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Disadvantages of wood
 Mechanical properties  Wood adhesion

 Wood decay
 weathering resistance



Nanotechnology applications
Use of nanoparticle (size minor to 100 nm) in 
several material

 Nano-silver partícles (Ag), 
 Titanium dioxide (TiO2), 
 Zinc oxide (ZnO), 
 SiO2

 Aluminum oxide(Al2O3). 
 Carbon nanotube mono and multi-layers (CNT) 
 Nano-clay (Mg4Al2(OH)12CO3.H2O).

Types of nanoparticles 



Properties of nano-particles

Nanopartles of 
Titanium dioxide

Weathering
protection

Nano-silver 
particles 

Biological 
protection

Nano-clay

Estructural
improving



Objetive
 This study has been incorporated silver 

nanoparticles through immersion and 
pressure in commercial preservative in 3 
commercial species of Costa Rica and 
measures the decay wood resistance 

 Besides it was added nano-clay particles  
in polyvinyl acetate (PVA) and Urea-
formaldhehide adhesives utilized in wood. 



Objetive 1: incorporated silver nanoparticles and 
measures the decay wood resistance 
 Silver nanoparticles synthetizing 

AgNO3 + NaBH4 H2O PVP
Ag0 NaNO3 H3BO3 H2+ + + +2 2 6 2 2 2 7
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H H

O

n

Sodium borohydride
(NaBH4) as a reducing 
agent, polyvinylpyrrolidone
(PVP ) as stabilizing agent 
and silver nitrate (AgNO3) 
as the silver source

Acacia mangium, Cedrela odorata and 
Vochysia guatemalensis were tested.



Preservation (impregnation) of the wood 
samples with silver nanoparticles

 Typical methods for wood
preservation

 The preservation process 
consisted of 30 minutes of 
vacuum, 2 hours of 
pressure (690 Kpa) and 15 
minutes of vacuum

 absorption capacity 
(Lsolution/volume of wood) 
and nano-silver retention 
(nano-silver in 
weight/weightwood)



Wood properties evaluated
 Weight loss due to attack by a 

white rot fungus (Trametes
versicolor) and a brown rot 
fungus (Gloephylum trabeum) 
according to ASTM D 2017-81 

 Besides wood properties were evaluated, 
specifically density, specific gravity and 
dimensional stability



Nano-particles 
characterization
 Silver nanoparticle 

observed by atomic 
force microscopy-AFM, 
Transmission electron 
microscopy-TEM (b), 
shape of silver 
nanoparticles (c), 
region of agglomerated 
silver nanoparticles (d) 
and UV-Vis spectrum of 
silver nanoparticles.



Absorption and retention of 
silver nanoparticles

Species Type of wood Absorption
(litres/m3

wood)

Retention of 
nano-silver

(gAg/m3
wood)

Retention of 
nano-silver

(mgAg/kgwood)
Acacia 

mangium Sapwood 497A (12.41) 24.89A (12.41) 45.75A (15.31)

Heartwood 514A (28.76) 25.75A (28.76) 58.48B (43.41)

Cedrela 
odorata Sapwood 510A (8.03) 25.50A (8.03) 54.35B (11.94)

Heartwood 267B (20.93) 13.36B (20.93) 25.27C (36.68)

Vochysia 
guatemalensis Sapwood 653C (7.06) 32.66C (7.06) 101.96D (14.40)

The values in parenthesis show the coefficient of variation. Average values identified with the letters A and B are statistically different at α = 99%.



Weight loss caused by Gloephyllum
trabeum and Trametes versicolor

Note: the values in parenthesis show the coefficient of variation. Average values 
identified with the letters A and B are statistically different at α = 99%.



Comparison of specify gravity 
and wood density.



Dimensional stability

Wood properties Treatment Acacia 
mangium

Vochysia
guatemalensis

Cedrela
odorata

Radial swelling (%) with nano-silver 2.92A (20) 3.68A (11) 1.42A (22)
without nano-silver 3.08A (23) 4.12B (18) 2.36B (20)

Tangential swelling 
(%)

with nano-silver 1.00A (32) 1.38A (43) 0.98A (16)
without nano-silver 1.02A (37) 1.27A (50) 1.92B (17)

MC before nano-
silver treated (%)

with nano-silver 12.95A (6) 14.95A (7) 14.11A (3)
without nano-silver 12.47A (9) 14.45A (7) 15.11A (2)

MC after nano-silver 
treated (%)

with nano-silver 74.63A (9) 148.17A (8) 45.65A (6)
without nano-silver 67.28B (10) 125.15B (10) 40.34B (7)

Water absorption with nano-silver 54.60A (10) 115.92A (9) 27.65A (9)

without nano-silver 48.71B (12) 93.30B (10) 19.84B (12)

Note: the values in parenthesis show the coefficient of variation. Average values identified with the letters A and B are statistically different at α = 99%.



Conclusions
 The dimension of the synthetized silver

nanoparticles ranges between 10 and 25 nm, with
few clusters and a good distribution in the solution.
The rention is approximately 1670 times less than
the retention of the wood when preserved with a
combination of boric acid and sodium borate.

 Silver nanoparticles applied to the tropical
species, improve durability of the wood of those
species. For all cases, the nanoparticle treated
woods are classified as highly resistant or Class A
for white (Trametes versicolor) and brown
(Gloephyllum trabeum) decay fungi. Also, in
addition to improved the water absorption
capacity of the timber in the three species tested
decreases with silver nanoparticles, and the
dimensional stability is increased in Cedrela
odorata and Vochysia guatemalensis.



Objetive 2: nano-clay particles  in polyvinyl 
acetate (PVA) and Urea-formaldehyde adhesives
 Nano-clay modification

Organic modification of 
commercial Cloisite® 

(montamorillonite) Na+ with 
benzalkonium chloride solution. 
Improving affinite with water in 
adhesives

Modified nano-clay was determined by IR 
spectrum y Atomic Force Microscopy
(AFM) observations

N
+

CH3

CH3

R

Cl
-

R=C8H17 o C18H37



Wood adhesive preparations 
 Modified nano-clay was

added to adhesives by
stiring



Adhesives characterization

 Viscosity

 Adhesive color with Lab color systems

 Thermogravimetric behavior 

 Bond strength resistance



IF spectrum and AFM observations



Viscosity

Viscosity values of PVAc and UF wood 
adhesive adding different concentration of 
nano-clay



Color
Adhesive Concentration

(%)
L* color 

parameter
a* color 

parameter
b* color 

parameter
E*

PVAc 0 47.67A -1.32A -2.05A -

1 49.61B -1.5A 0.06B 5.88

1.5 53.86C -2.52B -1.50C 6.33

UF 0 39.89A 7.75A 14.46A -

1 41.33AB 9.21B 19.14B 8.87

1.5 42.35B 8.93B 19.08B 12.06

Nano-clay increased lightness (L*) and yellowness 
(a*) in PVAc, specially in 1.5% in concentration. In 
UF adhesive, three color parameter were affected 
statistically.



TGA and DTG of different reaction 
curves of PVAc and UF wood adhesive 



Temperature and mass remnant in 
different reaction of kenitc of 
decomposition

Adhes
ive

Nano-
clay
concentr
ation

(%)

Reaction 1 Reaction 2 Ash
cont
ent
(%)

Initial
point

Peak
Maxi
mum

Final
point

Initial
point

Peak
Maxi
mum

Final
point

Temp
(C)

MR   
(%)

Temp
(C)

MR 
(%)

Temp
(C)

MR 
(%)

Temp
(C)

MR 
(%)

Temp
(C)

MR 
(%)

Temp
(C)

MR 
(%)

PVAc 0
294A 93.7A 316A 67.3ª 324A 38.7ª 425A 27.4A 436A 22.0A 446A 15.80A 11.2A

1.0
292A 91.2ª 312A 67.9ª 324A 39.6ª 425A 26.0A 433A 21.6A 448A 13.86A 10.0A

1.5 303A 87.8B 312A 68.7A 319B 42.0B 418A 27.5A 434A 21.4A 447A 14.81A 12.0A

UF 0 - - - - - - 237A 81.3A 248A 66.8A 246A 53.80A 13.3A

1.0 - - - - - - 244B 80.9A 254B 69.7B 264B 57.30B 14.3A

1.5 - - - - - - 243B 80.9A 254B 69.9B 264B 58.23B 15.0A



Values of entropy factor, energy activation, 
function of descomposition gradeus and 
correlation coefficient of kenitc of 
decomposition

Adhesive Reaction Nano-clay 
concentrati

on
(%)

Entropy 
factor

(K0 in S-1)

Energy 
activation

(E in kJ mol-1)

Function of 
descompositi
on gradeus 

(n)

Correlation 
coefficient

(R)

PVAc First 0 A3.87 x 1025 A3.8 A1.95 0.72
1.0 B7.04 x 102 B8.1 B0.45 0.58
1.5 C2.03 x 101 C13.7 B0.63 0.70

Second 0 A3.58 x 1021 A242.9 A18.61 0.83
1.0 B6.88 x 100 B259.9 B9.49 0.91
1.5 C2.38 x 1012 C281.2 C13.07 0.88

UF 0 A7.02 x 1028 A240.6 A8.55 0.98
1.0 A2.11 x 1027 B268.7 A8.56 0.98
1.5 B2.03 x 1023 C287.6 B6.83 0.98



Resistance of shear stress for dry and wet 
condition of Carapa guianensis glued
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