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Abstract. The aim of this paper is to pointing out some possibilities of
testing and investigating the biodegradation of some natural composite
structures represented by fir and beech wood test-samples. These have been used
both in a treated state and untreated on the surface. The treatment has been
achieved through brushing in both directions. The products used for the
treatment have been used in different of concentration and they are both of
organic origin (unmodified and modified straw lignin, furan resin) and
inorganic origin (copper chloride and copper- ammonia solution). The testing of
the level of biodegradation and of the level of bio-protection implicitly have been
achieved in different environments, namely indoors, outdoors, through burying
them in soil (in the absence of plants) and in soil cultivated with bean plants.
The consequence of these tests was to establish that the efficiency of the
treatment applied on the wooden material depending on the kind of the used

product.
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si investigare a biodegradarii unor structuri compozite naturale reprezentate de
epruvete de brad §i fag. Acestea s-au utilizat atat in stare netratata ,cdt §i tratate
la suprafata. Tratamentul s-a realizat prin pensulare in dublu sens. Produsele
pentru tratament s-au utilizat in concentratii diferite si sunt atdt de natura
organica: lignina din paie nemodificata/modificata, rasina furanica ,cadt si de
natura anorganica: clorura cuprica si solttie cuproamoniacala. Testarea
gradului de biodegradare si implicit a gradului de bioprotectie, s-a efectuat in
medii diferite i anume: in interior, in exterior, prin ingropare in sol (in absenta
plantelor) si in sol cultivat cu plante de fasole. In urma acestor teste, s-a
constatat ca eficienta tratamentului aplicat pe suprafata materialului lemnos

depinde de natura produsului utilizat.

The composite materials, which are more and more frequently named “the

materials of the future” belong to the category of the “new materials”, to “the
advanced or engineer- materials” and they form a primary field which is

predominantly studied worldwide (9, 16).
The composite structures have prevailed due to their superior functioning

compared to the individual materials and due to the possibility of modelling their

properties according to the field in which they are used (11).
For this purpose, the wood as a composite material is evaluated both as a

model structure and in connection with its exploitation in various fields as a
renewable product and compatible with the environment. Despite all these, in
some cases the biodegradability of wood can represent a shortcoming and for this
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reason now these are studying various possibilities of bio-stabilization. Having in
view the toxicity of the classic biocide agents nowadays there can be noticed the
tendency of obtaining the resistance to the microorganisms attack with regard to the
systems based on the properties of some natural products such as lignin types and the
aromatic compounds (1). It is known that wood is commonly degraded by a series of
biological agents whose action can be increased by the climate factors and by the types
of environment where it is temporarily kept or after being processed. These natural
agents of destroying the wood are the most significant through the amplitude of the
effects on wood (2, 6,11).

In other words, the composition and the structure of the wood make it
vulnerable to the attack of some natural destroying factors (damaging factors) both
biotic (biological) and abiotic, physical and chemical (environment factors, fire). They
produce specific phenomena of degradation represented by the alteration of the
physical, mechanical and/or biochemical characteristics of the wood. In order to control,
and adjust the process of biodegradation of the lignocellulose composite elements there
have been set various methods of bio-protecting them, using different techniques both
modern and traditional developed as techniques of preserving wood (chemical change,
thermal treatment, superficial or depth treatment with resins, polymers and
polymerizable substances, impregnation with inorganic salts and other compounds,
inclusions in composite materials (other materials), protection, gluing (3, 4, 15).

Wood protection is an extremely complex process which involves a rigorous
selection of the chemical agents that has to assure the efficiency and the persistence of
the treatment. The chemical substances used in the treatment of wood can have two or
more properties at the same time; an example is the case of the insect-fungicide
substances and of the substances with fireproof action; they can be both organic and
inorganic (11-13).

The wood chemical compounds (the polysaccharides and the lignin) are
characterized by different biological stability. Thus the lignin is the component resistant
to the action of the microorganisms, whereas the polysaccharides are characterized by a
reduced stability (5, 6).

Having in view the natural features of lignin, the present paper presents a comparative
study of its role in the process of bio-stabilization along with the furan resins and the
chemical agents such as the copper chloride and the copperammonia solution.

For this reason the present work has the purpose of approaching two processes
which are in reciprocal interdependence, the process of biodegradation and that of bio-
protection of the wood respectively. Besides, some methods of testing and investigating
the biodegradation of some lignocellulose composite materials have been the subjects of
a previous work (17-19).

MATERIAL AND METHODS

The following materials have been used within this study:
- fir test-pieces having the size (7.5X3.0X1.5) cm and the equilibrium
relative humidity U1=13.63% and beech test-pieces having the size
(8.5X4.3X1.5)cm and the equilibrium relative humidity U1=14.74%;

76



- unmodified straw lignin from the Granit Recherché Développement
S.A. company and straw lignin modified through hydroxymetylation (7, 8, 10,
14).
- the Biorez furan resin from the Trans Furans Chemicals company
[14].
- copper chloride;

- tetraminocopper hydroxide(cuproxam);

- ammonia solution 0.1N.
Fir and beech test-pieces have undergone surface treatment through brushing in both
directions with unmodified/modified straw lignin, rendered soluble in ammonia 0.1N
and furan resin solution 36%,copper solution and cuproxam. The used products have
been used in solution with the concentrations of 1, 3 and 5%. After the treatment, the
wooden test-pieces have been dried under air conditions, they have been weighed by
means of the analytical balance with a precision of 0.01 g and then they have
undergone various tests of bio-stability through:

- maintaining them in laboratory conditions;

- maintaining them in the outdoor environment;

- burying them 7-8 cm deep in soil in the absence of plants;

- burying them in soil cultivated with bean plants (the Vera variety), the

same depth.
The soil that has been used has the following characteristics: equilibrium relative
humidity, U=14.40%, pH=7.96, organic carbon contained, G=0.1586%, total nitrogen
content (organic nitrogen and mineral nitrogen), Nt=0.206%.
The tests were made between June 2006 and March 2007. In parallel with the
analysis of the mass losses, the contact angle of the treated and untreated wooden
test-pieces was also determined. This represents a direct action of the process of
biodegradation. Thus a reduced wetting angle highlights an intense wetting and this
indicates a high level of biodegradation (17-19).The applied method was according to
the SR EN 828/2001-L73 standard, and the processing of the data was achieved by
means of a computational soft.

RESULTS AND DISCUSSIONS

Figure 1 presents the values of the wetting angle values for the same type
of test-pieces, deposited under the conditions of the environment. Though kept
indoors, the test-pieces are noticed to have a certain level of mass losses. Thus
there can be registered mass losses and value reductions of the wetting angle,
which can be attributed to the elimination of some volatile products that could be
formed under the action of the treatment agents or as a consequence of the
humidity and temperature variation during storage of the samples. The most
visible changes can be noticed in the case of the beech wood, probably due to its
structure characterized by more advanced porosity.

There can be noticed that the exposure of the wooden plates to an outdoor
environment determines a reduction of the values of the wetting angle values
(figure 2) and therefore a increase of the wetting level and of the level of
biodegradation respectively. The interference of the environment factors (the light
radiations, the humidity variations) is visible and can mainly produce effects of
removing the treatment agents without showing any phenomena of microbiologic
attack. The effects of protection of the studied products follow the same order
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according to the type of the wood species and of the agent used. The
concentration of the products tested as biocides has an important role in all the
experimental variants studied. The mass losses are reduced along with the
increase of the concentration of the treatment agent.
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Fig.1 — The wetting angle registered al the contact with the distilled water ( AD)with fir and
beech test-pieces treated with L1, L1H4, R2, CuCl,, Cuam, stored inodor
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Fig.2 — The wetting angle registered al the contact with the distilled water ( AD)with fir and
beech test-pieces treated with L1, L1H4, Rz, CuCl,, Cuam, stored outdoors
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Fig.3 — The wetting angle registered al the contact with the distilled water ( AD)with fir and
beech test-pieces treated with L1, L1H4, R2, CuClz, Cuam, burried in soll
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Fig.4 — The wetting angle registered al the contact with the distilled water ( AD)with fir and
beech test-pieces treated with L1, L1H4, R2, CuCl,, Cuam, burried in soil cultivated with
bean plants

- M-Standard; L1 — unmodified lignin straw; L1H4-modified lignin straw; R2 —
Biorez resin having the initial humidity of 36 %;
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More than that, the action of the soil cultivated with bean plants involves
the achievement of some synergic effects as a result of the interference with the
rhizosphere. It is known the fact that the bean plants provide the soil with
supplementary nitrogen source which can be favorable to the development of
microorganisms. The comparison of the data presented in figures 3 and 4,
confirms this hypothesis. Thus, in both cases, it can be noticed that soil burial
leads to an increase in mass losses and the values of the wetting angle are more
and more reduced. These effects are more visible when the soil is cultivated with
bean plants.

The important and notable aspects refer to pointing out the bio-protection
activity of the tested products. Thus it is confirmed that both the unmodified and
modified lignin and the furan resin offer biological stability to wood. All together
the copper ions manifest a well-known activity of inhibiting biodegradation.
When the copper ammonia solution is used a more intense action appears which is
probably caused by the action of penetrating the wood tissue, and due to complex-
forming functional groups of chemical compounds and wood becomes more
resistant. The retention of the copper ions by the functional groups of the wood
components (among which lignin plays a very important role) can explain their
action irrespective of the interaction of these biocides with the wood (the organic
ones attach especially to the surface of the wood and the inorganic ones get into
the interior of the wood).The registered results could be developed subsequently
in order to 1improve the biocide effects of the treatments with
modified/unmodified types of lignin by combining them with copper ions, thus
opening new was to introduce of some biocide systems compatible with the
environment. The capacity of forming the mentioned complexes was proved in a
previous work (13).

CONCLUSIONS

The fir and beech wood test-pieces have been treated with
unmodified/modified types of lignin, furan resins and solutions containing copper ions
with the view of analyzing and comparing their bio-stabilization effects;

The studies have been achieved analyzing the wetting angle (as indices of the
biodegradation level) of the (un) treated samples and stored in various conditions:
indoors, outdoors, burried in uncultivated soil or soil cultivated with bean plants;

The experimental data point out the effects of bio-stabilization of the tested
products which depend on their type and concentration as well as on the wood species;

The biocide systems based on products obtained from renewable resources (types
of lignin and furan resins) represent new opportunities of achieving new treatments of
bio-stabilization compatible with the environment. More than that, another possibility is
that of obtaining environmental effects by using products of natural origin along with
the copper ions, direction which will be further developed.
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