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FIRE RESISTANCE OF WOOD TREATED BY EMULSION 
FROM KRAFT LIGNIN 

The use of wood for construction is not new, however, in some countries there are
many resistances to its use, due mainly to the behaviour of wood during a fire.
This study aimed to enhance the fire resistance of wood by treating the wood with
Kraft lignin emulsion. An emulsion from Kraft lignin was used for the treatment of
wood Pinus sp. by full cell methods. The specific mass, wettability and Brinell
hardness were analysed. Fire resistances were determined (ignition, flame and
ember time). The obtained results showed that the ignition times of treated wood,
were higher than those of untreated wood. The emulsion hinders the ignition of
samples in approximately 10 seconds. Conversely, the flame and ember time was
significantly longer in wood treated, but there was a lower mass loss, compared to
untreated wood. This shows that the treatment improves the behaviour of wood in
relation  to  the  ignition  of  fire  and  also  increases  the  hardness  of  the  wood.
Wettability  analysis was possible to observe that treatment reduces the rate of
moisture uptake.
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Introduction

The use  of  wood  for  construction  is  nothing  new and  many countries  have
a culture of building wooden houses. The wooden buildings provide a warm and
comfortable addition. The use of wood in building has several advantages over
other materials due to its low cost, excellent mechanical, thermal and acoustic
properties, as well as providing a cosey atmosphere. The major factor considered
in the utilization of wood in buildings, however, is its behaviour against fire
[Tondi  et  al.  2012].  Because according to  Zhang [2011],  flammability is  the
biggest disadvantage of wood.

Fire resistance depends on the thickness of the charred layer of wood and the
size of the residual section, which depends on the rate of carbonization of the
wood species used [White 1995].
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The pulp industry is the most important source of production of lignin, this
waste is primarily used as fuel in furnaces to generate energy and the recovery of
reactive inorganic used in the process. Lignin has a bio-protective activity [Dos
Santos  et  al.  2012] and acts as one of  the  plant  protectors  against  attack by
microorganisms and pests [Quesada-Medina et al. 2010]. These properties could
provide added value in the use of lignin. 

The aim of this work was to study the fire resistance (ignition, flame and
ember time) of wood after impregnation with emulsion of Kraft lignin using the
full  cell  method.  The  specific  mass,  wettability  and  Brinell  hardness  of  the
resulting materials were analysed.

Materials and methods

Tests  were  performed  on  Pinus sp.  sapwood  (DBH  height,  1.30 m)  after
sectioning each tree,  the central  plank was selected and cut  according to the
recommendation  of  the  [ASTMD  5536:1994].The  samples  were  stored  in
a climatic chamber at 20ºC and 65% of relative humidity until the equilibrium
moisture was reached. The thickness of the log was then reduced from 8.0 to
6.0 cm through a plane and various test samples with different dimensions were
cut.

Wood  treatment  was  done  with  a  preservative  emulsion  of  Kraft  Lignin
(EKL),  that was prepared with Kraft lignin (2 g/L) in the presence of NaOH
(1%) and 97% of water was used. The treatment was carried out in a laboratory
autoclave with 2 L capacity using the Full cell procedure. An initial vacuum of
1.0-1.2 bar for 30 min was applied, after the impregnation with the preservative
solution, a pressure of 6.0 to 8.0 bars was applied for 60 min. Weight percent
gains (WPG) of the samples due to the treatment with (EKL) were calculated by
equation 1.

WPG = ((Wm-Wu)/Wu) · 100 (1)
where:  Wm =  dried  weight  of  sample  after  treatment,  Wu =  dried  weight  of
untreated samples.

The surface hardness (Brinell) was evaluated according to the standard test
[EN 1534:2000], using Emco test automatic M4U075 equipment. The test was
performed  in  the  tangential  surface  of  ten  specimens  (80 × 20 × 10 mm3)  in
three-points for each sample.

The short-term fire tests were done according the procedure described by
Tondi et al. [2012]. The radial surfaces of the samples (50 × 25 × 15 mm3) were
exposed  to  the  flame  of  a  Bunsen  burner  for  2 min,  with  distance  at  7 cm
between blue flame and wood surface. The ignition, flame and ember time were
determined with a stopwatch and realized in quintuplicate for each treatment.

Contact  angles  (CA) were measured by the sessile  droplet  method (5 μL
distilled water) in all samples at equilibrium moisture content (EMC). The first
measurement  of  CA was  made  after  5 seconds  (time  zero).  Subsequent  CA,
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measurements  were  repeated  at  intervals  of  30 seconds  up  to  120 seconds,
totalling six CA measurements per sample and in five samples for each treatment

Results and discussion 

The  basic  characteristics  of  aqueous  preservative  emulsion  of  Kraft  Lignin
(EKL), analysed in this work were pH 6.8, density 0.97 g·ml-1 and black colour.
Samples  presented a  weight  percentage gain (10.5%) after  24 hours  with the
utilized treatment. 

In table 1 the results of Brinell hardness is shown, where the treated wood
showed a higher hardness with (13.44 N·mm-2) compared to the untreated wood
(5.70 N·mm-2). According to Fejfer et al. [2014], the basic density is a standard
procedure in the assessment of the degree of the degradation of wood.

Table 1.  Weight  percent gains (WPG) and hardness  (Brinell)  after treatment of
wood Pinus sp. with EKL

Samples WPG (%) Density 12% (kg·m-3) Brinell hardness (HB) [N/mm2]

Untreated – 453.8 (7.2)a 5.70 (1.38)a

Treated 10.5 (0.15) 476.6 (8.4)b 13.44 (1.73)b

The values in parentheses are SD. Mean values in the same column followed by the same letter are
not statistically different at level of 5% by the Tukey test.

It  is known that the hardness varies with the material density,  but in this
study, it was not possible to observe the increase in hardness due to the variation
of  the  density,  because  the  density  increment  values  were  relatively  small
compared  to  an  increase  in  hardness,  which  showed  an  increase  of
approximately 135% in Pinus wood treatment, compared with untreated wood.

The behaviour against fire is an important factor for the use of wood in the
construction of buildings. The short time fire exposure test simulates the ignition
process,  whilst  the  weight  loss  test  after  longer  exposure,  provides  better
information about the strength of a wood species [Tondi et al. 2012].

The ignition time shown in table 2 was significantly different for both treated
timber (26.6 s) and untreated (13.2 s). The EKL emulsion retarded the ignition
by over 10 seconds compared to untreated wood.

Moreover, the flame was significantly longer in the treated wood (172 s) and
with  longer  glowing  time  (714 s).  Nevertheless,  the  treated  wood  presented
lower weight loss (26.9%) compared to the untreated wood (33.5%) which had
smaller  fire  time  and ember  (137.7  and 335.20 s  respectively).  These results
show  that  treatment  improves  the  performance  of  the  timber  in  relation  to
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ignition time and mass loss when the wood is exposed to direct heat for 2 min.
According to Li et al. [2014], a fire retardant is seen as any substance that by
physical or chemical action inhibits combustion.

Table 2. Short time fire test and ignition time of the three species studied

Samples Ignition time (s) Flame time (s) Ember time (s) Weight loss (%)

Untreated 13.2 (1.6)a 137.7 (18.0)a 335.2 (31.3)a 33.5 (1.4)b

Treated 26.6 (0.9)b 172.2 (10.2)b 714.2 (24.0)b 26.9 (1.3)a

The values in parentheses are SD. Mean values in the same column followed by the same letter are
not statistically different at level of 5% by the Tukey test.

The fire resistance depends on the thickness of the wood carbonized layer
and the size of the residual section, which for optimal use of wood species with
respect to fire resistance depends on the charring rate [White 1995].

The differences in the wetting characteristics of wood treated and untreated
by the sessile droplet method are presented in figure 1. 

Fig. 1. The image droplet water in wood surface. A: untreated wood (time = zero),
B: treated wood with EKL (time = zero)

In  figure 2,  it  is  possible  to  observe  that  the  treatment  reduces  the  rate  of
moisture uptake, but over time the wood absorbs a little of the water droplet
reducing contact angle. The treated wood samples became more hydrophobic,
that  means  that  the  treatment  with  the  emulsion  of  Kraft  lignin  by full  cell
method is also more effective regarding the contact angles (CA). The effect that
could have the decrease of the hygroscopicity in the dimensional  stability of
wood, however, was not studied.
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Fig. 2. Values of radial contact angle (º) in wood treated compared with untreated
wood

Conclusions 

The impregnation with EKL by the full cell method improved the performance
of  wood  in  relation  to  ignition  of  fire  and  the  hardness  of  the  wood,  when
compared  with  untreated  wood.  Furthermore,  it  improved  the  hydrophobic
properties of wood species Pinus sp.

It is extremely important to perform other types of analyses (such resistance
to  leaching  and  evaporation,  decay  resistance)  in  future  work  to  verify  the
possible applications and the limitations of using EKL.
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