L1 ISSN Online: 1309-2243
M K F E B E D http://dergipark.gov.tr/makufebed
https://doi.org/10.29048/makufebed.556864

Mehmet Akif Ersoy Universitesi Fen Bilimleri Enstitiisi Dergisi 10(1): 73-83 (2019)

The Journal of Graduate School of Natural and Applied Sciences of Mehmet Akif Ersoy University 10(1): 73-83 (2019)

Arastirma Makalesi / Research Paper

Properties of Composite Panels Made from
Secondary Fibers with Boric Acid

Ali lhsan KAYA"='" | Halil Turgut SAHIN"='?

'Burdur Mehmet Akif Ersoy University, Technical Sciences Vocational School, Burdur
2Ispa\rta University of Applied Sciences, Faculty of Forestry, Isparta

Gelis Tarihi (Received): 22.04.2019, Kabul Tarihi (Accepted): 14.07.2019
=1 Sorumlu Yazar (Corresponding author*): aikaya@mehmetakif.edu.tr
+90 248 2134563 I= +90 248 2134598

ABSTRACT

The change in the dimension (Thickness Swelling; TS) was found to be high, at high boric acid content for boards
made from Office paper/Newspaper (O/N) and Office paper/Old Corrugated Container (O/C) types. However, the
boards made with 10% boric acid exhibits higher Modulus of Rupture (MOR) values than boards made with 5.0%
boric acid. The highest value of MOR was found as 7.93 MPa with the addition of 10% boric acid with Newspa-
per/Old Corrugated Containers (3:1 by weight) mixtures. The Modulus of Elasticity (MOE) of the boards generally
decreased with increasing boric acid content from 5% to 10% in furnishes. The Office paper/Newspaper had the
highest MOE among the all formulations and considerable higher than standard value of 600 MPa. However, the
highest value of MOE was found as 735.63 MPa with the mixture of 3:1 (by weight) proportions of Office pa-
per/Newspaper proportions. The similar results were observed for Internal Bond (IB) properties of boards, as like
MOE. While in general, increasing boric acid content from 5.0 to 10%, negative effects on IB properties of boards. It
was also realized that the boric acid content and fiber proportions effects various level on thermal properties (ther-
mal conductivity; TC). The boric acid had usually provided higher thermal resistance, but the difference between
fiber proportions and fiber types consisting of boric acid was important. However, the lowest TC value of 0.1455
W/mK was found the boards made from only old corrugated containers fibers with 10% BA content. The sound ab-
sorption values of boards made from secondary fibers show a sound damping that it was steady increase up to
1600 Hz and then decreasing. It could be realized that the sound absorption properties of boards were generally
better than that of in lower frequencies.
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Borik Asit Katkili Sekonder Liflerden Yapilan
Kompozit Malzemelerin Ozellikleri

6z

Ofis-gazete kagidi(O/N) ve ofis-karton kagidindan (O/C) yapilan levhalarda borik asit icerigi arttikga levhalardaki
boyut degisiminin (Suda sisme; TS) ylUkseldigi tespit edilmistir. Ancak %10 borik asit igeren levhalarin Egilme Elas-
tikiyet Moduli (MOR), %5.0 borik asit igeren levhalara gore daha fazla olarak kendini gostermistir. %210 borik asit
ilavesiyle en yiuksek MOR degeri, gazete/karton kagidi (agirhkga 3: 1) karisimi igin 7.93 MPa olarak bulunmustur.
Mobilyalarda, levhalarin Elastikiyet Moduli (MOE) genellikle borik asit icerigi%5'ten %10'a yukselirken azalmistir.
Tim formulasyonlar arasinda en yiksek MOE ofis/gazete kagidinda, 600 MPa standart degerinden oldukga yiksek
ctkmistir. Bununla birlikte, en yiksek MOE degeri, ofis kagidi/gazete oranlarinin 3:1 (agirlikga) karisimi ile 735.63
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MPa olarak bulunmustur. Benzer sonuglar, MOE’de oldugu gibi, levhalarin ylizeye dik ¢ekme direnci (IB) icinde
g6zlenmistir. Genel olarak, borik asit igeriginin %5.0'den 10'a ¢ikariimasi, levhalarin IB &6zelliklerine olumsuz etki
eder. Borik asit icerigi ve lif orani seviyesinin termal 6zelliklere (termal iletkenlik;TC) etkileride fark edildi. Borik asit
genellikle yliksek termal direng saglar ancak lif orani ve borik asit katkili lif tipinin icerigi dnemli olmaktadir. Bununla
birlikte, en disiik TC degeri 0.1455 W / mK olan, %10 BA igerigi olan sadece karton kagidi liflerinden yapilimig
levhalar oldugu bulunmustur. Sekonder liflerden yapilan levhalarin ses yutma degerleri, siirekli olarak 1600 Hz'e
yukselen ve ardindan azalan bir ses sonimlemesi gostermektedir. Levhalarin ses yutma 6zelliklerinin genellikle

disik frekanslarda daha iyi oldugu anlasiimaktadir.

Anahtar Kelimeler: Geri donisumli kagit, kompozit, borik asit, mekanik 6zellikler, akustik 6zellikler

INTRODUCTION

Composites are usually made by combining two or
more materials that often ones that have different
properties. These materials (i.e. binder and reinforce-
ment) work together to give the composite unique
properties (Vasiliev and Morozov, 2001). However, the
binder surround and adhere together fibers or frag-
ments of the other material, which is called the rein-
forcement (Vasiliev and Morozov, 2001; Hanninen and
Hughes, 2010). People have been making composites
since prehistorical times. One early example has by
mixing mud and straw together to make bricks that are
resistant to both squeezing and tearing (Vasiliev and
Morozov, 2001; Hanninen and Hughes, 2010).

Some advanced composites are now made using natu-
ral fibers instead of synthetic materials. These are
lighter and stronger but sometimes more expensive to
produce. Thereby, a number of natural fiber sources
have already been evaluated worldwide. Extensive
literature available for determining chemical, physical
and material (i.e. composite) properties of natural fibers
(Atchison et al., 1989; English et al., 1997). However,
cellulosic fiber based composite products could often
be used as replacements for mineral or petrochemical
based materials. It has already reported that when
used appropriately, cellulosic fibers could deliver
strength, thermal and acoustic insulation properties
comparable to others. Moreover, the natural fibers are
commonly derived from co-products of other processes
(i.e. agricultural or forest waste), and hence generally
has a low environmental impact (Rowell, 1995, White
and Cook, 1997).

There has been an increasing trend to recycle waste
papers to produce value-added products. In generally,
majority of the recovered cellulose fibers have used for
manufacturing various type of paper products. Howev-
er, increasing shortage of wood resources, these ef-
fects to search alternative utilization of secondary cellu-
lose fibers to forest products industry. In this regard,
one of the new utilization of cellulose fibers that use as
raw materials for composite manufacturing. Moreover,
the use of waste fibers as reinforcement in synthetic
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resin (i.e. formaldehyde) has enormous potential in the
field of bio-composite manufacturing. These compo-
sites based on recycled fibres in optimized form pre-
sent an acceptable behavior in comparison with virgin
wood cellulose fibers (Nourbakhsh et al, 2010;
Eshraghi and Khademieslam, 2012).

It has been considered that the use of waste papers in
composite or paper production is beneficial in terms of
environmental and socio-economic aspects. The col-
lected waste papers have increased more rapidly and a
number of paper recycling mills are become commer-
cially manufacture seconder pulp for various purposes
in worldwide. However, environmental benefits have
been one of the main drivers for recovered secondary
cellulose fibers that use as alternatives for wood mate-
rials.

A variety of natural fibers for building applications have
been commercialized already, but the recycled fibers
investigated in this study are still rarely used in building
practices. The cellulosic fibers are competitive materi-
als thanks to their low density, well mechanical proper-
ties, easy processing, high stability, occupational
health benefits, high quantity availability, low price, and
reduced environmental impacts for their production
(Nourbakhsh et al., 2010; Okino et al., 2000).

The study was aimed to prepare boards from recycled
secondary fibers and also to determine the effects of
secondary fiber proportions with boric acid addition (BA
%) on the performance of the experimental boards.

MATERIALS AND METHODS

The post-consumer waste papers (office, newspaper
and Old Corrugated Containers; OCC) were obtained
from local waste paper trader, Isparta, Turkey. The
boric acid was supplied directly from Etibor A.S, as
laboratory purity, Bandirma-Turkey.

The waste papers were carefully sorted according to
their inherent properties. That are; office papers coded
as O; newspapers coded as N; and OCC coded as C.
These waste materials separately converted to pulp
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using a 5 L. capacity, laboratory type standard disinte-
grator in water.

A single flame combustion tests were carried out for
determining the ignitability of experimental boards.
Special types of flame combustion test system were
built and conducted according to TS EN ISO 10534-2.
(2003). The test samples were cut according to stand-
ard of 90x250 mm pieces and placed on the test appa-
ratus at vertical position. A visual observation of the
sample was made and results recorded as positive or
negative whether the specimen ignition occurs or not
the flame spreads in the vertical direction more than
150 mm above.

Both sound absorption (Acoustic) and thermal insula-
tion properties (Thermal conductive) have been deter-
mined according to TS EN 10534-2 and ASTM-C 1113-

09 standards, respectively (TS EN ISO 10534-2., 2003;
ASTM C1113/C1113M-09, 2013). For sound absorption
tests, at least 12 samples tested with Briel & Kjaer
Tube Type 7758 instrument with microphones in a pod,
19 different frequency ranges (TS EN ISO 10534-2.,
2003). Figure 1 shows typical schematic representa-
tive of the sound absorption (Acoustic) test equipment.
For thermal conductive tests, at least 6 samples cut
with dimensions of 120x60 mm. The KEM QTM 500
instrument was utilized and thermal conductivity unit
determined (W/mK) (ASTM C1113/C1113M-09, 2013).
The detailed information on panel production condi-
tions, recycling process and experimental procedures
may be found in former publications (Kaya, 2015; Kaya
and Sahin, 2016). Table 1 presents the boards codes
that proportion of secondary fiber ratios and boric acid
content in furnish.

Microphones
e

M |"II _

f

Speaker

!

A
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Figure 1. Schematic representative of a microphone method for determining acoustic properties

Table 1. The experimental board’s code numbers recycled fiber ratio with boric acid (BA) content (x: 5.0%, y: 10 %
boric acid content; O: Recycled office fiber, N: Recycled newspaper fiber, C: Recycled OCC fiber).

Board Fiber mixture BA Board Fiber mixture BA
code (by weight) (%) code (by weight) (%)
Recycled Office Paper/ Recycled Newspaper (O/N)
DOx 1.0 5.0 DOy 1:0 10.0
D1x 3:1 5.0 Dly 3:1 10.0
D2x 11 5.0 D2y 1:1 10.0
D3x 1:3 5.0 D3y 1:3 10.0
D4x 0:1 5.0 D4y 0:1 10.0
Recycled Office Paper/ Recycled Old Corrugated Containers (O/C)
EOx 1.0 5.0 EQy 1:0 10.0
E1x 3:1 5.0 Ely 3:1 10.0
E2x 11 5.0 E2y 1:1 10.0
E3x 1:3 5.0 E3y 1:3 10.0
E4x 0:1 5.0 Edy 0:1 10.0
Recycled Newspaper/ Recycled Office Paper (N/C)
FOx 1.0 5.0 FOy 1:0 10.0
F1x 3:1 5.0 Fly 3:1 10.0
F2x 1.1 5.0 F2y 1:1 10.0
F3x 1:3 5.0 F3y 1:3 10.0
F4x 0:1 5.0 Fdy 0:1 10.0
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RESULTS AND DISCUSSIONS

Table 2 shows the Thickness Swelling (TS) of the ex-
perimental boards in water prepared from recycled
paper products with 5.0 and 10% boric acid addition.
The change in the dimension was found to be more for
the higher boric acid content that made from Office
paper/Newspaper (O/N) and Office paper/OCC (O/C)
types. In 2 hour swelling conditions, the experimental
boards had usually reached approximately 80-95% of
Maximum Equilibrium Swelling values. These are ex-
pected and consisted with literature findings. In all
manufacturing conditions and boric acid added levels,
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the TS values of experimental boards were higher than
standard value of 14%. It might be said that the in-
creasing in the swelling, including secondary paper
fiber mixtures is probably due to no any hydrophobic
agents added during manufacturing that typically used
1.0% in commercial boards manufacturing (i.e. wax).
However, TS values show that the effect of boric acid is
more pronounced on act as lowering TS in lower boric
acid (%5) for O/N and N/C type experimental boards.
Moreover, the lowest TS was measured 28% for F3x
and Ely boards, respectively that this value approxi-
mately two times higher than the standard value of
14%.

Table 2. The board’s code numbers recycled fiber ratio with boric acid (BA) content (x: 5.0%, y: 10 % boric acid
content; O: Recycled office fiber, N: Recycled newspaper fiber, C: Recycled OCC fiber).

Board TS TS Board TS TS
code (2h) (%) (24h) (%) code (2h) (%) (24h) (%)
Recycled Office Paper/ Recycled Newspaper (O/N)
DOx 40 44 DOy 25 32
D1x 39 35 D1y 32 41
D2x 42 40 D2y 25 35
D3x 42 43 D3y 32 42
D4x 42 36 D4y 25 32
Recycled Office Paper/ Recycled Old Corrugated Containers (O/C)
EOx 40 44 EQy 25 32
Elx 33 38 Ely 27 28
E2x 40 44 E2y 33 34
E3x 40 45 E3y 32 37
E4x 33 38 Edy 27 34
Recycled Newspaper/ Recycled Office Paper (N/C)
FOx 40 44 FOy 25 32
F1x 26 29 Fly 22 32
F2x 28 31 F2y 35 33
F3x 24 28 F3y 31 37
F4x 33 38 Fady 27 34
TS EN 622-5 14

Table 3 shows the Modulus of Rupture (MOR), Modu-
lus of Elasticity (MOE) and Internal Bond (IB) strength
properties of experimental boards made from the recy-
cled waste papers and their proportions to each other.
It was observed that boards made with 10% boric acid
exhibits higher MOR than boards made with 5.0% boric
acid content. The highest value of MOR was found as
7.93 MPa with the addition of 10% boric acid with
Newspaper/OCC (3:1 by weight) mixtures (F1ly). How-
ever, the boards of D1y; D2y; Fly and F2y show higher
MOR values than standard value of 7.7 MPa. Moreo-
ver, the boards made with 5.0% boric acid exhibits
lower MOR than standard value of 7.7 MPa among the
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all conditions. The highest MOR value of 6.83 MPa was
found with 5.0% boric acid addition of the proportions of
1:1 (by weight) Newspaper/OCC fiber proportions
(F2x).

In contrast to MOR, the MOE of the boards generally
decreased with increasing boric acid content from 5.0%
to 10% in furnish (Table 3). 5.0% boric acid mixture
with 3:1 (by weight) proportions of Office pa-
per/Newspaper had the highest MOE among the all
formulations and considerable higher than standard
value of 600 MPa (Table 2). The boards of E1x; F1x;
F2y and F3x displayed higher MOE properties in
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comparison with the standard. The 10% boric acid
added boards displayed diminished MOE properties in
comparison with the 5.0% boric acid added boards at
the similar manufacturing conditions. The highest value
of MOE was found as 735.63 MPa with the mixture of
3:1 (by weight) proportions of Office paper/Newspaper
proportions. However, the boards only prepared from
the proportions of Office paper/Newspaper (D1y; D2y
and D3y) with 10% boric acid show higher MOE values
than standard value of 600 MPa.

In Internal Bond (IB) properties of experimental boards,
similar results were also observed as like MOE proper-
ties (Table 3). In general, increasing boric acid content
from 5.0 to 10%, negative effects on IB properties. The
highest IB value of 0.19 MPa was found with 5.0%
boric acid addition of at the proportions of 1:3 (by
weight) Office paper/Newspaper fiber mixtures (E3Xx).
However, for 5.0% boric acid addition conditions, the
boards of E1x (0.16 MPa) and E3x (0.19 MPa) while for
10% boric acid addition, only E3y boards (0.17 MPa)
show higher IB properties in comparison with the
standard value of 0.15 MPa.

Table 3. The mechanical strength properties of boards with boric acid (BA) content (x: 5.0%, y: 10 % boric acid
content; O: Recycled office fiber, N: Recycled newspaper fiber, C: Recycled OCC fiber).

Board MOR MOE B Board MOR MOE B
code (MPa) (MPa) (MPa) code (MPa) (MPa) (MPa)
DOx 2.96 484.0 0.11 DOy 3.03 473.0 0,09
D1x 6.49 1097.37 0.11 Dly 8.06 735.83 0.09
D2x 3.83 460.87 0.12 D2y 7.98 676.66 0.1
D3x 491 571.28 0.07 D3y 6.65 663.66 0.05
D4x 3.90 570.0 0.05 D4y 4.60 566.0 0.03
EOx 3.90 570.0 0.05 EOQy 4.60 566.0 0.03
Elx 4,95 802.54 0.16 Ely 5.21 571.83 0.14
E2x 3.34 451.43 0.13 E2y 6.43 544.25 0.11
E3x 3.89 484.57 0.19 E3y 7.63 492.16 0.17
E4x 3.20 327.0 0.14 Edy 3.43 468.0 0.12
FOx 2.96 484.0 0.11 FOy 3.03 473.0 0.09
F1x 6.06 714.18 0.06 Fly 7.93 487.16 0.04
F2x 6.83 855.05 0.12 F2y 7.68 373.75 0.1
F3x 5.81 606.1 0.08 F3y 7.05 401.16 0.04
F4x 3.20 327.0 0.14 Fdy 3.43 468.0 0.12

TS EN 622- TS EN 622-
5 7.7 600 0.15 5 7.7 600 0.15

The thermal conductivity (TC) properties of boards
show in Figures 2-4. It can be seen that the boric acid
content and fiber proportions effects various level on
thermal properties (thermal conductivity). In Figure 2, it
is clearly realized that the increased boric acid content
for Office paper/newspaper type boards, had usually
improved to TC values for the boards of D1y; D2y; D3y
while the lowest TC value of 0.1540 W/mK was found
the boards made from only newspaper fibers with 5.0%
BA content (D4x).

In Figure 3, it could be seen that increasing boric acid
content at similar fiber proportions of Office paper/OCC
(O/C), lowers thermal conductivity values and this could
be proved with the improvements in the boric acid’s
thermal resistance for that type of fiber proportions. The
lowest TC value of 0.1454 W/mK was found the boards
made from only newspaper fibers with 10% BA level

(E4y).

7

The less similar results were found for boards that
made from Newspaper/OCC fiber mixtures (Figure 4).
However, the boric acid had usually provided higher
thermal resistance, but the difference between fiber
proportions and fiber types consisting of boric acid was
important. Moreover, the lowest TC value of 0.1455
W/mK was found the boards made from only OCC
fibers with 10% BA content (F4y).

There should be many factors affecting the thermal
resistance of the materials such as; fillers, fiber specifi-
cations, chemical modification of fibers and thermal
resisting agents. However, decreasing in TC values
may be attributed to the increasing boric acid content in
fiber mixtures because it's specific thermal resistance
properties (Kaya, 2015).
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Figure 2. Thermal conductive (TC) (Insulation) properties of boards made with O/N mixtures with boric acid (BA)
(A: 5.0%, B: 10 % boric acid content).
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Figure 3. Thermal conductive (TC) (Insulation) properties of boards made with O/C mixtures with boric acid (BA)
(A: 5.0%, B: 10 % boric acid content).
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Figure 4. Thermal conductive (TC) (Insulation) properties of boards made with N/C mixtures with boric acid (BA)
(A: 5.0%, B: 10 % boric acid content).
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The control of noise, which is any undesired sound, is
becoming important because the noise levels and their
adverse effects on people. Sound absorption can be
defined, as ‘the incident sound that strikes a material
that is not reflected back’. It is the change of sound
energy into some other form in passing through a me-
dium. There are a number of techniques for determin-
ing the acoustic properties of materials. However, the
measurement of air flow through a material is a physi-
cal property useful in evaluating its performance as an
acoustic absorber. In order to examine the effect of
fiber type and boric acid content at various frequencies,
the sound properties of boards are shown in Figures 5a
and b. Moreover, the sound absorption values of
boards made from secondary fibers show a sound
damping that it was steady increase up to 1600 Hz and
then decreasing. It could be realized that the sound
absorption properties of boards were generally better
than that of in lower level frequencies and lower boric
acid addition (5.0%). It was also realized that the sound
absorption shows a various level of increase and de-
crease with some variables but in middle level frequen-
cies (1250-1600 Hz) it shows sudden decrease in all
conditions. It may be suggested that at middle level
noise frequencies, the boards made from secondary
fibers shows improved sound properties some level.
This is very important considering experimental boards
made from various levels of secondary fiber and boric
acid mixtures that may be useful in building industry as
alternative new composite materials for improving
acoustic properties.

The burning behaviors of boards were conducted ac-
cording to TS EN 11925-2 standard. The experimental
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results were shown that all the boards manufacture
with recycled paper fibers and boric acid combination
are shown to not reaching the critical level of 150 mm
distance. Thereby, these boards pass the minimum
level of B2 class that shows only slight tendency to
char on surface. These results implied a good boric
acid-secondary fiber interface for all formulations.

CONCLUSIONS

A wide variety of production variables determine the
physical and mechanical properties of boards manufac-
tured from various sources and conditions. Among
those like fiber ratio, density, type and percent of adhe-
sive used, fiber specification, etc., which have been
already reported by various researchers.

Although, high mechanical strength properties of com-
posites from recovered secondary fibers are very diffi-
cult to prepare because of their inherent characteris-
tics, the environmental awareness and focus of sus-
tainability has supported the overall recycling issue and
making alternative products rather than paper. Howev-
er, currently, there is no proper data available about
the effects of various level of boric acid addition to
composite panel manufacturing from secondary fibers.
It has been possible to produce, sustainable building
materials from secondary raw materials (i.e., recovered
cellulose fibers from waste papers) and it helps to con-
serve non-renewable sources of raw materials.
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Figure 5. Sound absorption (acoustic) properties of boards made with: (a) N/C mixtures; and (b) with boric acid
(BA) (A: 5%, B: 10 % boric acid content).
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