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Abstract: Increased concern with environmental issues, the health of operators of condoms and the consumers of wood, and
the reuse of these treated woods after their use, has generated the need to develop less aggressive condoms treatments And the
environment with sustainable principles. Thus, the aim of research has been to develop environmentally correct and effective
products against the attack of biodeteriorating agents. One viable alternative containing interesting inhibiting properties is Tall
Oil, which is a natural oil from, renewable-source. Tall Oil is a by-product of kraft pulp production. This byproduct is not a pure
triglyceride compound, but a mixture of fatty acids, resin and unsaponifiable acids. The use of Tall Oil and its derivatives as a
protective agent in wood has been considered promising. It can be used pure, whether crude or distilled; and also mixtures with
efficient biocides, but leachable as boron. However research is still needed including the characterization of Tall Oil products, the
determination of the protective agent and the environmental aspects.
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1. Introduction

Wood is an economical, historical and sustainable material.
Many species of wood are naturally resistant to the action of
degrading organisms. However, species with this natural
resistance can not cover the demand for wood and wood
products, which has been growing year by year [1]. The
shortage of species that are resistant to biological degradation
has forced man to use less durable, mainly fast growing
species, from reforestation, such as some species of
Eucalyptus and Pinus. These species have moderate or no
resistance to the attack of biological agents and require
condoms [2].

In general, in order to increase the shelf-life of these
fast-growing woods by protecting them from fungi, insects
and other xylophagous organisms, several preservatives
(biocides) are used, these compounds being highly toxic to
these xylophagous organisms.

Traditional methods of wood protection employ chemicals
that are considered toxic and can harm human health and the
environment [3]. The classic concept of wood preservation is

based on the principle of toxicity. The salts of arsenic,
chromium, copper and tin have been used along with toxic
organic chemicals, such as creosote. Wood has been treated
with these chemicals at different load levels using various
solvents which made them more effective in the long run
against fungal attack. Unfortunately, these chemicals are also
toxic to humans and other life forms [4].

For environmental reasons, both the preservation of
traditional wood and the use of resistant wood species are
subject to political and consumption restrictions. It is known
that the effectiveness of traditional wood preservation systems
is due to the biocidal effect of the products used, but,
consequently, they pollute the environment. In addition to the
risks involved in the use of such materials, there is a growing
concern with the problems arising from the disposal of wood
at the end of its commercial life [5]. Thus, there is a growing
need to develop effective antifungal chemicals that are
non-toxic to humans and the environment.

Efforts are being made globally to develop alternative
methods of protection based on products with little or no
toxicity to humans and the environment, but progress in
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technology implementation has been slow because of several
limitations, including laboratory and performance
discrepancies in the field of natural products, variability in its
exposure-related  efficacy, environmental conditions,
legislation and difficulties due to worldwide divergences in
setting standards that define the quality of its performance and
use [3].

There are several other ways to approach wood preservation
without the use of toxicity as the mechanism of effectiveness.
One approach is to interfere with the metabolism of aggressive
organisms. There is a very close relationship between the
moisture content of wood and its biodegradation [4]. For wood
to be attacked by fungi and insects, four factors must be
present: water, oxygen, temperature and nutrients. So, to avoid
the attack of these organisms, some research has aimed at
removing one of these factors, for example, water with the use
of hydrophobic products [6].

The use of Tall Oil as a protective agent in wood has been
considered promising because it significantly reduces
sapwood capillary water absorption, removing one of the
factors favoring wood being attacked by fungi and insects:
water, oxygen and nutrients [7]. This repellency is due to its
precursors, which are extracts found mainly in coniferous
trees [5, 8].

Crude Tall Oil (CTO) can be refined to various types of Tall
Oil with different chemical compositions, with CTO's main
commercial products being Tall Oil (TOFA), Tall Oil
Distillates (DOT) and Breu de Tall Oil (TOR). And both CTO
and derivatives have potential as preservative for wood.

2. Tall Oil

CTO, Tall Oil or Talol or resin oil is the generic name for
products derived from residual, smelly, gummy and black
liquor. It is found and extracted from the residual liqueur of
Kraft cooking, known as "black liquor" [9]. Tall Oil, a
byproduct of the paper pulp kraft process, consists of fatty
acids (typically saturated or unsaturated C16-C18), resin acids,
neutral or unsaponifiable substances, and water. During this
process, the fatty acids and resin acids present in the wood and
main constituents of the CTO are recovered by acidifying the
soaps of these acids recovered from the concentrated black
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liquor [10]. This by-product was initially obtained on a
laboratory scale during the alkaline pulping of coniferous
wood in Europe, and the first data from its extraction and
consequent commercial exploitation date back to the year
1901 in Sweden [11].

Conifer woods, especially Pinus, contain approximately 3%
of a low molecular weight fraction consisting of free resin
acids, long chain fatty acids, sterols, volatile terpenes and
other unsaponable materials. These materials, which are the
bulk of the extract from wood, make up CTO. It is a very
viscous substance, darkened (yellow-black) and with a
characteristic kraft odor [10].

Tall Oil is considered one of the cheapest natural oils in the
world market, since it is an industrially generated product, not
depending on weather and soil, but on the production of
cellulose and kraft paper. The yield and composition of Tall
Oil may vary, as they are influenced by the quantity of
extractives, the quality and species of the wood, and the
storage time before cooking [10]. It is not composed of pure
triglycerides, like other vegetable oils, but a mixture of fatty
acids, resin acids and unsaponifiables (eg, sterols, waxes,
hydrocarbons). The amount of these components varies with
age, wood species, geographical location, and also with all
operations before and during the pulping process [5].

The primary organic compounds in Tall Oil are lignin,
polysaccharides, carboxylic acids and extracts, while the
major inorganic substances are sodium hydroxide and sodium
sulfide [12].

The yield of Tall Oil in Brazil was reported in 30-40 kg / ton
of cellulose produced. And statistical data provided in 2016 by
the Brazilian Association of Pulp and Paper have shown
annual production of 1.8 million tons of kraft pulp, indicating
potential growth for this industrialization. There is a wide
range of uses for Tall Oil due to availability and low cost, such
as emulsifying products, drill oils, bonding and bonding
materials, soap industry, enamels and paints, etc. [10]. In
general, Crude Tall Oil can be refined to various types with
different chemical compositions. Figure 1 lists the top
commercial products and fields of application for Tall Oil
distillate products. Some uses of Tall Oil are similar to TOFA
and DTO, but with CTO distillation the characteristics are
more uniform to the products obtained [13].

Tintas e revestimentos
Aditivos para tintas
Surfactantes
Aditivos para oleos e combustiveis
Substancias quimicas de celulose e papel
Entre outros produtos quimicos

Crude Tall Oil (CTO)
Acidos Graxos de Destilado de Tall Breu de Tall oil Pitch
Tall 0il (TOFA) o0il (DTO) (TOR/TORA)

Tintas de impressao ongtlcergl 3
Adesivos ’
Borrachas

Entre outros produtos quimicos

Aglutinantes - cimentos e asfaltos
Composicao areia de fundicdo

Figure 1. Distilled products obtained from Tall Oil.
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3. Tall Oil as Preservative

Investigations with Tall Oil indicate their potential as a
protective agent for wood. Jermer et al. (1993), Paajanen and
Ritschkoff (2002), Alfredsen et al. (2004), Vihidoja et al.,
2005, Hyvonen et al. (2006), Temiz et al. (2008), Koski (2008),
Anita et al. (2014), Durmaz et al. (2015) and Sivrikaya & Can
(2016) focused their studies on developing alternatives to
current preservatives using Tall Oil. In general, they indicate
that the preventive effect of Tall Oil is probably related to the
hydrophobic properties.

Jermer et al. (1993) tested the effect of Tall Oil derivatives
against biological degradation, and compared them with
preservatives in current use, such as CCA and creosote. They
obtained results showing that the two derivatives of Tall Oil
can be almost as effective as CCA and creosote.

Paajanen and Ritschkoff (2002) showed that the crude Tall
Oil applied in varnish samples did not produce a zone of
inhibition on the growth medium, thus, the inhibitory effect of
Tall Oil is not caused by fungal toxicity. Most likely, the
preventive effect is related to hydrophobicity. Based on the
effectiveness of Tall Oil products, be mainly due to
hydrophobicity, the idea is that by reducing the moisture
content of the wood, fungal growth is limited.

Alfredsen et al. (2004) tested the efficacy of four Tall Oil
derivatives in growth rate assays of Coriolus versicolor brown
rot fungus and Poria placenta brown rot fungus on filter paper
and wooden mini-blocks of Pinus sylvestris L. the
effectiveness of the Tall Oil tested was related to the chemical
composition of the oils. This was confirmed in the filter paper
assay, where the increase in efficacy was relatively
proportional with increasing amounts of resin acids. However,
this pattern was not found for the mini-block assay. The
protective effect of Tall Oil on wood, therefore, seems to be
more related to its hydrophobic properties than to its
fungicidal properties.

Hyvonen et al. (2006) and Koski (2008) investigated the
water-repellent efficiency of raw Tall Oil and emulsified in
water. Treatments with Tall Oil reduces the absorption of
water in the sapwood. And, emulsion tall oil treatments
showed that efficiency, compared to CTO, can be achieved.
The emulsion technique is a potential method of decreasing
the amount of oil needed to protect the wood from water
absorption by capillarity.

The use of Tall Oil as a protective agent in wood has been
considered promising because it significantly reduces
sapwood capillary water absorption, removing one of the
factors favoring wood being attacked by fungi and insects:
water, oxygen and nutrients [7]. This repellency is due to its
precursors, which are extracts found mainly in coniferous
trees [5, 8].

Temiz et al. (2008) verified the potential of four
commercially available Tall Oil derived products, tested
separately and combined, with two concentrations of boric
acid (1 and 2%) against the resistance to attack of two brown
rot fungi. The results obtained showed that Tall Oil

derivatives in combination with boric acid are promising as
wood preservatives, since they combine fungicidal and water
repellency effects. Tests of resistance to degradation indicated
that only impregnation with Tall Oil, without the presence of
boric acid, was not effective to protect the wood against the
fungi tested. Samples with boric acid at a concentration of 2%
combined with the Tall Oil derivative consisting of 90% of
acids showed the best performance in relation to two brown rot
fungi, with a mass loss of less than 3%.

Vihdoja et al. (2005) focused their studies on the
determination of biodegradation of different products of Tall
Oil and linseed oil in groundwater obtaining preliminary
information about their environmental effects. They obtained
promising results, showing that Tall Oil and linseed oil
products are moderately biodegradable, not toxic to the
assessed environment.

Anita et al. (2014) and Durmaz et al. (2015) used CTO as a
protective agent for biodeterioration. Anita et al. (2014)
verified that the resistance to biodeterioration of the timber
Jabon (Anthocephalus cadamba Miq.), Improved to the
attack of fungi of white and brown rot in relation to the
sample of untreated wood. The results showed that the
process of immersion of Soap wood in the CTO for 60
minutes showed the highest retention. The weight loss
suffered by non-preserved and preserved Soap wood was
55.19% to 55.67% and from 6.64% to 12.78%, respectively.
Already, Durmaz et al. (2015) found that the durability of
Scottish pine saplings (Pinus slyvestris L.) on brown rot
fungus attacks and affirmed that the products of degradation
of carbohydrates, resin and extractive fatty acids, and
inorganic materials in the tall oil inhibit fungal activity.

Sivrikaya and Can (2016) found that wood treated with tall
oil can provide some reduction in water absorption and
increase resistance to decomposition. In this research, the
CTO was dissolved in ethanol at concentrations of 5, 10 and
15% in the treatment of Scotch pine. They used dyes, iron
oxide and sodium ascorbate as additives in 0.5%. The best
results were obtained with 10% CTO and iron oxide.

There are several other ways to approach wood
preservation without the use of toxicity as the mechanism of
effectiveness. There is a very close relationship between the
moisture content of the wood and its biodeterioration [10]. So,
to avoid the attack of these organisms, some research has
aimed to limit the water with the use of hydrophobic
products.

In this context, Tall Oil, which is a natural renewable source
oil and exhibits hydrophobic properties, can be an alternative.
Tall Oil is an industrially generated by-product of kraft pulp
production. The amount of these components varies with age,
wood species, geographical location, and also with all
operations before and during the pulping process [5].

Tall Oil Crude can be refined to various types of Tall Oil
with different chemical compositions, being the main
commercial products of the CTO, TOFA, DOT and the TOR.
And both CTO and derivatives have potential as a preservative
for wood. In addition, in the evaluation of the properties of
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various oils, resins and waxes, no single component can satisfy
all the requirements for protection against bio-deterioration
and the surface coatings or impregnants used for the treatment
of wood must therefore be made from a blend of oils, resins
and waxes. Unlike other natural oils, Tall Oil already contains
all the necessary components for good protection: oils, resins
and waxes [20, 21].

In general, the main protection feature for Tall Oil wood and
other vegetable oils is water repellency. The progress of oils as
wood protectors requires a better understanding of their
distribution in the anatomical elements of wood and cell wall,
as well as a better understanding of their mode of action [5, §].

4. Conclusion

According to the investigations, Tall Oil has potential as a
preservative for wood. Alternative treatments with Tall Oil
have improved the resistance of several species of wood.

Studies are still needed to obtain a preservative product for
wood including characterization of Tall Oil products and
their derivatives, determination of the protective agent (s)
and environmental aspects.
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