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SUMMARY
In 1992. following a recommendation from the Forintek Technical Advisory Committee and with the support of the 
Structural Board Association, a project was initiated to develop processes and techniques to improve the surface 
properties of OSB and assist in the development of value added opportunities. During the first year of the study, 
various methods to improve the surface smoothness were investigated (Calve, 1993). Early in 1993, however, OSB 
producers alerted Forintek to the fact that numerous problems related to OSB underlayment were being encountered. 
Emphasis of the project was changed to concentrate on finding a method for eliminating the staining of vinyl by OSB 
underlayment.
During the second year of the project the experimental work on stain was initiated (Calvé and Lefebvre, 1994).
Results indicated that staining is caused by extractives present in aspen poplar bark, knots and the cambial layer 
adjacent to the bark and is carried through the vinyl by chemical additives used in its manufacture. The staining is 
accelerated by high humidity and temperature. Two accelerated tests were found useful in reproducing the stain. 
Several approaches which appear to control stain were identified.
During the third year of the study, further testing was conducted in cooperation with vinyl producers and OSB panel 
manufacturers. The two accelerated tests were adopted by several vinyl producers and OSB manufacturers. Test 
results indicated that classification of stain patterns on the top faces of the vinyl is more reliable than on the underside 
and that a 16h steam treatment is equivalent to approximately 3 months at 50°C and 90% RH. Staining is species and 
tissue specific. Aspen poplar bark produced the most severe staining problem followed by eastern white cedar, while 
white birch and balsam fir produced very little or no stain. White birch OSB may be a good alternative material for 
underlay ment. Aluminum foil, polyester film or melted recycled plastic could stop the migration of wood extractives 
to the vinyl. An alkaline, flexible, cement/polymer coating was also found to be efficient in controlling staining and 
should be tested further Modification of the vinyl itself could reduce the staining, however, this approach is 
controlled by the vinyl producers alone.
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1.0 OBJECTIVES
To identify accelerated tests which could reproduce staining of PVC vinyl floor covering.
To identify the wood tissues/species responsible for the staining.
To develop coatings or treatments to control or eliminate the "bleed through" of extractives from OSB to polyvinyl 
chloride vinyl floor covering.

2.0 INTRODUCTION
OSB has made significant inroads into North American structural markets over the past decade. In Canada and U S. 
the production of OSB has grown approximately 10 times from 1980 to 1994 (11.2 billion ft2 3/8 in. basis) and if the 
demand continues to be strong, it should increase to 18 billion ft2 by the end of 1996 (Tansey, 1995). At present, the 
demand exceeds production and the manufacturers of this product (OSB) have been successful in selling production 
without too many problems However, this situation may change. Tansev's (1995) analysis suggests that by mid- 
1996, supply may exceed demand (earlier in the case of a recession). OSB producers will then be faced with the 
choice of reducing production and/or trying to "upgrade" their product and capture new markets (other than sheating). 
Value-added products present a real opportunity In fact, even in the present situation, when supply cannot meet 
demand, value added products present a tremendous potential (Maloney. 1995). In Europe, the production of value- 
added products by manufacturers of primary wood products is quite common and this is the present trend in the U S. 
panel industry (Maloncv. 1995). One example of a value-added OSB product is the underlayment panel. OSB panels 
can be modified slightly to upgrade some of their properties and sold at a premium price for this application. In fact, 
OSB has already entered the underlayment market with some limited success in the past few years. The product 
offers some advantages over imported lauan plywood, poplar plywood, or particleboard (Calvé and Lefebvre, 1994) 
but it also has some deficiencies in term of surface smoothness and a potential for staining light coloured polyvinyl 
chloride (PVC) vinyl floor covering. A solution to these problems, especially staining, must be found in order for 
OSB underlayment to pursue this market. The staining problem was found to occur mainly in floor covering 
applications in the southern US. where high humidity and high temperature conditions are common. This staining has 
also been found to occur occasionally over lauan and poplar plywood underlayment products.

3.0 BACKGROUND
In 1992, following a recommendation from the Fonntek Technical Advisory Committee, and with the support of the 
Structural Board Association, a project was initiated to develop processes and techniques to improve the surface 
properties of OSB and assist in the development of value-added market opportunities. During the first year, various 
methods of improving surface smoothness were investigated (Calvé. 1993). Early in 1993, however, OSB 
producers alerted Forintck to the fact that numerous incidents, where OSB underlayment was causing staining of vinyl 
floor covering, were being encountered With PVC (vinyl) floor covering becoming thinner and the elimination of its 
fell backing, stains resulting from an interaction between vinyl and OSB were becoming a significant problem. One 
Canadian manufacturer had already halted production of OSB underlayment for this reason. Consequently, our work 
emphasis shifted from surface smoothness to finding a practical method for eliminating or controlling vinyl staining.
During this second year of the project, meetings and discussions were initiated with OSB underlayment producers and 
with manufacturers of vinyl floor covering in North America. Relevant literature and information was reviewed and 
experimental work was initiated (Calvé and Lefebvre, 1994). Information derived from the literature indicated that 
the flexible vinyl floor covering products being used today by the floor covering industry are made of polyvinyl 
chloride modified with plasticizers, stabilizers and small quantities of other materials such as foaming agents. The 
literature also indicated that these vinyl products are easily discoloured by many materials and, although the problem 
has been studied intensively, it is still not well understood (Considine, 1974, Alberta Research Council, 1992). A



consultant's study for MacMillan Bloedel. however, indicated that changing the plastic additives could solve the 
problem (MacMillan Bloedel. 1994) Preliminary results of tests carried out at Forintek in cooperation with Dr. 
Plotter from the MacMillan Bloedel company indicated that staining of vinyl floor covering on aspen poplar OSB is 
caused by extractives present in the bark, knots and the cambium/inner bark layer at the outer sapwood boundary 
being carried through the vinyl by chemical additives used in its manufacture. The staining commences when the 
vinyl is placed in contact with the aspen OSB and the process can be accelerated by high levels of moisture and 
temperature Two accelerated tests were found useful in reproducing the stain and to screen various treatments to 
prevent staining. A few approaches which appear to stop, or at least significantly reduce "bleed through" were 
identified. Among these, promising results were obtained with a sheet of clear polyvinyl chloride without additives, 
aluminum foil, paper overlays impregnated with phenol formaldehy de resin and the application of sodium silicate 
directly onto the OSB surface (Calve and Lefebvre. 1994).
As a follow up to this preliminary work carried out at Forintek, a vinyl producer evaluated some of the test results. 
Four of the most promising stain protections treatments identified at that time were applied at a commercial coating 
operation in Montréal and at Forintek. These were sent to Armstrong World Industries Inc., in Lancaster, PA (the 
largest manufacturer of vinyl floor covering in North America) for evaluation. Once Armstrong had completed its 
evaluation, a meeting was organized between representatives of vinyl producers, MacMillan Bloedel (MBR), 
Weyerhaeuser and Forintek. Each participant made a presentation on past experiences and test results that could be 
shared on the project. A general agreement was reached on the following points :

• Staining is the result of an interaction between plastic additives and wood extractives;
• Application of a physical barrier could solve the problem (Calvé and Lefebvre, 1994);
• Changing plastic additives could solve the problems ( MacMillan Bloedel study, 1994);
• Accelerated testing methods developed by Forintek and MBR (Calvé and Lefebvre, 1994) should be

employed in future studies;
• Work on evaluation of various coatings received from manufacturers should be pursued;
• Experimental vinyl floor covering would be prepared by vinyl producers and sent to Forintek for 

further evaluation
• Wood species other than aspen poplar should be examined;
• The chemistry involved during staining should be studied using GC-MS facilities.

4.0 APPROACH
The lest results obtained by Armstrong world Industries Inc.(vinyl floor covering producer) for OSB with Forintek 
stain protection are presented in this report As agreed during the meeting with OSB and vinyl producers, more 
testing was conducted at Forintek to determine the potential of various physical barriers to control stain. Wood 
species other than aspen were also evaluated. These test results are reported along with those obtained when 
c\ alualing selected experimental vinyls received from manufacturers. In order to evaluate the stain resistance under 
more severe conditions, aspen poplar disks (complete stem cross-section with bark) instead of OSB panels were 
employed as a source of extractives. In an attempt to correlate the results of accelerated stain treatments with what 
actually happens in the field, additional accelerated tests were conducted for various periods of time. In all 
experiments, commercial underlayment panels were employed as controls.
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6.0 MATERIAL AND METHODS
The following materials were purchased or supplied by producing companies:

• Intcrflcx vinyl Successor 67580 supplied by Armstrong World Industries, Inc., Lancaster, PA;
• Aluminum foil 0.0007 in. thick supplied by la Société D'Aluminium Reynolds du Canada 

Division Canadienne des Métaux Reynolds Ltée, Dorval, Québec;
• Nava polyvinyl chloride film 0.003 in. thick supplied by Armstrong World Industries, Inc.,

Lancaster. PA;
• Polyester film 0 004 in and 0 0017 in. thick supplied by Transilwrap du Canada Ltée, Ville St- 

Laurent. Québec:
• Recy cled plastic particles, 98% passed through a 20-mesh screen opening, 85% retained on 80 mesh, 

supplied by Cascade Canada Inc , Recherche et Développement, Kingsey Falls, Québec;
• Kilz Stain Blocker supplied by Masterchem Industries, Inc. Barnhart, MO;
• Solignum Aqua Permathane supplied by Solignum Inc. Toronto. Ontario;
• Ardex Feather Finish supplied by Ardex Engineered Cements, Ardex Inc., Coraopolis, PA;
• Filler/coating L2-76-63 supplied by Les Revêtements AKZO Inc., St-Jérome, Québec;
• Sanded 0.25 in. thick commercial aspen poplar OSB underlayment supplied by MacMillan Bloedel,

Hudson Bay . Saskatchewan
Experimental vinyls were provided by North American vinyl manufacturers. These were prepared according to 
proprietary processes and sent to Fonntek for evaluation along with controls. Experimental coatings for stain 
protection were prepared by various paint manufacturers and sent to Forintek for evaluation.
6.1 Accelerated Stain Tests
6.1.1 Accelerated SteamTest
Accelerated stain tests were conducted on aspen poplar OSB underlayment samples 6 in. x 12 in. x 0.25 in. thick and 
on aspen poplar disks. Bark samples were prepared in the form of round disks 1.25 in. in diameter by 0.28 in. thick 
excised from the bark of a fresh aspen poplar log The bark disks were air-dried and set into predrilled holes in aspen 
poplar ply wood underlayment samples. The sample-assembly was sanded to obtain a smooth surface. Foil was used 
to co\ cr the ply wood leaving only the bark disk exposed. Specimens were then covered with sample of white vinyl 
lloor covering (lnlerflex-Armstrong) of the same dimensions. Three replicate specimens were prepared for each 
variable evaluated. In order to accelerate the staining, specimens (along with controls) were placed 3 in. above boiling



Ardc\ Feather Finish powder w as mixed with 65 parts by weight of water to a lump free mixture. The mixture was 
then spread with a straight scraper on samples of OSB (6 in x 12 in.) or aspen poplar bark (2 in. x 2 in.) and cured 
for 72 hours at room temperature prior to testing.
6.5 Identification of Wood and Bark Tissue Responsible for Staining
One-inch-thick disks were cut from freshly felled stems of poplar, balsam fir, white birch, white spruce and eastern 
white cedar 6-12 inches in diameter. Disks of high and low density southern yellow pine were obtained from the 
Wcyerhaueser laboratory (South Federal Way, Washington). Two disks of each species were then covered with a 
sample of vinyl floor covering and placed in a chamber at 50°C and 90% RH for 90 days.
Several thin disks (0.25 in thick) were also cut from white birch and eastern cedar logs. From each disk, sapwood 
and/or heartwood samples I 25 in. in diameter were prepared. Several 1.25 in. disks were also prepared from aspen 
poplar bark and from commercial lauan, poplar and B.C. fir plywood. Six disk samples of each type were each 
covered with a sample of vinyl floor covering and submitted to the 2h, 6h, 16h, 24h or 48h steam test. In addition, in 
a separate study, six disk samples of each type were submitted to 1 month, 2 month or 3 months at 50°C and 90%
RH. After each treatment period, the samples were examined for the presence of stain.
For comparison, two samples of bark approximately 1 in. by 1 in. were cut from the poplar, balsam fir, white birch, 
white spruce and white cedar logs. These were laid flat on samples of vinyl floor covering. For each species 
c\ alualcd. one of the two bark samples was placed with the inner bark on the vinyl while the other was placed with the 
outer bark on the vim 1 These were then stored in the chamber at 50°C and 90% MC for periods up to 90 days.

7.0 RESULTS AND DISCUSSION
7.1 Evaluation of treated material by Armstrong
Table 1 summarizes Armstrong test results for the OSB samples sent for evaluation. Stain resistance classifications 
were established for the top and the underside of each vinyl floor covering after the accelerated test. The test results 
and comments by Armstrong staff confirmed laboratory results. A physical barrier could be added to control the 
stain. For the barriers evaluated, aluminum foil was clearly the most effective and was assigned a Forintek 
classification of one for stain resistance on the top and underside of the vinyl floor covering. Aluminum foil and 
\ invl films are not porous and special adhesiv es or methods of application are needed to produce good bonds between 
two sheets of non porous material. Common water-based adhesives which cure with evaporation of the water would 
most likelv produce a weak bond. The adhesive employed for this preliminary evaluation, although of the organic 
solvent type (easier to evaporate), did not succeed in producing a strong bond between vinyl floor covering and 
aluminum foil. The vinyl was easily peeled off the aluminum foil-OSB assembly. A different adhesive is required for 
this application. A strong bond was however obtained between the two vinyl products.
The stain classification test results for sodium silicate coatings, sodium silicate + 25% Permatane or the sodium 
silicate SAT 5 with organic plasticizer, were excellent (classification 1 for the top and 2 for the underside of the 
vmvl) Silicate is an inexpensive an non toxic product which is applied easily to OSB (Calvé and Lefebvre, 1994). 
Unfortunately, Armstrong observations confirmed those of Forintek that sodium silicate, even in the presence of an 
organic plasticizer (SAT 5). becomes brittle under high moisture/temperature conditions such as those employed 
during the accelerated test. Cracking occurred, especially close to the panel edges which would make this treatment, 
in us present form, less suitable for floor application
The stain classification test results obtained for the Nava polyvinyl chloride film without additives were deceiving. 
While previous test at Forintek indicated that it could be employed to stop the migration of extractives, results shown 
in Table 1 indicate that the PVC film tested at Armstrong failed to stop the stain (classification 6). The accelerated 
stain tests performed at Armstrong were similar to the Forintek tests and the researchers could not explain these
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Table I
Armstong Evaluation of'OSB Panels with Stain Protection1

Raw Material Total Quantity 
Added 

(lb/Mft2)

Armstrong
Evaluation and Comments

Forintek
Stain Resistance Classification 
Underside Top

Aluminium Foil 
(0 0007 in thick)

9 Very good stain barrier 
Will need an adhesive for bonding to vinyl:

1 1

Polivinyl Chloride 
(0 003 in. thick)

20 Stain pattern at top and underside o f vinyl 
No bonding problem

6 6

Sodium Silicate 
SAT 5

120 No discoloration on top side o f vinyl 
Coating discoloration with small red spot on underside o f

vinyl
Brittle film

2 i

Sodium Silicate + 
25% Permathane

120 No discoloration on top side o f vinyl 
Coating discoloration on underside of vinyl 

Brittle film

2 i

'Evaluation following two months at 50°C and one month at 90% RH.

Existing water based adhesives should be suitable to bind vinyl floor covering with felt backing to OSB laminated with aluminium 
foil.



difference in test results. In order to clarify this point, PVC samples of the same batch used by OKAPLY and sent to 
Armstrong for ev aluation were retested at Forintek Table 2 summarizes the results for the retesting of the PVC film. 
Results for aluminum foil, two thicknesses of polyester films as well as recycled plastic melted on OSB were added to 
Table 2 for comparison Except for the recycled plastic melted on OSB, the stain protection barriers were tested using 
aspen poplar bark disks as a source of stain. Prev ious work (Calve and Lefebvre, 1994) had indicated that aspen 
bark w as the main source of the stain problem for aspen poplar OSB and it produced a very dark stain on vinyl when 
subjected to one of the accelerated stain tests employed in this study. Results in Table 2 indicate that under very 
severe conditions, only aluminum foil and thick polyester are impermeable to extractives (See also Figures 1 and 2). 
The polyvinyl chloride film provided erratic results. Erratic results were obtained previously with recycled plastic 
(Calvé and Lefebvre, 1994). Results were improved by modifying the method used to melt the plastic particles into a 
continuous film (see section 6.2). It should be noted that for the polyester film, a similar stain resistance classification 
was obtained for tests of 24h steam or 3 months at 50°C and 90% RH. For the 0.0017 polyester film, no stain pattern 
was observed after the 2h steam treatment. In this case the 2h treatment did not predict what would happen after 
3 months at 50°C and 90% RH
7.2 Stain-Proof Coating
Table 3 summarizes typical stain test results obtained for coatings received from different manufacturers during the 
second \ car of the study Among these, only the cement/polvmer from Ardex Engineered Cement was found to have 
stain resistance properties similar to those obtained previously with sodium silicate (see Figure 3). With this 
cement/polymer, preliminary test results shown in Table 3 indicate that a classification of 1-3 could be obtained. The 
Ardex cement could be employed directly on the aspen poplar bark sample (classification 3 after 2h or 24h steam).
The Ardex cement/polymer is a commercially available product. It is more expensive than sodium silicate 
($66 compared to $9 for silicate per Mft:) but still has some advantages. While the sodium silicate is soluble in 

warm water, the cement/polymer is insoluble and the film did not crack during or after the accelerated aging test. 
However, after the 24h steam treatment, the cement was very weak. Of course, no panel will be submitted to such 
sev ere conditions in the field More tests are needed to evaluate the short and long term adhesive and cohesive 
properties of a vinyl cement/polymer/OSB assembly. The minimum quantity of cement needed to assure a 
satisfactory protection must also be determined. Work may possibly be done with the manufacturer to optimize the 
physical properties of this material, verily' its safety and durability for underlayment application and possibly lower its 
price Other material of the same family may also be tried. Even if the cement/polymer is too expensive to coat all 
OSB underlayment panels, it may be employed as a protective coating in problem situations, when a vinyl must be 
replaced due to a slain problem for example.
One interesting observ ation was that both the Ardex cement and the silicate in water have a pH of 10.3 to 10.4. It 
was further found that a cellulosic paper impregnated with a highly concentrated sodium hydroxide solution could 
stop the extractives migration until the sodium hydroxide was washed out (Table 3). The extractives from wood or 
bark are most likely solubilized into the water vapor and carried to the vinyl surface where part is solubilized by the 
v inyl additiv es and carried into the vinyl. An impermeable film such as aluminum foil or a highly crosslinked 
polymer could stop the w ater v apor and/or extractiv es. Other properties of a polymeric material may also retard stain. 
Acidic extractives are transformed into salts under highly alkaline conditions and are less soluble in the vinyl 
plasticizer in the presence of the cement/poly mer Of course more work is needed to identify the wood extractives 
responsible for staining and verify this hypothesis.
7.3 Experimental Vinyls
In the literature there are examples of color problems in vinyl foam due to the inclusion of antioxidant phenolic 

compounds such as: 2.2' -bis (4-hydroxyphenvl) propane (BPA). An investigation by Renshaw and Cannon (1974) 
indicated that the color formation was due to interactions between BPA or other phenolics with unsubstituted ortho or 
para positions and the azodicarbonamide blowing agent. They concluded that it is possible to avoid the discoloration 
problem by using an antioxidant that would not react with azodicarbanamide. Work by a consultant for MacMillan 
Blocdcl (MacMillan Blocdel. 1994) indicated that a reaction of azodicarbanamide foaming agent (or its
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Table 2

Evaluation o f Materials Added to Control Stain Following Various Accelerated Aging Tests

Raw Material Total Quantity 
Added 

(lb/Mft2)

$/Mft2 Substrate Stain Resistance Classification
Underside

2h-steam 24h-steam

3 months 
50°C-90%RH 

Underside Top
Aluminium Foil 

(0.0007 in.thick)
9 21 aspen bark 1 1 1 1

Polivinyl Chloride 
(0.003 in. Thick)

20 36 aspen bark 1-5 2-5 2-5 2-5

Polyester 
(0.004 in. thick)

28 101 aspen bark 1 1 1 1

Polyester 
(0.0017 in. thick)

12 60 aspen bark 1 5 5 3

recycled plastic 60 7 OSB 1 - - -



Figure I.

1

PH07-P10

Stain Patterns on Underside of Vinyl Floor Covering after 24h Steam Test for Aluminum 
Foil
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Figure 2.
PH07-P9

Stain Patterns on Underside of Vinyl Floor Covering after 24h Steam Test for (A) Polyester 
and (B) PVC Film
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Evaluation o f Coatings Received from Various Manufacturers or Prepared at Forintek
to Control Stain

Table 3

Raw Material Total Quantity 
Added 

(lb/ MFt2)

$/Mft2 pH1 Substrate Stain Resistance Classification Observations
Underside

2h-steam 24h-steam

1 month
50°C-90% RH 

Underside Top
Various coatings from 

manufacturers
60-120 - - OSB 3-6 6 6 6 Film not affected

Cement/Polymer 120 66 10.3 OSB 1 2 2 1 Film not affected
Cement/Polymer 120 66 10.3 aspen

bark
2 3 - - Film not affected

Kilz 120 135 8.9 OSB 5 5 6 4 Film not affected
Sodium Silicate 120 9 10.4 OSB 1 4 2 1 Few small 

cracks
NaOH2

(on cellulosic paper)
120 - > 13 aspen

bark
1 5 - - steam wash out

1 Measured at 37% solids for sodium silicate and 50% solids for cement/polymer both in water.
2 NaOH 33% solids in water.
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decomposition products) with a yet unknown chemical present in wood could be responsible for the discoloration of 
flexible vinyl floor covering. Using a different blowing agent such as p,p'-oxibis (benzenesulfonyl hydrazide) or 
p-toluene sulfonyl semicarbazide could solve the problem as these chemicals did not show a tendency to develop 
coloring reactions. Work reported in the literature indicates that changing the vinyl plasticizer could also reduce or 
eliminate the staining problem of vinyl (Wickson, 1985). As indicated in this study, the inclusion of a physical barrier 
could also solve the problem. Vinyl floor covering is a highly competitive business and although vinyl producers are 
studying the alternatives, there is no indication which approach is being pursued. Nevertheless, experimental vinyl 
samples with controls have been sent to Forintek for evaluation using the accelerated tests. Typical experimental 
vinyl samples after accelerated stain testing are shown in Figure 4. Stain resistance classification test results for the 
samples shown in Figure 4 are presented in Table 4. These were tested over aspen poplar bark and thus represent 
\cr\ severe conditions. From the results in Table 4 and examination of the samples in Figure 4, it is obvious that 
vinyl producers have, at least at the laboratory stage, succeeded in developing vinyl floor covering materials that are 
more resistant to stain The experimental samples one and two had stain classifications of 2 and 3 for underside after 
24h steam and 3 for top side after 2 months at 50°C and 90% RH. These compare to a classification of 6 for the vinyl 
controls employed throughout this study and represent a very significant improvement.
7.4 Staining Associated with Various Tree Species
Aspen poplar is by far the wood species most utilized in Canada for the manufacture of OSB. White birch, to a much 
lesser extent (approximately 8% to 20% ). is being mixed with the aspen in several mills. Staining problems have 
also been reported for panels made of southern yellow pine when subjected to high moisture or temperature 
environments.
The accelerated tests employed in this study were also found useful for studying staining of various wood species such 
as southern yellow pine. To demonstrate this, a patch of vinyl showing a stain problem was cut from a problem floor 
in a housing site in the US. The southern yellow pine OSB underlayment panel sample covered with vinyl floor 
covering is shown in Figure 5. The stained vinyl patch was replaced with a new vinyl patch of the same dimensions 
and the panel was subjected to the 24h steam treatment. The photograph in Figure 5 clearly shows the stain spots 
from both vinyl patches (field staining VS accelerated steam staining) corresponded to two dark spots on the OSB 
sample The upper vinyl sample on the OSB background is the original sample (Figure 5A) while the other was 
produced by the accelerated test (Figure 5B)
Figure 6 shows stain patterns obtained from the barks of different wood species: aspen poplar, balsam fir, white 
spruce, white birch and eastern white cedar. The bark samples were simply laid on top of the vinyl and placed in a 
chamber at 50°C and 90% RH Surprisingly, after 3 months, a very strong stain pattern was observed only under the 
aspen poplar bark. Others had very light or diffuse staining spots, insignificant compared to those under the aspen 
poplar bark These results suggest that the staining problem is species dependent and could be reduced significantly 
by using a different tree species. The photographs in Figures 7 to 14 show the stain patterns on the underside and 
the top side of vinyl floor covering samples that have been placed in contact with cross-sectional disks cut from seven 
different tree species and submitted to accelerated stain testing. Samples of high and low density southern yellow 
pines were added for comparison Among the species examined, aspen poplar, white spruce, eastern white cedar and 
low density southern yellow pine produced definite stain patterns which are associated with different wood and bark 
tissues specific to each species Balsam fir. white birch and high density southern yellow pine produced less stain.
The selection of one type of tree for the manufacture of OSB may not always be a practical solution. It may, however, 
be possible in some OSB mills, especially those that have more than one production line and a good supply of birch, 
to conceive the production of a specialty product made of 100% birch. Of course further tests are needed to verily 
that vinyl floor covering will not develop staining problems from birch OSB panels. Mechanical and surface 
smoothness properties of a birch underlayment panel would also need to be documented.
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Figure 4. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
Aspen Poplar Bark Following Accelerated Stain Tests
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Table 4
Evaluation o f Vinyl Floor Covering Obtained from Vinyl Manufacturers

Light Vinyl Floor 
Covering

Substrate Stain Resistance Classification
Underside

2h-steam 24h-steam

2 months 
50°C-90% RH 

Underside Top
Control 1

Aspen poplar bark disks

1 3 4 4
Control 2 6 6 6 6

Experimental 1 1 2 4 3
Experimental 2 1 3 4 3



Figure 5.

PH07-P25

Stain Patterns on Top Surface of Vinyl Floor Covering on Southern Yellow Pine OSB Sample 
Following (A) Use in the Field and (B) 24h Steam Tests
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Figure 6. Stain Patterns on Underside of Vinyl Floor Covering and Accompanying Bark of (A) Aspen
Poplar; (B) Balsam Fir; (C) White Spruce; (D) White Birch; and (E) Eastern White Cedar 
Following Accelerated Stain Tests
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Figure 7. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
Aspen Poplar Disks Following Accelerated Stain Tests
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Figure 8. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
Balsam Fir Disks Following Accelerated Stain Tests
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Figure 9. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
White Spruce Disks Following Accelerated Stain Tests
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White Birch Disks Following Accelerated Stain Tests
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PH07-P22

Figure 1 i . Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
Eastern White Cedar Disks Following Accelerated Stain Tests
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Figure 12. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
High Density Southern Yellow Pine Disks Following Accelerated Stain Tests



Figure 13. Stain Patterns on (A) Underside and (B) Top of Vinyl Floor Covering and Accompanying
Low Density Southern Yellow Pine Disks Following Accelerated Stain Tests
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Figure 14. Stain Patterns on Top Side of Vinyl Floor Covering Following 24h Accelerated Steam Tests
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7.5 Stain Resistance of White Birch Tissues
In order to gain more information on potential staining of birch, the two accelerated stain treatments, steam and 50°C 
at 90% RH were conducted using vinyl floor covering on various white birch tissues (bark, sapwood, heartwood and 
knots) The tests were conducted for the various periods of time indicated in Tables 5 and 6. Samples from 
commercial plywood underlayment as well poplar bark and cedar heartwood were added as controls. Stain resistance 
classifications for vinyl top and underside, are presented in Tables 5 and 6. Figure 14 shows the actual stain pattern 
obtained on the top side of the vinyl following a 24h accelerated steam test. In general, both accelerated test methods 
(steam and 50°C at 90% RH) resulted in higher staining classifications (most severe staining problems) with the 
poplar bark and cedar heartwood. These observations are in agreement with previous results obtained with aspen 
poplar and eastern white cedar disks (Figures 7 and 11). The results for white birch bark, sapwood, heartwood and 
knots showed minimal staining. Except for the 48h steam treatment which appears to be excessively severe, (even 
plywood of poplar and B C fir had classifications of 5 and 6 under these conditions), all the birch tissues tested had 
stain resistance classifications much lower than poplar bark and cedar heartwood. In fact, the classifications obtained 
for the various white birch tissues compared favorably with those obtained for B.C. fir plywood. In the ratings for 
vinyl underside after three months, a classification of 6 was obtained for B.C. fir in comparison to 1 to 3 for the birch 
samples. For the vinyl top sides, classifications of 1 to 3 were obtained for birch in comparison with 2 to 3 for the 
B.C. fir plywood samples for both the severe 48h steam or the three months test at 50°C and high relative humidity. 
These results are encouraging considering that the birch wood tissues were tested with the grain of the wood furnish 
perpendicular to the vinyl. Preliminary screening tests had indicated that this grain direction promoted extraction and 
stain production. As indicated earlier in the text, tests should be conducted with OSB samples produced from white 
birch instead of wood disks

8.0 CONCLUSIONS
The two accelerated stain-producing treatments (steam and 50°C at 90% RH) as well as the 1 to 6 classification 
system for rating the severity of staining used in this study were found to be useful tools to study staining of vinyl 
floor covering on woody tissues and to screen various approaches to the problem. Several OSB manufacturers and 
vinyl producers have already adopted similar test methods. Test results indicate that classification of stain patterns on 
the top of the vinyl instead of the underside is a more reliable method as some of the stains may not ultimately 
migrate to the top surface. Preliminary test results indicate that a 16h steam treatment is equivalent to approximately 
3 months at 50°C and 90% RH. Among the commercial panel products tested, best results were obtained with lauan 
and poplar plywood. A definite stain pattern was observed with B.C. fir (classification 3). For the various materials 
e\ aluated. aspen poplar bark produced the most severe problem followed by eastern white cedar heartwood. White 
birch and balsam fir produced very little or no slain Different wood tissues were found responsible for staining 
associated with specific wood species Preliminary results indicate that staining on OSB substrates could be 
substantially reduced if species other than aspen poplar were employed for the manufacture of OSB underlayment 
panels White birch OSB underlayment may be a good alternative. Results of this study, confirmed independently by 
a manufacturer of vinyl floor covering, also indicated that staining could be controlled by adding a barrier between the 
vinyl and the OSB. For example, aluminum foil, polyester film and melted recycled plastic stopped the migration of 
extractives from the woody substrate to the vinyl. A flexible cement/polymer coating was also found to be efficient in 
controlling stain and should be tested further. Modification of the vinyl itself could also reduce staining.

9.0 RECOMMENDATIONS
Facilities for testing experimental vinyls and/or stain resistant coatings should be maintained at Forintek. 
The cement/polymer approach should be explored further.
White birch OSB panels should be produced and tested for potential staining of vinyl floor covering. 
Work should be pursued to analyze for the chemicals responsible for the staining problem.
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Stain Resistance Classification for Vinyl Top Side on Selected Materials and Controls Following Accelerated Stain Tests

Treatment Duration 
o f treatment

STAIN RESISTANCE CLASSIFICATION (Vinyl Top Only)

Commercial Plywood Underlayment Poplar
Bark

Cedar
Heartwood

White Birch
Lauan Poplar B C Fir Bark Sapwood Heartwood Knots

2h 1 1 1 1 1 1 1 1 -

6h 1 1 2 3 2 1 2 2 _

Steam at
Atmospheric 16h 1 1 3 6 3 2 2 3 -
Pressure

24h 1 2 3 6 4 2 2 3 -

48h 2 2 3 6 4 2 2 3 -

1 month 1 1 1 5 1 1 1 1 1

50°C 2 months 1 1 2 6 3 1 2 3 1
90%RH

3 months 1 1 3 6 4 1 2 3 2



Table 6

Stain Resistance Classification for Vinyl Underside on Selected Materials and Controls Following Accelerated Stain Tests

Treatment Duration 
o f treatment

STAIN RESISTANCE CLASSIFICATION (Vinyl Underside Only)

Commercial Plywood Underlayment Poplar
Bark

Cedar
Heartwood

White Birch
Lauan Poplar B C Fir Bark Sapwood Heartwood Knots

2h 2 3 5 6 4 2 1 2 -

6h 2 3 5 6 5 3 2 4 _

Steam at
Atmospheric 16h 3 4 6 6 6 3 3 4 -
Pressure

24h 3 4 6 6 6 4 4 4 -

48h 4 5 6 6 6 6 6 6 -

1 month 1 1 1 5 1 1 1 1 1

50°C 2 months 1 1 2 6 3 1 2 3 1
90%RH

3 months 1 2 6 6 6 1 2 3 2
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Stain Pattern Classification Observations

Clear, minimum effect on vinyl, 
efficient in preventing staining

Diffuse light brown spot, similar to 
what is obtained with clear lauan or 

poplar plywood or fibreboard

*

More define light brown spots

Some medium brown spots

5

6

More darker brown spots

Lots of very dark spots on the vinyl; 
similar to those obtained with 

control OSB

PH-112

Figure A. Steam Patterns Obtained After Accelerated Stain Tests with Ranking System Used to Classify 
Each Anti-Stain Treatment
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