10.6 92.9 4541 4.10 8.5 11.8 
S-R1F2 11 11.4 101.8 4658 4.27 8.1 10.4 

S-R1F3A 12 12.4 81.8 4332 3.91 8.3 10.4 
S-R1F4 13 13.1 124.3 4748 4.27 7.9 9.2 
S-R1F5 14 13.9 113.6 4745 4.18 8.1 9.3 
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Table 2.8. Letters indicate statistically significant populations based on a Duncan 
Multiple Range test with an alpha level of 0.05 

Sample Target 
Wood 

Feed Rate 
(ton/hr) 

Actual 
Wood 

Feed Rate 
(ton/hr) 

IB 
(psi) 

MOR 
(psi) 

MOE 
x 105 
(psi) 

24-Hr 
TS 
(%) 

24-Hr 
WA 
(%) 

S-R1F1 10 10.6 B B B A A 
S-R1F2 11 11.4 B A A AB B 

S-R1F3A 12 12.4 D C C A B 
S-R1F4 13 13.1 A A A B C 
S-R1F5 14 13.9 A A A AB C 

 
 
Nitrogen Analysis 
The two independent commercial laboratories that performed a nitrogen analysis did 

show a correlation between nitrogen content and the resin loading level (Figure 2.8).  The 

nitrogen content increased as the resin loading level increased.  Although this was not a 

strong correlation, the trend was clear and as expected. 

 
 

Figure 2.8. Influence of resin loading on nitrogen content as  
measured by two commercial laboratories 
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The wood feed rate did appear to influence the nitrogen content, which decreased with 

increasing wood feed rate (Figure 2.9). Not enough Kjeldahl specimens were analyzed to 

confirm this effect. However, both laboratories showed the same trend. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.9. Influence of wood feed rate on nitrogen content, as  
measured by two commercial laboratories 

 
 
Particleboard Furnish 
The results of the resin coverage measurements and nitrogen analysis on the particleboard 

furnish are shown in Table 2.9. There is no correlation between the resin coverage and 

nitrogen content.  The resin coverage was greatest for the largest particle size fraction. 

However, the nitrogen analysis indicated the greatest resin content in the smallest particle 

size fraction. The Kjeldahl analysis provides results on nitrogen content based on mass, 

not surface area coverage. The small particles have much more surface area than the large 

particles for the same mass of wood.  If the nitrogen content results are adjusted to 

compare equivalent surface areas between particle size fractions, the adjusted nitrogen 

content values should look similar to the resin coverage results.  This adjustment is 

shown in Table 2.10. 
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Table 2.9. Results of resin coverage and nitrogen content measurements  
on particleboard furnish separated by screen fraction 

Particle 
Screen 

Fraction 

Resin Coverage 
(%) 

Resin Coverage 
Coef. of Variation 

(%) 

Nitrogen  
Content 

(%) 
P1 (smallest) 12.3 35.7 28.6 

P2 10.8 18.8 11.2 
P3 13.3 15.4 8.2 

P4 (largest) 24.8 19.2 6.7 
 
 

Table 2.10. Results of nitrogen content when adjusted by particle surface area 
Screen 

Opening 
Collected 

(in) 

Screen 
Opening 
Passed 

(in) 

Average 
Particle 
Size (in) 

No. 
Particles 
per Cubic 

Inch 

Surface 
Area per 

Cubic Inch 
(in3) 

Mass % 
Nitrogen 

 

Mass % 
Nitrogen per 

Sq. Inch 
Surface Area 

0.0234 0.0331 0.0283 44355 212 28.6 0.135 
0.0331 0.0661 0.0496 8195 121 11.2 0.093 
0.0661 0.0937 0.0799 1960 75 8.2 0.109 
0.0937 0.1320 0.1129 696 53 6.7 0.126 
 
 
 
The assumption was made that the particles were perfect cubes and that they all had the 

same density. With this assumption, the relationship between volume and surface area 

was well defined. The percent nitrogen content per square inch of particle surface area 

shows little difference between particle size fractions.  This was a crude adjustment, but it 

illustrates the difference between resin content based on mass and resin content based on 

surface area.  

 

There was no statistically significant difference of resin coverage between the three 

smallest particle size fractions. The largest particle size fraction had significantly greater 

surface area coverage. The adjusted nitrogen content values were consistent with the 

resin coverage values, except for the largest particle size fraction. 
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Conclusion 
The post-blending treatment for quantitative measurement of UF resin on MDF fiber and 

particles was not successful. The technique described in this report provided a qualitative 

means of visually inspecting the UF-resinated MDF fiber. The fact that the acriflavine 

solution causes a color change, solidification, and an enhancement of the fluorescence of 

UF resin on wood surfaces, gives hope that this process might be refined with future 

research to provide quantitative results. 
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Chapter 3: Ultraviolet Dye Mill Trial and Results 
 

Abstract 
The purpose of this study was to develop a resin distribution measurement system that 

can measure surface area coverage and distribution of urea-formaldehyde (UF) adhesive 

on MDF fiber.  There have been successful techniques developed to measure resin 

distribution of phenol-formaldehyde adhesive on several types of wood surfaces.  

However, a technique that quantitatively measures UF adhesive on wood surfaces has 

been a problem since UF adhesive is colorless on wood fiber.  Therefore, the wood 

surface needs to be either stained or have another substance added to the resin.  This 

study added ultraviolet dye to the resin and measured the distribution with an image 

analysis system.  A mill trial was performed to confirm the technique’s accuracy against 

changing mill conditions.  The variables altered were the resin loading level and water 

injection rate into the refiner.  Fiber samples were taken after the blowline for each of 

these conditions for resin distribution measurements and nitrogen analysis.  In addition, 

board samples were taken to correlate mechanical board properties to resin distribution 

measurements.  The results of the mill trial confirmed the accuracy of the technique.  The 

resin distribution measurements showed sensitivity between each of the resin loading 

levels, with a 95% level of confidence.  The board tests confirmed the resin distribution 

measurements by following similar trends.  The nitrogen analysis did not show clear 

trends between resin loading levels, but excessive variability is suspected in this 

technique. This system has potential to be incorporated into a mill setting, which will 

provide MDF mills with a method of determining how resin is being distributed on their 

fiber.              

   

Objective  
The goal of this project was to develop a technique that quantifies the surface area 

coverage and distribution of urea-formaldehyde adhesive on the surface of MDF fiber.  

This system would allow MDF mills to have an important control procedure that would 

indicate how the resin-addition system distributes resin on the fiber.  Currently, there is 
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not a way to measure resin distribution on MDF fiber.  Ideally, this new system would 

also allow MDF mills to save on resin costs and have a troubleshooting method for their 

manufacturing process.  This method adds an ultraviolet dye into the resin in order to 

distinguish the resin from the wood surface through the use of an image analysis system.  

Furthermore, the technique uses relatively simple and inexpensive analytical tools. A mill 

trial was performed to evaluate the sensitivity of the resin distribution measurement 

technique to selected process changes, in addition to performing board tests and a 

nitrogen analysis to confirm the technique’s results.   

 

Experimental Methods 
Mill Trial 
A mill trial was performed to obtain MDF fiber samples that have ultraviolet (UV) dye 

combined with the UF resin.  The wood fiber that was used was 100 percent southern 

pine.  The UV dye that was used was a proprietary product called Optiblanc  NF200 

(3V Incorporated, Georgetown, SC).  The chemical in this dye is ethanolamine 

(CAS#141-43-5) and has a pH between 9.5 and 10.5.  No testing was done to determine 

if this chemical affects the curing of UF resin.  However, no change was expected due to 

the small amount of dye added to the resin.  The UV dye was added to the resin in an 

amount of 0.5%, by liquid weight of UF resin, or by 0.8% based on UF resin solids.  This 

assumes a 65% solids content of the UF resin.  A 2750-gallon mixing tank was used to 

add the UV dye into the resin, and was thoroughly mixed using an air pressure mixer.  

The variables that were altered for this mill trial were the resin-loading level and water 

injection rate into the refiner.  All other process conditions were held constant during the 

mill trial.  Five different resin-loading levels were used, beginning with 9.5 and ending 

with 11.5 percent resin-loading in 0.5 percent increments.  A constant water injection rate 

of 7.0 gallons/minute was used.  Water injection is used in MDF mills to control fiber 

length (which controls bulk density), to provide a more consistent fiber color, and to help 

control the moisture in the fibers.  After the 11.5 percent resin-loading samples were 

gathered, the resin-loading level was changed back to the initial 9.5 percent level to test 

for measurement repeatability.  Once those samples were gathered, the water injection 
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rate was changed to 3.5 gallons/minute, and samples were taken at the same resin level of 

9.5%.  These changes resulted in six different trial runs (Table 3.1). 

 
Table 3.1.  Trial identification codes and  

resin-loading values 
Resin Level Sample Code Water Injection Rate 

(%) For Trial (gallons/minute) 
9.5 RL1 7.0 
10.0 RL2 7.0 
10.5 RL3 7.0 
11.0 RL4 7.0 
11.5 RL5 7.0 
9.5 RL1R 7.0 
9.5 RL1SR1 3.5 

 
 
Fiber samples, of approximately 1-gallon bulk volume, were collected at 5-minute 

intervals from the weigh-belt section after the dryers.  Three samples were collected and 

combined for each trial condition.  Black lights were used while collecting fiber at this 

point to ensure the UV dye was present.  After a process change, a delay of at least 20 

minutes was implemented to ensure the new trial condition had stabilized.  This allowed 

for near constant conditions for each sample collection.  The collected samples were 

sealed in plastic bags to be used for image analysis and nitrogen analysis.    

 

Board Testing 
Board samples were taken for two process conditions.  One condition was a 9.5 percent 

resin-loading level with a 7.0 gallons/minute water injection rate (RL1), and the second 

condition was a 9.5 percent resin-loading level with a 3.5 gallons/minute water injection 

rate (RL1SR1).  Board samples were not taken when the resin-loading level was altered 

since a previous mill trial had confirmed that board properties are sensitive to changes in 

the resin-loading level.  The boards were cut into the test specimens and conditioned at 

65 percent relative humidity and 20oC for three weeks.  Nine replications were used for 

the thickness swell test (24 hour soak), nine replications were used for the internal bond 

test, and nine samples were used for the static bending test.  These specimens were tested 

according to the ASTM D1037 standard (American Society for Testing and Materials, 



 34 

2000).  The results from these tests were analyzed statistically using the General Linear 

Models Procedure and Duncan Grouping to determine significant differences between 

samples (SAS software, Version 6.12). 

   

Resin Distribution Measurement 
The adhesive distribution measurements were made using a Zeiss epi-fluorescence 

microscope, 100W mercury light source, low light B&W video camera, frame capture 

digitizing board, computer, and image processing and analysis software.  The direct-

current mercury lamp provided a constant exciting light intensity on the samples.  The 

light traveled through excitation filters chosen for this application (excitation 360/40 nm).  

Once this light contacted the sample, the emitted fluorescence passed through an 

emission filter chosen for this application (emission 420 nm).  The emissions were then 

measured to determine the level of fluorescence for each sample.  The setup of this 

measurement system is shown in Figure 3.1.   

 

Figure 3.1. Setup for the resin distribution measurement system 

 
 
Twenty-five fiber specimens, approximately one gram each, were randomly selected 

from each sample bag and packed into clear polycarbonate cuvettes.  The fiber was 

tightly compressed into the cuvette by hand, which provided four viewing surfaces on the 

cuvette with an adequate depth of field when observed under a microscope with a 5x 
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objective lens.  Ten images, each with a field of view of 2.008 square millimeters, were 

collected from each cuvette.  The measurement results from these images were summed 

to yield the data for one cuvette.  Each sample was comprised of 25 cuvettes, for a total 

of 250 images per sample.  The results from each cuvette were averaged to yield an 

average resin distribution for each sample.  The automated image processing included 

either a linear or best-fit equalization to define the edges of objects.  An example image 

of a UV-dyed sample is shown in Figure 3.2. 

 

 

 
Figure 3.2. Image of UV-dyed UF resin on MDF fiber as viewed 

 with an ultraviolet filter set; the field of view is 2.008  
square millimeters 

 
 
The resin coverage was calculated as the sum of all the individual resin spot areas divided 

by the field of view, then multiplied by 100 to give a percent coverage.  The cuvette 

ensured that the entire field of view was covered by fibers.  The results were analyzed 

statistically using the General Linear Models Procedure and Duncan Grouping to 

determine significant differences between samples (SAS software, Version 6.12).   
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Nitrogen Analysis 
The nitrogen analysis was performed on a 500-milliliter sample of the resinated fiber.  

The analysis used the Kjeldahl method and was performed by Galbraith Laboratories Inc. 

(Knoxville, Tennessee), an independent commercial laboratory.  This test generally uses 

a sample of one gram, which is then dissolved in hot sulfuric acid.  This converts the 

nitrogen into ammonium phosphate.  The solution is then made alkaline with NaOH to 

liberate the ammonia.  The liberated ammonia is titrated with HCl using methyl red as the 

indicator.  The percent nitrogen is then calculated based on the normality and volume of 

the acid, and weight of the sample (Schmidt, 2001).  A blank sample was also tested to 

have a base value for non-resinated fiber.  The Kjeldahl analysis is based on mass, while 

the resin distribution technique is based on surface area.  The results would not 

necessarily be proportional, but should yield the same trends. 

 

Results 
Resin Distribution Measurement 
The results of the resin distribution measurements were as expected.  As the resin-loading 

level increased, the measured resin coverage also increased (Table 3.2).  Several 

measurements were made at the 9.5 percent resin loading level to ensure there was no 

significant difference in measurements from different mill samples.   

 
 

Table 3.2. Measured resin coverage with changing resin loading levels 
Mill Setpoints 

 
Measured Results 

 
Resin Loading 

Level (%) 
Water Injection Rate 

(gal. /min.) Mean Coverage (%) Coefficient of Variation 
9.5 7.0 5.36 17.6 
9.5 7.0 5.67 15.2 
10.0 7.0 6.73 18.4 
10.5 7.0 7.25 17.3 
11.0 7.0 8.46 14.8 
11.5 7.0 9.74 15.2 
9.5 7.0 5.17 16.2 
9.5 3.5 6.54 15.2 
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Figure 3.3 shows a graph of these resin coverage results plotted versus resin-loading 

level.  In addition, a linear fit of the data produced a R-squared value of 0.9832.   
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Figure 3.3. Resin distribution measurements compared to mill  

resin level setpoints.  A linear fit to the data is shown. 
 
 
Tests for significant differences were also performed, which showed that the resin 

coverage amounts for the resin-loading levels of 9.5, 11.0, and 11.5 were significantly 

different from each other and all other resin-loading levels (Table 3.3).   Measurements 

for resin-loading levels of 10.0 and 10.5 were not significantly different from each other, 

and neither were the measurements for the resin-loading levels of 10.0 (RL2) and the 

sample with a lower water injection rate (RL1SR1).   
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Table 3.3. SAS Duncan grouping for significance of resin coverage measurements 
Duncan Grouping* Mean Resin Coverage Resin Loading Level 

A 9.74 11.5 
   

B 8.46 11.0 
   

C 7.25 10.5 
C   

D          C 6.73 10.0 
D   
D 6.54 9.5 (3.5 g/m water injection rate) 
   

E 5.40 9.5 

 
* Means with the same letter are 

not significantly different  
 
 
 
This method of measuring resin distribution by image analysis is proportional to changes 

in the resin-loading level.  The change in the water injection rate appears to have 

increased the amount of resin coverage on the fiber.  Subsequent testing of the boards 

support these results. 

 

Board Testing 
As mentioned previously, three different tests were performed on the sample boards.  

First, a 24-hour water absorption and thickness-swelling test was performed on each of 

the two sample conditions noted previously (RL1 and RL1SR1).  As seen in Table 3.4, 

the 24-hour thickness swelling for the 7.0 gallons/minute water injection rate (RL1) was 

5.9% and the 24-hour weight increase was 14.2%.  The 24-hour thickness swelling for 

the 3.5 gallons/minute water injection rate (RL1SR1) was 5.2% and the 24-hour weight 

increase was 10.6%.  Statistical analyses showed that both the 24-hour thickness swelling 

values and the 24-hour weight increase values between the two sample conditions were 

significantly different from each other with a p-value of <0.01 at a 95% level of 

confidence (Table 3.5). This indicates that the board with greater resin coverage on the 

fiber had less thickness swell and less water absorption.  
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Secondly, internal bond tests were performed on the two sample conditions.  The internal 

bond strength for the 7.0 gallons/minute water injection rate (RL1) was 73.2 psi, while 

the strength for the 3.5 gallons/minute water injection rate (RL1SR1) was 87.1 psi (Table 

3.4).  The internal bond results were significantly different from each other with a p-value 

of <0.01 at a 95% level of confidence (Table 3.5).  This also indicates that the board with 

a lower water injection rate was superior, which was consistent with the higher resin 

coverage results for this condition.   

 

Lastly, bending tests were performed on the two sample conditions to obtain the MOR 

and MOE values.  The SAS analysis for MOR found the two conditions to be 

significantly different from each other with a p-value of <0.01, while the analysis for 

MOE found the two conditions without significant difference with a p-value of 0.26 

(Table 3.5).  These two analyses were performed with a 95% level of confidence. As 

shown in Table 3.4, the MOR and MOE values were consistently higher with the lower 

water injection rate (RL1SR1).  Similar to the other board tests, this was consistent with a 

higher level of resin coverage.  These three tests for board properties support the results 

obtained from the resin coverage measurements. 

 
Table 3.4. Average values for the board tests under the two sample conditions 

(standard deviation in parentheses) 

Water Inj. 
24-hour 

Thickness 24-hour Weight Internal Bond MOR MOE 
Rate (gpm) Swell (%) Increase (%) Strength (psi) (psi) (psi) 

7.0 5.9 (.19) 14.2 (.84) 73.2 (8.5) 4569.9 (98.8) 291013.3 (7986.4) 
3.5 5.2 (.14) 10.6 (.31) 87.1 (8.2) 4896.0 (112.0) 295044.4 (6552.6) 

 
 

Table 3.5. P-values for board tests  
between sample conditions  

RL1 and RL1SR 
 

 
 
 
 
 
 

  P-value 
24-hour Thickness Swell <0.01 
24-hour Weight Increase <0.01 
Internal Bond Strength <0.01 
MOR <0.01 
MOE 0.26 
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Nitrogen Analysis 
The nitrogen analysis was done using the Kjeldahl method.  The results from this analysis 

showed a general trend of increasing nitrogen content with increasing resin-loading level, 

but there was a lot of variability in duplicate tests that were run (Table 3.6).  The sample 

that had a water injection rate of 3.5 gallon/minute and a 9.5% resin-loading level, had a 

nitrogen content between the samples with a 10% and 10.5% resin-loading level and a 7.0 

gallon/minute water injection rate.  This correlates fairly well with the resin distribution 

measurements (Table 3.2).  This Kjeldahl method is suspected to have a large amount of 

variability, with sources of error due to incomplete digestion of the sample or extraneous 

sources of nitrogen on the testing apparatus (Schmidt, 2001).  Nitrogen analyses should 

be repeated several times in order to verify their results.  However, the cost and time of 

this procedure prohibited further testing.  A possible alternative to using the Kjeldahl 

technique is to use the Carbon-Nitrogen analysis.  This analysis uses a sample size of 2-4 

grams, is combusted at 700oC, and the nitrogen content is measured as NO2 with a 

conductivity detector (Schmidt, 2001).  Several mills already use this technique to 

determine the amino resin content on wood.  This test offers better reproducibility and 

also decreases the amount of time needed to determine nitrogen content.    

 
 

Table 3.6. Kjeldahl nitrogen analysis for UV dye mill trial 
Sample Resin Loading Water Injection Nitrogen Content (%) 

ID Level (%) Rate (gallons/minute) Mean 
RL0 0 7.0 0.07 
RL1 9.5 7.0 3.49 
RL2 10.0 7.0 3.45 
RL3 10.5 7.0 3.82 
RL4 11.0 7.0 3.95 
RL5 11.5 7.0 3.68 

RL1SR1 9.5 3.5 3.64 
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Conclusion 
The technique used in this mill trial to quantitatively measure the surface area coverage 

and distribution of urea-formaldehyde adhesive on the surface of MDF fiber was found to 

correlate well with target resin-loading levels and board properties.  The resin distribution 

measurements achieved a mean distribution of UF adhesive on the fiber with a low 

coefficient of variation.  When board tests were run to confirm these results, they showed 

that this measurement system was sensitive to changes in both the resin-loading level and 

other process changes.  This system has potential to be incorporated into a mill setting, 

which will provide MDF mills with a process monitoring procedure that can potentially 

troubleshoot their manufacturing process and lower annual resin costs.   
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Chapter 4: The Market Potential for a New Resin 
Distribution Measurement System in Medium Density 
Fiberboard Mills 
 

Abstract 
The purpose of this research was to identify factors that will influence the acceptance of a 

resin distribution measurement technique among medium density fiberboard (MDF) 

mills.  The factors include benefits and costs of such a system and how much a company 

may be willing to pay for this system.  In addition, the product attributes necessary for 

measuring resin distribution were identified.  A questionnaire was developed, pre-tested, 

and sent to every MDF mill in the United States.  Once the questionnaires were returned, 

responding mills were divided into segments to determine if differences in mill size 

reflect purchasing habits and preferences for measuring resin distribution.  The results of 

the research indicated that mill segments differed from each other in one area, but overall 

could be combined when making marketing decisions.  The average increase in resin 

costs by adding the UV dye into the resin was 4.2%, which is in the general range most 

mills reported as being acceptable for this resin blend.  The majority of mills reported 

they would pay between $26 and $50 per sample for third party testing of resin 

distribution.  The actual cost of testing one sample by an independent testing company is 

estimated to be approximately $100.  For those who would prefer to test the distribution 

on site, the average cost most mills would spend on a resin distribution measurement 

system was between $1,000 and $10,000.  The actual cost of this system is $30,000. 

 

Through mill testing of a UV-dye resin distribution measurement system, it was found to 

be an accurate method of determining the amount and distribution of UF resin on MDF 

fiber.  The method of adding UV dye into the resin was favorable to most mills and could 

be tested either on-site or by an independent testing company.  This allows MDF mills to 

isolate potential problems with their blending process without relying on board 

properties, which are influenced by other properties.  This method saves time and money 

since it is a proactive measure rather than a reactive measure.  It should also lead to a 

more uniform and consistent product, which is the goal of most MDF mills.   
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Introduction/Literature Review 
New Product Introduction 
New product development is a process that begins with a goal, moves through a phase 

that promotes the conception of the idea, is reduced to practice during its implementation 

stage, and is completed when the product becomes established in a transitional phase 

(Servi, 1990).  Another way to approach new product development is through the 

following process: begin with formulating new product concepts, assess the feasibility of 

the concept from the technical, manufacturing, and business standpoints, demonstrate the 

products’ benefits and performance along with the viability of the business opportunity, 

and finally to scale up the product to commercial status (Lester, 1998).  In either process, 

successful new product development satisfies current or anticipated needs of the market 

by an intimate combination of technical and commercial endeavors, which are consistent 

with the business objectives of the developer (Servi, 1990). 

 

Many new product ideas originate in research and development departments.  Studies 

have shown that 88% of new product ideas come from within companies, of which 60% 

originated in the research and development division (Hisrich and Peters, 1978).  

However, the level of a plant’s product design and development responsibility differs 

widely throughout the marketplace.  Some plants have only a small degree of input into 

the process; corporate-level staff will only consult them regarding the manufacturability 

of the design.  Other plants are active partners in large portions of the design process, but 

do not control the process or its outcome.  Some plants take full responsibility of their 

product design and development.  No matter what level of responsibility a plant takes for 

product development, they will live or die by the success or failure of their products 

(Business Standard Editorial, 1997).   

 

There are two types of strategies in developing new products and services.  These 

strategies are classified as either an innovative strategy or a follow-the-leader strategy.  

An innovative strategy is where a company attempts to be the first entrant in the market 

with a new product or service.  This creates a risk for the company since the new product 



 45 

or service may not be accepted until it has been on the market for a period of time.  A 

follow-the-leader strategy reduces the risk, but potential profits and revenues are reduced 

because the innovating company will already have a loyal customer base (Hise, 1977).  

Product feasibility is another important consideration to major companies.  The 

companies should consider the following questions when considering the introduction of 

a new product: Does the product fill a need?  Is the product timely?  What competition 

will the product have?  What are the economics of production?  Can, and should, the 

product be patented?  These questions are the basis for determining whether a new 

product will be attractive to consumers in the marketplace (Walker, 1971).   

 

Resin Developments 
Companies in the wood products industry have recently used an innovative strategy to 

develop new adhesives that will benefit the industry.  Soy protein adhesives were tested 

as a renewable substitute for phenol-formaldehyde (PF) resin in hardboard.  Even though 

the soy protein adhesive was found to be less durable and not as strong as PF resin, it is 

an important step to finding a renewable adhesive for wood products (Kuo et al., 1998).  

Another test was performed on isocyanate adhesives and their performance on the 

properties of particleboard.  It was found that different structures of isocyanates affect the 

mechanical properties of particleboard (Umemura, 1998).  These adhesives have been 

introduced into some wood products and are currently being tested for more extended 

use. 

 

Particleboard/Medium Density Fiberboard Innovations 
There are also many innovations in the particleboard and medium density fiberboard 

(MDF) industries.  These products are similar to each other in some of their 

manufacturing processes and end uses.  One innovation in this industry is the use of an 

optical profilometer to measure surface roughness in wood products.  The advantages to 

using this process are the performance monitoring of sanders, the prediction of adhesive 

joint performance, and the assurance of thin surface laminate integrity (Lenmaster and 

Beall, 1996).  Another innovation is the use of agricultural fiber residues as supplements 

for wood composite panels.  Some of the fibers being studied are kenaf, cornstalk, 
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switchgrass, and wheat straw.  Even though wood fiber is superior to agricultural residues 

for wood product use, these residues are a potential supplement for industries to utilize in 

the future (Kuo et al., 1998).  Continuous reading moisture measurement systems are 

another innovation to particleboard and MDF industries.  Some new moisture meters that 

are being introduced are infrared moisture meters and radio-frequency moisture meters 

(Laughinghouse, 1999).  However, each type of moisture meter has its limitations, so 

currently there are no “perfect” moisture meters in use.  Another innovation is the science 

of blending urea-formaldehyde (UF) resin with MDF fiber.  The blowline blending 

process can be modified by utilizing different types of nozzles or placing the nozzles in 

different locations along the blowline (Chapman, 1998).   

 

The quantitative measurement of resin distribution is another innovation in the wood 

products industry.  This technique includes using a microscope and a digital video camera 

to observe UF resin on wood flakes.  The process uses fluorescent dye to force the resin 

to fluoresce, which is then measured by the image analysis system (Kennedy, 1999).  

This process will be used to detect UF resin on MDF fiber in this experiment, and is the 

new procedure being introduced to MDF mills.  

 

Application to Medium Density Fiberboard Mills 
The innovative UV dye resin distribution measurement system described in the previous 

section is a fairly simple process.  The ultraviolet dye is mixed with the UF resin prior to 

blending.  After blending, the fiber is dried and proceeds to the forming machine.  

Samples may be taken during this time to check resin distribution.  The measurement 

technique uses an epi-fluorescence microscope, 100W mercury light source, low light 

B&W video camera, frame capture digitizing board, computer, and image processing and 

analysis software.  Good light filtering is obtained with the UV filter-set (excitation 

360/40 nm, DC mirror 400 nm, emission 420 nm).  The fiber is tightly compressed into 

clear polycarbonate cuvettes by hand, which provides four viewing surfaces on each 

cuvette with an adequate depth of field when observed under a microscope with a 5x 

objective lens.  Automated image processing includes either a linear or best-fit 

equalization to define the edges of objects.  The resin coverage is calculated as the sum of 
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all the individual resin spot areas divided by the field of view, then multiplied by 100 to 

give a percent coverage.  

 

There are numerous benefits for using the UV dye resin distribution measurement process 

in a medium density fiberboard mill.  First, it is a quick and relatively easy process to 

obtain a measure of resin distribution on fibers.  This would be valuable to mills because 

they would be able to detect problems with the resin pump or blowline before they tested 

the boards for internal bond strength.  Second, it is a relatively inexpensive addition to a 

mill considering the amount of resin it could potentially save the process.  For example, a 

mill may be able to optimize distribution, reduce total consumption of resin, and still 

obtain similar board properties.  This process would give the mill a procedure that 

immediately tells them how the resin is distributed on the fibers.  Third, an independent 

company could perform the analysis.  This would allow companies with occasional 

testing needs access to the equipment that is necessary for these measurements.  Fourth, 

there is a possibility of switching to an on-line measurement system for future 

applications.  This would allow for a continuous system of resin distribution and would 

eliminate the technician’s job of collecting and preparing fiber.  Fifth, if only a few 

producers of MDF use this process, product claims against a company that uses UV dye 

could be disputed if the board that failed did not contain UV dye.   

 

This process does have a few problems.  One drawback is the cost of the equipment 

needed to analyze the fiber.  However, an independent testing company could perform 

the analysis.  Another drawback is a mill must have a mixing tank to add the dye to the 

resin.  This process needs adequate mixing of the UV dye with the UF resin.  An 

alternative is to purchase pre-mixed UV dye and resin.  A final drawback is that UV dye 

is fairly expensive, so large-scale applications would have to result in substantial resin 

savings to be economically feasible. 
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Objectives 
Identify factors that will influence the acceptance of resin distribution measurement 

among MDF mills, such as the benefits and costs of such a system and how much a 

company would be willing to pay for this system.   
Identify possible implementation options available to mills that are interested in 

implementing a resin distribution measurement system.  
 

Experimental Methods 
Marketing Study 
To determine if MDF mills were willing to use the ultraviolet dye resin distribution 

measurement process, a market study was conducted and included a census of MDF mills 

in the United States.  Twenty-two MDF mills were identified to contact concerning this 

study.  The contact sought was the technical director of the mill.  In order to determine 

the effectiveness and clarity of this questionnaire, faculty members at the Wood-Based 

Composite Center made revisions and a pretest of the questionnaire was faxed to two 

MDF mills.  After these mills returned the questionnaire with favorable comments, the 

study was ready to be sent to the remaining MDF mills.  A census of these mills was 

attempted by contacting each mill separately by phone, with the preface that the 

information given would be kept strictly confidential.  Of the 20 remaining mills, 16 were 

in favor of filling out the questionnaire, and were each faxed a copy of the questionnaire 

the day following the phone call.  A copy of the questionnaire is contained in Appendix 

A.   

 

The cover page of the questionnaire contained a brief description of the resin distribution 

measurement process, what this process would add to the mill’s current testing methods, 

and a guarantee of the confidentiality of any information provided.  The recipient of the 

questionnaire was asked if they made decisions regarding adhesive or equipment 

purchases at their mill.  They were also asked about their current method of testing resin 

distribution on MDF fiber and to describe their method, if applicable.  Respondents were 

questioned to determine what product was most commonly produced at their mill 
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location.  In addition, participants were asked which board property in their mill was 

most sensitive to adhesive content.  They were given choices of internal bond, thickness 

swell, MOR, MOE, or edge screw holding strength.  If the mill believed another board 

property was sensitive to adhesive content, they were asked to explain that property.   

Participants were then asked what method of adhesive blending was used at their mill.  

Choices of blowline, dry blending, and other were given for this question.   

 

Participants were asked to rate their satisfaction with the following three issues:  current 

resin usage as compared to the perceived industry average, internal bond strength of their 

manufactured board, and their current method of testing resin distribution (if applicable).  

A five-point rating system was used, with (1) being not satisfied, (3) being neutral, and 

(5) being very satisfied.  They were then asked to rate how valuable the following two 

issues were to their company:  the knowledge of how resin is distributed on your fiber 

and the value of a resin distribution measurement system in their company.  A five-point 

rating system was also used for this question.  The mills were asked to use a five-point 

rating scale to determine their agreement or disagreement with the following issues:  the 

resin addition method at this location is as efficient as possible, the knowledge of the 

amount and variability of surface area covered by resin could improve the efficiency of 

the blending process, and the blending at their mill is consistent and does not change 

between maintenance times.  Each mill was questioned to determine if a mixing tank was 

available to combine the dye and resin, and if available, would they prefer to buy the dye 

and resin premixed at a slightly higher cost from a resin manufacturer rather than mixing 

it in the mill.  Participants were asked if they preferred resin distribution analysis be 

performed at the mill or sent off to an independent laboratory for analysis.  The 

questionnaire asked the companies to estimate their current resin usage as compared to 

the industry average for a similar product.  The companies could answer from 1.0% or 

more below average to 1.0% or more above average.  The frequency of resin distribution 

measurement testing for each mill was posed, providing a method was available to 

provide this information.  The frequency ranged from continuous testing to not testing at 

all.        
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The questionnaire also inquired what value would be attributed to a resin measurement 

system if it were used once a shift and required one man-hour per shift.  The values that 

could be chosen ranged from $0 to over $25,000.  Each mill was asked what payback 

period would be needed for an installed resin distribution measurement system, provided 

it had been shown to save on resin costs.  The mills could answer from zero months to 24 

months.  The companies were asked what they would be willing to pay an independent 

laboratory to test one sample if they preferred to use a laboratory instead of testing inside 

their mill.  The answers could range from $0 to more than $200.  The participants were 

asked how much extra their mill would be willing to pay for a special resin blend that 

contained the dye.  This would be calculated from base resin costs, and ranged from 0% 

to 2% above these costs.  The companies were asked to provide selected production 

statistics from their mill location.  MDF production in 1999, amount of resin solids used 

in 1999, amount of liquid resin used in 1999, non-volatiles content of resin, and cost of 

resin used in 1999 were the obtained production values.  These numbers were critical 

since the mills would be grouped in several categories depending on their total 

production of MDF, and the resin costs would be used to determine the amount and cost 

of UV dye needed to measure resin distribution.   

 

Of the 16 participants that were faxed a questionnaire, 10 returned a completed 

questionnaire.  After two follow-up calls, no more questionnaires were returned.  

Therefore, including the first two questionnaires that were returned, the return rate 

achieved for this questionnaire was 67%.  This rate was acceptable considering the 

average return rate for questionnaires is approximately 25%.  One of the mills that 

returned a questionnaire had no production in 1999, so that mill could not be used for 

comparative analyses.   

 

The mills were split into three segments based on their MDF production in 1999.  These 

segments will be called small mills, medium mills, and large mills.  Small mills were 

chosen to have between 60,000 and 80,000 MSF (¾-inch thickness basis) of board 

production in 1999.  Medium mills had between 80,000 and 120,000 MSF (¾-inch 

thickness basis) of board production in 1999.  Large mills were chosen to have above 
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120,000 MSF (¾-inch thickness basis) of board production in 1999. These market 

segments were chosen to compare mill’s opinions of the new resin distribution 

measurement system based on the size of the mill.  

  

Data Analysis 
Analyses of the data were performed using several different statistical methods.  

Questions that utilized a yes or no answer were compared by percentages of each mill 

segment.  Rating questions were analyzed by comparing the means of each market 

segment, while comparing significant differences by non-parametric ANOVA tests.  

These tests were used due to the small sample size of the questionnaire.  Each market 

segment will be compared against each other for significant differences by the Wilcoxon 

method, and across all market segments by the Kruscal-Wallis method.   

 

Resin, UV Dye, and Equipment Costs 
The questionnaire determined the average resin cost per pound spent by each mill 

respondent.  Since this information may be proprietary, only the average resin cost over 

all mill segments are reported.  However, several resin manufacturers were contacted to 

validate the accuracy of the responses.  The cost per pound for the UV dye was obtained, 

and this was factored into the total costs for implementing this system.  The cost of 

equipment for the resin distribution measurement system was also discussed.  The 

amount of savings that a mill can experience in a year of using this system will not be 

quantified, since each application will achieve different results.  The variables that affect 

these savings are: press closing time, blending method, and resin distribution.   

 

Results 
General Plant Level Questions 
Participants were asked if they made decisions regarding adhesive or equipment 

purchases at their mill.  It was found that 92% of the respondents made adhesive 

purchases at their respective mills, and 100% of the respondents made decisions 

concerning equipment purchases.  This is important since the respondent should have the 
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management position that would consider purchasing this new resin distribution 

measurement system.  Ninety-two percent of the mills responding did not have any 

methods of detecting resin distribution on their fiber.  The most common product 

produced at 67% of the mills was ¾ inch MDF, and the remaining 33% manufactured ½ 

inch MDF.  Ninety-two percent of the mills considered the most sensitive board property 

to changes in adhesive content was internal bond strength.  The other 8% believed that 

fiber pull during machining was the most sensitive property to changes in adhesive 

content.  The mills were questioned about what method of adhesive blending they used, 

of which 92% of the respondents used blowline blending and 8% used the dry blending 

method.  This is important since the trial that was completed used blowline blending, and 

minor variations might occur with dry blending.   

 

Individual Plant Level Questions      
Figure 4.1 shows that the majority of the mills were neutral on their current resin usage as 

compared to the industry average.  Small mills seemed to be satisfied with the internal 

bond strength of their manufactured board, while medium and large mills were neutral on 

that topic.  However, all three mill segments were not satisfied with their current method 

of testing resin distribution.  This is important since it indicates an apparent interest in 

having a resin distribution measurement system incorporated into these mills.     
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Figure 4.1. Satisfaction ratings for current mill methods (five-point scale) 
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Wilcoxon tests for significant differences between mill segments and Kruscal-Wallis tests 

for significant differences across all mill segments were administered (Table 4.1).  They 

reveal that there were no significant differences between each segment or across all 

segments with a 95 percent level of confidence.  Therefore, any suggestions made for one 

segment can be applied to any other segment, since they are not significantly different 

from each other for this set of questions. 

 
Table 4.1. P-values for significant differences across mill  

segments for satisfaction ratings 
 Current Resin Internal Bond Current RDM 
 Usage Strength Method 

Kruskal-Wallis 0.54 0.09 0.92 
Wilcoxon    

small vs. medium 0.45 0.06 0.98 
medium vs. large 0.82 0.19 0.89 

small vs. large 0.62 0.15 0.93 
 
 
Each mill was questioned how valuable it would be to know how resin is distributed on 

their fiber.  Figure 4.2 illustrates that small and medium mills thought it would be 

valuable, while the large mills thought it would be very valuable.  In addition, the mills 

were asked the value of a resin distribution measurement system to their company.  Both 

the small and medium mills thought it would be valuable and the large mills thought it 

would be very valuable.  

 
     
 



 54 

1.0

2.0

3.0

4.0

5.0

Distribution of resin RDM system

Va
lu

e 
ra

tin
gs

Small mills
Medium mills
Large mills

 
Figure 4.2. Value ratings for resin distribution and RDM system  

(five-point scale) 
 

 
Wilcoxon tests for significant differences between mill segments and Kruscal-Wallis tests 

for significant differences across all mill segments were administered (Table 4.2).  It 

shows that at a 95 percent level of confidence, there was a significant difference between 

the small vs. large segments for the question regarding the value of knowing how resin is 

distributed on their fiber.  There was also a borderline significance across all three mill 

segments.  Therefore, suggestions could be made separately for each segment since they 

are significantly different from each other for this set of questions.  However, there were 

no significant differences between each segment or across all segments with a 95 percent 

level of confidence for the value of a resin distribution measurement system.  Therefore, 

any suggestions made for one segment can be applied to any other segment, since they 

are not significantly different from each other for this set of questions. 

 
 

Table 4.2. P-values for significant differences 
across mill segments for value ratings 

 Distribution RDM 
 of Resin System 

Kruskal-Wallis 0.05 0.28 
Wilcoxon   

small vs. medium 0.39 0.56 
medium vs. large 0.07 0.45 

small vs. large 0.04 0.10 
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The mills were asked whether they had a mixing tank in which a liquid chemical could be 

added to their resin.  None of the small mills had a mixing tank, 33% of the medium mills 

had a mixing tank, and 50% of the larger mills had a mixing tank.  The second part of the 

question asked whether the mills would prefer to buy the resin and chemical premixed at 

a slightly higher cost than mixing it themselves.  One hundred percent of the small and 

medium mills preferred the resin premixed, while only 50% of the larger mills preferred 

to buy it premixed.  Those mills were the mills that did not have a mixing tank available.   

 

The mills were questioned whether they would prefer to perform the resin distribution 

measurement analysis at the mill, or send the samples to an independent laboratory for 

analysis.  Fifty percent of the small mills preferred to do the analysis at the mill, which 

compared to 100% for the medium mills and 75% for the larger mills.  As illustrated in 

Figure 3, the smaller and medium mill segments generally disagreed that their blending 

method was as efficient as possible.  The large segment was neutral in response to this 

question.  The next part of the question asked if the mill’s blending efficiency could be 

improved with the knowledge of the average amount of surface area on MDF fibers 

covered by resin.  Both the small and large segments agreed with this statement, while 

the medium segment was neutral.  When the mills were asked if their blending efficiency 

could be improved with the knowledge of the variability of surface area on MDF fibers 

covered by resin, every segment agreed with the statement (Figure 4.3).  The last part of 

the question asked if the blending process used at each mill was consistent and does not 

change between scheduled maintenance times.  The small mills agreed with this 

statement, the medium mills disagreed with the statement, and the large mills were 

neutral.      
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Figure 4.3. Agreement ratings for current blending methods  

(five-point scale) 
 
 
Wilcoxon tests for significant differences between mill segments and Kruscal-Wallis tests 

for significant differences across all mill segments were administered (Table 4.3).  It 

shows that at a 95 percent level of confidence, there was a significant difference between 

the small vs. medium segments for the question regarding the consistency of the mill’s 

blending process.  However, there was not a significant difference across any of the mill 

segments, and there were no significant differences between any of the other mill 

segments for the other questions.  Therefore, any suggestions made for one segment can 

be applied to any other segment, since they are not significantly different from each other 

for this set of questions.   

 
Table 4.3. P-values for significant differences across mill segments for  

agreement ratings 
 Blending Average Amount Variability in Surface Blending 
 Efficient of Resin Area Coverage Consistent 

Kruskal-Wallis 0.43 0.59 0.94 0.11 
Wilcoxon     

small vs. medium 0.68 0.31 0.71 0.04 
medium vs. large 0.25 0.46 0.85 0.19 

small vs. large 0.34 0.74 0.88 0.40 
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The mills were asked to compare their amount of resin usage to the industry average for a 

similar product.  Figure 4.4 illustrates 100% of the small mills thought their resin usage 

was identical to the industry average.  Thirty-three percent of the medium mills thought 

their resin usage was average, 33% thought their resin usage was 0.5 to 1% below 

average, and 33% thought their usage was greater than 1% above average.  Fifty percent 

of the large mills thought their resin usage was average, while the remainder thought their 

usage was greater than 1% below average. 
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Figure 4.4.  Amount of resin usage as compared to industry average 

 

 
Each mill segment was questioned to determine how frequently they would use a resin 

distribution measurement system if it were available.  The small mill segment preferred 

to use the system either once per shift or only when a problem arises (Figure 4.5).  Sixty-

six percent of the medium mills preferred to use the system once per shift, while the 

remaining 33% would only use it when a problem arose.  Finally, 50% of the large mill 

segment would use the system continuously, 25% would use the system once per shift, 

and 25% would use it only when a problem arose.    
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Figure 4.5. Frequency of resin distribution measurements by mill segment 

 
 
Price Breakdown by Mill Segment 
This section deals with the different costs associated with implementing a resin 

distribution measurement system and investigates how much each mill segment would be 

willing to pay for this system.  Each mill was asked how much they would pay for a resin 

distribution measurement system if it were used once per shift and required one man-hour 

per shift.  As seen in Figure 4.6, 25% of the small mill segment would not pay anything 

for the system, 50% would pay between $1,000 and $5,000, and the remaining 25% 

would pay between $10,000 and $25,000.  One-third of the medium mills would pay 

$1,000 or less, a third would pay between $1,000 and $5,000 dollars, and the final third 

would pay between $10,000 and $25,000.  Twenty-five percent of the large mill segment 

would pay between $1,000 and $5,000, fifty percent would pay between $5,000 and 

$10,000, and the final 25% would pay over $25,000. 
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Figure 4.6. Amount each mill segment would pay for a resin measurement  

system 
 
 
Each mill segment was asked to estimate what payback period is required if a resin 

distribution measurement system was implemented in their mill.  Twenty-five percent of 

the small mill segment said it would require between zero and three months, 50% 

estimated it would require 10-12 months, and the remaining 25% estimated it would 

require 13-24 months (Figure 4.7).  One-third of the medium mill segment said it would 

require between 4-6 months, one-third thought it would require between 10-12 months, 

and the final third thought it would require between 13-24 months.  Finally, 25% of the 

large mill segments thought it would require between 7-9 months for the payback period, 

25% thought it would require between 10-12 months, and 50% thought it would require 

between 13-24 months.   
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Figure 4.7. Payback period required by segment to implement  

measurement system 
 
 
Each mill segment was asked what amount of money they would be willing to pay an 

independent laboratory to test a sample for resin distribution.  As seen in Figure 4.8, 25% 

of the small mill segment would pay between $1and $25, 50% would pay between $26 

and $50, and the remaining 25% would pay between $51 and $100.  Thirty-three percent 

of the medium mill segment would pay between $1 and $25, and the other 66% would 

pay between $26 and $50.  Finally, 50% of the large mill segment would pay between 

$26 and $50, 25% would pay between $51 and $100, and the remaining 25% would pay 

over $200 for this service. 
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Figure 4.8. Amount of money mill segments would be willing to pay an  
independent laboratory to do resin distribution analysis on one sample 

 
 
Each mill segment was asked how much extra they would be willing to pay for a special 

resin if it was required to measure resin distribution.  Figure 4.9 shows that 75% of the 

small mills would not pay any extra for the special resin blend, and the remaining 25% 

would pay 1% extra.  Thirty-three percent of the medium mills would not pay any extra, 

33% would pay a half-percent extra, and the remaining 33% would pay 1% extra.  

Finally, 66% of the large mill segment would pay a half-percent extra for a special resin 

blend, and the other 33% would pay up to 2% extra for the blend.  
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Figure 4.9. Extra percentage each mill segment would be willing to pay  

for a special resin blend 
 
 
Resin, UV Dye, and Equipment Costs 
Several assumptions were made to calculate the cost of using this measurement system.  

The manufacture of MDF will occur 24 hours a day, seven days a week, and 350 days per 

year.  This allows for a two-week shutdown period for scheduled maintenance.  In 

addition, each 24-hour day will be split into two working shifts of twelve hours each.  

Each resin distribution measurement test will take a total of two hours to complete, which 

will require two hours of UV dye being added to the resin or two hours of using premixed 

resin.  Two hours of an employee’s time will be needed to complete the measurement of 

a sample.  The salary of that employee will be $20/hr, which is an assumed rate of a 

salaried employee with benefits.  If hourly testing is implemented, the employee cost will 

be set as $480 per day.  The cost of UF resin to MDF producers was determined from the 

mill questionnaire to be $0.14 per pound of solid resin.  This UF resin cost is an average 

figure across all types of MDF products and plants.  The UV dye that was purchased for 

the mill trials cost approximately $0.74 per pound of liquid dye.  If this cost were 

translated into actual costs of use, the cost per pound would be around six-thousandths of 

a dollar per pound of liquid dye.  This was calculated by taking the initial cost per pound 

and multiplying it by the 0.8% addition rate, which is the rate based on UF resin solids.  

If this were compared to the resin costs, the addition of UV dye to the resin would 

increase resin costs by 4.2 percent.  From the questionnaire, the average total cost of resin 
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used was calculated.  If the UV percentage increase is multiplied by the average total 

resin cost, it was found that constantly adding UV dye to the UF resin would cost mills 

around $217,488 extra per year.  This calculation was made using total resin costs of a 

little over five million dollars per year.  This cost adds about $621 per day to the 

operating cost of a MDF mill.  The fixed costs to a mill that is interested in buying a resin 

distribution measurement system are the prices of the epi-fluorescence microscope, 

100W mercury light source, low light B&W video camera, frame capture digitizing 

board, computer, and image processing and analysis software.  The total cost of these 

components is around $30,000.  Therefore, four options are available to MDF mills to 

measure resin distribution (Table 4.4).  First, a mill could buy the resin distribution 

measurement system and mix the resin in the mill.  If this option were used once per 

hour, it would result in a first year cost of $415,488 and a variable cost of $385,488 for 

each ensuing year.  If the option were used once per shift, it would result in a first year 

cost of $94,400 and a variable cost of $64,400 for each ensuing year.  Finally, if this 

option was used once per day, the first year cost would be $62,200 with a variable cost 

for each subsequent year of $32,200.  The second option is to buy the system and to buy 

premixed resin from a resin manufacturer.  While an exact cost for premixed resin is not 

available, it will be assumed to be 5% above the cost of the dye alone.  Therefore, the 

first year cost of testing once per hour is $426,362 and variable costs of $396,362 for 

subsequent years.  If this option were used once per shift, it would result in a first year 

cost of $95,800 and variable costs for subsequent years of $65,800.  Finally, if this option 

was used once per day, the first year cost would be $62,900 with a variable cost of 

$32,900 for each following year.  Third, a mill can mix the resin and dye in the mill and 

use a third-party testing company to measure resin distribution.  The testing can either be 

done once per hour, once per shift, once per day, or only when a problem arises.  The cost 

to measure resin distribution once per hour will be $1,057,488 per year, testing once per 

shift will be $106,400 per year, measuring once per day will cost $53,200 per year, and 

testing only when a problem arises will vary depending on the mill.  These figures are 

based on a third-party testing cost of $100 per sample, and labor will not be included in 

these calculations.  The last option is for a mill to buy premixed resin and use an 

independent testing company to measure resin distribution.  Using the same assumptions 
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listed earlier, testing once per hour will cost $1,068,362, testing once per shift will cost 

$107,800 each year, and testing once per day will cost $53,900 a year.  All of the options 

listed above used a UF resin and UV dye mix to manufacture MDF.  The costs of 

measuring resin distribution should be reduced by only adding UV dye at times where a 

problem arises, but will not be calculated for this project.  

 
Table 4.4. Alternate options to measure resin distribution for MDF mills 

 Fixed Costs Variable costs Variable costs for 
  for first year subsequent years 

Buy System and mix resin    
  Test once/hour; mix continuously $30,000 $343,488 $385,488 
  Test once/shift $30,000 $64,400 $64,400 
  Test once/day $30,000 $32,200 $32,200 
Buy System and premixed resin    
  Test once/hour; premix continuously $30,000 $354,362 $396,362 
  Test once/shift $30,000 $65,800 $65,800 
  Test once/day $30,000 $32,900 $32,900 
Third-party test and mix resin    
  Test once/hour; mix continuously $0 $1,057,488 $1,057,488 
  Test once/shift $0 $106,400 $106,400 
  Test once/day $0 $53,200 $53,200 
Third-party test and buy premixed resin    
  Test once/hour; premix continuously $0 $1,068,362 $1,068,362 
  Test once/shift $0 $107,800 $107,800 
  Test once/day $0 $53,900 $53,900 

 
 
 
Conclusion 
This research supported the potential market for a new resin distribution measurement 

process.  The respondents to the questionnaire were qualified to make decisions regarding 

adhesive and equipment purchases, so the results of this questionnaire are important to 

the MDF industry.  MDF mills were shown to be either neutral or slightly satisfied with 

their current resin usage and internal bond strength.  However, all the mills surveyed 

were dissatisfied with their current method of measuring resin distribution and would 

value having a system which would identify the distribution of resin on their fiber.  In 

addition, blowline blending was considered inefficient and resin usage was a little above 

average for some mills, which shows the need for a method that would identify the 

distribution of resin being applied in the blowline.  Mill segments were shown to have 



 65 

significant differences from each other in some areas, but overall should be combined 

together when making purchasing decisions.  The average increase in resin costs by 

adding the UV dye into the resin was 4.2%, which is in the general range most mills 

reported as being acceptable for this resin blend.  The majority of the mills said they 

would pay between $26 and $50 for an independent analysis of resin distribution.  The 

actual cost of testing one sample by an independent laboratory would be around $100.  

For those who would prefer to test the distribution on site, the average cost most mills 

would spend on a resin distribution measurement system was between $1,000 and 

$10,000.  The actual cost of this system is around $30,000. 

 

Through mill testing of this UV-dye resin distribution measurement system, it was found 

to be an accurate method of determining the amount and distribution of UF resin on MDF 

fiber.  The method of adding UV dye into the resin was favorable to most mills, and 

could be tested either on-site or by a certified third-party company.  This would allow 

MDF mills to determine potential problems with their blending process without having to 

wait for internal bond tests of their manufactured board.  This could potentially save time 

and money, since it is a proactive measure rather than a reactive measure.  It can also lead 

to a more uniform and consistent product, which is a goal of most MDF mills.  All mill 

segments should implement one of the discussed methods of measuring resin distribution.     
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Chapter 5: Conclusion  
Resin Distribution Measurement 
Two methods of measuring resin distribution were evaluated to determine if either 

method provided quantitative results.  The first technique used a post-blending treatment 

for quantitative measurement of UF resin on MDF fiber and particles. This technique 

only provided a qualitative means of visually inspecting the UF-resinated MDF fiber. The 

fact that the acriflavine solution causes a color change, solidification, and an 

enhancement of the fluorescence of UF resin on wood surfaces, gives hope that this 

process might be refined with future research to provide quantitative results.  However, 

future refinement of this post-blending technique is not included in this paper. 

 

The second technique that was used to measure resin distribution added an ultraviolet dye 

to the UF resin prior to blending.  This method was found to correlate well with target 

resin-loading levels and board properties.  The resin distribution measurements achieved 

a mean distribution of UF adhesive on the fiber with a low coefficient of variation.  When 

board tests were run to confirm these results, they showed that this measurement system 

was sensitive to changes in both the resin-loading level and other process changes.  This 

system has potential to be incorporated into a mill setting, which will provide MDF mills 

with a control procedure that can potentially troubleshoot their manufacturing process 

and lower annual resin costs. 

 

Marketing Research Questionnaire 
A questionnaire was developed to determine the possible acceptance of a resin 

distribution measurement process in medium density fiberboard mills.  A 67% 

questionnaire return rate was achieved for U.S. MDF mills.  The results of the 

questionnaire showed that there is a potential market for a new resin distribution 

measurement process.  The respondent to the questionnaire was qualified to make 

decisions regarding adhesive and equipment purchases, so the results of this 

questionnaire are important to the MDF industry.  MDF mills were shown to be either 

neutral or slightly satisfied with their current resin usage and internal bond strength.  
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However, all the mills surveyed were dissatisfied with their current method of measuring 

resin distribution and would value having a system which would identify the distribution 

of resin on their fiber.  In addition, blowline blending was considered inefficient and resin 

usage was a little above average for some mills, which shows the need for a method that 

would identify the distribution of resin being applied in the blowline.  Mill segments 

were shown to have significant differences from each other in some areas, but overall 

should be combined together when making purchasing decisions.  The average increase 

in resin costs by adding the UV dye into the resin was 4.2%, which is in the general range 

most mills reported as being acceptable for this resin blend.  The majority of the mills 

said they would pay between $26.00 and $50.00 for third party testing of resin 

distribution.  The actual cost of testing one sample by a third-party company will be 

around $100.00.  For those who would prefer to test the distribution on site, the average 

cost most mills would spend on a resin distribution measurement system was between 

$1,000 and $10,000.  The actual cost of this system is around $30,000. 

 

Implementation of a Resin Distribution Measurement System 
Through mill testing of the UV-dye resin distribution measurement system, it was found 

to be an accurate method of determining the amount and distribution of UF resin on MDF 

fiber.  The method of adding UV dye into the resin was favorable to most mills, and 

could be tested either on-site or by a certified third-party company.  This would allow 

MDF mills to determine potential problems with their blending process without having to 

wait for internal bond tests of their manufactured board.  This could potentially save time 

and money, since it is a proactive measure rather than a reactive measure.  It can also lead 

to a more uniform and consistent product, which is a goal of most MDF mills.  All mill 

segments should implement one of the discussed methods of measuring resin distribution.        
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Appendix A: Survey Questionnaire and Cover Letter 
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Study of the Acceptance of a Resin Distribution Measurement 

System in Medium-Density Fiberboard Mills 
 
 
 
In a MDF mill a major cost incurred is the amount of resin used in the manufactured 
product.  A resin distribution measurement system is a new process that will inform the 
manufacturer of the quantity and distribution of resin on MDF fiber.  When resin is added 
in the blowline, it results in a certain distribution of resin droplets on the fiber.  The size 
of the droplets and space between them depends on several variables in the blending 
process.  This questionnaire was developed to explore the possible acceptance of a resin 
distribution measurement system in your manufacturing process.  This new resin 
distribution measurement system provides information on the size of resin droplets, fiber 
surface coverage, and variability in your resin addition level.  The responses to this 
survey will be kept strictly confidential and will only be published in an aggregate form.  
Every respondent to this survey will receive a summary of the results.  Thank you for 
your help!   

 

 

 

 

 
 
 
 

This study is sponsored by the Wood-Based Composites Center 
Department of Wood Science and Forest Products 
Virginia Polytechnic Institute and State University 

Blacksburg, VA 24060 
 

If you have questions, please contact: 
Keith Scott 

Phone: (540) 232-5254; Fax: (540) 231-8868 
E-mail: kescott@vt.edu 

 
 
 
 

 

mailto:kescott@vt.edu
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1. Do you make decisions regarding adhesive purchases at this mill? (check 
one) 
 

            ______ YES 
            ______ NO 

 
 
2. Do you make decisions, or provide recommendations, regarding equipment 

purchases at this mill? (check one) 
 

            ______ YES 
            ______ NO 

 
 
3. Do you currently have any method of detecting resin distribution on MDF 

fiber? (check one) 
 

            ______ YES 
            ______ NO 

 
      If yes, please describe your method: 
 
 
 
 
 
 
4. What is the most common product produced at this location? (Example: 1-

inch, low density MDF) 
 
 
 
 
 

5. In your mill, which board property is most sensitive to adhesive content? 
(check one) 

 
      [ ] Internal bond 

       [ ] Thickness swell 

         [ ] MOR 

         [ ] MOE 

         [ ] Edge screw holding 

         [ ] Other (explain) 
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6. What method of adhesive blending do you use? (check one) 
 

[ ] Blowline blending 

         [ ] Dry blending 

         [ ] Other (explain) 

 

 

7. Please rate your satisfaction with the following issues: 
 

A.  How satisfied are you with your current resin usage as compared to the   
industry average? 

 
Not satisfied                               Neutral                Very satisfied 
    1                      2                      3                     4                    5 

 
B.  How satisfied are you with the internal bond strength of your manufactured    

board? 
 

Not satisfied                               Neutral                Very satisfied 
    1                      2                      3                     4                    5 

 
C.  If applicable, how satisfied are you with your current method of testing resin 

distribution? 
 

Not satisfied                               Neutral                Very satisfied 
    1                      2                      3                     4                    5 

 
 

 
8. Please rate how valuable these issues are to your company: 
 

A.  How valuable would it be to know how resin is distributed on your fiber? 
 

Not valuable                                Neutral                Very valuable               
    1                      2                      3                     4                    5 

 
      B.  How valuable would a resin distribution measurement system be to your 

company? 
 

Not valuable                                Neutral                Very valuable               
    1                      2                      3                     4                    5 
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9. Since a chemical would have to be added to your resin before it is added to 
your fiber, a mixing tank is needed.  Do you have a mixing tank where a 
liquid chemical could be added to your resin? (check one) 

 
 _____ Yes 

       _____ No 
 

If available, would you prefer to buy the chemical and resin premixed at a slightly 
higher cost from a resin manufacturer rather than mixing it yourself? (check one) 

     
_____ Yes 

       _____ No 
 
 
10. Would you prefer to have the analysis done at the mill (which would yield 

immediate results, but requires extra work from a technician) or would you 
prefer to send the samples to an independent laboratory for analysis? (check 
one) 

 
_____ At the mill 

       _____ Independent laboratory 
 
 

11. For the following questions, please circle the appropriate number based on 
whether you agree or disagree with the statement. 

 
A.  The resin addition (blending) method used at this location is as efficient as      
possible. 

 
Strongly disagree                              Neutral                               Strongly agree 

  1                        2                      3                    4                         5 
 

B.  If I know the average amount of surface area covered by resin on MDF fibers, 
I could improve the efficiency of my blending process. 

 
Strongly disagree                              Neutral                               Strongly agree 

  1                        2                      3                    4                         5 
 

C.  If I knew the amount of variability of surface area covered by resin on MDF 
fibers, I could improve the efficiency of my blending process. 

 
Strongly disagree                              Neutral                                Strongly agree 

  1                        2                      3                    4                         5 
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D. The blending process used at this location is consistent, and does not change 
between scheduled maintenance times. 

 
         Strongly disagree                              Neutral                                Strongly agree 
              1                        2                      3                    4                         5 

 
12. If equipment was available to accurately measure resin distribution at a        

frequency of once per shift, and required one man-hour per shift, how much 
would you be willing to pay for this system? (check one) 

 
[ ] $0     [ ] $5001-$10000                  

[ ] $1-$1000    [ ] $10001-$25000 

[ ] $1001-$5000    [ ] $25000+        

 
 

   13. If a device was available to accurately measure resin distribution, and had 
been mill-tested to save resin costs, what payback period would be required by 
your company? (Example:  Purchase price divided by resin cost savings per 
month) 

 
[ ] 0-3 months    [ ] 10-12 months    

[ ] 4-6 months    [ ] 13-24 months 

[ ] 7-9 months    [ ] Other (explain) 

 
 

14. If this measurement is desired, but an independent laboratory is used, how 
much would you be willing to pay per sample to use this service? (check one) 

 
[ ] $0     [ ] $51-$100    

[ ] $1-$25    [ ] $101-$200 

      [ ] $26-$50    [ ] $200+ 

 
 

15. To the best of my knowledge, the amount of resin used at this location in 
comparison to the industry average for a similar product is: (check one) 

 
[ ] 1.0% or more below average  [ ] 0.5%-1.0% above average    

[ ] 0.5%-1.0% below average  [ ] 1.0% or more above average 

[ ] Average    [ ] Don’t know 
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16. If a method were available to accurately measure the amount of surface area 
covered by resin on the MDF fibers, how frequently would this information be 
needed? (check one) 

 
[ ] Continuously    [ ] Once per day 

      [ ] Once per hour   [ ] Only when a problem arises 

      [ ] Once per shift   [ ] Never 
          
17. If a special resin blend was required in order to measure the resin distribution, 

how much extra would you be willing to pay for the special resin? (check one) 
 

[ ] 0% (nothing)    [ ] 1.5% 

      [ ] 0.5%     [ ] 2% 

      [ ] 1%     [ ] Other (specify) 

             
18. Please provide the following information about your process.  
 

MDF production in 1999 (MSF/ ¾-inch basis)            ___________________ 
 

            Amount of resin solids used in 1999 (lbs)                    ___________________ 
 

      Amount of liquid resin used in 1999 (gallons or lbs)   ____________________ 
 
       Non-volatiles content (solids content) of resin (%)     ____________________ 
 
         Cost of resin used in 1999 ($)                                      ____________________ 
 
 
19. Is there anything else about resin consumption or blending that you would like 

to share that we haven’t asked?    
 
 
 
 
 
 
 
 
 

If you have any questions, please contact Keith Scott at 
(540) 232-5254 or e-mail at kescott@vt.edu 
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