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ABSTRACT 

The effects of fiber acetylation, resin content, and wax content on mechanical and physical properties 
of dry-process hardboard made from aspen and southern pine were investigated. 

Test results indicate that the modulus of rupture (MOR) and modulus of elasticity (MOE) of the 
hardboard specimens were decreased due to the fiber acetylation. Tensile stress parallel to face and 
internal bond (IB) were generally higher for untreated boards than for acetylated boards. Water ab- 
sorption (WA) and thickness swelling (TH.S) were both reduced markedly by acetylation. In general, 
increasing resin content from 3% to 7% brought increases in MOR, MOE, tensile stress, and IB and 
improved WA and TH.S. Addition of the 0.5% wax content usually caused reductions in these 
mechanical properties, but improved WA and TH.S in some cases. Linear expansion (LE) in the 
dimensional stability test (from 30% to 90% RH) was significantly reduced by acetylation and influenced 
by wood species. Neither resin nor wax contents significantly affected the LE value of hardboard 
specimens in this study. 
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INTRODUCTION 

Hardboard, a sheet material manufactured 
from wood or other ligno-cellulosic materials, 
has been developed in many aspects since its 
first appearance. As a wood-based material, it 
retains some physical and mechanical prop- 
erties of the original wood from which it is 
made. However, since bonding agents or other 
additives may be added intentionally during 
manufacturing to improve board properties, 
the final products of hardboard can gain some 
additional or particular properties for the re- 
quirements of different specific end uses. 

Many research projects have been conduct- 
ed to investigate the effects of some common 
factors such as moisture content, binders, ad- 
ditives, kind of fiber treatments, etc., on board 
physical and mechanical properties (Chow 
1978; Chow et al. 1987; Hsu 1987; Hsu et al. 
1988; Rowel1 1986, 1987; Ruffin 1960; Suchs- 
land 1965; Suchsland and Woodson 1986; Su- 
zuki et al. 1976). Efforts had been made pri- 
marily for enhancing the board strength prop- 
erties (MOR, MOE, tensile strength, IB), or 
improving the board dimensional stability and 
durability under environmental variation. 

Stamm (1 964) reported that acetylation can 
improve the dimensional stability of wood. 
Youngquist and others (1 990b) studied the ef- 
fects of steam and acetylated fiber treatment, 
resin content, and wax content on hardboard 
properties and indicated that both steam treat- 
ment and acetylation improved dimensional 
stability. Bending stiffness was improved by 
steam pretreatment compared to no treatment 
ofacetylation. Hsu (1987) and Hsuet al. (1988) 
pointed out that the excessive thickness swell- 
ing (TH.S.) ofwood-based composites was due 
to mainly the springback of compressed wood. 
They suggested that the most efficient way of 
reducing this springback effect is to minimize 
the buildup of internal stress in the board by 
steam pretreatment which, in turn, will reduce 
the springback of the compressed wood, and 
thus the thickness swelling could be mini- 

mized. Hsu also indicated that a proper steam 
pretreatment not only improved dimensional 
stability, but also improved mechanical prop- 
erties of hardboard. Rowell (1 986, 1987) re- 
ported that treatment of acetylation on wood 
fibers, flakes, and strands can greatly improve 
dimensional stability properties of boards. Su- 
zuki and others (1976) investigated that the 
water absorption and swelling in thickness de- 
creased with increasing addition of resin and 
paraffin wax and with its apparent density. Ad- 
dition of both resin and paraffin wax resulted 
in lower water absorption than that due to par- 
affin wax alone. At longer periods of immer- 
sion in water, the effect of paraffin wax grad- 
ually decreased. It is evident that some mea- 
sures and methods are frequently adopted to 
enhance the mechanical and physical proper- 
ties of hardboard: (1) controlling the resin con- 
tent and wax content at an optimum level to 
reach a satisfactory range of MOR, MOE, ten- 
sile strength, IB, water absorption, and thick- 
ness swelling; (2) using chemical treatment 
(modification) on fibers (acetylation) to obtain 
ideal dimensional stability; and (3) using steam 
pretreatment to soften and plasticize wood fi- 
bers; thus the internal compressive stress will 
be eased and as a result, water absorption and 
thickness swelling will be reduced. 

The objective of this study were to: a) de- 
termine the effects of acetylated treatment of 
wood fibers on mechanical and physical prop- 
erties of dry-process hardboard made from as- 
pen and southern pine, and b) determine the 
effects of two levels of wax and phenolic resin 
content on various board properties. 

MATERIALS AND METHODS 

Eight groups of aspen hardboard and eight 
groups of southern pine hardboard, both with 
a nominal dimension of 254 by 254 mm by 
3.2 mm, were involved in this study. The com- 
mercially refined aspen and southern pine fi- 
bers were either pretreated by acetylation to 
an acetyl weight gain of 23%, or they lacked 



254 WOOD A N D  FIBER SCIENCE, APRIL 1996, V. 28(2) 

any treatments (control). A high loading oface- 
tyl weight gain of 23% was chosen based on 
the preliminary test results. (This loading level 
will achieve the best dimensional stability of 
hardboard. A lower level of acetylation will 
result in an inferior fiber quality.) Then wax 
and resin were sprayed on the dried fibers as 
they tumbled in a rotating drum. Tumbling 
was continued for 5 min after the addition of 
wax and resin in order to obtain an even dis- 
persion of the adhesives on the fibers. The 
blended furnish was then transferred to an at- 
mospheric single disk refiner to break up the 
fiber and resin-wax clumps. Mats were formed 
on a 254 by 254 mm vacuum forming box 
where the fibers were passed through a 5.7- 
mm screen and onto a 1.3-mm screen, then 
flipped over the mat onto a caul plate. The 
boards were pressed on a manually controlled, 
steam-heated press. The pressing temperature 
was 190°C. The press time was 8 min. For 
control untreated boards, the maximum pres- 
sure of 7.24 MPa was exerted, and for the acet- 
ylated boards, the maximum pressure was 
10.34 MPa because of the stiffness of the acet- 
ylated fibers. After pressing, all boards were 
trimmed to 254 by 254 mm. 

EXPERIMENTAL DESIGN 

The experiment was a factorial design test 
with 2 levels oftreatment (acetylation and con- 
trol), 2 levels of phenol-formaldehyde resin 
content (3 and 7%), and 2 levels ofwax content 
(0 and 0.5%). For each combination of inde- 
pendent variables, five boards were made. A 
total of 80 boards were made from aspen and 
southern pine fibers in this study. A factorial 
analysis was conducted through the use of a 
randomized complete block (RCB) to deter- 
mine the effects of different combinations of 
treatments (independent variables) used on 
each dependent variable (testing result). 

TESTING 

All sample boards were put into a climate 
chamber for a week with a relative humidity 
of 50 + 2°C and a temperature of 23 + 2°C. 
Then weight and thickness measurements were 

made on each individual board. Specimens 
were cut into the required sizes and shapes 
in accordance with the standard procedures 
(ASTM 1993). Test procedures of static bend- 
ing, tensile strength parallel and perpendicular 
to surface, water absorption, and thickness 
swelling after a 24-h water soak were con- 
ducted. Water absorption and thickness swell- 
ing in the 2-h water boiling test were deter- 
mined according to the Canadian Standard 
Association CSA3-0 188 (1 975). 

RESULTS AND DISCUSSION 

Factorial analysis 

Table 1 presents results of the experiment 
and determined effects of four factors and their 
interactions on all properties of hardboard 
specimens. The table shows that all factors were 
significant, except for the main effect C and 
the interaction AXC, BXC, AXBXC, CXD, 
AXBXD, BXCXD, and AXBXCXD for the 
bending, tension, 24-h soak, and 2-h boil ex- 
periment. The linear expansion tests were af- 
fected only by the factors A (treatment) and D 
(species). 

Bending properties and tensile properties 

The average specific gravity of all specimens 
was about 1.00. Table 2 and Table 3 show the 
average values of each designative combina- 
tion of treatments of board mechanical and 
physical properties for aspen hardboard and 
southern pine hardboard, respectively. As 
shown in the tables, for southern pine, the con- 
trol boards had significantly higher MOR and 
MOE values at both resin and wax levels com- 
pared to acetylated boards. In contrast, acet- 
ylated aspen board possessed higher average 
MOR and MOE values than control board in 
the groups with wax, but not in the groups 
without wax (Table 2). Tensile stress parallel 
to surface was decreased owing to the treat- 
ment of fiber acetylation. This was noted for 
both species (Tables 2,3). A reduction in av- 
erage internal bond (IB) values caused by acet- 
ylation was observed only for southern pine 
boards. The test results indicated that, in gen- 
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TABLE 1 .  Factorial analysis. 

Dependent variable 

Bending 
~ e n s ~ G i  

24-h soak 2-h boil 30% to 90% RH 
Independent Parallel 

vanahle MOR MOE to face 1B T H S  WA TH.S WA TH.S LE 

Treatment (A) 
Resin (B) 
AXB 
Wax (C) 
AXC 
BXC 
AXBXC 
Spec~es (D) 
A X D  
BXD 
C X D  
A X B X D  
AXCXD 
BXCXD 
AXBXCXD 

" S-Significant at 5% level. 
NS-Not significant at 5% level. 

eral, the treatment of acetylation on wood fiber 
caused a reduction in board strength, except 
for the board made from aspen. Rowell and 
Banks (1 987) reported that IB, MOR, and MOE 
values were all reduced in flakeboards made 
from acetylated flakes. They interpreted this 
as probably due to the low wettability of the 
acetylated flake and therefore resulted in poor 
penetration of water-soluble phenol-formal- 
dehyde resin. In like manner, the acetylated 
fibers would result in a lower wettability and 
subsequently poor penetration of resin. This 
affected the bonding strength of board; and as 
a result, the MOR, MOE, tensile stress. and 
IB values were reduced for acetylated boards. 
Increasing resin content from 3 to 7% resulted 
in significant improvements in MOR, MOE, 
tensile stress, and IB values at both levels of 
wax content (0 and 0.5%) in most cases. The 
addition of the 0.5% wax caused some rt:duc- 
tions in average MOR and MOE values. The 
same decreasing tendency in average tensile 
stress and IB values resulting from the addition 
of wax was also observed. (Table 2 and 3). It 
can be explained that the wax retards water 
uptake and interferes with internal bond (IB) 
and other strength development. 

Water absorption and thickness swelling 

In the 24-h water soaking test (Tables 2 and 
3), acetylated boards possessed very low av- 
erage TH.S values compared to control boards 
for both species. Acetylated board showed sat- 
isfactory TH.S values, which were less than 
the maximum allowable thickness swelling 
value for standard and tempered hardboard 
required by ANSI/AHA (1988) (<35% for 
standard board and < 20% for tempered board). 
Acetylated board had significantly lower aver- 
age TH.S values than those for control board. 
The average TH.S values for control board 
ranged from 19.4% to 35.0% for aspen and 
15.7% to 3 1 .OO/o for southern pine, respectively 
(Table 2 and Table 3). Improvement in WA 
(decrease in values) after 24-h soaking was also 
obtained by acetylation. Rowel1 (1 986) point- 
ed out that modifying the wood cell-wall poly- 
mers (by acetylation) to make them more 
hydrophobic or bulking them with bonded 
chemicals would reduce the tendency of wood 
to swell and shrink with change in moisture 
content. This may be suitable for interpreting 
that WA and TH.S were reduced by acetyla- 
tion as compared with the board without such 
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acetylated treatment. Similarly, in a 2-h water 
boiling test, WA and TH.S values were de- 
creased significantly by acetylation. Increasing 
resin content from 3% to 7% and adding the 
0.5% wax, as expected, did improve WA and 
TH.S in most cases, with a few exceptions in 
untreated aspen boards (Tables 2 and 3). 
Moreover, no significant differences in thick- 
ness swelling and water absorption were ob- 
served between the groups with and without 
wax in the 2-h water boiling tests (Tables 1, 2 
and 3), indicating that the effect of wax on WA 
and TH.S was not as substantial as it was in 
the 24-h water soaking. The purpose of adding 
wax was to reduce surface energy of fibers, 
therefore making it more hydrophobic and less 3 
susceptible to moisture influence (Youngquist o 
et al. 1990). In the water boiling test, applied 2 
wax tended to be melted after being subjected .S 

to such great heat for 2 h, and subsequently, 5 
the effects of wax were impaired. The boil test 9 
clearly breaks up the bonds in the untreated 3 - 
boards, generating void space and causing large - 2 
springback in thickness and water absorption. 3 

3 a 
Linear expansion 3 - 

The results of the statistical analysis (Table 2 
3 

1) show that neither resin nor wax content sig- $ 
nificantly affected the LE value of the hard- % 
board. Only fiber treatment and wood species .% - 
were important factors in influencing LE prop- & 
erty of the board specimen. Hardboards made 2 

4 
'C 

from southern pine obtained a significantly .U 
lower average LE value than those of the board Y, 

-3 
made from aspen fiber. The dimensional 4 

changes in both length (LE) and thickness P - 
(TH.S) directions from 30% relative humidity .- 2 
to 90°/o relative humidity are listed in Table 2 E 

u 
.s: 

and Table 3. Marked improvements (decrease 
in values) both in LE and TH.S were obtained 8 

B 
by acetylation. Likewise, an increase in resin 
content from 3% to 7% resulted in some re- 

g 
'C 

P 
ductions in LE and TH.S in some cases for the 22 

untreated boards. The addition of the 0.5% of 2 
Z 

wax did not significantly affect the TH.S and pl 

LE in a fixed trend, i.e., increase and decrease A 
in TH.S and LE occurred virtually equally in Y 
the tests, as evidenced in both tables. + 9 
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CONCLUSIONS 

Based on the results of this study, the fol- 
lowing conclusions can be drawn: 

1. Most hardboard samples made in this 
study showed good bending strength and stiff- 
ness properties, depending on treatments, res- 
in content, and wood species. Addition of0.5% 
wax reduced the average bending MOR and 
MOE, tensile stress parallel to surface, and IB 
values in most of the board specimens. 

2. Treatment of acetylation on fibers result- 
ed in a marked loss in MOR and MOE values 
except for the aspen hardboard with wax. Both 
MOR and MOE values increased with increas- 
ing resin content. Addition of 0.5% wax caused 
a decrease in MOE values except for the acet- 
ylated aspen boards. 

3. Tensile strength values parallel to surface 

3 
and IB for control boards were generally higher 
than those for acetylated boards for both wood 

A . 3  
a fiber species except for the untreated aspen - P4 
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