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FOREWORD

This report forms part of the stated goals in CFS/DSS Project 34 

Part A "Reinforced Particleboard" which was funded by the Canadian Forestry 

Service.
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ABSTRACT

Reinforced Particleboards were made at several panel densities and 

with several resin treatments of the fibreglass reinforcing scrims. It 

was the inclusion of fibreglass scrims that dramatically increased the 

strength and stiffness of particleboards especially when the overall panel 

density was above 0.7 gm/cc. Of the various locations tested, reinforcement 

at the extreme surfaces was found to be the best. Treatment of the fibre- 

glass with phenolic resins produced some improvement in wood-fibreglass 

bonding, however the addition of a coupling agent significantly improved 

the fibreglass fixation.
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IN TRODUCTION

Over the past few decades the particleboard industry 

has made subs ta nti al  improve ments  in machines  and processes 

a c companied by the devel opmen t of new products. Board 

properties also have been signific antly  improved allowing some 

pro du cts to be used as structural members. This use holds even 

gr eater promise for the future. However, due to the inherent 

nature of the random formation of particles, the moduli of 

elasticity and rupture of particle board  are less than lumber. 

This low elast ic ity  and strength restricts the use of p a r t i c l e 

boards for some critical structural members. Particleboard 

also lacks strong internal integrity. Accordingly, it has 

a low toughness and impact strength. Reinforcement with other 

h i g h -strength and stiff ness materials such as glass fibres 

could overcome these disadvantages.

Since the stren gt h of glass fibre is greater than that 

of any commonly availa ble construction material and its 

young modulus is mod er ately high, glass fibre would be an 

ideal reinforcem en t for particleboards. To use fibreglass 

ef fectively, it must be aligned in the principal direction, 

thus, fibreglass scrims were used in this study.

OBJ EC TIVE S

The purpose of this study was to develop "reinforced" 

pa rti cleboard to compete with other wood products. The
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speci fi c goals can be summarize d as follows:

1) To d e t e rmine the feasibility of reinforcing p a r t i c l e 

board with various treatments of fibreglass scrims.

2) To d e t e rmine the basic proper ties of reinforced 

p a r t i c l e b o a r d s .

PROC ED UR E AND MATERIALS

The conve n t i o n a l  laboratory techni ques of particleboard 

prepar a t i o n  were employed except that a sheet of fibreglass scrim 

was placed on each face or between the face and core layers 

of a mat as reinforc em ent. The variables and constants used 

in this study are outlined as follows:

a) Board constru ct ion:

Face layer: 400 gm of fine particles (-20 + 42 Tyler 

screen) for each face layer 

Core layer: coarse particles (-6 + 20 Tyler screen)

b) Resin type for Particleboard:

Liquid phenol-fo r m a ld e h y d e  resin (PF) containing 

4 8 % solids

c) Resin content of particles:

Face layer: 8?̂

Core layer: 5 %

d) Moistur e content of particles prior to blending: 3 %

e) Fibre gl ass  scrims and their treatments: See Table 1.

The weight of fibreglass is appr oximately 0.03 lb/ft^ 

unless oth erwise specified.
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f) Press tempe ra tur e: 350°F (177°C)

g) Press time: 6 min. and 30 sec.

h) Press closing time: 50 1  5 sec.

i) Board size: h x 22 x 22.5 in.

To determ ine  the effect of board density (specific 

gravity) on the mecha ni ca l prop ertie s of reinforced p a r t i c l e 

board, the least squares metho d of regres sion analysis was 

used. For the various treatm ents at a certain specific gravity, 

the hy pothesis of no sig nificant difference between two 

r egression lines was evaluate d using the F-test associated 

with the general theory of linear hypothesis in regression 

models. This was acc omplished by combining data corresponding 

to each line. In this study, the mechanical properties 

evalu a t e d  include the modulus of rupture in bending (M 0 R ), 

mo dulus of ela st icity in bending (MOE), and tensile strength

(st ).

RE SULTS AND DIS CU SSI ON

The r e l ationships between the properties (MOR, MOE and 

S^) and specific gravity of non-reinf orced and reinforced 

p a r t i c l e b o a r ds  are plotted in Ligures 1 to 14. The corrected 

values of MOR and MOE at three different specific gravities 

are listed in Table 2. As expected, the mechanical properties 

were s i g nificantly inc reased when the part icleboards were reinforced
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with fibreglass scrims, and the reinforc ement  tended to 

increase with incr ea ses  in board specific gravity.

Bending L o a d - D e flection Curves

Under bending load-de flect ion, non-reinf orced p a r t i c l e 

boards were found to exhibit a very slight measure of plasticity 

before fracture. The yield stress and bending strength were 

pract i c a l l y  identical. But, on the other hand, the bending 

load- d e f l e c t io n  curves of reinfo rced part icleb oards show more 

pl ast icity before fracture and are measurably tougher than 

non-r e i n f o r c ed  par ti cle boar d. Unlike the load-deflection 

curves of n o n - r e i n f o r c ed  particleboards, reinforced p a r t i c l e 

boards exhibit two or more yield points. This ducticity is 

an impor ta nt eng in eering consider ation  because it allows the 

mater ial to re- distribute localized stresses and prevent sudden 

f r a c t u r e .

When hea vy-weight scrims were used as reinforcement, the 

shape of 1 o a d - d e f1 ection curves of reinforced particleboards 

were found to depend upon the type of failure which, in turn 

depends on board density. In general, the fracture of r e 

inforced p a r t i c l e b o a r ds  under bending test resulted in either 

c o m p r e s s i o n  or shear failure when the specific gravity was 

less than a p p roximately 0.7. Otherwise, much of the 

fracture was subjec te d to tensile failure. As shear
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failure occurred, the specimen fractured without a noticeable 

warning. On the other hand, as compr essio n or tensile failure 

occurred, the l oad-deflection curve showed a relatively high 

degree of toughness.

Modulus of Rupture in Bending (MOR)

In general, the values of MOR for particleboard were 

in creased when the boards were reinfo rced and when the 

board speci fi c gravity increased. The treatment of fibre- 

glass scrim had no drastic effect on the MOR of reinforced 

p a rticleboards. Figure 1 illus trate d a typical MOR - density 

r e lationship for n on-reinforced particleboard.

Effect of the Location of Rein forcement

Figure 2 shows that the boards with reinforcements 

be twe en the face and core layers tended to have lower MOR 

than those with reinforce ments at extreme surfaces or those 

with r e i n f o r c e m e n t  between kraft paper and particleboard.

However, the data were so scattered that there were no 

signif i c a n t  dif ferences found at significa nce level 0.05.

Effect of Resin Treatment of fibreglass Scrims on Board Properties 

Figures 3 and 4 indicate that, within the limit of specific 

gravity studied, the amount of resin on the fibreglass had no
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s ignificant effect on the MGR of reinforced particleboards. 

This may suggest that the fill of wood particles in the scrims 

had provid ed  enough integ ratio n between wood particles and 

fibreglass scrim to allow effective stress distribution 

or that the PF resins did not provide enough bonding strength 

be tween wood partic les  and fibreglass.

Effect of Coupling Agent

To incre as e the co mpatibility of fibreglass and phenol- 

fo rma ld eh yde  resin (PF), a silane-type of coupling agent 

(A110G, Union Carbide) was used to mix with PF and then to 

treat the fibreglass. Figure 5 indicates that the fibreglass 

which was treated with 60 percent of the mixture of 99 percent 

PF and 1 percent coupli ng agent did not give significantly 

higher MOR than fibreglass which was treated with 60 percent 

of the mixtur e of 99.5 percent PF and 0.5 percent coupling 

agent, when the specific gravity was not greater than 0.85. 

However, the former gave higher MOR than the latter when 

the specific gravity was greater than 0.85. Figure 5 also 

ind icate s that the fibreglass which was treated with the 

PF co nta ining 1 percent coupling agent, gave higher MOR 

than the fibreglass which was treated with the PF containing 

no percent coupl in g agent. At significance level 0.05, 

there were no sign if icant differences between the boards 

made with fibreglass treated with the mixture of PF (99.5 

percent) and coupling agent ( 0.5 ?o ) and panels made with
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fibreglass treated with PF alone.

Modulus of Ela st icity in Bending (MOE)

In general, the specific gravity of the part icleboards 

and the use of r e i nforcement had a positive  effect on the MOE 

of the par ticleboards. Figure 6 illus trate s a typical MOE - 

density r e l a t i o n s h i p  for non- reinforced particleboard.

Effect of the Location of fibreglass Scrim

Figure 7 shows that the reinforce ments at extreme 

surfaces tended to give a higher MOE than that between face 

and core layers. The result of the E-test indicated that 

the reinfo r c e m e n t  of fibreglass and kraft paper at surfaces 

gave higher MOE than the reinforc ement  of fibreglass located 

betw een  face and core layers of particleboard when the 

speci fic  gravit y was greater than 0.87. The fibreglass 

placed at extreme surfaces gave higher MOE than that located 

be tween face and core layers of particleboard when the 

specific gravity was greater than 0.76.

Effect of Resin Content of fibreglass Scrim

The treatm en t of fibreglass scrims with high molecular 

PF resin did not significantly improve the MOE of reinforced 

part ic le  board when the fibreglass scrims were placed between 

face and core layers of particleboard. Flowever, Figure 8 

indicates that the fibreglass which contained 87 percent
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l o w - m o l e c u l a r  PF gave higher MOE than the fibreglass 

which contained 40 percent low-molecul ar PF when the 

spe cif ic gravity was greater than 0.71. Also, Figure 9 

indicate s that the fibreglass which contained 109 percent 

h i g h - m o l e c u l a r  PF gave higher MOE than the fibreglass which 

c o n t a i n e d  60 percent hi gh-molecular PF when the specific 

gr avity was greater than 0.84. These results suggest that 

the fill of wood par ticles in the scrims had provided enough 

integr a t i o n  between wood particl es and the fibreglass scrim to 

allow effective stress distribution when the fibreglass 

was plac ed between face and core layers of the particleboard.

On the other hand, the resin did improve the MOE of the p a r t i c l e 

board when the fibreglass scrims were placed at the extreme 

surfa ces  of the particleboard. This improvement may simply be 

due to the increase of resin content at the surface layers of 

the par ticleboards.

Effect of Coupling Agent

Figure 10 indicates that there was no significant 

differ e n c e  in MOE between the boards reinforced with fibre- 

glass scrims which were treated with 60 percent of the 

mi xture of 99.5 percent PF and .0.5 percent coupling agent, and 

those treated with 60% of the mixture of 99 percent PF and 1% coup

ling agent when the specific gravity was greater than 0.82.

There was no signif ica nt difference in MOE between the boards 

rei nf orce d with fibreglass which contained 60 percent of the 

mi xture of 99 percent PF and 1 percent coupling agent
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and those r einforced with fibreglass which contained 60 

pe rcent PF alone, when the specific gravity ranged from

0.75 to 0.81. There was no sign ificant difference in MOE 

be tween the board rei nforced with fibreglass which contained 

60 percent of the mix ture of 99.5 percent PF and 0.5 percent 

coup li ng  agent and those reinforced with fibreglass which 

co ntained 60 percent PF alone, when the specific gravity 

ranged from 0.70 to 0.79.

Tensile Strength (St)

A compa ri son  of Figures 11 to 14 indicates that the tensile 

stre ngt h of p a r t i c l e b o a r d  increased when the boards were 

re inf orced with fibreglass scrims. Figure 12 indicates that 

there was no s ignificant difference between the boards 

re inf orced with fibreglass scrims and kraft paper and those 

re inf orced with fibreglass scrims alone. Figure 13 shows 

that within the scope of this study, the resin content of 

fibregl ass  scrim had no significant effect on the tensile 

st rength of reinfo r c e d  particleboard. Figure 14 also indicates 

that the high content of the coupling agent gave higher tensile 

st rength than the low content of the coupling agent.
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CONCLUSIONS AND RECOMMENDATIONS

In general, at specif ic gravity of 0.7, partic leboa rds 

r e i n f o r c e d  with light- w e i g h t  fibreglass scrim had MOR and 

MOE higher than the minimum  requirements of waferboard 

specified by the Canadian Standards Association. This means 

that the rei nf orced p a r t i cleboards can compete with waferboard 

from the sta nd point of strength  and stiffness.

Within the limits of this study, the following conclusions 

can be drawn :

1. The strengt h and stiffness of reinforced particleboard 

can be dra stically increased only if the reinforced 

p a r t i c l e b o a r d  is made at high specific gravity.

2. The fibre gl ass  scrims which were placed at extreme 

surfaces gave better reinforc ement  than the fibreglass 

which was plac ed between the face and core layers of 

p a r t i c l e b o a r d  .

3. The p h e n o 1 - f o r m a 1 d e h y de resin mixed with a silane 

type of couplin g agent provides better bonding between 

fibreglass and particles than the phenol-fo rmaldehy de  

resin a l o n e .

4. The fibreglass, which was treated with low-molecular phenol- 

forma ld ehy de  resin, tends to provide higher MOR

than the fibreglass which was treated with high- 

mol ecular p h e n o l - f o r m a ld e h y d e  resin.
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5 . The p a r t i c l e b o a r d  reinfo rced with light weight

fibreglass screen can compete with waferb oard from 

the stand po int  of strength and stiffness.

Although the mechan i c a l  properties of particle board  

can be sig ni ficantly increas ed by reinforcing with fibre- 

glass scrims, its i m provement may not be justified by 

its extra cost.
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TABLE 1. Treatment of Fibreglass Scrims

Board Resin Type Resin Content (?o)̂

K2 H i g h - Mol ec ular P F 3 60

M High-Molecular PF 60

H High-Molecular PF 109

B3 High-Molecular PF 1 60

LM Low Molecular PF^ 87

L Low-Molecular PF 40

S Mixture of 99?o High 
Molecular PF and 1?̂  
A11007

60

SL Mixture of 99.5% High 
Molecular PF and 0.5?o 
A1100

60

HS3 High-Molecular PF 60

R4 None None

C Non-reinforced

1
Variation —  5ïo

2
Fibreglass scrim with kraft paper at outmost surface 

3
Heavy weight scrim 0.09 lb/ft3 

A
Fibreglass scrim placed between face and core layers

5
W31-54B manufactured by Borden Chemical

6
W346 manufactured by Borden Chemical

7
Manufactured by Union Carbide
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TABLE 2. Corrected Values of Moduli of Rupture and Elasticity 
(MOR and MOE ) at Different Specific Gravities

Board^ Specific Gravity MOR, psi MOE, 103psi

C 0.7 2216 482
0.8 3187 642
0.9 4139 801

R 0.7 2720 515
0.8 3804 695
0.9 4888 875

B 0.7 3224 495
0.8 4029 679
0.9 4833 864

K 0.7 3074 565
0.8 4072 740
0.9 5071 916

M 0.7 3360 652
0.8 4213 752
0.9 5065 853

H 0.7 3083 513
0.8 4489 723
0.9 5896 934

LM 0.7 3870 622
0.8 4968 805
0.9 6065 988

L 0.7 3889 588
0.8 4925 723
0.9 5960 858

S 0.7 3247 607
0.8 4395 813
0.9 5542 1019

SL 0.7 3397 617
0.8 4337 785
0.9 5276 953

1
See Table 1.
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FIGURE 1. Modulus of rupture versus specific gravity 
of non-reinforced particleboard.
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FIGURE 2. Effect of the location of fibreglass 
scrim and board specific gravity on 
the modulus of rupture.
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FIGURE 4. Effects of high-molecular weight phenol-
formaldehyde resin content of fibreglass
scrim and board specific gravity
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FIGURE 8. Effects of low-molecular phenol-formaldehyde resin 
content of fibreglass scrim and board specific 
gravity on the Modulus of Elasticity.
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FIGURE 9. Effects of high-molecular phenol-formaldehyde
resin content of fibreglass scrim and board
specific gravity.
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FIGURE 12. Effects of the location of fibreglass scrim
and board specific gravity on the Tensile
strength.
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FIGURE 13. Effects of resin content of fibreglass scrim 
and board specific gravity on the Tensile 
strength.
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FIGURE 14. Effects of coupling agent of fibreglass 
scrim and board specific gravity on the
tensile strength.
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