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ABSTRACT

The objective was to evaluate the ef-
fect of the adhesive type and its different
contents on sugar cane bagasse particle-
boards. The panels were produced using
Urea-Formaldehyde (UF) and Phenol-For-
maldehyde (PF) adhesives. Three adhesive
contents were tested: 6, 9 and 12%. The
boards were made by using an 8-minute
press closing time, pressure of 40kgf/cm?,
and temperature of 160°C for the UF ad-
hesive and 180°C for the PF adhesive. It
was concluded that: The UF adhesive was
statistically equal or better than PF adhe-
sive considering all properties evaluated.
The adhesive contents of 9 and 12% were
statistically equal, but both were superior
to 6% considering the physical properties.
The mechanical properties did not present
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statistical differences, except for rupture
modulus. The best panels were produced
using UF at 9%, but they did not attend
the norm CS 236-66 for mechanical prop-
erties, therefore it is necessary manipula-
tions of the processing variables.

Key-words: Particleboard, sugar cane ba-
gasse, types and contents of adhesive.

RESUMO

O objetivo foi avaliar o efeito do tipo de
adesivo e de seus diferentes teores na pro-
dugdo de painéis aglomerados com bagago
de cana. Os painéis foram produzidos utili-
zando os adesivos Uréia-Formaldeido (UF) e
Fenol-Formaldeido (FF) a 6, 9 e 12%. O ci-
clo de prensagem utilizado foi de 40kgf/cm?,
temperatura de 160°C para UF e 180°C para
FF, por 8 minutos. Concluiu-se que: O ade-
sivo UF se mostrou estatisticamente igual ou
superior a FF em todas as propriedades ava-
liadas. Para os teores de adesivo, nas proprie-
dades fisicas, os teores 9 ¢ 12% se mostraram
estatisticamente iguais, mas superiores a 6%;
jé nas propriedades mecanicas nao houve di-
ferenca estatistica, com excecdo do mddulo
de ruptura. Os melhores painéis foram pro-
duzidos com UF e 9% de teor de adesivo,
sendo que estes ndo atenderam a norma CS
236-66 para propriedades mecanicas, sendo
necessarias manipulagdes nas variaveis de
processamento.

Palavras-chave: Aglomerados, Bagaco de
cana, tipos e teores de adesivo.
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INTRODUCTION

Particleboards are widely used in the civil
construction and furniture sector. Theoreti-
cally, they can be made from any lignocel-
lulosic material that provides them high
mechanical resistance and pre-established
specific weight, since the chemical structure
of lignocellulosic materials is very similar to
the one of the wood. (Rowell et al., 2000).

The Brazilian agro-industry offers many
kinds of lignocellulosic residues which have
potential for particleboards production such
as corn cob, rice husk, coffee hull, peanut
hull, banana plant stem, coconut husk, cas-
sava stem, castor bean hull, among other.

The sugar cane bagasse is a residue of cel-
lulose fiber originated from the process of
sugar cane. It is often burned in vapor res-
ervoirs to produce energy for industrial use.
The main components of the smallest parti-
cles of sugar cane bagasse fibers are pith and
weaker fibers.

There are many factors that influence the
final mechanical and physical properties of
the panels such as raw material, density of
the panels, compaction ratio, types and con-
tents of adhesive, humidity of the particles,
pressing temperature and specific pressure.

The urea-formaldehyde (UF) and phenol
formaldehyde (PF) are the main adhesives
used by the wood panel industry. According
to Roffael & Schneider (1983), 90% of the
particleboards of the world are produced us-
ing urea-formaldehyde resin, although this
adhesive demonstrates low resistance to hu-
midity. The phenol-formaldehyde adhesive,
however, is recommended for the production
of panels for external use or environments of
high relative humidity. The adhesive is the
most expensive component of the panels;
therefore, the right definition of its type and
content is extremely important to optimize
the cost/effectiveness ratio.

Murakami et al. (1999) observed that, in-
creasing the content of adhesive, the mechan-
ical properties and the dimensional stability
of the panels increased as well. However, Wu
(1999) could not establish a precise relation

between the adhesive content and the rupture
modulus, elastic modulus and linear expan-
sion. The author says that the effects of the
adhesive content on the properties studied
are relative and diverse, and thus do not fol-
low a logical pattern.

The density of the panels is affected by many
factors of which the most important is the loss
of particles. This happens due to the handling
of the panels during the stages previous to the
consolidation of the panels in the hot press,
which compromises the control of density in
laboratory conditions and makes necessary the
use of a covariance analysis in order to cor-
rect the values obtained. This fact is even more
evident in the case of sugar cane bagasse, be-
cause, compared to the wood,; it presents higher
amounts of fine particles, and, consequently,
loss of material is probably higher.

There are other important processing vari-
ables of particleboards production such as
the type of material and the consequent rela-
tion between the density of the panel and the
density of the material used. This variable is
named compaction ratio (Kelly, 1977; Mosle-
mi, 1974; Maloney, 1993; Tsoumis, 1991). It
is recommended a compaction ratio between
1,3 and 1,6; the necessary for the right den-
sification and consolidation of the panel. It is
also evident that the panels made of low den-
sity material often present higher resistance to
bending and internal bonding if compared to
panels made of high density material. The wa-
ter absorption and thickness swelling usually
present higher values in case of low density
material. However, Vital et al., (1974) con-
cluded that panels in which was attested a high
compaction ratio (1,6) presented lower water
absorption than panels in which was attested
a low compaction ratio (1,2). They attributed
the probable causes of the lower water absorp-
tion rate to the reduction in porosity and to the
increase in woody material.

There are already some studies about sugar
cane bagasse. Hamid et al (1983) and Atchin-
son & Lengel (1985), for example, observed
a 40% to 60% increase in the mechanical
properties of the particleboards which the
pith was removed of the sugar cane bagasse.
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Mendes et al (2008), comparing commer-
cial particleboards made from sugar cane ba-
gasse, eucalypt and pine, did not find statisti-
cal difference between most of the properties
evaluated, and the values obtained from sug-
ar cane bagasse were above the ones required
by the norm.

Okino et al (1997) studied the effect of
acetylation of sugar cane bagasse particles
that had the pith extracted on the physical-
mechanical properties of panels. They used
urea-formaldehyde and tannin-formaldehyde
resins both in the contents of 8 and 12%. and
obtained a reduction in water absorption of
57 and 47% after 2 and 24 hours of immer-
sion respectively. The thickness swelling
reduced 87 and 80% after the same time of
immersion mentioned above, although the
acetylation caused a reduction in the average
values of static bending. Highest adhesive
levels provided the panel superior character-
istics in terms of both physical and mechani-
cal properties. The type of adhesive also pre-
sented differences and the panels produced
using tannin were of better quality than the
ones produced using urea.

For the reasons mentioned above, the aim
of this work was to evaluate the effect of the
adhesive type and their different contents
on the quality of particleboards made from
sugar cane bagasse.

MATERIAL AND METHODS

The sugar cane bagasse used in this re-
search came from a distiller of production of

artisanal “cachaga” (Cachaga Bocaina) locat-
ed in Lavras, a city at the south of the Minas
Gerais state — Brazil. It was obtained by the
milling of green cane in a mill.

This material was collected and brought
to the Unit of Wood Boards Productions of
the Universidade Federal de Lavras, where
it was grinded using a hammer mill, without
the extraction of the pith, to generate sliver
particles.

The basic density of the sugar cane bagasse
was determined according to the ABNT
(2003) norm.

The particles were dried at a moisture con-
tent of 3% using a forced air oven. After that,
they were brought to a rotary drum, where
the adhesive and 1% of paraffin (based upon
the dry weight of the particles) were applied
according to the treatments and experimental
design, as showed in the Table 1.

After the rotary drum mixed the material,
it was put in a mat forming box, which di-
mensions are: 48cm x 48cm x 1,5cm. A
manual press machine was used to make a
pre-pressing at 8 Kgf/cm?. The box was then
put in a hydraulic press and the boards were
made by using an 8-minute press closing
time, pressure of 40kgf/cm?, and temperature
of 160°C for the UF adhesive and 180°C for
the PF adhesive.

The nominal dimensions and specific mass
of'the panels produced were 480mm x 480mm
x 15mm and 0,70g/cm® respectively. Three
panels were produced for each treatment.

After about 2cm of each extremity of the
panels were removed, the samples were ob-
tained using a buzz saw of stand. They were

Table 1 — Experimental design for the production of sugar cane bagasse particleboards.

. Adhesive
Treatments Material Type %
Tl 100% Suagar cane bagasse 6
T2 100% Sugar cane bagasse  Urea-formaldehyde 9
T3 100% Sugar cane Bagasse 12
T4 100% Sugar cane Bagasse 6
T5 100% Sugar cane Bagasse  Phenol-formaldehyde 9

T6 100% Sugar cane bagasse 12
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put in a climatization chamber at a tempera-
ture of 20 + 2 ° C and relative humidity of 65
+3 % until the equilibrium humidity of +12%
was reached.

The dimensions of the samples for each
physical and mechanical test were determi-
ned according to ASTM and DIN norms:

A- PHYSICAL PROPERTIES:

Water absorption (WA): norm ASTM
1982:D1037-100

Thickness swelling (TS): norm ASTM
1982:D1037-100

B- MECHANICAL PROPERTIES:
Static bending (Elastic modulus - EM):
norm DIN 52362,1982

Static bending (Rupture modulus - RM):
norm DIN 52362,1982

Internal bonding (IB): norm ASTM
1982:D1037-28

The experimental design was entirely
randomized using 3 repetitions and the tre-
atments were arranged in a factorial scheme
3x2 (3 adhesive contents — 6, 9 and 12%; 2
types of adhesive — urea and phenol-formal-
dehyde). The following properties were eva-
luated: water absorption after 2 and 24 hours,
thickness swelling after 2 and 24 hours, elas-
tic and rupture modulus, compression and
internal bonding. A covariance analysis was
performed with the averages fitted for the
density of the panels using a software named
Statistical Analysis System (Sas, 1999).

The statistical model that describes the ob-
servations is the following:

Vu=nt B (X

Where:

Vik is the value of the dependent variable
for the k-th panel (repetition) manufactured
with the i-th adhesive content and j-th type
of adhesive; k=1, 2, 3;

p is the constant inherent in each obser-
vation;

B is the coefficient of linear regression be-
tween the variables evaluated and the density
of the panels (X);

-X )+R+A+RA +e

ijk ’

X is the density of the k-th panel manu-
factured with the i-th adhesive content and
the j-th type of adhesive;

X is the average density of the panels pro-
duced in the experiment;

R is the effect of the i-th adhesive content,
i=1,2,3;

4, is the effect of the j-th type of adhesive,
j=1le2;

R4, is the effect of the interaction betwe-
en the i-th adhesive content and j j-th type of
adhesive;

€, is the experimental error associated to
the k-th panel manufactured using the i-th
adhesive content and j-th type of adhesive,
considered random, independent and iden-
tically distributed in a Normal with average
zero and common variance 2.

RESULTS AND DISCUSSION
Density and compaction ratio

The average values of the apparent den-
sity and compaction ratio are presented in
Table 2.

All the treatments were classified as me-
dium density panels, because the average
values varied from 0,628 to 0,667 g/cm?;
therefore, between 0,59 to 0,80 g/cm*® which
is considered by Iwakiri (2005) as medium
density panels.

The average values of the compaction
ratio were higher than the ones considered
ideal by Kelly, 1977; Moslemi, 1974; Ma-
loney, 1993 and Tsoumis, 1991 which must
be between 1,3 to 1,6. The low density of
the sugar cane bagasse (0,0977 g/cm?) cau-
sed these results because a high volume of
material was necessary to obtain the pre-
determined density of the panels. Conse-
quently a taller mattress was formed which
resulted in a higher compaction ratio, since
this ratio is determined by the relation be-
tween the height of the mattress and final
thickness of the panel, or by the relation
between the density of the panel and the
density of the lignocellulosic material.
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Table 2 — Average values of the apparent density and compaction ratio of the sugar cane bagasse panels.

Type of adhesive Adhesive content (%)  Density (g/cm®) CR=(PD/DLM)

6 0,661 6,766

UF 9 0,667 6,830

12 0,657 6,721

6 0,628 6,433

PF 9 0,654 6,695

12 0,657 6,724

VC (%) 3,46 1,09

CR = Compaction ratio; PD = Panel density and DML = density of the lignocellulosic

material.

Physical properties
Water absorption

According to the variance analysis of wa-
ter absorption after 2 and 24 hours of immer-
sion, considering the density of the panel as
covariable, the experimental results show
that the residues, considering both varia-
bles evaluated, follow a normal distribution
according to Shapiro-Wilk test, p-values of
0,4745 and 0,1323 for water absorption after
2 and 24 hours respectively.

The linear regression was significant for
both 2 and 24 hours of water absorption (p-
value = 0,0005 and 0,0013, respectively),
which indicates the existence of a linear rela-
tion between these variables and the density
of the panels. The regression coefficient es-
timated for 2 hours indicates that an increa-
se of 0,01 g/cm?in the density of the panels
causes a reduction of 24,95% in the water
absorption. The regression coefficient esti-
mated for 24 hours indicates that an increa-
se of 0,01 g/cm?in the density of the panels
causes a reduction of 26,78% in the water
absorption.

The results show that the adhesive type
does not have significant effect on water
absorption after 2 or 24 hours of immersion
(Table 3). This fact can be explained by the
effect of the interaction between the type
of adhesive and the sugar cane bagasse, or
by the physical-chemical properties of each

Table 3 — Average values of water absorption of
the sugar cane bagasse panels, after 2 and 24 hours
of immersion, in function of the types of adhesive
fitted for the density of the panels.

Adhesive content WA 2h (%) WA 24h (%)
Phenol 31,80 (3,09)a 47,16 (4,07)a
Urea 28,64 (3,09)a 42,06 (4,07)a

VC (%) 29,35 26,31

1- averages followed by the same letters in the co-
lumn do not differ from each other by the Tukey test
at the 5% significance level. The standard error is in-
side the parenthesis.

WA= Water absorption.

adhesive. Therefore, more studies about the
subject are necessary.

The adhesive content presented signifi-
cant effect on water absorption after 2 and
24 hours (Table 4). The adhesive content of
6% was inferior to the other ones for both
2 and 24 hours of immersion and it con-
sequently presented higher percentage of
water absorption. The 9 and 12% contents
were statistically equal, which means an
adhesive economy of 3% in the production
process.

Okino et al (1997), studying the effect of
acetylation of the sugar cane bagasse parti-
cles without the pith on the physical-mecha-
nical properties of panels, and using the resins
urea-formaldehyde and tannin-formaldehyde
in the contents of 8 and 12%, obtained an
average value of water absorption that varied
from 21,3 to 95,2% and from 38,1 to 118,8%



214 REVISTA DE CIENCIAS AGRARIAS

Table 4 — Average values of water absorption of
the sugar cane bagasse panels, after 2 and 24 hours
of immersion, in function of the adhesive contents
fitted for the density of the panels.

Table 5 — Average values of thickness swelling of
the sugar cane bagasse panels, after 2 and 24 hours
of immersion, in function of the types of adhesive
fitted for the density of the panels.

Adhesive content WA 2h (%) WA 24h (%)
6% 47,23 (3,77)a 62,71 (4,99) a
9% 23,38(3,700b 37,07 (4,89) b
12% 20,07 (3,63) b 34,05 (4,81)b
VC (%) 29,35 26,31

1- averages followed by the same letters in the co-
lumn do not differ from each other by the Tukey test
at the 5% significance level. The standard error is in-
side the parenthesis.

WA= Water absorption.

for 2 and 24 for hours of immersion respecti-
vely. For this reason, if compared to the pre-
vious studies, the sugar cane bagasse panels of
this study presented satisfactory results.

Thickness swelling

According to the variance analysis of thi-
ckness swelling after 2 and 24 hours of im-
mersion, considering the density of the pa-
nels as covariable, the experimental results
show that the residues, considering both va-
riables evaluated, follow a normal distribu-
tion, according to Shapiro-Wilk test (p-value
= 0,5488 and 0,1190) for thickness swelling
after 2 and 24 hours respectively.

The linear regression was significant for
both 2 and 24 hours of thickness swelling
(p-value = 0,0229 and 0,0219, respective-
ly), which indicates the existence of a line-
ar relation between these variables and the
density of the panels. The regression coeffi-
cient estimated for 2 hours indicates that an
increase of 0,01 g/cm®in the density of the
panels causes a reduction of 0,107% in the
thickness swelling. The regression coeffi-
cient estimated for 24 hours indicates that an
increase of 0,01 g/cm®in the density of the
panels causes a reduction of 0,410% in the
thickness swelling.

The results show that the adhesive type
does not have significant effect on the thick-
ness swelling after 2 or 24 hours of immer-
sion (Table 5).

Adhesive content TS 2h (%) TS 24h (%)
Phenol 7,55(0,69)a 9,88 (0,72) a
Urea 7,75 (0,69 a 11,81 (0,72) a

VC (%) 26,01 19,07

1- averages followed by the same letters in the co-
lumn do not differ from each other by the Tukey test
at the 5% significance level. The standard error is in-
side the parenthesis.

TS = Thickness swelling.

However, the adhesive content presented
significant effect on thickness swelling after
both 2 and 24 hours (Table 6). The adhesive
content of 6% was inferior to the other ones,
considering both 2 and 24 hours of immer-
sion and it consequently presented higher
percentage of thickness swelling. The 9 and
12% contents were statistically equal.

Table 6 — Average values of thickness swelling
of the sugar cane bagasse panels, after 2 and 24
hours of immersion, in function of the contents of
adhesive fitted for the density of the panels.

Adhesive content TS 2h (%) TS 24h (%)
6% 13,50 (0,85)a 18,41 (0,88) a
9% 5,33(0,83)b  8,36(0,86) b
12% 4,11 (0,82)b 5,77 (0,85) b
VC (%) 26,01 19,07

1- averages followed by the same letters in the co-
lumn do not differ from each other by the Tukey test
at the 5% significance level. The standard error is in-
side the parenthesis.

TS = Thickness swelling.

These results are in accordance to the ones
obtained by Murakami et al. (1999). They
mention that an increase in the adhesive con-
tent causes an increase in the dimensional sta-
bility of the panel, although this only applies
until a certain point, after which the increases
are no longer significant, and, consequently,
a lower amount of adhesive becomes the bet-
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ter option, since it means a lower production
cost. It means precisely an economy of 3% of
adhesive, which is similar to the results ob-
tained for the water absorption property.

Okino et al. (1997), studying the effect of
the acetylation of sugar cane bagasse parti-
cles without the pith on the physical-mecha-
nical properties and using the resins urea-
formaldehyde and tannin-formaldehyde in
the contents of 8 and 12%, obtained average
values of thickness swelling that varied from
2,50 to 44,40% and from 4,70 to 55,30% for
2 and 24 hours respectively. The sugar cane
particleboards, therefore, presented inferior
values if compared to the ones founded in
previous studies.

The CS 236-66 norm stipulates maximum
values of thickness swelling after 24 hours of
immersion of 35% for both the UF and the
PF. Therefore, all the treatments were in ac-
cordance with the norm.

Mechanical properties
Elastic modulus (EM)

According to the variance analysis of Elas-
tic Modulus (EM), considering the density of
the panels as covariable, the experimental re-
sults show that the residues follow a normal
distribution, according to Shapiro-Wilk test,
p-value = 0,6688.

The linear regression was not significant
(p-value = 0,1449), which indicates that the-
re is no linear relation between this variable
and the density of the panels.

The results show that either the adhesive
type or their contents did not present signifi-
cant effect on the elastic modulus (Table 7).
These results were similar to the ones found
by Wu (1999), who did not find any relevant
relation between the adhesive content and
the elastic modulus.

Table 7 — Average values of elastic modulus of the sugar cane bagasse panels in function of the contents and

types of adhesive fitted for the density of the panels.

Adhesive EM Type of EM
content (Kgf/cm?) adhesive (Kgf/em?)
6% 5.817,16 (322,29) a Phenol 6.170,97 (263,07) a
9% 6.748,79 (315,99) a Urea 6.689,83 (263,07) a
12% 6.725,25 (310,62) a

VC (%)11,79

1- averages followed by the same letters in the column do not differ from each other by
the Tukey test at the 5% significance level. The standard error is inside the parenthesis.

EM = Elastic modulus.

Mendes et al. (2008), comparing Chinese
commercial panels made from sugar cane
bagasse to Brazilian commercial panels
made from eucalypt and pine wood, obtai-
ned average values of EM of 16561,20 Kgf/
cm? for sugar cane bagasse panels. The CS
235 norm stipulates minimum values of EM
of 24500 Kgf/cm? for the UF adhesive and
of 17500 Kgf/ecm? for the PF adhesive. The
panels made from sugar cane bagasse, the-
refore, presented lower values than the ones
obtained in previous studies and the ones sti-
pulated by norm.

The low values of EM obtained may be
related to the presence of the pith of sugar
cane bagasse since, according to Hamid ez al.
(1983) and Atchinson & Lengel (1985), its
extraction causes an increase of 40 to 60%
in the mechanical properties of particleboar-
ds. The low density of the material may also
have affected the EM, resulting in a compac-
tion ratio above the ideal, which varies from
1,3 to 1,6 according to Kelly, 1977; Maloney,
1993 and Tsoumis, 1991. In terms of low
density materials, there is a higher amount of
particles and a lower amount of adhesive for
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each particle, resulting in lower bonding and
consequently lower resistance.

Rupture modulus (RM)

According to the variance analysis of Rup-
ture Modulus (RM), considering the density
of the panels as covariable, the experimental
results show that the residues follow a nor-
mal distribution, according to Shapiro-Wilk
test, p-value = 0,2868.

The linear regression was significant (p-
value = 0,0377), which indicates that there is

a linear relation between this variable and the
density of the panels. The estimated regres-
sion coefficient indicates that an increase of
0,01 g/cm® in the density of the panels causes
an increase of 12,39 kgf/cm? in the rupture
modulus.

The results show that the adhesive types
and its contents presented significant effect
on the rupture modulus (Table 8). The UF
adhesive was statistically superior to PF
adhesive. The adhesive contents of 9 and
12% were statistically equal but superior to
6% content.

Table 8 — Average values of rupture modulus of the sugar cane bagasse panels in function of the contents and
types of adhesive fitted for the density of the panels.

Adhesive RM Type of RM
content (Kgf/cm?) adhesive (Kgf/cm?)
6% 73,69 (5,45) b Phenol 80,75 (4,44) b
9% 99,38 (5,34) a Urea 107,47 (4,44) a
12% 109,26 (5,25) a

VC (%)13,61

1- averages followed by the same letters in the column do not differ from each
other by the Tukey test at the 5% significance level. The standard error is inside

the parenthesis.
RM = Rupture modulus.

Okino et al. (1997), studying the effect of
the acetylation of sugar cane bagasse particles
without the pith on the physical mechanical
properties of panels and using the resins urea-
formaldehyde and tannin-formaldehyde in the
contents of 8 and 12%, obtained average va-
lues of RM that varied from 97 to 232 Kgf/cm?.
The CS 236-66 norm stipulates minimum va-
lues of 112 Kgf/cm? for panels produced with
UF and of 126 Kgf/cm? for panels produced
with PF. For this reason, none of treatments
achieved the minimum values determined by
the norm. About the previous studies, just the
treatments that used PF and 6% of adhesive
did not present satisfactory results.

The results followed the same pattern of
the ones found for EM, which showed that
they were negatively affected by the presen-
ce of the sugar cane bagasse pith and the low
density of the material.

Parallel compression and internal
bonding

According to the variance analysis of
parallel compression and internal bonding,
considering the density of the panels as
covariable, the experimental results show
that the residues follow a normal distri-
bution, according to Shapiro-Wilk test
(p-value = 0,6688 and 0,5261). The linear
regression was not significant to parallel
compression and neither to internal bon-
ding (p-value =0,3933 and 0,4412), which
indicates that there is no linear relation
between these variables and the density of
the panels.

The results of the tests show that there is
no significant effect of both adhesive types
and its contents on both variables analyzed
(Tables 9 and 10).
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Table 9 — Average values of parallel compression of the sugar cane bagasse panels in function of the contents

and types of adhesives fitted for the density of panels.

Adhesive Parallel Type of Parallel
content COMPIESSION — Jhesive ~ COMPression
(Kgf/cm?) (Kgf/em?)
6% 23,91 (5,86) a Phenol 22,97 (4,79) a
9% 30,49 (5,75) a Urea 33,71 (4,79) a
12% 30,61 (5,65) a
VC (%)38,68

1- averages followed by the same letters in the column do not differ from each
other by the Tukey test at the 5% significance level. The standard error is inside
the parenthesis.

Table 10 — Average values of internal bonding of the sugar cane bagasse panels in function of the contents

and types of adhesives fitted for the density of panels.

Adhesive Internal bonding  Type of Internal bonding
content (Kgf/cm?) adhesive (Kgf/cm?)
6% 2,27(0,22) a Phenol 2,53(0,18)a
9% 2,83(0,21)a Urea 2,79 (0,18) a
12% 2,89 (0,21)a

CV (%) 16,24

1- averages followed by the same letters in the column do not differ from each
other by the Tukey test at the 5% significance level. The standard error is inside

the parenthesis.

Mendes et al. (2008), comparing Chinese
commercial panels made from sugar cane ba-
gasse to Brazilian commercial panels made
from eucalypt and pine wood, obtained ave-
rage values of internal bonding of 2,37 Kgf/
cm? for sugar cane bagasse panels. The CS
236-66 norm stipulates minimum values of
internal bonding of 4,2 Kgf/cm? for UF and
PF adhesives. For this reason, none of treat-
ments attended the minimum values determi-
ned by the norm. About the previous studies,
just the treatments that used 6% of adhesive
did not present satisfactory results. The pre-
sence of the sugar cane bagasse pith and the
low density of the material may have negati-
vely affected these properties.

CONCLUSIONS

The following was concluded:
The Urea-Formaldehyde adhesive presen-
ted values statistically equal or superior to

Phenol-Formaldehyde adhesive for all pro-
perties evaluated;

The 9% and 12% contents of adhesive were
statically equal, but superior to 6% content in
terms of physical properties. There were no sta-
tistical differences in terms of mechanical pro-
perties, except for RM, which tends to present
the same patterns of the physical properties;

The panels produced with UF and 9% of
adhesive content were the best particleboards
made from sugar cane bagasse;

The best formulation founded did not at-
tend the CS 236-66 norm for mechanical pro-
perties and therefore it is necessary to adapt
the processing variables in order to make all
the properties present higher values than the
minimum ones required by norm.
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