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fiberboard with a density lower than 500 kg/m? gained much interest for both
non-structural and insulation applications in buildings. Environmental
friendliness, lower price, recyclability, superior thermal and sound insulation,
and desirable mechanical properties are some of the advantages of
lightweight fiberboard compared to polymeric (polystyrene and polyurethane
foams), mineral-based (glass and mineral wool) insulation boards.
Replacement of isocyanate and improving the board flexibility are significant
focuses for such panel producers. Hence, the aim of this study was to
evaluate the production capability of lightweight fiberboard by replacing the
isocyanate with polystyrene resin obtained from foam dissolution in
methylene chloride solution. To this end, the effect of press temperature,
solvent to foam weight ratio, different percentages of isocyanate replacement
with polystyrene adhesive and board density on the physical and mechanical
properties of lightweight fiberboard were investigated.

Materials and Methods: Lightweight fiberboard (10 mm thick) with a
density from 200-300 kg/m® was produced using wood fiber with a
combination of isocyanate and polystyrene as adhesive. In this study,
mechanical (bending strength, modulus of elasticity, compression strength,
and tensile strength perpendicular were evaluated to panel surface (internal
bond)) and physical properties (thickness swelling and water absorption) of
the panels.

Results: The best modulus of elasticity, tensile and compressive strength
was observed in boards made at 160 °C. Increasing the weight ratio of
solvent (methylene chloride) to polystyrene foam had a negative effect on
these properties. In addition, changing the solvent to foam ratio did not
have a significant effect on the physical properties (thickness swelling
and water absorption) of lightweight fiberboard. Increasing the percentages
of isocyanate replaced with polystyrene adhesive (from 15 to 45%
(based on the amount of isocyanate used)) improved the bending and
physical properties and weakened the compressive and tensile strengths
perpendicular to the panel’s surface. Mechanical properties (bending
strength, modulus of elasticity, compressive and tensile strength) of the
lightweight fiberboard, as well as the swelling thickness of samples, have
increased significantly with increasing the board’s density.
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Conclusion: In this study, lightweight fiberboard was developed using
isocyanate as an expensive and toxic adhesive replaced with adhesive made
from recycled polystyrene foams. The results showed good performance of
boards made with 45% isocyanate replaced with polystyrene adhesive.
Generally, a promising alternative for recycling polystyrene foams (used as
adhesives for wood-based panels industries) was presented in this research,
while lightweight fiberboard was also produced as non-structural and
insulating applications having less isocyanate consumption.

Cite this article: Jamalpour, Somayeh, Shalbafan, Ali, Kazemi-Najafi, Saeed. 2022. Evaluation of
lightweight fiberboard using recycled polystyrene as a part of binder. Journal of Wood and
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Figure 1. Adhesive and lightweight fiberboards preparation process, a) shredded polystyrene foam,
b) dissolved polystyrene foam in solvent, c) isocyanate combined with foam solution, d) resin spraying,
e) mat fiber, f) hot-press, g) lightweight fiberboard.
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Table 1. Treatments used in the research.

(KQ/M®) wes azdls (4s,3) O ploal o b Slbw sl 3Kl 54 Pl o oA Q/)‘f 2 s
Board density Replacement of isocyanate with Solution to foam (IS =) T
3 A . reatment
(kg/m®) polystyrene (%) ratio Temperature (°C)

140 A
300 30 2tol 160 B
180 C
2tol D

300 30 160
3tol E
15 F
300 30 2tol 160 G
45 H
200 1
250 45 2tol 160 J
300 K
Reference board with isocyanate and density of 300 kg/m® 160 R
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* Resin content was kept constant (8% based on oven dry mass of wood fiber) in all treatments.
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Table 2. Evaluation of physical and mechanical properties of lightweight fiberboards.
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Number of . .
experiments Treatment repeat  Sample size (mm)  Standard No. Properties
63 9 250 x 50 x 10 EN 310 e S S
Bending properties
63 9 50 x 50 x 10 EN 319 (S Cnslie) sl S
Internal bond (Tensile strength)
63 9 50 x 50 x 10 EN 826 Solid o slie
Compression strength
63 9 50 x 50 x 16 EN 317 Culs SA2sly
Thickness swelling
63 9 50 x 50 x 16 - <l e

Water absorption
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Figure 2. Bending properties of lightweight fiberboards produced with various press temperature.
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Figure 6. Bending properties of lightweight fiberboard produced by various weight ratio of solution to foam.
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Figure 7. Internal bond (tensile strength perpendicular to the face) and compression strength
of lightweight fiberboard produced by various weight ratio of solution to foam.
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Figure 8. Thickness swelling of lightweight fiberboard produced by various weight ratio of solution to foam.
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Figure 9. Water absorption of lightweight fiberboard produced by various weight ratio of solution to foam.
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Figure 10. Bending properties of lightweight fiberboard produced by various weight ratio of isocyanate
replaced by polystyrene resin.
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Figure 11. Internal bond (tensile strength perpendicular to the face) and compression strength
of lightweight fiberboard produced by various weight ratio of isocyanate replaced by polystyrene resin.
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Figure 12. Thickness swelling of lightweight fiberboard produced by various weight ratio of isocyanate
replaced by polystyrene resin.
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Figure 13. Water absorption of lightweight fiberboard produced by various weight ratio of isocyanate replaced
by polystyrene resin.
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Figure 14. Bending properties of lightweight fiberboard with various density.
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Figure 15. Internal bond and compression strength of lightweight fiberboard with various density.

el adls (gdho s OF sgd Il 50 Cwlhs
s slees s Bl Ly cabhs  Saisl
Sl S s Sk 5 Ol b
ol e 53 spmse JeSsde by S 4
53 basg andls ol L.0) cul s
e Al 0GP e el i i
S S e ool ol sl eslad LS

S G (CF Ol JeSasda laey S

DA

dloys g Sobame U Laass andls

il slaobey 3l da badd ol Cles  SiS
wils (Cele A1 5 A Y8 ) O s (g sab s
Cules Saisly do s AeS (O ) el
Yoo andls Loeddastle glaaised 4 by s
A5l e Ao V8 ssd b caSe e 0 S LS
laasss axendls J2l33l bl o g sk se el

;w‘jwjécgf&ﬂﬂfﬁ%V" Ckwu



VERY ) 5l V40,90 (S 9 g (65918 9 pole (Sl gy & il

Glosl s ol Gl dojs .l sdalie (S 20
@ Olie 0558 b fL ohsa 5 o 6ol
shye o Sltle w0 O glad 5050 o zos s
e 5 (Slim 5 fS s glaes ) s
atdls G5IBIL O 5 IV) ls (Ko sl g oS1 5
i St ol il ey S A s deass
Sl o Of Gad S se oo 1w Sl bl ool
oA o o mmer Al SR skl
adls AL dda 58 e Jlitle s g se
w WSS Ssolea boble el s
Aoz RS 3 ey 36 oS il edd 5

OV 3 g e O O

Lobsasd 5o Johe Cubhs (SAiSTy an
SAESTy Lgy Sl dal g sy S A Al
1S L oseb st adsl Cola YE 5l dey Calses
SS1s) Lkisas gLl 4 bye OF B> oS o
OA) A3l n (DT L oS 5n slass S
Golsine b s andls VYV S L sollas
Ly el il ages O Cdx Aoy
Aoy O, Ol Ol doss s el edalis
Qo33 G e (el 039 WOT Culies  SiSTs
Yoo) wnndls e o 5pS b wsed 2 ol ol
Sl Dl a8 s (e p SAS

2 oS AS ) s o o 5 e b e

25 1
20 - ) P
S -7 SRR
13 o7
> 15 - PR
\ c -
3 % /,
12 Ros
J g 104 2.7 S s
§ % . Board density (kg/m?3)
F > Yo
......... YO
-==x
0 : . . | |
° 20 40 60 80 100

(ele) o5 4b s 0L
Soaking time (h)

ke glaaiadls b eddanle 059K Gl b w56 Culbid SAiSTy deo s V1 S

Figure 16. Thickness swelling of lightweight fiberboard with various density.
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Figure 17. Water absorption of lightweight fiberboard with various density.
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