
EFFECT OF CHEMICALLY TREATED LEATHER SHAVING ADDITION ON CHARACTERISTICS AND MICROSTRUCTURE OF OPC MORTARS
D.V. Ribeiro* (a); S.Y. Yuan(b); M.R. Morelli(b)
(a) Department of Materials Science and Technology / Federal University of Bahia

Rua Aristides Novis, 02. Federação. 40210-630. Salvador/BA, Brazil.

(b) Department of Materials Engineering / Federal University of São Carlos

Rodovia Washington Luis, Km 235. 13565-905. São Carlos/SP, Brazil.

* e-mail address: verasribeiro@hotmail.com 

Tel.: +55 71 32839852; fax: +55 71 33615404

ABSTRACT

The growing concern with environmental issues in tanneries and the search for a technological solution to their wastes are evaluated in this study. The leather shaving was chemically treated aiming the immobilization of the chromium ion on ordinary Portland cement (OPC) matrix. Cementitious mortars were obtained by adding different proportions of waste treated solutions (5 and 10% compared to the cement mass) and after 28 days, the samples were evaluated in relation to their physical properties, axial compressive strength and, for the most promising compositions, microstructural characterization analyses tests were realized. Results showed that the alternatives used for the pretreatment were effective for the leather shaving dissolution; but this addition minimize the Portlandite formation and favor the calcium phosphate formation.
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INTRODUCTION
The Leather industry is responsible for a large generation of wastes during the skin tanning process to produce leather products to supply shoes, automotive and furniture markets. Brazil, according to the Center of Tannery Industries of Brazil (CICB), is the second largest producer of leather in the world and the fourth largest exporter of leather (1).
Chromium sulfate is the most widely used reagent in mineral tanning process with a concentration in the tanning bath of roughly 1.5 to 5.0% of the total gross weight of salty skin. Environmental issues then become an important variable: although the used chromium in chrome tanning is in its trivalent form (less toxic than the hexavalent chromium, which is carcinogenic), wastes containing chromium are classified as “Class I” (hazardous) waste, according to NBR 10004/2004, and therefore they need treatment before disposal in landfills. The oxidation states of chromium can vary from -2 to +6, but only the states 0, +3 and +6 are relatively stable in the environment.
It is known that chromium in +6 oxidation state is extremely toxic comparing with chromium in +3 oxidation state. A simple transfer of electrons in change of oxidation implies a modification in its geometry, and the chromate anion (CrO4)-2 has the same tetrahedral geometry of the sulfates and phosphate ions (with an easy penetration in cell membranes), contrary to Cr (III), with octahedral complex structure, difficult to penetrate the skin (2).

The so called “leather shaving” waste, focus of this work, comes from the shaving process, which is carried out to achieve an even thickness throughout the skin/hide, and, because of its low specific weight, a large volume is accumulated in leather processing factories. One metric ton of wet salted hide yields 100 kg of this waste (3).

Portland cement is commonly used in order to encapsulate wastes due to its low cost and wide application, in several areas. Among specific reasons why Portland cement processes are so important in this technology are: a) much more is known about the reactions of Portland cement in setting and hardening, and more recently, in fixation of metals; b) good data on modeling of environmental effects from the leaching of cement-based waste forms are available from the nuclear waste field (4).

In recent studies, Nazari and Riahi (5,6) observed that the partial replacement of cement by nano-Cr2O3 particles (up to 1-2%) increases compressive strength and decreased percentage of water absorption of concrete specimens. However, the workability of concrete was reduced by adding Cr2O3 nanoparticles.
So in an attempt to inerted chromium present in the leather shavings waste in a cementitious matrix, a pretreatment was conducted so that all organic material from the waste decomposes in different chemicals products with different pH values. In this work, the influence of the addition of these solutions in the microstructure and basic properties of Portland cement was studied

MATERIALS AND METHODS
Materials
The mortars were prepared with Portland cement 32.5, which is equivalent to ASTM C 596 (Pozzolan-modified Portland cement). The fine aggregate was natural siliceous sand. The leather shaving was collected manually and randomly from disposal area of a leather gloves scrapings manufacturing in Bocaina city, São Paulo (Brazil) and preserved in plastic bags to protect from the heat incidence.

The acid used for pretreatment of leather shaving containing chromium was the phosphoric acid (concentration of 85% P2O5, pH = 1.5 and density 1.65 g/cm3). The base used was the caustic soda in flakes - NaOH (Manufacturer: Sansão) at concentration of 75%, commercially found in construction materials stores. 
Methods
The leather shaving pretreatment was executed in three distinct ways: acid, basic and neutral. In the first one, the chemical solution was used to break the proteins chains. The solutions were prepared by leather shaving adding in phosphoric acid 85 wt% concentration in different proportions, ie 1:2, 1:3, 1:4, 1:5, 1:6, 1:12.

The mortar formulation used as reference was prepared by using the 1.0:3.0:0.50 (cement:sand:water) weight ratio. Different acidic, basic and neutral solutions were added in different proportions of treated waste in 5 wt% and 10 wt%.
Besides the physical characterization of materials, the microstructural characterization via scanning electron microscopy (SEM) was also performed. In this work, a thin gold layer for coating was used, which served as a means of conducting electrons. The samples were analyzed in a scanning electron microscope Zeiss DSM 940-A. A 25 kV voltage and 15 mm working distance were used.

RESULTS AND DISCUSSION
Raw materials characterization
The used Portland cement (32.5) has a specific surface area of 0.93 m2/g and its specific gravity is 3.11 kg/dm3. The sand has a specific surface area of 0.68 m2/g and its specific gravity is 2.70 kg/dm3.

The leather shaving used in this work was investigated by TACHARD (2), who observed some structural and physical characteristics: apparent density of 0.25 g/cm3, the moisture content is around 44.5 wt% and loss on ignition of 94.8 wt%. Fibrous structure aspects were observed from scanning electron microscopy, in micrographs shown in Figure 1. A large percentage of mass lost on ignition (94.8%) refers to organic material (protein fibers) that evaporates during the calcination and leaves a small amount of ash (5.2%)
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Fig. 1 -  SEM micrographs of leather shaving, in two distinct regions.

Among the inorganic elements detected, the chlorine (43%), chromium (29%), sodium (18%) and traces of aluminum and silicon were observed. These elements were detected due to the large amount of inputs used in the leather treatment. According to Brazilian standard NBR 10,004, the chromium content classifies this waste as hazardous. So the chromium content in leather shaving was more precisely quantified by atomic absorption and the value obtained was 30.034 g/kg on dry basis or 3% by mass, which is compatible with the values reported in the literature (7).

Scanning Electron Microscopy (SEM) and Energy Dispersive X-Ray Spectroscopy (EDS).

The Portland cement mortars prepared with leather shaving treated solutions proved porous with heterogeneous and complex structures. From the micrographs present in Figure 2, it is possible to observe that the surface of mortar containing waste treated in basic medium (Figure 2b) has smaller grains when compared with other surfaces, ie, hydration occurred more slowly. This same result was obtained by Lemos (8), which verified if a sample is contaminated with a base not present the C3A phase, which is one of the phases that favor the fast setting time.


[image: image3]
Fig. 2 - SEM micrographs of fracture surface region of Portland cement mortars containing 10 wt% leather shaving treated in (A) acid, (B) basic and (C) neutral solutions. Concentration 1:6 (reagent : water).

The micrograph obtained in fracture surface region of mortar containing 10 wt% leather shaving treated in acidic medium (concentration 1:6) is shown in Figure 3. In the micrograph, it is possible see the fibrous C-S-H phase, in addition to ettringite which crystallizes in the beginning of setting time in needles form and is distributed throughout the matrix, characterizing the evolution of the Portland cement hydration (Figure 3a).

[image: image4]
Fig. 3 - SEM micrographs and EDS of fracture surface region of Portland cement mortars containing 10 wt% leather shaving treated in acid medium concentration 1:6 (reagent : water). (A) fibrous C-S-H phase and ettringite crystals; (B) microanalysis.

The micrographs of two regions of fracture surface region of mortar containing 10 wt% leather shaving treated in basic medium (concentration 1:6) show two distinct structures (Figure 4). In Fig. 4a the C-S-H phase is visualized and is responsible for the mechanical strength, Acicular ettringite crystals are showed too. In Fig. 4c, portlandite plates (Ca(OH)2) are present around a dense matrix.

[image: image5]
Fig. 4 - SEM micrographs and EDS of fracture surface region of Portland cement mortars containing 10 wt% leather shaving treated in basic medium concentration 1:6 (reagent : water). (A) fibrous C-S-H phase and ettringite crystals; (C) portlandite plates; (B) and (D) microanalysis.

The micrographs of fracture surface region of mortar containing 10 wt% leather shaving treated in neutral medium (concentration 1:6) are presented in Figure 5. The structure observed is a combination of the principal hydration stages, ie, it consists mainly of an array of C-S-H phase and portlandite plates, whose EDS analysis shows the main components (calcium and silicon).
The mortars samples prepared with the addition of treated waste in a highly concentrated alkaline medium (1:2) were also analyzed in the fracture surface. In the micrograph shown in Figure 6, a large number of Portlandite plates can be seen. For all microstructures, the greater amount of basic solution added is associated with the portlandite plates presence, gradually decreasing the amount of ettringite crystals and the C-S-H formation, and consequently causing a decrease in mechanical strength.

[image: image6]
Fig. 5 - SEM micrographs and EDS of fracture surface region of Portland cement mortars containing 10 wt% leather shaving treated in neutral medium concentration 1:6 (reagent : water). (A) C-S-H phase, ettringite crystals, and portlandite plates; (B) microanalysis.


[image: image7]
Fig. 6 - SEM micrographs and EDS of fracture surface region of Portland cement mortars containing 10 wt% leather shaving treated in basic medium concentration 1:2 (reagent : water). (A) portlandite plates; (B) microanalysis.

CONCLUSIONS
From the research presented herein, the following conclusions can be derived:

· The leather shaving can be easily dissolved in acid (H3PO4) and basic (NaOH) media, to result in a homogeneous aqueous solution;
· The addition of waste treated at low pH (phosphoric acid) minimizes the Portlandite formation and favors the calcium phosphate formation;

· The microstructures, although complex and typical of Portland cement matrices, did not reveal the presence of leather shaving (solid), which demonstrates the chemical pre-treatment effectiveness, and can mean an alternative to the incorporation of this waste to cement composites.
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