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Table 1. Test treatments.
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Figure 1. Effect of adhesive type and nano-zinc oxide loading on Isl water absorbtion.
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Table 2. Analyses of variance results for internal bonding.
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ST gl
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Figure 3. The effect of adhesive type on internal bonding.
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Figure 4. The effect of nano-zinc oxide loading on internal bonding.

Jsa s WS LVo s Aoy ) slie s
)‘.ljﬂ)bcpMDleg\fJJJyMu)‘M
a8 s jw SheSl gl Aoy v/0
oS do 3 V0 5 doys ) slie gl Jy oils

Serdals 5l S e Jg ol A5

3 e g Jlae s sei 5 S(6)5b0Lea

Slaoluds J=1s jw Sy oSt
b )’<‘.<J‘§'i L;. 92 J}J:v.d 4.]4;-% (0 J.{..Ir) LSL
S sgin 5 eSB g wl@&&h}\;.\i:ﬁd&
M)D +/0 )\.\.5.4 DL PF Ry 6|f ML:JA

2000 -

1500 -

1000 -

SR A
I1B(MPa)

500 4

=———MD| =——PF

0.5
59 Sl g
NANO ZNO(%)

(A Sk gy 53,k Ol 5 e g Bl -0 S
Figure 5. Adhesive type and nano-zinc oxide interaction on internal bonding.
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Table 3. Analysis of variance results for rupture modulus.

sig c Sla o Sls Sl o § goes PN s i
Average of squares Total squares Degrees of freedom Variables
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Figure 6. Effect of adhesive type on modulus of rupture.
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Figure 7. Effect of nano-zinc oxide loading on modulus of rupture.
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Figure 8. Interaction between adhesive type and nano-zinc oxide.
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Table 3. Variance analysis results for modulus of elasticity.

Sig £ Slay o 5SSk e o g soime EESIREN Lo yonie
Mean squares Sum of squares Degrees of freedom Variables
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Figure 9. Effect of adhesive type on modulus of elasticity.
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Figure 10. Effect of nano-zinc oxide loading on modulus of elasticity.
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Figure 11. Adhesive type Nano-Zinc Oxide Interaction on modulus of elacticity.
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Abstract

Background and objectives: One of the most widely used wood products applied in wooden
buildings as load bearing posts or beams is laminated strand lumber (LSL). Nano-zinc oxide is a
chemical that has the potential to be used in the protection of LSL. The use of nano-zincoxide as
an additive in LSL may affect its mechanical and physical properties. In this study, the effect of
adhesive type (PF and pMDI) and nano-zinc oxide amount (0, 0.5, 1, 1.5 % based on strands
weigth) on the physical and mechanical properties of LSL was investigated.

Materials and methods: For this purpose, ISLs were made from Iranian beech using either a
phenol formaldehyde (PF) or a polymeric methylene diphenyl diisocyanat(pMDI) adhesive and
four loading levels of nano-zinc oxide. The mechanical and physical properties of the LSLs
were then measured according to ASTM-D5456 and modified ASTM-D1037 respectively.
Results: The results showed that the interaction between nano-zinc oxide treatment and the
adhesive type was significant for MOE and IB while the interaction was not significant for
MOR at the alpha level of 5%. Not only did nano-zinc oxide not reduce significantly the
mechanical properties of the composites but it also increased partially the studied properties in
most cases. Nano-zinc oxide with the lowest loading decreased the thickness swelling and
improved the dimensional stability. The higher loadings did not result in any further
improvement.

Conclusion: In general, it can be concluded that the different levels of nano-zinc oxide can be
used in treating laminated strand lumber composites made with PF and pMDI adhesives without
having any negative effect on mechanical properties of the composites.

Keywords: Wood based composites, Laminated strand lumber, Phenol formaldehyde, Polymeric
methylene diphenyl diisocyanat, Nano Zink Oxid
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