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Background and Obijective: Laminated Veneer Lumber (LVL) is one of
the most important engineered wood products, offering efficient utilization of
fast-growing species such as poplar. Despite its advantages, LVL suffers from
dimensional instability and limited durability under moisture exposure, which
restricts its wider applications. In recent years, various fillers have been added
to phenol-formaldehyde (PF) resins to enhance physical and mechanical
properties of LVL. Waste tire powder, owing to its hydrophobic and polymeric
nature, has emerged as a promising alternative to traditional fillers such as
wheat flour. Recycling waste tires not only contributes to sustainable waste
management but also offers a low-cost resource for wood composites. This
study aimed to investigate the effect of particle size (40, 60, 80 mesh) and
content (10, 20, 30%) of waste tire powder on the mechanical and physical
properties of poplar LVL.

Materials and Methods: Two 12-year-old poplar (Populous nigra) trees
were harvested and peeled into 2.2 mm veneers, which were conditioned to
about 5% moisture content. Phenol-formaldehyde resin dissolved in methanol
without additives was used as the adhesive. Waste tire powder obtained from
a recycling plant was sieved into three particle sizes (40, 60, 80 mesh). It was
incorporated into the PF resin at 10, 20, and 30% based on the dry weight of
resin. For comparison, control samples were prepared using 20% wheat flour
as filler. In total, 27 experimental LVL panels (9 treatments x 3 replications)
plus 3 control panels were produced. The panels were hot-pressed at 180°C
under a pressure of 30 kg/cm? for 8 minutes. Mechanical properties including
modulus of rupture (MOR) and modulus of elasticity (MOE) were evaluated
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according to EN 310, screw and nail withdrawal resistance according to ASTM
D 1037, and physical properties including water absorption and thickness
swelling (24 h immersion) according to EN 317. A completely randomized
design was applied, and data were analyzed using analysis of variance
(ANOVA). Multiple comparisons of means were performed using Turkey’s
test at 95% and 99% confidence levels.

Results: The results indicated that both particle size and content of waste tire
powder significantly affected the physical and mechanical performance of
poplar LVL. MOR decreased in all treatments compared with the control;
however, the reduction was less pronounced at 20% and 30% content, which
showed no significant difference from each other. MOE followed a similar
trend, with finer particles (60 and 80 mesh) outperforming coarser particles (40
mesh). Screw and nail withdrawal resistance were highly influenced by the
interaction of both factors. The combination of 20% tire powder with 80-mesh
particles resulted in the highest screw holding strength (an improvement over
the control), while the weakest performance was observed at 10% content and
40 mesh. Regarding physical properties, waste tire powder showed a
remarkable positive effect. Treatments with higher contents and finer particles
exhibited significant reductions in water absorption and thickness swelling
compared with the control. Specifically, panels with 30% and 80 mesh
achieved the lowest water absorption, while 20% with 60 mesh provided the
best dimensional stability with over 40% reduction in thickness swelling.
These findings suggest that finer tire particles at moderate-to-high contents
enhance resin distribution, reduce voids, and improve interfacial bonding,
thereby increasing resistance to moisture.

Conclusion: Based on the findings, the use of waste tire powder in phenol
formaldehyde resin can be proposed as a sustainable approach in the
production of Populous nigra LVL. Although mechanical properties such as
flexural strength were slightly reduced, the modulus of elasticity and joint
strength were maintained under optimal conditions. On the other hand, the
improvement of physical properties such as reduced water absorption and
thickness swelling is likely the result of the positive interaction between tire
powder and the hydrophobic nature of phenol formaldehyde adhesive.
Therefore, the use of tire powder in adhesive formulation can be an effective
approach to improve sustainability and develop a circular economy in the
engineered wood industry, while contributing to the recycling of waste tires.
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Tablel. Characteristics of phenol formaldehyde resin

Properties Value
Solids content (%) 62

Density (g/cmd) 1/125
PH 7/5
Viscosity (CPS) 320
Gel time (100 °C, s) 58
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Table 2. Manufacturing Parameters of Poplar Laminated Veneer Lumber (LVL)
Parameter Value
press Temperature 180 °C
Press Time 8minutes
Resin Content 180 gr/m?
Pressure 30 Kglcmz
Nominal Thickness 8/5 mm
Dimensions of the Produced Board 450*450mm?
Edge Trim Dimensions (from each side) 25mm
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Table 3- Characteristics of experimental treatments and number of samples
Code Panel Waste tire powder (%) Mesh Panels Samples
T1 10% 40 3 9
T2 20% 40 3 9
T3 30% 40 3 9
T4 10% 60 3 9
T5 20% 60 3 9
T6 30% 60 3 9
T7 10% 80 3 9
T8 20% 80 3 9
T9 30% 80 3 9
Control 20%(Flour) 80 3 9
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Figure 1. Independent effect of particle size and tire powder dosage on bending strength of Populous nigra LVL
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Figure 4. The mutual effect of particle size and tire consumption on thickness absorption in 24 hours of
immersion in water
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Figure 5. The mutual effect of waste tire powder consumption percentage and waste tire powder particle size on

the holding power of Populous nigra LVL screw
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Figure 6 - The interaction effect of the percentage of waste tire powder consumption and the particle size of
waste tire powder on the Bending strength of Populous nigra LVL
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Figure 7. The interaction effect of the percentage of waste tire powder consumption and the particle size of
waste tire powder on the Modulus of elasticity of Populous nigra LVL

2o s 5ol (ol Hba s S asls
5 XU (ool S L asl ol sl plas eolad ol 2l 531
\J. %&bsj DL j\ﬁ )é_x )\ aJ\.;L‘i.w‘ AS (Y’Y‘) u‘)&a.b
so Sl S 60 K, olsea 1) Sdss glagns)
ol Ce el gaen K5 S ae Cush, 4 Cuplis
st b0 s Saspoodd Coabs o plg o g o
‘r.,\.:.f ;)T b QM)QAT).\’ e sl M, A5 S
Ol eis SEalS 4y 5 358 e Jils Slile 4 O 358 il
&S ol plas s cu Jels a8 0 S8 ol
BE Ja\a BEEY) JJ.AA Aoy u\)) a}\.\;‘\ J)Lw 6\#)\
SasSly s &= S @508 0 55a) b Sny S
s ol 5l w8 525 cnl s 2V el (Culis
e alga dls e Jolss 5l S p Jies Ol &S
omumujmd\d,eaujj&aywcbm
S S 5 a8l ol C‘“" ol cwl LVL G\g cas

(Ao YooYe) VG G e ao)s b oelen 55,

2 e sl elaal &S ol Glas gagn o) cu

S ux..-»-\ﬂr A s s o 8 olsea Swls
S o LVL (S5 5 Slse Lol )bl
U os s ax S aS el ol Sl basl sl
5 e Canlie e a8 cope (JNS)5ba
S TRV RV U FOUU PRI | F
o o leslamal bopoa 5 a0, ¥ 5 ¥ O e
3 dewy Pl 4 (S Sas a8 (A 57 )
sdnlie Jals & Cod ool Do s Slee B
5 Ozkaya Lo s saz a5 b b S0 ool s S
98] ks olas &8 (YN Y)Y Li 5 XU 5 (Y- YY) o, 8en
S p S il 4wz 2 Bl sl s b Lo
L baY o Saies 5 oolal olul bloss o 2
Pl s 893 S 3ty e disy e g
GalS s 2U on els S 0b ol (S5
6500 b auglie 53 Culins Saisls 5 of G 42 5 16



T o3 8 5y b olsieay (BLSLRE e Sl el 36

¥F

B Y Ml

A onl syl dim (SIS w5 sl wils 58
i sl e S o e a4 5ad L A lie o
5 don Vo G bogsa) Lol & oo Ll s
5= S Canslin 5 ateze Ve (e Sla e
il Jola (S5 ol (blie 5o il s s g e
S 3 J“"L o g ymn 5sba Calins Saasly <l
3P s o ¥ B YY) ag byl o 5 08 8
o sn i als &5 pas b anslie [y (o Sz S (A
o S bl flie bl o Kos (55m )
(&= SN 8 5 s SapiSly sn5a) ol
A Jitee 0Ll 5 wilazly ol Jole 53 38 oS5 4
S e | de S Wi e b
AU 53 3l eslind & 58 ams olyiie g pamars
3ol oS s ke LVLA g 5o Slals
2oy 5 i o3kl ang Ol & o s S cnd LS
sy 5 B U gl Bl O
VLSSV SOV IR W Y IR
st AL eanl Gl iagy 5 ixio daeg sl Slas

Fro ol b b ss s sheslital : gmio s )8
Ll e oleea aon Ve G ae doys 5 (Ae 580 i)
Dol o i Sl S5l 5 058 e it e
ol S el L S s SS el ol
S ol Sl ol dlge oo
23l LVL a5 wlio s (paS 5,1 a5le) g slo s
D5k

s b sl sl assls las cb i) olul
Slalo oS4 s pom OV pame a5 ) 035w 3
< CL” S loss 33l ) Sl S o SaS aio
selem Gl 558 s 4o sl b 1l e sl
g RS RVSIEPTyrIpe @W ot sl golasl
~J-L§ RN @\-w..\ab

s VLl (SO olss o cmse Ol 5 —ba
Sl 5l el S I s s ol ol s zalS
2 s s el glas G seal solie 5 sois
Loasl ool a8 o Shae ol 4 e 5050 5
L b soe Jelw aS(Y- YY) o, 5 Zhao s )8
e S e 5o S Jele | J»:Nﬂr} Js cnd)
REU R C Y AR G PP E P LYOV P
2U o slesla (g s e Ll gy
A5l S ol B e e Sl
035 3l 250l s golal 5 o s 5
3 S o5 3 s L calil o)l e 5 J B
> sl
sl 5L 5 (Lugian, 2012; Chernega, 2024) 55,

Dleda L,l’ el 55 S

Al g 0d e 5 SV 5 a5 55 L)
Sl e ama s (it sl 1 S L Gl
ol slbasly (e 5 cp S CL”” Slrau2aS s
23 Sl el ul i el Lgisas o
2l sl S L ash s e plas ), s
b ol o g 5 (25 2 b dan 5 g
by e an s e b ——
.(Rajasugunasekar et al., 2023; Mangla et al., 2024)

235 5l ealanal a8 s oo las g o) c\-u N VIE
Sevp 8 IG5 oy K W ol LU
Sy sl lSal; oS el 535 g LVL
b gl n ol (S Sl olals oy
D9 P g
S ams

AU g sheslaal &S ol e e cpl cbasl
&5 g v\:‘”v\ﬂf} s o 00 S olsea slwlo

£

Sro LVL Sl 5 S oles 1l ol sl



RACR
0 VPO o let FY b o)l S 5 O ke Sl aslihad <9

References

-Barzali, S., Jamalirad, L., Faraji, F. & Hajazi, S., 2015.
Using cellulose nanofiber as filler of urea
formaldehyde resin in plywood manufacture. Iranian
Journal of Wood and Paper Industries, 6(2), 227-237.
https://dor.isc.ac/dor/20. 1001.1.20089066.1394.
6.2.4.5

-Cabalova, I, Krilek, J., Bubenikova, T., Ruziak, L,
Nemec, M., Lee, S.H., ... & Giudice, V.L., 2025.
Utilization of waste tire and rubber from automobiles
in the manufacturing of particleboards and evaluation
of its properties. European Journal of Wood and
Wood Products, 83(2), 67. DOI: https://doi.org
/10.1007/s00107-025-02215-1

-Chernega, V., 2024. The use of worn tires from the
aspects of economic and environmental use. Sucasni
Tehnologii Masinobuduvanni Ta Transporti(23),
276-281. https://doi.org/10.36910/automash.v2i23.
1549

-Fayzullin, 1., Gorbachev, A., Volfson, S., Serikbayev,
Y., Nakyp, A. & Akylbekov, N., 2024. Composite
material based on polypropylene and modified
natural fillers. Polymers, 16(12), 1703. DOI
: 10.3390/ polym16121703

-Jahan Latibari, A., 2007. Science and Technology of
Lignocellulosic Materials Adhesion, Islamic Azad
University, Karaj Branch, Chapters 1 to 10, 336 pp.
(In Persian)

-Jahan Latibari, A., Arab Tabar Firuzjaei, H., Golbabaei,
F., Kargarfard, A., Nourbakhsh, A. and Fakhrian
Roghani, A., 1990. Investigation of the production of
LB and LVL laminated wood and determination of
their functional properties. Iranian Wood and Paper
Science Research, -(12), 1-38. (In Persian) SID.
https://sid.ir/paper/109584/fa

-Jia, D., Liu, Z., Wang, X. & Zhu, L., 2010. Preparation
method  for  thermoset  resin/waste  rubber
powder/waste tire fiber composite material.

-Katila, P., & Katila, M. 2011. New paradigm for saving
the world’s forests Silva Fennica, 45(4).
https://doi.org/10.14214/sf.448

-Li, L., Sun, X. & Jiang, W., 2020. Water resistance of
phenol-formaldehyde resin and its application in
wood adhesives. Journal of Applied Polymer Science.
https://doi.org/10.3390/polym12122805

-Liu, J., Li, Y., Mo, H., Xie, E., Fang, J. & Gan, W., 2022.
Current utilization of waste biomass as filler for wood
adhesives: A review. Journal of Industrial and
Engineering Chemistry, 115, 48-6. https://doi.org/10.
1016/j.jiec.2022.08.016

-Lugian, K. 2012. Study on recycling and utilization of
waste Otires for resource saving. Recyclable

B SAed vy

Resources and Circular Economy.

-Mangla, S., Sharma, S., Rajoria, Y.K. & Chikara, D.,
2024. Modelling the combined impact of population
density and its precursor on forest resources.
International Journal of Global Warming, 32(4),
399-417. https://doi.org/10.1504/ijgw.2024.137164

-Manickaraj, K., Thirumalaisamy, R., Palanisamy, S.,
Ayrilmis, N., Massoud, E.E.S., Palaniappan, M. &
Sankar, S.L., 2025. Value- added utilization of
agricultural wastes in biocomposite production:
Characteristics and applications. Annals of the New
York Academy of Sciences. DOI: 10.1111/nyas.1536
8

-Mapulanga, A.M. & Naito, H., 2018. Does A Higher
Population Growth Cause Deforestation: A Study of
Malawi's Rapid Deforestation (No. 2018-005).
Faculty of Humanities and Social Sciences,
University of Tsukuba.

-Ozkaya, K., Dizel, T. & Imirzi, H.0., 2021. Study of
effect of waste tire rubber which is a recycling
material in production of laminated veneer lumber
(LVL) boards. Progress in Rubber, Plastics and
Recycling Technology, 37(4), 412-421 https://doi.
0rg/10.1177/14777606211019408

-Rajasugunasekar, D., Devi, K.B., Singh, A., Selvam, P.
& Chandra, A., 2023. An Integrative Review for the
Role of Forests in Combating Climate Change and
Promoting Sustainable Development. International
Journal of Enviornment and Climate Change.
https://doi.org/10.9734/ijecc/2023/v13i113614

-Shao, D., Xu, M., Cali, L. & Shi, S.Q., 2016. Fabrication
of wood-rubber composites using rubber compound
as a bonding agent instead of adhesives. Materials,
9(6), 469. DOI: 10.3390/ma906 0469

-Xu, M. & Li, J., 2012. Effect of adding rubber powder
to poplar particles on composite properties.
Bioresource Technology, 118, 56-60. DOI: 10.1016/
j.biortech.2012.02.041

-Xu, X., Tian, F. and Li, X., 2020. Regenerated waste tire
powders as fillers for wood fiber
composites, BioRes. 15(2), 3029-3040.

-Zhao, X., Zhang, Y., Li, Y., & Zhou, S., 2021.
Improvement of mechanical properties of wood-
based composites using phenol-formaldehyde resin.
Journal of Adhesion Science and Technology.

-Zhang, J., Liu, H., Sablani, S.S. & Wu, Q., 2024.
Recycling Functional Fillers from Waste Tires for
Tailored Polystyrene Composites: Mechanical, Fire
Retarding, Electromagnetic Field Shielding, and
Acoustic Insulation Properties—A Short
Review. Materials, 17(11), 2675. https://doi.org/ 10.
3390/mal7112675



https://dor.isc.ac/dor/20.%201001.1.20089066.1394.%206.2.4.5
https://dor.isc.ac/dor/20.%201001.1.20089066.1394.%206.2.4.5
https://doi.org/10.36910/automash.v2i23.%201549
https://doi.org/10.36910/automash.v2i23.%201549
https://doi.org/10.3390/polym16121703
https://sid.ir/paper/109584/fa
https://doi.org/10.14214/sf.448
https://doi.org/10.3390/polym12122805
https://doi.org/10.%201016/j.jiec.2022.08.016
https://doi.org/10.%201016/j.jiec.2022.08.016
https://doi.org/10.%201016/j.jiec.2022.08.016
https://doi.org/10.1504/ijgw.2024.137164
https://doi.org/10.1111/nyas.15368
https://doi.org/10.1111/nyas.15368
https://doi.org/10.9734/ijecc/2023/v13i113614
https://doi.org/10.3390/ma9060469
https://doi.org/10.1016/j.biortech.2012.02.041
https://doi.org/10.1016/j.biortech.2012.02.041
https://doi.org/%2010.%203390/ma17112675
https://doi.org/%2010.%203390/ma17112675

