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Abstract

The scope of this work was to evaluate technicadlyetable raw-material performance in
the search of a wood-Portland cement composite. d\wocess residues from five specie were
mixed with two Brazilian Portland cement (typedhd type V). Physical and chemical treatments
were applied to wood particles as: natural, hot &raéxtraction, lime and caustic soda solutions,
additives (calcium chloride and aluminum sulfateflaoating process (water glass and aluminum
sulfate solutions). Composites performance werduated by non-destructive method (ultrasonic
speed wave propagation) and by compression tesulReshowed the influence of wood chemical
compounds and cement type in composite performance
Keywords: waste, composites, Portland cement, NDE.

Introduction

Recycling materials nowadays is one of most imporfaoblems in today's society. Agribusiness
generates considerable amount of waste, and in mbghe cases this residues carry out
environmental negative impact. In the other handemals (sand and gravel) exploitation. for
construction's purposes strongly contribute to remvental degradation.

Vegetable fibers has been used as matrix reinfazoémsince long time ago. Egyptians
employed this materials in brick fabrication whiaeyt looked for reducing cracks propagation across
adobe. Nowadays several Brazilian laboratories Idped Agave Agave sisalanaand coconut
fibers applications, mainly as matrix reinforcemgijt

Vegetable fibers are very useful for engineeringppaes as they present several properties
such as: availability of raw-material, matrix perfance modification after occurring cracks, and
thermal and acoustic insulation [2].

However, this advantages can be completely lostahhyhenomenon known as chemical
incompatibility between vegetable raw-material &nel binder. This fact led several researchers to
try to find solutions against deleterious effeaiszad by raw-material substances in binder hydration
reaction.. Even though any vegetable raw-matedats combined with cement, as a general rule,
chemical treatments must be done searching fodaguate chemical compatibility between the two
materials. This treatments can be summarized irkimads of procedure:

1 Chemical substance immobilization through a mtdte skin recovering (oil or salt substances);
and
2 Substance extraction by water solutions (tempezatime and pH effects).

Chemical incompatibility can be analyzed by the nrafiocus. In other words, it can be
search a most adequate binder type, or less sensiti chemical substances present in wooden
particles. So, it can be used, for instance, a gergk setting cement type (Brazilian standard type
V). Others researchers suggest pH matrix redutti@mhance composite durability [3].

For a preliminary study it is very important to bisés natural raw-material behavior and,
afterwards, to look for chemical treatment, or lendeplacement, searching for a better composite
performance.

Development

Raw-material was obtained from five sourdéacalyptus grandisinternational Paper- Mogi
Guacu — SP. Particles from a bottom of a 3 yeatsrek;Eucalyptus tereticornisresidue from a 30
years old tree from Taubaté — SBambusa vulgaris- particles from a stem 5 years old from
Campinas University Campu®jnus caribaea—Faber Castell Industry, Sdo Carlos — SP. Residue
from a 30 years old tree from Prata — MG; dbithizia excelsa— residue from a 50 years old
Amazonian tree from Brotas — SP.
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Raw-materials was chopped and it was selectedatteles smaller than 2.4 mm. Chemical
treatments were applied to wooden particles to me#ndheir performance in composite properties
such as: natural (control), additives (calcium ddi® and aluminum sulfate— 3% in relation to the
cement mass), washed (hot water — 2 h at 80 ° Amd sodium hydroxide solutions at 5%
concentration) and mineralized (water glass at Z@timinum sulfate at 20% concentration).

To evaluate the raw-material performance in twalémtypes (CP-111-40-RS and CP-V-ARI)
binder consumption was fixed as 680 kg/irhis cement amount is excessive but some rawriahte
could be inhibitory to cement setting. and chemit@atments often can not overcame this
deleterious substance effects. Mixture ratio inghewas 1:0.375:0.75 (cement : wooden particles :
water). Three replications of cylindrical sampld)d mm height and 50 mm diameter) were
produced for each treatment. After 24 hours sampie® removed from the mold and placed in
plastic bags during 7 days and air dried duringanbdays.

Ultrasonic speed wave propagation across the samy@e measured daily by an Ultrasonic
Tester BP — 7 device (Steinkamp). Exponential sedtiansducers with 45 kHz resonance frequency
was applied. After 14 days samples were submitted ttompression test in a Solotest device
according to Brazilian standard NBR 7215 [4].

Results and Discussion

Raw-materials were named &3E (Dinizia excelsq BV (Bambusa vulgaris ET
(Eucalyptus tereticorn)s EG (Eucalyptus grandjsandPC (Pinus caribaeaand the cement as type
Il and typeV. Figure 1 show Pinus-cement composite patternpiBethe wooden particles mass
be responsible for only 1/3 of overall mixturewids observed that the wood particles were found
predominantly in the surface (and in the volumahascing thermal insulation composite properties.
ANOVA of composite compression strength is presgimie=igure 2. Cement type was significant at
0=0.01 (except foDE andBV species) and mainly treatment kind.

Source DE | BV | ET | EG | PC
Cement ns ns
Treatment S S
Cement*Treatment S S NS S 9
Figure 1. Pinus-cement composite pattern Figure 2. ANOVA — Compression strength

Overall cement types analysis results could nontptm the best treatment for all wood
species (Figure 3). So, results were presenteddingoto cement type, wood specie and chemical
treatment. Two natural raw-materials were highliiltory to cement setting. Composites from
bamboo BV) and a wood specieDE) did not present a minimal structure; ultrasoniaver
propagation was completely disturbed by chemichstances presented in this vegetable particles.
In the other hand two Eucalyptus species produetigrbresults in compression strength, makaly
grandigEG) when it was combined with type V Portland cemént.caribaea(PC) was lightly
inhibitory to a type lll Portland cement settingdlire 4).
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Figure 3. Cement types overall compression strength Figure 4. Raw-material influence
Additives effect

Calcium chloride- DE

The wood still highly inhibitory for two cement tgp setting.. BambooBY), even so
sensitive to calcium chloride action when it wasnbmed with typeV cement still not allowing
adequate compression strength (Figure 5).
Aluminum sulfate- DE

The wood showed a non acceptable result, althotmhthe first time this composite

presented small sensitivity to aluminum sulfatacactwhile P. caribaea(PC) was not affected by
both additives (Figure 6).
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Mineralization
Resultsobtainedwere statisticallydifferent. BambooBV) and, mainly,DE wood increased
compression strength, while exotic wodtli€¢alyptusandPinug reduced them (Figure 7). The better

combinationE. grandiswith type V cement, had 50% reduction when it veasnpared with
additives products.

Washing-up of wooden particles

Hot water

The washing-upallowed deleterious substance extraction. It is an alteraaechnique to
enhance the behavior of an inhibitory raw-mateirathis researchBV andDE species (Figure 8).
By other hand for compatible or slightly inhibitogpecies this technique could be not adequate,
because there was reduction in compression strexggtiposite. Probably chemical substances can
migrate to particle surface during washing-up réagievood-cement reactions. This treatment was
not capable to assure bamboo and type Ill cemenposite good performance.
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Figure 7. Mineralization Figure 8. Washing-up

Hot water extraction and calcium chloride- DE

was very sensitive and gave the best compresgiengsh when it was combined with type V
cement. (Figure 9).
Hot water extraction and aluminum sulfate- BV

and DE, both showed a good performance maiDlg when it was combined with type V

cementEG performance when combined with type Il cementvatd good results as well (Figure
10).
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Figure 9. Washing-up and 3% calcium chloride Figure 10.Washing-up and 3% alum. sulfate

Lime solution

exotic woods presented an homogeneous behaviar,aberage compression strength was
8.0 MPa (Figure 11).0E) average compression strength was 15.0 MPa, \drleamboo specie
results were non satisfactory.
Sodium hydroxide solution

only two wood specieEG andPC) seemed to be sensible to this treatment (FigRyeFor

the others woods this treatment was less satisfatttan others kinds of extractions (except bamboo
presented in Figure 8).
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Figure 11.Lime solution (5%) Figure 12.Sodium hydroxide solution (5%)

Composite analysis by means a non destructive evaling method (NDE)
All of wood cement composites showed the same behadvltrasonic wave propagation was
presented only for two kinds &C and type Ill cement composites. It was selecteaifda(N) and
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sodium hydroxide §) treatments (Figure 13). In both cases it was mesethat speed wave
evolution across the time was very similar. Inceeggeed rate was large in the first days, becoming
stable after a short period of time (6 to 7 days).

Compression strength could be predicted by speeaak \weopagation across the composite
after stabilization. Mathematical models could séaklished when samples from three treatments
(Natural, Natural and calcium chloride and natamadl aluminum sulfate) were combined with two
cement types (Ill and V).
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Figure 13.Ultrasonic peed wave evolution Figure 14.Compression strength vs. speed wave

Conclusions

- Exotic woods EucalyptusandPinug produced more homogeneous composites when cothbine
with two Brazilian Portland cement types (lll anyi V

- In most of the cases Portland cement type V (hmiral strength) seemed to be less influenced
by wood extractives;

- For each raw-material it was necessary search fogti@r combination with a specific cement
type;

- Non destructive evaluating test (NDE) was usefuptedict composite compression strength.
This method allowed to verify composite hardeningcpss.

References

[1] AGOPYAN V. (1993). O emprego de materiais fibos na construcao civil (The use of fibrous
materials in Civil Construction)Proceedings of Simpésio Internacional Sobre Matais
Reforcados Com Fibras Para a Construcao CivjlSao Paulo, 1993, Sdo Paulo, EPUSP, p.11-
25.

[2] CARVALHO J.V.; BERALDO A. L. (2000). Efeito dgariaveis nas caracteristicas de composito
eucalipto-cimento (Variable effects on Eucalyptugment composite characteristics).
Proceedings of XXX Congresso Brasileiro de Engenhir Agricola, Fortaleza, 2000, SBEA,
UFCE. CD-ROM.

[3] JOHN V. M.; AGOPYAN V. (1993). Materiais refaados com fibras vegetais (Vegetable fibers
as reinforcement materials)Proceedings of Simposio Internacional Sobre Materia
Reforcados Com Fibras Para a Construcdo Civi{ Sdo Paulo, 1993, Sédo Paulo, EPUSP, p.29-
38.

[4] ASSOCIACAO BRASILEIRA DE NORMAS TECNICAS (Bralian Standard) (1997)NBR
7215— Cimento Portland: Determinacdo da resisténadandpressdo, método de ensaio. Rio de
Janeiro.

A.L. Beraldo; C.A.P. Sampaio Natural Polymers and Composites IV 221



