
£\C£fÿ.pdF

USE OF METHYLOLATED ACIDIFIED KRAFT BLACK LIQUOR 
WITH U-F ADHESIVE FOR MANUFACTURE OF FIRE 

RETARDANT PLYWOOD

CFS CONTRACT 1980 -81 

CFS/DSS PROJECT NO. 44

h e n , K ' C ^ -  

te U  S; - A .

(q O - ' ( S7

Submitted by:

FORINTEK CANADA CORP. 
Eastern Laboratory 
800 Montreal Road 
Ottawa, K1G 3Z5 
Telephone 613-744-0963



USE OF METHYLOLATED ACIDIFIED KRAFT BLACK LIQUOR 
WITH U-F ADHESIVE FOR MANUFACTURE OF FIRE 

RETARDANT PLYWOOD

Although there is a growing demand for fire retardant plywood, manufacture 

of pressure impregnated plywood made with urea-formaldehyde adhesives is 

very difficult. If the plywood is pressure impregnated with fire 

retardant solution, the water in the treating solution attacks the UF 

adhesive and causes the plywood to delaminate. If the veneers of the 

plywood are pressure impregnated with fire retardant prior to manufacture 

of the plywood and then dried, satisfactory panels can be made. However, 

in a fire condition the fire retardant chemicals react with the UF 

adhesive, causing the adhesive bond to disintegrate, the panel to 

delaminate and thus offer no fire protection.

For a number of years, Forintek has attempted to invent a new dual 

purpose fire-retardant adhesive. One of the problems encountered in this 

study was the thermal stability of the glue bond. A high temperature 

fortifier was found for this dual purpose adhesive which would improve 

the high temperature bond strength of the panels. Because of the 

effectiveness of this fortifier, and its chemical nature which allowed it 

to be used with urea-formaldehyde resin solutions it was a logical step 

to attempt to use this high temperature fortifier with commercial 

Urea-formaldehyde (UF) adhesive for gluing fire retardant treated veneers.



EXPERIMENTAL

Materials

Face Veneer - Yellow birch (Betula alleghaniensis Britton) veneer 1 mm

(1/26 inch) thick was used. This material was clear, kiln- 

dried and had a straight grain.

Core Veneer - Aspen poplar (Populus tremuloides Michx.).veneer 4.2 mm 

(1/6 inch) thick was used. This veneer was also clear, 

kiln-dried and had a straight grain.

Fire Retardant - Irotherni fire retardant resin solution was obtained from 

Iroquois Chemicals Limited in Cornwall, Ontario. This 

fire retardant is described as solution No. 10 in Table 

1 of Canadian Patent 917,334 (3). The solution was 

diluted with tap water to give a solution containing 12% 

w/w of fire retardant chemicals.

Adhesives - Perkins L-100 UF adhesive and H-252 catalyst was obtained 

from the Perkins Glue Company in Kitchener, Ontario. This 

adhesive was used as described by the manufacturers Product 

Data Sheet Number 405.

High Temperature Fortifier - Waste, black liquor, a by-product of the

kraft pulping process which contains a high 

concentration of lignin was methylolated using 

formalin, acidified with sulfuric acid and the 

precipitate collected by filtration. The 

manufacture of this lignin adhesive is described



by Dolenko and Clarke (2) and is called 

BLAM.

Treatment of Samples:

Specimens of the yellow birch and poplar veneer 305 mm square were 

pressure impregnated with the fire retardant solution. The impregnation 

was carried out using techniques commonly employed by the wood treating 

industry for this type of process. Following treatment the samples were 

air dried and finally they were dried in a forced air oven for 24 h at 

105°C. The average retention of fire retardant by the veneers was 

22.7%.

Panel Manufacture:

Plywood panels 6mm thick and 305mm square in size were made using two 

yellow birch face veneers and a 4mm thick aspen poplar veneer core for 

each panel. Adhesive was spread by hand onto one side of each face 

veneer using a small paint roller.

The amount of adhesive spread was determined by weighing the veneer before 

and after spreading the adhesive. Panels were pressed for 300s in a 

310mm square laboratory press at a pressure of 1035kPa. Platten 

temperatures were 133 + 3°C. The closed assembly time prior to pressing 

was 20 minutes for each panel. Following pressing, each panel was close- 

packed between weighted pieces of particle board to cool and then 

conditioned at 20°C and 50%RH prior to testing. A minimum of six panels 

were made for each of the adhesive formulations evaluated.



The press times and temperatures as well as closed assembly times were 

all similar to that used by industry for manufacture of plywood with 

U-F adhesives.

The amount of adhesive spread was 14 to 18g per panel glue line. This 

was 150-195g/m2 (30-40 pounds per thousand square feet) of single glue 

line.

All veneers were conditioned to equilibrium moisture content at 20°C and 

50% R.H. prior to gluing.

Adhesive Mixtures:

Adhesive mixtures were made by adding L-100 U-F resin, finely milled 

soft wheat flour and/or BLAM fortifier, water, and H252 catalyst in 

sequence while continually stirring to achieve a smooth uniform mixture.

Test Procedure:;

1. Canadian Standards Association 0115-1967 for type II (Interior) 

plywood panels. Section 7.4 (1).

2. Thermal Stability.

Six samples 130mm by 32mm were cut from each panel and suspended on 

a metal stand for 10 minutes (+5 sec.) in a furnace at 260°C (+5C°). After 

cooling the samples to room temperature in a draught-free fume cabinet, the 

total length of all delaminations along the edges of each sample was measured 

(as outlined in CSA 0115-67) and expressed as a percent of the total amount 

of edge bond in the sample (635mm). All results are an average of at least 

36 samples.



3. Panel-bond strength.

The strength of each panel-bond was measured using a simple torsion 

test . Samples 125mm long and 32mm wide were held vertically

between two 6.5mm deep grooved sample holders. The lower holder was clamped 

in a vise so that it could not move. The upper holder was then rotated, 

using a torque wrench, on an axis that extended down vertically through 

both sample holders and the center of the sample. Rotation was at a rate 

of about 20 to 25 angular degrees per second and was continued until the 

twisting force applied to the sample caused the sample to break. The 

maximum torque required to break each sample then noted. A minimum of 

6 samples was tested from each panel.

4. Flame Spread Resistance

The flame spread resistance of panels made with the fire retardant 

treated veneer and glued with the modified adhesive was measured using 

a two foot Monsanto fire tunnel (4).



Results and Discussion:

Table 1 presents data showing why an improvement in the thermal resistance 

of plywood made with fire retardant treated veneer and regular U-F adhesive 

was necessary. Panels made with untreated veneer demonstrated no delamination 

during the CSA water resistance test and after being heated for ten minutes 

at 260°C. However the panels made with fire retardant treated veneer 

suffered 99% delamination after 10 minutes at 260°C. In addition 2 of the 

6 panels failed the CSA water resistance test.

Table 2 presents results which show the effect of including various quantities 

of BLAM high temperature fortifier in place of some of the wheat flour extender. 

Substitution of at least one third of the wheat flour with BLAM high 

temperature fortifier reduced the thermally induced delamination to minimum 

levels. However substitution of more than one half of the flour with BLAM 

reduces the resistance to moisture induced delamination to unacceptable 

levels.

Fire testing of the panels demonstrated that panels glued with UF adhesive 

containing BLAM high temperature fortifier would meet the requirements for 

class II fire retardant material (FSC 26-75).



TABLE ONE

Test
No.

Adhesive
Formulation

Adhesive
Spread

q/m2

CSA
o n s

Type II  
water 

resistance

Torsion
Strength

N.m

Thermally 
Induced 

Delamination

%

Special
Notes

1 45.9 Perkins L-100 179 Pass (6 of 6) 5.42 0 untreated veneers
adhesive

22.9 flour 

36.7 water 

3.7 H-252 catalyst

2 As above T83 Fail (7 of 12) 4.75 99 fire retardant treated
veneers



TABLE TWO

Test
No.

Adhesive
Formulation

Adhesive
Spread

q/m2

CSA Torsion 
OHS Strength 

Type II 
water

resistance N.m

Thermally 
Induced 

Delamination

%

Special
Notes

3 45.9 Perkins L-100
22.9 wheat flour 
27.5 water
3.7 H-252 catalyst

183 Fail (7 of 12) 4.75 99

4 45.8 Perkins L-100
7.7 BLAM
15.3 wheat flour 
27.6 water
3.7 H-252 catalyst

165 Fail (1 of 12) 3.60 4.5

5 45.9 Perkins L-100
11.9 BLAM
11.5 wheat flour
27.5 water
3.7 H-252 catalyst

170 Pass (12 of 12) 3.69 6.8

6 45.9 Perkins L-100
15.4 BLAM
7.6 wheat flour

27.5 water
3.7 H-252 catalyst

160 Fail (2 of 12) 3.89 7.0

7 45.8 Perkins L-100 
23.0 BLAM 
27.5 water 
3.7 H-252 catalyst

172 Fail(9 of 12) 3.56 0.8



Conclusion:

Substitution of approximately one third of the wheat flour with acidified 

methylolated black liquor filter cake from the kraft pulping process will 

improve the resistance of the glue bonds of urea formaldehyde glues to 

thermally induced delamination.
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