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Recycled pulp of old corrugated containers (OCCs) was studied as a possible fiber source for wood-fiber cement (WFC) sheets.
This industry currently largely relies on kraft pulp, an expensive fiber source. Thus, WFC sheets were made using less costly OCC
fibers utilizing various types of treatments including fiber fractionation (FF) and refining to 500 and 400 Canadian Standard
Freeness (CSF) to determine the effect of these treatments on the sheets strength. Unprocessed virgin kraft fiber of radiata pine
(Pinus radiata) was used as control for comparison purposes. The unprocessed OCC pulp furnish yielded an initial freeness of 635
CSF; after fractionating, however, it was increased to 754 CSF. OCC pulp presented a kappa number of 47, compared to 23.7 for P.
radiata. Fractionating OCC pulp was effective in raising the range of long fibers in the stock from 68 percent to 85 percent, before
and after fractionating, respectively. Results from WFC sheets made in laboratory showed that there was no significant difference
in board strength among boards made with unprocessed OCC fibers, fractionated and refined OCC, and P. radiata fibers. However,
sheet strength decreased when refined OCC fibers were used. The results suggest that OCC fibers can produce WFC sheets with
desirable characteristics compared to those of unrefined virgin kraft fiber of P. radiata.

1. Introduction

Wood-fiber cement (WFC) composites have recently become
well accepted in the United States for a range of uses, such
as roof tiles and siding, where wood and other materials
were traditionally used [1]. World demand for products
derived from inorganic-bonded wood and fiber materials,
of which WFC sheet is a part, in general, is estimated to
rise over the next years [1, 2]. The potential for using
recycled fibers in these products is high and it could be an
attractive option with the development of fiber fractionation
[3], which appears to improve fiber properties for these types
of products. Significant price swings and generally the high
cost for pulp mandate a search for cost-effective and stable
fiber supply options for WFC sheets and other fiber cement
products. The use of recycled old corrugated containers
(OCCs) can be economical as well as environmentally
attractive.

Fiber attributes such as fiber length, fiber-to-mass ratio,
fiber substitution level, and level of fiber refinement are

important parameters in determining desirable WFC prod-
uct properties. Available literature reports the use of virgin
and recycled newsprint fibers [4–8]. A small amount of
information is found regarding the use of recycled containers
and the effect of fiber fractionating on the properties of WFC
sheets.

2. Background

The first fiber-cement sheet manufactured was a composite
of cement and asbestos fibers produced by the Hatschek
process [1]. Successful manufacturing of asbestos-cement
products is related to the stability of asbestos fibers in
the alkaline environment of cement, among other factors.
Asbestos fiber cement products are still manufactured in
many parts of the world. However, the production of such
products is gradually declining worldwide due to health con-
cerns. As a result, environmental and health concerns have
encouraged the development of asbestos-free cementitious
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products. As a result, a variety of papers were published
relating the use of different sources of natural fibers, such
as coir (Cocus nucifera), bagasse, bamboo, babaçu coconut
(Orbignya sp.), rice and wheat straw, sisal (Agave sisalana),
and others, replacing asbestos in cement bonded panels
[2, 9–15]. The use of fibers from wood species has become
a viable alternative to asbestos fibers. As a result, such fibers
are now increasingly replacing asbestos in the production of
fiber-cement panels in the industrialized nations. Wood pulp
characteristics have a significant influence on the properties
of WFC products. Such pulp parameters as kappa number,
fiber length or classification, freeness, refining, or beating,
among others, are controllable properties affected by the
pulp preparation. These parameters can be measured in
accordance with procedures developed by the pulp and paper
industry [16–19].

Corrugated container paper is composed of two different
materials: the corrugated core sheet of paperboard and the
flat paper cover (linerboard). The former is a corrugated
medium produced by a semichemical process with pulp
yields ranging from 55 to 90 percent of dry wood input
[20]. A kraft process with low pulp yields of approximately
45 percent forms the linerboard. It is an unbleached kraft
linerboard paper with high strength and identified by its
brown color [20]. A sheet of corrugated container can
have different compositions of the corrugated medium and
linerboard layers varying from unlined to double-faced,
double-doubled, or triple-walled corrugated cardboard [20].
In North America, corrugated containerboard is made of 1/3
corrugated medium and 2/3 kraft linerboard.

Pulp kappa number is a measure of lignin content
remaining in the stock after cooking. The higher the kappa
number, the higher the amount of lignin available in the
furnish [18]. Freeness represents the resistance that the
pulp stock offers on draining water added to it. It gives an
indication of the level of refining and quality of the pulp
stock. In North America, the Canadian Standard Freeness
(CSF) test is the most prevalent method for measuring pulp
freeness [17, 20]. Fiber subjected to refining exposes its fibrils
to the mechanical action of a beater device or a PFI mill. The
refining level of a pulp stock aims to achieve a certain freeness
level, which is accomplished by the number of revolutions
used in the refiner. Pulp freeness decreases as the refining
level increases [19, 20].

WFC sheet is a product that uses Portland cement, silica
sand, pozzolans, water, and wood fiber, which serves as the
reinforcement. It combines the desirable characteristics of
cement and wood fiber giving the sheet high fire and water
resistance, elasticity, strength, resistance to attack by fungus
and termites, and resistance to weathering [1, 2, 8–15, 21–
30]. Most recently, wood strand cement-bonded boards
have been developed [23, 27, 28, 31–33]. However, fibers
from recycled wood sources continue to have an attraction
due to their favorable price and availability. Pulp fibers
whether from virgin or recycled sources serve, among other
considerations, as reinforcing material to combat cement
cracking in fiber-cement products. Fibers also increase
toughness and the cracking resistance of the product, which
are important considerations in such application as siding

and roofing [1, 8]. Fibers produced by kraft process are
generally used for commercial thin sheet production, with
the principal wood source being softwood fiber. In prior
research, recycled wastepaper fibers were mixed with kraft
pulp yielding viable products [5].

The potential market for recycled cellulose fibers for
WFC products is large because this industry is likely to
gradually replace asbestos fibers with cellulose fibers in many
developing countries around the world over the coming
years. An estimated 1100 flat sheet-manufacturing facilities
are currently operating, most of which still use asbestos as the
source of fiber. Wastepaper fibers, sludge, and other recycled
sources of pulp materials are already used in cement-bonded
products [4, 5, 7, 20].

3. Objectives

The overall objective of this project was to evaluate the
physical and mechanical properties of wood-fiber reinforced
cement sheets using fibers from recycled old corrugated
containers (OCCs) in unprocessed form and after fiber treat-
ments by refining and fractionating. One specific objective
was to determine a variety of attributes for OCC fibers and
compare these data with those for radiata pine (P. radiata),
since the latter have been a preferred fiber source by the
industry. The percentage (by weight) of fibers retained on
each screen used, freeness, kappa # and amount of lignin of
the fiber were examined. Furthermore, it was an objective of
this project to assess the mechanical and physical properties
of WFC sheets made using the untreated and treated fibers.

4. Materials and Methods

4.1. Pulp Preparation. OCC sheets were soaked in water for
a minimum of 5 hours prior to disintegration, which was
performed using a TMI disintegrator at 15,000 revolutions.
The number of revolutions was selected so that no fiber
clumping was to occur after disintegration. The fibers,
upon disintegration, were dewatered in a Buchner funnel to
about 20 percent consistency and the “pad” was stored in a
refrigerator to avoid decomposition. The stock was divided
into two categories: one without processing (untreated) and
another to be fractionated and refined (treated).

Corrugated pulp bales of unbleached kraft P. radiata
were cut to smaller sizes, soaked in water for 24 hours,
and disintegrated at 25,000 revolutions. Furthermore, they
were dewatered and stored in a refrigerator. P. radiata pulp
was used without processing (untreated). The average fiber
lengths, measured only for the unprocessed stocks, were
1.56 mm for the OCC fibers and 2.6 mm for fibers from P.
radiata.

4.1.1. Fiber Fractionating (FF) and Refining. The OCC fibers
were fractionated using a Bauer-McNett classifier. Fiber loads
of 30 grams were diluted in water to 0.2 percent consistency
and introduced into the classifier. Classification time was
set to 10 minutes and the fibers retained on the +14,
+25, and +50 mesh screens were collected, weighted, and
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grouped for use in making the WFC sheets. The remaining
fibers from screen mesh sizes +100, +200, and −200 (fines)
were discarded.

The OCC fibers were classified to determine the percent-
age by weight of fibers retained on each screen used before
and after fiber fractionation. Three replications were run for
each fiber type thus fractionated. The procedure used was
according to TAPPI T 233 standard [16] with the exception
that 5-gram loads were used instead of that recommended by
the standard. Pulp of P. radiata was also classified.

Refining was carried out on unprocessed as well as frac-
tionated OCC fiber stock. A PFI mill was used to refine the
fibers to the desired freeness of 500 and 400 CSF [16]. A PFI
mill curve provided the number of revolutions necessary to
achieve each target freeness according to TAPPI T 248 [17]
Standard.

4.1.2. Fiber Freeness. Freeness of the various pulps was deter-
mined at each processing level. A freeness testing apparatus
was used according to TAPPI T 227 standard [17].

4.1.3. Fiber Kappa Number and Lignin Content. The proce-
dure for the k number (k#) test was conducted in accordance
with TAPPI T 236 standard [18]. Kappa number (kappa #)
of the OCC fiber was calculated by using (1). The amount of
lignin that remains in the pulp furnish after cooking by the
kraft process is found by multiplying the kappa # times 0.13
[18]:

kappa # = 1.67k# − 4.2. (1)

4.2. WFC Sheets Making. In this project, two types of fiber
treatments were utilized in making WFC sheets. Some of
the OCC fibers used were those without any processing,
while others were OCC fibers fractionated and classified.
The sheets measuring 305 × 254 × 10 mm were prepared
using a slurry/vacuum-dewatering process. The fibers, upon
disintegration, were first mixed (in a fiber-to-mass ratio of
10 percent) with tap water to a consistency of 20 percent.
Next, commercially available kaolin clay, fine silica sand,
and ordinary Portland cement were mixed, in this order,
for a total of 5 minutes (kaolin clay/Portland cement/silica
sand ratio of 0.1/0.7/1.0). The consistency of the slurry was
reduced to 16 percent for better formation and vacuum
pressure application. The slurry was then poured into an
aluminum box and vacuum applied to remove excess water.
After dewatering, the mat was pressed to 0.7 MPa for 15
minutes to a target density of 1.2 g/cm3. Finally, the board
was released from the press and sealed in a plastic bag
for five days, followed by conditioning and curing for 28
days. Conditioning environment involved 35 percent relative
humidity (RH) and 23◦C. Testing was performed after
curing. The same process was accomplished in producing the
sheets with the fibers of P. radiata, used as control. Three
replications were made for each treatment and the control,
totaling 21 sheets.

4.3. WFC Sheets Testing. The panels were tested for three-
point flexural strength in bending (modulus of rupture-
MOR and modulus of elasticity-MOE) (saturated and
conditioned), water absorption-WA, thickness swelling-TS,
and linear variation-LV, according to ASTM D1037 [34].
The flexural strength test was performed on a model 1137
Instron universal testing machine. Specimens for the linear
expansion test were 231.8 mm length and 50.8 mm width.
One sample per board was tested between 30 and 90 percent
RH conditions. The density and moisture content of the
panels were determined as well. Two samples each were used
for MOR and MOE testing, four otherwise.

4.4. Experimental Design. The statistical analysis was con-
ducted in two steps. The effect of each treatment was studied
in an analysis of variance (ANOVA) for the physical and
mechanical tests.

In the first analysis, a test comparison of means among
the treatments (sheets of OCC fibers) and the control (sheets
of P. radiata fibers) was conducted using Dunnett’s multiple
comparison test. In this analysis, a total of 21 sheets were
included.

In the second analysis, a comparison using the Ryan-
Einot-Gabriel-Welsch (REGWQ) multiple range test was
conducted to detect means differences among the treatments
of OCC fiber sheets only, excluding the control. A completely
randomized factorial design (CRF-23) was used to test
differences among the treatments including two levels of
fiber types and three levels of refinement. This analysis
included a total of 18 sheets.

A SAS [35] statistical program was used for statistical
analyses. The alpha used for both tests was 0.05 (95%
confidence level). The treatments of fiber refining and fiber
fractionating were assessed as follows:

Treatments:

(1) fiber type:

(1.1) OCC fibers as received (unprocessed): OCC,

(1.2) OCC fibers after fiber fractionating: OCC/FF,

(2) fiber refinement level (Canadian Standard Freeness-
CSF):

(2.1) unrefined (initial freeness),

(2.2) refined to 500 CSF,

(2.3) refined to 400 CSF,

(3) control: unbleached kraft fiber from P. radiata
(unprocessed).

5. Results and Discussion

5.1. Fibers Processing. The results of tests conducted on initial
freeness, kappa #, lignin content, and pH of fibers used are
presented in Table 1. As expected, P. radiata presents a low
concentration of lignin (3.1%) expressed by a lower kappa
number of 23.7. OCC pulp contains a higher kappa number
of 47 and, consequently, higher lignin content (6.1%). It is
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Table 1: Results of initial freeness, kappa #, lignin content, and
pH for OCC unprocessed and after fiber fractionating (OCC/FF)
in comparison with radiata pine pulp.

Test
Pulp type

OCC OCC/FF R. Pine

Initial freeness (CSF) 635 754 730

kappa # 47 47 23.7

Lignin content (%) 6.1 6.1 3.1

Fiber pH 6.6 6.6 7.5

formed by a mix of furnish from chemical and semichemical
kraft processes and therefore contains a larger amount of
lignin.

Results of the fiber fractionating performed in the Bauer-
McNett classifier for unrefined OCC fibers, and after fiber
fractionating the same fibers, compared with P. radiata
pulps are shown in Figure 1. These results reproduce the
average of three samples examined for each fiber type or
processing. The pulp of P. radiata has an impressive amount
of long fibers retained on screens 14 to 50 mesh (92.3%)
and only about 7.7 percent were lost as fines. Compared
with P. radiata, OCC fibers had 32.1 percent and 15.5
percent of fines, before and after fractionating, respectively.
This indicates that fiber fractionation of the OCC pulp was
effective in increasing the range of long fibers from 68 percent
to about 85 percent in the stock. It is also reflected in the
freeness of the pulp, which was raised from 635 (initial)
for OCC fibers as received to 754 for the same pulp after
fractionating.

Results of the PFI mill test for each fiber type are shown
in Figure 2. From this figure, the number of revolutions
necessary to refine to 500 and 400 CSF was assessed. The
unprocessed OCC fiber can be more easily refined when
compared with same fibers after fractionating. Only 700
and 2,180 revolutions were required in order to refine it
to 500 and 400 CSF, respectively. After fractionating, 4,100
and 5,800 revolutions were required for refining to the same
freeness values aforementioned, respectively. P. radiata pulp
required more revolutions (9,300 and 11,500) to achieve the
same freeness levels.

5.2. WFC Sheets Testing. The outcome of physical and
mechanical testing obtained from the OCC WFC sheets is
presented in Table 2. Figures 3 and 4 give a better under-
standing of the results.

The results are suitable to standard of cement-bonded
panels [36] and to commercially available Cetris [37], Bison
Panel [38], and Versaroc [39] cement-bonded particleboards.

The sheets MOR in the dry condition ranged from
4.34 to 11.42 MPa, respectively, for OCC sheets refined
to 400 CSF (OCC/400) and OCC fractionated and refined
to 400 CSF (OCC/FF/400). The OCC sheets without any
treatment showed MOR of 10.95 MPa. These values are equal
or superior to WFC sheets reported in the literature using
fibers from wastepaper. Fuwape et al. [6] used wastepaper
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Figure 1: Results of the fiber fractionating performed using the
Bauer-McNett classifier for the OCC pulp unprocessed, after fiber
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Figure 2: PFI mill refining test for the OCC pulp unprocessed, after
fiber fractionating (OCC/FF), and for radiata pine (RPINE).

and sawdust and obtained MOR ranging from 4.85 to
11.69 MPa. Goroyias et al. [7] obtained 11.9 MPa using
sludge. Fiber of coir (Cocus nucifera) was used to produce
cement-bonded boards by Ferraz et al. [14] with MOR of
3.78 MPa.

MOE in the dry condition ranged from 1.35 to 3.72 GPa
also for OCC/400 and OCC/FF/400, respectively, while
Fuwape et al. [6] obtained reported MOE values ranging
from 2.80 to 5.57 GPa. Ferraz et al. [14] reported maximum
MOE of 1.15 GPa.

Regarding MOR, the results showed that sheets made
with unprocessed OCC fibers and with the same fibers
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Table 2: Results of physical and mechanical tests of wood-fiber cement sheets.

Treatment

Properties

MOR1 MOE
WA TS LV Density

(Dry) (Wet) (Dry) (Wet)

(MPa)2 (MPa) (GPa) (GPa) (%) (%) (%) g/m3

OCC 10.95a (1.75) 3.73b (.09) 3.59ab (.12) 2.01a (.16) 31.8c (1.91) 0.29bc (.09) 0.0b (.06) 1.15a (.02)

OCC/500 4.83c∗ (.71) 2.34dc∗ (.54) 1.66d∗ (.13) 1.09bc∗ (.47) 39.2b∗ (3.08) 0.78b (.3) 0.028b (.02) 1.16a (.04)

OCC/400 4.34c∗ (.13) 1.65d∗ (.36) 1.35d∗ (.03) 0.59c∗ (.04) 44.6a∗ (3.15) 4.294a∗ (.22) 0.17a∗ (.05) 1.13a (.03)

OCC/FF 6.64bc∗ (1.26) 2.93c∗ (.17) 2.45c∗ (.59) 1.47ab∗ (.29) 36.6bc (1.24) 0.36bc (.12) 0.021b. (.03) 1.11a (.04)

OCC/FF/500 9.46ab (1.55) 4.54a (.05) 2.92bc∗ (.40) 2.29a (.44) 33.7bc (.87) 0.22c (.13) 0.024b (.01) 1.14a (.01)

OCC/FF/400 11.42a (1.87) 4.42ab (.32) 3.72a (.22) 2.33a (.36) 33.7bc (1.41) 0.23c (.29) 0.002b (.04) 1.13a (.03)

RPINE3 11.95 (2.61) 4.36 (.97) 3.71 (.33) 2.34 (.36) 33.5 (2.48) 0.28 (.54) 0.004 (.03) 1.14 (.04)

Requirement5 9.0 (min) — 3.0 (min) — — 1.5 (max) — 1.25

Means within a column followed by the same capital letter are not significantly different at 95 percent C.L. using the REGWQ F test. Means with an asterisk
are significantly different from control at 95 percent C.L. using Dunnett’s test for comparing means with a control. Numbers in parenthesis are standard
deviations. Means are average of 3 replications.
1MOR: Modulus of Rupture; MOE: Modulus of Elasticity; WA: Water Absorption; TS: Thickness Swelling; LV: Linear Variation with change in moisture
content (from 30 to 90% RH).21 MPa: 10.2 kg/cm; 1 GPa: 10.2 × 103 kg/cm2.3Control.4Samples with delamination.5BISON DIN [36].

fractionated and refined to 500 (OCC/FF/500) and 400 CSF
(OCC/FF/400) do not differ from the control (RPINE) at
95 percent confidence level according to Dunnett’s test [35].
Upon refining, OCC pulp yielded panels with low strength.
OCC pulp (unprocessed) contained short fiber lengths,
averaging 1.56 mm, compared with P. radiata, averaging
2.6 mm. OCC pulp also contained a fairly large amount of
fines, 35 percent. The refining process causes fiber shortening
and generates additional fines [20, 40]. This process can
increase fines in excess beyond the optimum limit for making
WFC sheets with desirable properties. An excess of fines does
not contribute much to board strength but acts more as
filler [30]. Fiber fractionating, on the other hand, increases
the percentage by weight of long fibers and decreases the
amount of fines [3]. Therefore, fractionating leaves more
room for fines generated during refining yet maintains a
desirable amount of longer fibers above the critical value
required for WFC sheets. This explains the differences in
sheet properties made with corrugated fiber before and
after fiber fractionating. Unfractionated OCC fibers produce
sheets with strengths that decrease as the level of refining
increases (Figure 3). However, the strength of sheets made
with fractionated and refined fibers increases proportionally
with the refining level.

All treatments, including the control, lose strength when
the sheets are saturated in water and then tested for MOR.
This is consistent with the reduction in flexural strength of 47
to 75 percent of the dry strength reported by [5]. An increase
in the moisture content of the samples causes the fiber-to-
fiber bond strength to decrease as the hydrogen bonds are
replaced with water.

WFC sheets made with OCC fibers and OCC/FF/400
fibers were different from the other treatments at 95 percent
confidence level and showed comparable strengths by the
Ryan-Einot-Gabriel-Welsch (REGWQ) test of means for

MOR at dry condition. Boards made with OCC/FF/500 fibers
yielded the best MOR values for the saturated samples. OCC
fibers OCC/FF/500, and OCC/FF/400 had strengths values
comparable to the control values using Dunnett’s test. Sheets
made with OCC/FF/400 fiber exhibited the higher elasticity
values followed by those made with OCC and OCC/FF/500
fibers, in that order. Decreases in MOE from the dry to the
saturated test were in the range of 21 to 56 percent.

WFC sheets made with OCC fibers refined to 500 CSF
(OCC/500) and to 400 CSF (OCC/400) showed higher water
absorption than the control, as measured by Dunnett’s test
[35]. According to results from the REGWQ test, sheets made
with OCC fibers showed the lowest water absorption (31.8%)
and were statistically different from other sheets. OCC/400
was the maximum water absorption (44.6%). These values
are lower than the WA reported, at the similar density, by
Erakhrumen et al. [13] (54%), but higher than some WFC
with wood fibers [41]. There was no significant difference
among the sheets made with recycled fibers fractionated
(OCC/FF), OCC/FF/500, and OCC/FF/400 fibers (Figure 4).

The sheets with OCC/400 showed also very high thick-
ness swelling (4.29%). Further examination of the samples
exhibiting such high thickness swelling revealed the presence
of delamination lengthwise. Delamination occurred along
the line where two layers of material were jointed during
the mat forming process. Delamination was not found in
samples from other treatments. All the remaining treatments
presented low TS under 1%. Other authors reported higher
TS: 2.9%, Erakhrumen et al. [13]; 3.55% to 12.3%, Fuwape
et al. [6]; 1.49%, Silva et al. [41]; and 1.6%, Ferraz et
al. [14]. When the sheets made with corrugated fibers are
compared with data for the control samples, panels made
with OCC/400 are significantly different from those using
P. radiata. The low-dimensional stability of sheets made
with refined OCC fibers appears to be due to the increase
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in the amount of fines, as discussed earlier. This can be
visually noted when comparing results between sheets using
unprocessed OCC fibers and those using the same fibers but
after refining to 500 CSF (Figure 4). In this case, thickness
swelling increased 170 percent. The fiber shortening and
excess of fines cause a very large increase in the surface area
of the fibers and a loss in their bonding potential [20], even
though a certain percentage of long fibers is maintained.
This effect is minimized for refined OCC fibers after fiber
fractionation because the pulp stock starts with a smaller
amount of fines when the refining is carried out.

Following the pattern of thickness swelling behavior,
sheets made with OCC fibers treated to the higher refinement
level (OCC/400) showed the higher linear variation in
length (0.17%) with change in moisture content (Figure 4).
According to Dunnett’s test, only this treatment differed from
the sheets made with P. radiata (control). The remaining
treatments presented very low LV ranging from 0% to
0.028%. The REGWQ test, excluding the control, showed
that there is no significant difference among the treatments
using OCC fiber, except for the OCC/400.

There was no significant difference in the density of the
sheets in this study, meaning that the mixing and forming
processes developed produced consistent results in density.

6. Conclusions

OCC fibers presented a higher lignin content compared with
P. radiata, which has been the preferred raw material for
manufacturing WFC sheets. Fibers from recycled OCC can
be easily refined; therefore less energy is likely needed in
the process compared with refining of P. radiata pulp. If
refining of pulp is required for WFC sheet manufacturing,
the results achieved in this project are encouraging because
refinement can be easily accomplished either before or after
fractionating.

Fractionating OCC fibers was effective in increasing the
percentage of long fibers from 68 to 85 percent. Length of
fiber is an important attribute for developing higher strength
WFC sheets. Secondary fiber from OCC either unprocessed
or after fiber fractionating and/or refining can be used to
produce sheets with properties comparable in important
properties to those made with unbleached kraft fiber of P.
radiata under air curing conditions used in this study. The
results obtained in this project were comparable to or better
than those previously reported using wastepaper at the same
level of density and also to some commercially available
cement-bonded particleboards.

WFC sheets made with OCC pulp presented reduced
linear variation with change in moisture content. There
appears to be no need to fractionate and/or refine the OCC
pulp for sheets production. Additional processing of pulp
used in the present study gave board properties that were
comparable to those of sheets made with unprocessed OCC
fibers. Refining OCC fibers did not contribute to board
strength; in fact, it reduced MOR and MOE values by
approximately half and increased water absorption, thickness
swelling, and linear variation. This conclusion should not be
generalized and holds only for the variables and formulation

tested in the current study. Changes in these components
could lead to different results.

The sheets produced in this study were sensitive to
moisture variations and showed a considerable drop in
flexural strength from the conditioned state to the saturated
test, which is probably due to a reduction in the fiber-to-
matrix bond strength. This is similar to results obtained in
prior studies.

7. Recommendations

Additional studies using recycled OCC fibers should focus
on variations in the fiber-to-mass ratio as well as in cement-
to-silica sand ratios. Use of an autoclave for curing the
panels at the higher silica sand/cement ratio could also be of
interest because higher silica sand content usually improves
sheet properties. It is also important to assess the resiliency
of OCC fibers to exposure to autoclave conditions. Data
on water absorption suggest that the fiber-to-mass ratio
of 10 percent is probably the upper limit for fiber use
for obtaining desirable WFC sheets and compatibility with
current manufacturing conditions.

Clearly, conclusions drawn in the present study must first
be confirmed on pilot scale production before wide-scale
applications can be achieved.
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