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ABSTRACT 

Laboratory produced phenolic-bonded particleboard of both splinter and flake-type 
particles was studied. The effect of adding a phenolic impregnating resin to particles was 
compared to that of increasing the bonding resin content to an equal level of total resin 
solids. The original strength and strength retention were found to be similar for boards 
with a combination of impregnating plus bonding resin as compared to boards with an equal 
total solids content of bonding-type resin. The dimensional stability of boards containing 
the combination of phenolic resins was found to be considerably better than those with 
honding resin alone. The impregnating resin was found to be much more effective in re- 
ducing swelling and springback when applied to wet rather than dry particles. 

INTRODUCTION each with unique physical requirements. 
Most methods that have been proposed to One 'lass use is in produots 

i~llprove the performance of exterior particle- where strengtl1 retention is Of primary con- 

board exposed to severe moisture conditions cern, and the other is in products where 

involve either pretreatment of particles the unifomity, smoothness, and integrity 

or post-treatment of boards. In com- of the surface are critical. Both strength 

mcrcial practice the performance of boards retention and stable surface characteristics 

has been improved through process modifi- are important in products such as siding or 

cation such as increased resin levels, modifi- underlayment designed to be used directly 

,-ations of the funlish, and control of form- Over framing members under mois- 

irlg and pressing operations. The adoption ture conditions. Particleboard products find 

of some pre- or post-treatment by industry much wider acceptance in industrialized 

will probably depend upon the cost-effec- housing 'ysterns when for single- 
tiveness ratio d the treatments and the pane' or construction. These SYs- 
importance of improved durability in cap- terns generally do not use sheathing plus 
turing new marke$. In studying treatment siding. The primary marketing 
methods, we felt is desirable to consider the in this a~~ l i ca t im  is and prob- 
treatments in relation to specific end uses. ably will continue to be plywood. There- 

This study was conducted considering a fore, it may be advantageous to produce 

combination siding/sheathing product as particleboard for this market that has en- 

the ultimate goal. Although such particle- gineering properties somewhat similar to 

board products are now being produced, those of plywood. Allowable design stresses 
cannot accurately be determined for par- 

the potential of this market is just being ticleboard until complete research results 
scratched, particularly for manufactured on long-tem mechanical behavior of par- 
housing and mobile homes. ticleboard are available. It is likely that the 

IIeebink ( 1967) points out that there are time effect will be more severe in particle- 
two types of uses For exterior particleboard, board than in H ~ ~ ~ ~ ~ ~ ,  in de- 

signing with particleboard, the entire cross- 
Published as Sci. Jour. Ser. Paper No. 7583 of 

the University of Minnesota Agricultural Experi- sectional area will be considered rather 
ment Station. than only the area of the parallel plies. 
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Boards of 50 lbs per cubic foot were used 
in this study since we believe that the allow- 
able stresses of such hoards will be found 
to bc similar to those of group 4 softwood 
~~lywood.  

REVIEW OF LITERATURE 

Two mcthods of post-treatment of boards 
have been shown to reduce significantly 
thickness swelling and springback. Heebink 
and Hcfty (1969) describe treating boards 
with saturated steam at 360 F for from 2 to 
20 min. Boards thus treatcd exhibited 30 
to 50% less initial thickness swelling and 60 
to 70% less thickness springback than un- 
steamed boards. A loss of up to 20% in 
strength resulted from thc post-treatment, 
but the loss of strength during subsequent 
moisture cycling was only 30% for treated 
boards as compared to a 50% loss for un- 
treated boards. The post-steaming treat- 
ment was not found to affect the linear 
stability of the boards. 

Heat treatment of exterior particleboard 
was studied by Suchsland and Enlow 
( 1968) and later confirmed by Heebink and 
Hcfty (1969). They found that a 2-hr 
treatment at 425 F gave effective results 
that were quite similar to post-steaming for 
10 min at 360 F. 

Kumerous methods of improving the 
properties of boards by treating particles 
before the boards are formed have been 
studied. These methods include heat 
treatment, steam treatment, acetylation, 
addition of polyethylene glycol, and addi- 
tion of phenolic impregnating resin. Of 
thcsc, the latter has bccn found to be the 
most effective and has been the one most 
often studied. 

In an early study in this regard Maxwell 
et al. (1959) treated dry particles with 10, 
30, and 50% levels of impregnating resin. 
They found that after six cycles of acceler- 
ating aging, the bmding strength retention 
in these boards was not outstanding. In an- 
other early publication, Talbott (1959) pro- 
duced a flakeboard with a high, i.e., 35%, 
phenolic-impregnating resin solids content. 
The properties of this product werc some- 
what 5imilar to compreg. Talbott discussed 
the use of a range of impregnation levels to 

achieve any desired degree of stabilization. 
Lehmann (1964) tried a number of methods 
of stabilization, including the use of 
phenolic impregnating resin on particles. 
He did not use a bonding type of resin in 
addition to the impregnating resin, how- 
ever, and a rather low strength board re- 
sulted. He, and many others, have studied 
the effect of different levels of phenolic- 
bonding resins and have shown a general 
improvement of board properties as resin 
levels increase. 

More recently Brown et al. (1966) and 
Lehmann (1968) have studied more closely 
the effects of adding to the particles an 
impregnating phenolic resin. Brown im- 
pregnated dry particles with 10% solids 
using a patented process. In addition, 5% 
bonding phenolic resin was used. This 
product exhibited only about one-half thc 
thickness swelling and one-half the spring- 
back of a control board containing only the 
5% bonding resin solids. He found all 
springback to be eliminated at  25% im- 
pregnating resin solids content. Lehmann, 
in an extensive evaluation of weathering ef- 
fects on commercial boards, also looked at a 
board with 4% phenol formaldehyde ( P F )  
plus 2% impregnating phenol formaldehyde 
( IPF ) resin. The addition of the IPF resin 
to a standard board of 4% PF  produced im- 
provement in all board properties after all 
types of exposure. 

In a study of solid wood, Haygreen and 
Daniels (1969) found that when an IPF 
resin was added to green wood prior to 
simultaneous densification and drying, a 
very large reduction occurred in thickness 
and linear springback as compared to 
densified wood with no resin. Aspen treated 
with 8% IPF solids and densified to 0.70 
specific gravity exhibited 1% thickness 
springback during a water soak cycle as 
compared with 16% for untreated controls. 
This great an effect would not be expected 
from cell-wall bulking provided by 8% resin 
solids. They believed that this effect was 
due to an internal restraint that prevents 
collapsed cells from returning to their 
initial cross-sectional shape when re-wet. 
Reversible swelling was found to be re- 
duced about 25% by treatment with 8% IPF 
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rcsin. This is about what would be expected 
as a result of cell-wall bulking. Linear 
springback under these conditions was neg- 
ative, which is also the case with particle- 
board. The IPF-treated wood exhibited 
-0.4% as compared with -1.8% for un- 
treated material. 

OBJECTIVES 

The cffectiveness of phenolic imprcg- 
nating resins in controlling swelling and 
springback of simultaneously compressed 
and dried solid wood (Haygreen and 
Daniels 1969) suggested that a similar ef- 
fect might be found in particleboard when 
the impregnating resin was applied to wet 
particles. Preliminary tcsts showed this to 
bc true (Haygrecn 1969). To evaluate this 
means of stabilization, two series of tests 
were run, the first with splinter-type par- 
ticleboards and the second with flake-type 
particleboards. There were three major 
questions that we hoped to answer: 

1. Do particleboards containing phenolic 
impregnating resins perform better than 
boards containin2 equal aiuounts of rcsin 
solids exclusively of the bonding resin 
typc? 

2. Arc the beneficial effects of the im- 
pregnating rcsin in proportion to the amount 
of resin used or are greater proportional 
effects obtained from a small amount of 
resin? 

3. Does the moisture content of the 
particles at the time of application influ- 
encc thc effectiveness of the impregnating 
resin? 

The board properties studied that we 
considered to be important to an exterior 
siding/sheathing board were: 

Strength 
Modulus of rupture ( M O R )  
Modulus of elasticity (MOE) 
Internal bond ( IB)  
Loss in MOR, MOE, and IB due to a 

wetting cycle 

Din~ensional Stability 
Thickness swelling . ... ..--.----.--....... 

50% relative humidity ( R H )  to 
90% KH 

Thickness swelling -- -. .- -------------.---.. 

50% to wet 
Linear swelling ....- -. ... ........................ 

50% to 90% RH 
Linear swelling ----.---- ~ --- -..---- -- . ------------ 

50% to wet 
Thickness springback --------- ~--. -- . ..----- 

50% to 90% to 50% RH 
Thickness springback ..~ .----..---- ~- ~. .- --- 

50% to wet to 50% RH 
Linear springback - - ~ -  . ~-~ ------- ------------- 

50% to 90% to 50% RH 
Linear springback .....--.---.------------.-..-------_ 

50% to wet to 50% RH 

Although surface roughness, impact 
strength, panel shear, and nail pull-out 
are also important for this type of prod- 
uct, we did not evaluate these charactcr- 
istics. 

PROCEDURE 

All boards in this study were produced 
of aspen in our laboratory. The particles 
used for the homogeneous splinter boards 
were made of barkfree wood first chipped 
and then run in two passes through a 12- 
inch single disk refiner equipped with spike 
tooth plates. All fines generated in the 
process were utilized in the boards. The 
material for the homogeneous flakeboard 
was produced in a laboratory disk flaker 
and run through a hammermill to reduce 
width. Flakes averaged 0.015 inches thick 
and one-half inch long. The specific gravity 
of green aspen used for flakes and splinters 
ranged from 0.34 to 0.38. 

It  is apparent that the types of particles 
used were different from furnish found in 
any commercial product. Our aim was not 
to predict what the effect of the treatments 
would be if applied to a commercial board, 
but to obtain some basic information about 
the relative effectiveness of the treatments 
applied in two boards with radically dif- 
ferent particle geometries. 

All particles were dried at room tem- 
perature to about 5% moisture content. 
( MC ) . When necessary, the moisture level 
was increased by a water spray. Both bond- 
ing phenol formaldehyde (PF) resins and 
impregnating phenol formaldehyde ( IPF)  



TABLE 1. Characteristics of the %-inch-thick, homogeneous, phenolic, aspen particleboards studied 

Resin solids % Moisture content of 
(% of dry weight ) fumiqh when resin applied Pressing conditions 

- - -- -- - 
Board Particle Particle Bond- Impreg- Impreg- Time-to- Press 
desig- type and cutting Board lngl nating2 nating Bonding MC of Press stops time 
natlon size by density Total ( P F )  ( I P F )  resin resin furnish temp (min)  (min) 

1 5 5 0 - 6 to 7 9-10 340 F 1.0-1.1 15 ? 

2 Labora- 10 10 0 - 5 to 6 10-11 340 F 1.0-1.1 15 
0 

3 Flake tory 10 5 5 10 5 to 6 10-11 340 F 1.0-1.1 15 6 
4 '/il" x Flaker 50 lb 10 5 5 30 5 to 6 10-11 340 F 1.0-1.1 15 9 
5 0.015" and per cu 10 5 5 85 5 to 6 10-11 340 F 1 .O-1.1 15 I 

( green ) 3. 

6 by ran- Ham- ft 15 15 0 - 5 to 6 10-12 340 F 1.0-1.1 s 
l5 . 

7 dom mermill 15 5 10 10 5 to 6 10-12 340 F 1.0-1.1 15 0 

8 width 15 5 10 30 5 to 6 10-12 340 F 1.0-1.1 15 2 
9 15 5 10 85 5 to 6 10-12 340 F 1.0-1.1 H 

M 

( green 
l5 , m * 

10 Splinters 6 6 0 - 6 to 7 8-1 1 325 F 1.1-1.3 14 ' 
plus fines Single 45 lb z 

- z 
11 Max splin- disk per cu 12 12 0 6 to 7 8-1 1 325 F 1.1-1.3 14 

ter size refiner ft 

12 6 6 112 6 to 7 8-1 1 325 F 1.1-1.3 14 
( green 

Bordens HL-69. 
2Pacific Res. and Chem. Tybon 951. 
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resins were applied in a laboratory blender. 
The amount of water in the bonding resin 
formulation was adjusted so that the mois- 
ture content of the furnish was 10 to 11% 
when it entered the press. The 18 x 18 
inch boards were not prepressed. No wax 
size was used in the manufaoture of the 
boards since wax has generally been found 
to affect mainly the time of swelling but 
not the ultimate equilibrium conditions. In 
a commercial board containing an IPF 
resin, it probably would be beneficial to use 
a wax. 

The IPF resins were sprayed on particles 
that were either green, at 30%, or at 10% 
moisture content. The 30% moisture con- 
tent was obtained by spraying water onto 
dry particles and allowing it to diffuse for 
at least 30 min. After application of the 
IPF, the particles were bagged and stored 
overnight prior to being placed on screens 
for drying. In a commercial operation dry- 
ing would need to be done at accelerated 
temperatures, but under time-temperature 
conditions that would not precure the 
resin. This obviously would require some 
careful design and control in the drying 
system. After the particles containing IPF 
resin were dried, the PF resin was applied. 

Six per cent PF resin was used as the basic 
resin level in the splinter boards. Three 
18 x 18-inch boards were made using 6% 
PF, 12% PF, and 6% PF plus 6% IPF resin 
applied to green particles for a total of nine 
boards. The only properties studied for 
these boards were MOR, MOE, thickness 
swelling, and thickness springback. 

Five per cent bonding PF resin was used 
for all the flakeboards containing IPF resin. 
The amount of IPF resin added was either 
5% or 10% solids. In this way, all boards 
contained either 5, 10, or 15% total (PF  + 
IPF) resin solids. In addition, boards con- 
taining only 10% or 15% PF resin were 
made for comparison to the boards with 
combined PF phis IPF resins. Two boards 
were made of each of the board types 1 
through 9. 

The pressing conditions are shown in 
Table 1. We used the relatively short 
time-to-stops of about 1 min because, in a 
board for the purposes visualized here, we 

felt MOR to be of greater importance than 
internal bond and uniform density distribu- 
tion. The press cycle was somewhat longer 
than necessary to cure the PF resin, but 
we felt it desirable to provide additional 
time for the IPF resin. Tests of IB in oven- 
dried samples showed a slightly higher 
strength than samples not oven-dried. This 
probably indicates that even the 15-min 
cycle was not adequate for complete cure. 

The boards were conditioned to 50% 
relative humidity prior to cutting of test 
specimens. The equilibrium moisture con- 
tent (EMC) of the boards at 50% RH and 
72 F varied from about 5%% MC for boards 
with 5% resin to about 3%% for boards with 
15% resin. The EMC at 50% RH was 
slightly higher after humidity or vacuum- 
pressure-soak cycling. Four specimens were 
used to determine each of the properties 
for each flakeboard type. 

Strength tests were conducted using stan- 
dard ASTM methods with only minor ex- 
ceptions. A bending test width of 2% inches 
was used. Two-inch-square steel blocks and 
a hot melt adhesive were used for the in- 
ternal bond tests. Samples were equilibrated 
to 50% RH before testing. For the strength 
retention tests, strips located adjaccbnt to 
strips originally tested for strength were 
run through one wetting cycle and then 
oven-dried and reconditioned to 50% RH 
prior to testing. 

were Two types of moisture cycling te5t., 
employed. In the first, samples were 
cycled once from an equilibrium at 50% 
RH to 90% RH to 50% RH, :illowing 
equilibrium to occur at each step. '[n the 
second, samples were conditioned at 50% 
RH and then treated with one lacuum- 
pressure-soak ( VPS ) cycle. Samples were 
then oven-dried and reconditioned to 50% 
RH. Endicott and Frost (1967) and Hee- 
bink (1967) discuss use of the VPS test. The 
VPS test consists of a 22-inch vacuum for 30 
min, followed by submerging in water un- 
der 40 psi for 22 hr. Other studies (H12ebink 
and Hefty 1969; Jokerst 1968; Lelqmann 
1964) have utilized a series of humidity or 
VPS cycles in evaluating board properties. 
In most cases, however, the relative per- 
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TAI~LE 2. Strength of particleboarcl before and a f t e ~  a V P S  cycle 
p~ -- - -- .- --- -- 

~ - -  -- 
Per cent of strel~gih lost 

during VI'S 
Imprcg. Particle Strength (6 50% rel. hum. - ... -- 

Total rcwn 1IC whew Slodiilus hloclulr~s 
Hoard resln ( 1P.F ) IPF ap- hlodulus of i4odulus of Internal of nip- ot  tlas- 
desig- solid5 snhds plied rupture elasticity bond ture ticity 
nation ( % )  
- 

( '371 ( % )  (ps i )  ( 10" psi) (psi ) (psi ) ( I Oq, psi ) 
-- ~ 

1 5 0 - 6720 0.887 145 29" 3 l* 

5 10 5 green 6400 0.999 141 9 1 i* 

9 15 10 green 6520 1.131 222 ( 3 )  '7 * 

12 12 6 green 4426 0.685 
-- 

( ) Indicates a gain in strength. 
'% Indicates that the loss is statistically different from 0 at thc 95% level of confidence. 

- - 

- ----I formance of various treatments after one 
cycle has not been shown to change grcatly 

1 5 %  R S  
A - - - --- - -- 1 after subsequent cycling. 

The dimensional characteristics of the 
,OD. R 5 X 

*- - 
splinter board were evaluated, utili~ing a 

- 

- 
humidity cycle and a 3-hr boil tcst. h o  

C 
R s linear measurements or strength loss tests 

I wcre made on the splinter board. 

A, I RESULTS 

I The results of the strength test5 are 
- - - - -  shown in Table 2. In Fig. 1 a comparison 

between the initial strength of boards rnadc 
e-. - I cxclusively with PF resin and those made 

. ' S  P -- 
-I I with a combination of PF and IPF resin is . - - . shown. The results for boards contailling 

R S  TOTAL RESIN SOLIDS IMPREGNATING 
PLUS B O N D I N G  I 1 both 10% and 15% total resin solids are 

I included. Note that the 10% total solids /L - -  
'i' 10% 3 0  % GREEN,  boards were produced from 5% PF and 5% 

- NO - 1 I--- 
MOISTURE CONTENT WHEN IMPREGNATING 

IMPREGNATING RESIN APPLIED 
RESIN 

IPF resins, while the 15% total solids 
boards contained 5% PF and 10% [PF 

FIG. 1. The relative strength of boards pro- resins. 
duced with combination of bonding and impreg- The MOE and IB varied with the tiotal 
nating resin as compared to boards only with amount of resin used in the boards. but 
l~ondlng resin. Comparisons ale at constant total the form of the resin, i.e., PF or IPK did 
reuns levels. Note that thc values plotted on the 
left vertical axis are for boards containing only not affect the strength greatly. The MOR 
bonding resin, i.?,, no lmprcgnatine re,in. E~~. for the 15% PF boards was somewhat higher - - 
plotted value is the average from 4 tests. than for the combination of resins. 'The 
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TABLE 3. Some statistical comparison? 
-- 
-- 

Differences due to M C  of particles when 
Differences be- IPF applied ( in  boards made with comlina- 
tween bonding tion of bonding and impregnating resins) 

resin only (BR) 
and a combination @ 10% Total @-12 15% Total 

Differences of PF + IPF (CR)  resin solids resm solids 
between ( applied at all mois- 

resin levels ture contents)-at 10% MC vs. 10% hfC vs. 
Property of the 5% vs. 10% the same total 30% MC vs. 30% MC vs. 

flake-type hoards vs. 15% resin levels green green 

Thickness swelling 
50% RH-90% RII 5 > 10 > 15 BR > CR 10 > 30 < green 10 > 30 > green 
50% RH-VPS 5 > 10 > 15 BR > CR 10 = 30 = green 10 > 10 > green 

Linear swelling 
50% RH-90% RH 5 = 10 = 15 BR > CR 10 > 30 = green 10 = 30 = green 
50% RH-VPS 5 < 10 = 15 BR = CR 10 = 30 = green 10 = 30 = green 

Thickness springback 
50-90-50 5 > 10 > 15 BR = CR-0 > 30 = green 10 > 30 = green 
50-VPS-50 5 > 10 > 15 BR > CR 10 = 30 = green 10 > 30 > green 

Linear springback 
50-VPS-50 5 > 10 < 15 BR > CR 10 > 30 = green 10 > 30 > grecn 

Original MOR 5 = 10 < 15 BR z CR-0 = 30 = green 10 = 30 = green 

Original MOE 5 < 10 < 15 BR = CR 10 = 30 = green 10 = 30 = grcen 

Original IB 5 = 10 < 15 BR = CR 10 = 30 = green 10 = 30 = green 

Loss in MOR from \'PS 5 > 10 > 15 BR = CR 2 2 

Loss in MOE from VPS 5 > 10 > 15 BR = CR 2 2 

Loss in IB from VPS 5 > 10 = 15 BR > CR 2 2 
.. - 

1 In this table ">" indicates that the adjacent board types are significantly different and the direction of the ~lif-erence, 
while "=" indicates no significant difference in adjacent groups at the 95% level of confidence. Significant cliflerences 
between groups not adjacent, for example 10% MC vs. green, or between combinations of groups, for examplt. I:)% hlC 
vs. 30% +green are not shown. 

"ample size inadequate for meaningful statistical comparison. 
U t  15% resin level only BR > CR. 

statistical significance of differences be- levels of IPF application. Thcse conipari- 
tween the various treatments is shown in sons are at the same total resin level\. The 
Table 3. Analysis of variance combined only statistically significant differences in 
with Scheffe's test for comparisons was original strength are in modulus of rupture 
used. The third column in this table corn- at the 15% total solids level. Here the 
pares the boards made exclusively of PF specimens of 15% PF are stronger than 
with those of PF plus IPF at all three MC those containing 5% PF plus 10% IPF The 

TAI~LE 4. Din~eil~iorlal changes in the ~plinter-type purtickl~oards resulting from hunlidit!/ cycli~lg and a 
3-hr boil 

-. - -- -- -- 
Changes ln thickness 

Humidity cycling 3-hr boil te\t 
Impreg- (50% RH-90% RH-50% RH)  (0.D.-Wet-0.11.) 

Hoard Total nating ~ - -  

desig- resin resin ( IPF)  % Swelling1 % Swelling1 
nation solicln solids ( 50-90) '% Springback' 0.D.-\Vet % Sl~ri~igback' 

--- -- - 

10 6 0 20.5 10.8 34 20 
11 12 0 17.3 7.8 25 12 
12 

. 
12 6 9.0 1.2 12 2.0 

. - - -~p 
'The means in these colunlns are significantly different at the 95% level of confidence. 



102 J. G. HAYGREEN AND R. 0. GERTJEJANSEN 

1 MOR 10% RS 

-2 0 MOE 10% RS 

R S: TOTAL RESIN SOLIDS ( IMPREGNATING 
PLUS BONDING ) 

3 0 %  GREEN 

MOISTURE CONTENT WHEN IMPREGNATING 
IMPREGNATING RESIN APPLIED 

RESIN 

FIG. 2. The change in strength that results 
from one VPS cycle for boards with a combination 
of bonding and impregnating resins and with % IMPREGNATING RESIN I N  ADDIT ION T O  5 %  

B O N D I N G  R E S I N  bonding resin alone. 
FIG. 3. The thickness swelling of boards with 

5, 10, and 15% total resin solids. Each plo~tted 
high degree of variability in the internal value is the average of 4 specimens with 4 tldck- 
bond tests resulted in no significant differ- ness mexwmments from each. 

cnces, despite the fact that at the 10% 
total resin-level the means for the boards 
containing a combination of PF and IPF 
are higher than (the straight PF specimens. 
The fourth and fifth columns in Table 3 
indicate the significance of differences re- 
sulting from the application of the IPF at 
different moisture contents. 

The loss of MOR and MOE resulting 
from one VPS cycle is shown in Table 2 and 
Fig. 2. The asterisks indicate those cases 
in which there was a statistically significant 
change in strength. At 10% total resin 
solids, the boards containing IPF applied 
on green flakes showed considerably better 
strength retention than the other boards. 
At the 15% resin level, the loss in strength 
was about the same regardless of resin com- 
bination. As would be expected, the 
strength loss was dramatically reduced as 
resin content was increased. The internal 
bond (Table 3 )  was the only strength 
property tested in which the loss of 
strength for boards containing PF resin was 
significantly greater than for boards con- 
taining a combination of PF and IPF resin. 

The thickness swelling and springback of 
the splinter boards are shown in Table 4. 
The boards with 12% resin, as would be ex- 
pected, cxhibited significantly less swelling 

and springback than the boards with 6% 
resin. Springback was taken as the differ- 
ence between the initial and final dimen- 
sion at 50% RH for humidity cycling or 
from oven-dry to oven-dry for the boil test. 
The important finding in these tests was 
the much greater effectiveness of the ra in  
when applied as PF plus IPF resin, as com- 
pared to being applied entirely in the form 
of PF resin. The addition of 6% PF re.;in to 
a board already containing 6% PF rt~sin 
reduced swelling by about one-fifth and 
springback by one-third, but addition of 6% 
IPF resin to green particles reduced swell- 
ing two-thirds and springback by nine- 
tenths. The MOE of the 12% PF + IPF 
board was greater than the 12% PF board, 
but the MOR was the same. No statistical 
comparison of the strengths was computed. 

The dimensional behavior of the flake- 
type particleboard is shown in Figs 3 
through 7. The thickness swelling and 
thickness springback of boards containing 
5, 10, and 15% total resin solids can be seen 
in Figs. 3 and 4. In all cases there is sig- 
nificantly more swelling and springback 
with 5% total resin than with lo%, and 
more at 10% than at 15% total resin. ,4[so, 
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r-- 1 -  

- -- - 5 0 %  R H - V P S  

------ 50% RH- 90% R H 

0 L-  . -  -- 
0 5 10 

% I M P R E G N A T I N G  R E S I N  I N  A D D I T I O N  T O  5 % 
B O N D I N G  R E S I N  

FIG. 4. The thickness springback of boards with 
5, 10, and 15% total resin solids. 
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the effect of the first 5% IPF resin ( differ- 
ence between 0 and 5% IPF) is considerably 
greater than the effect of the second 5% 
(difference between 5% and 10% IPF). 
This decreasing effectiveness of IPF as the 
resin level increases is more striking for 
springback than for swelling. It seems likely 
that if the IPF resin level were increased 
beyond lo%, the effectiveness in controlling 
thickness per unit of resin added would de- 
crease further. 

Thickness swelling for boards of 10% 
and 15% total resin content is illustrated in 
Fig. 5. In all cases the specimens contain- 
ing only PF resin exhibited statistically 
greater swelling than boards containing a 
combination of PF and IPF resins. This 
was true regardless of the moisture content 
of the particles when the IPF was applied. 
In the specimens with 15% total resin, there 
was a significantly greater beneficial effect 
when the IPF resin was applied to green 
particles than when applied to particles at 
10 or 30% MC. Further, the resin applied 
at 30% was significantly more effective than 
whcn applied at 10%. See Table 3 for the 
comparisons. At the 10% total resin level, 
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FIG. 5. Thickness swelling in boards with, 10% 
and 15% total resin solids as a function of the 
type of resin and the moisture content at which 
the impregnating resin is applied. 

the moisture content of the particles at the 
time the IPF was applied had little effect 
on the thickness swelling. 

Springback was taken as the difference 
between the original and final thickness at 
50% RH expressed as a per cent of the 
original thickness. The difference in thick- 
ness springback between PF boards and 
PF + IPF boards was much greater for 
samples run through the VPS cyclc than 
for those subjected to humidity cycling. 
There was a statistical difference, ho~vever, 
for the 15% total resin specimens subj'eoted 
to humidity cycling. For the three mo~sture 
content levels, the resin applied at 30?~ MC 
or green was significantly more effective in 
three of the four comparisons than when 
applied at 10% MC. The IPF resin applied 
to green particles was significantly more 
effective against springback in one of the 
four comparisons than when applied at 30% 
MC. 

The linear swelling and linear springback 
of the flake-type particleboards are sum- 
marized in Fig. 7. A surprising result was 
that boards with 15% total resin did not 
always perform better in this respect than 
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FIG. 6. Thickness springback in boards with 
10% and 15% total resin solids as a function of the 
type of resin and the moisture content at which 
the impregnating resin is applied. 

tliosc with 10% total resin. In fact, linear 
springback resulting from the VPS cycle 
was significantly higher for the 15% resin 
boards. Thc linear swelling of the PF  
\amples was significantly greater than the 
PF + IPF samples when going from 50% to 
90%. Therc was no such statistically signifi- 
cant diffcrence, however, in going from 50% 
to wet ( VPS ) . Linear springback from the 
VPS cycle was greater in the P F  than in 
the PI? + IPF samples. There was an ad- 
vantage in applying the IPF resin to par- 
ticles at 30% MC or green as compared to 
applying it at 10% MC. 

SUMMARY 

A wc.11-known method of improving the 
behavior of exterior particleboard is to in- 
crease the amount of phenolic bonding 
resin used. In this study we found that if 
increased phenolic resin levels are used, 
there are advantages to utilizing a com- 
bination of bonding resin plus impreg- 
nating resin rather than bonding resin 
alonc. 

As far as original strength and strength 
retention are concerned, we found little dif- 
ference between additional resin applied in 

-0.40[i - - - - -  5 0 %  R H - v p s - 5 0 %  RH 
-- 5 0 %  RH-9O9&RH-SO% I ' H  I 

I, -. -1 
30 GREEN 
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RESIN APPLIED 
RESIN 

FIG. 7. Linear springback and shrinkage in 
boards with 10% and 15% total resin solitls as a 
function of the type of resin and the moisture con- 
tent at which the impregnating resin is applic(3. 

the bonding and in the impregnating flonn. 
Additional P F  resin may give a slightly 
higher initial strength than additional IFF, 
but the impregnating resin provides slightly 
greater strength retention during moiq,ture 
cycling. In either form the additional resin 
provides a considerable increase in strength 
as compared to a board at a lower resin 
level. 

The major difference between the PF  arid 
the PF  + IPF boards at the same total resin 
level is in the dimensional stability of the 
product. As judged from the VPS c-~cle, 
the addition of 10% IPF to green particles 
in boards with 5% PF  resin decreased thick- 
ness swelling by 86% and decreased thick- 
ness springback by about 95%. This corn- 
pared to a reduction in thickness swelling 
of 45% and a decrease in springback of 67% 
when the same amount of P F  resin was 
added. Differences were less dramatic at 
the 5% IPF resin level. 

I t  appears that the effectiveness of IPF 
resin, per unit of resin, decreases as the 
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resin level is increased. That is, the effect 
of increasing the amount of IPF from 0 to 
5% is greater than when increasing it from 
5 to 10%. Lehmann (1968) found signifi- 
cant advantages in adding only 2% IPF 
resin. 

The moisture content of the particles at 
thc time the IPF resin was applied was 
shown significantly to influence the dimen- 
sional stabilization that results. When it was 
applied to particles at 30% MC or green, 
thc reduction in swelling and springback 
was greater than if applied on dry (10% 
MC)  particles. There also appeared to be 
a slight advantage in applying the IPF 
resin on green particles as compared to 
particles at 30% MC. 

Therc are some important differences be- 
tween the effects of the pretreatment pro- 
cedurc studied here and post-steaming 
(Heebink and Hefty 1969) or post-heating 
( Suchsland and Enlow 1958). Addition of 
IPF resin increases strength to about the 
same extent as would be accomplished by 
using additional bonding resin. Post-steam- 
ing or post-heating results in a loss of 
strength. The use of IPF resins will pro- 
vide greater strength retention during 
weathering than in a board of lower resin 
content. Post-steaming has also been shown 
to reduce the amount of strength lost be- 
cause of weathering. It  is impossible ac- 
curately to compare the dimensional stabili- 
zation resulting from IPF treatment with 
the results from post-treatment because of 
the differences in species, board density, 
and weathering conditions used in the vari- 
ous studies. Both pretreatment with IPF 
and post-treatment with steam or heat re- 
sult in greatly improved thickness dimen- 
sional stability. The IPF treatment also has 
a beneficial effect on linear behavior. 

The answer to the question of whether 
or not it will be practical to use either pre- 
treatment or post-treatment to improve the 
behavior of particleboard will depend upon 
the effectiveness of the treatment, the cost, 
and the need for improved behavior. In 
this study we have tried to add to what is 

known about the effectiveness of pretreat- 
ment with IPF resins. We can offer little 
as to the costs involved. The main cost 
would be that of the additional resin. 
Manufacturing costs would be increased be- 
cause of the necessity of an additional 
resin blender and a drying system capable 
of drying the treated particles without pre- 
cure. However, the additional costs nnight 
well be justified if a specialty board was 
produced that was able to compete more 
effectively in the marketplace with plywood 
siding capable of use directly over studs. 
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