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Repairing composite using hazar dous waste containing heavy
metals

T Zlebek, J Hodul and R Drochytka

AdMas Centre, Faculty of Civil Engineering, Brnoilgrsity of technology, Veveri 331/95,
Brno 602 00, Czech Republic

Abstract. This research deals with the possibility of ushragardous waste in epoxy resin-
based polymeric substances. More specificallys ithe use of neutralising galvanic sludge
(NGS), which produces as a by-product in the serflieatment of metallic elements. The
objective of the research was to incorporate ashnagcpossible of this hazardous waste into a
suitable polymeric substance because the furthemfishis waste is very problematic and is
costly to treat and dump. Experiments carried axehshown that homogenisation of this
hazardous waste with a suitable epoxy resin regultse coating of all filler particles in the
form of waste by the binder and there is no relezfsheavy metals and other undesirable
contaminants. From an ecological point of viewsttherefore, possible to use the pre-treated
neutralising sludge as suitable filler in the pogrAbased repairing composite. On the basis of
the assessment of the mechanical properties tedtation, it can be stated that the most
suitable seems the application of 40% quantity gt of this hazardous waste type to be
used in the repairing mortar. The perfect distitoubf hazardous waste particles in the epoxy
matrix was confirmed by the evaluation of scanrgéhertron microscope (SEM) images. The
distribution of the individual elements found iretfiller was monitored by energy dispersive
X-ray analysis (EDX).

1. Introduction

Repairing composite materials are materials usedepair various elements and structures from
various materials (e.g. concrete, polymer, stotee).Repairing materials may be silicate or polyme
based.

For the production of the highest quality compositaterials, polymer-based binders are most
commonly used and are characterised by very gobgsimh to most materials [1]. For repairing
composite materials, polymeric binders based omyepesins seem to be the most appropriate, as they
exhibit excellent adhesion to most materials ad aslexcellent physical and mechanical properties,
minimum shrinkage and good chemical resistance a&fteing [2]. For this reason, a polymeric
substance based on epoxy resin was selected $oretsearch. Hodul et al. [3] dealt with using epoxy
resin as a binder for repairing material, wherg thhatched the possibilities of using denitrifietiefi
fly ash in the repairing materials.

In connection with the continuous production ofdrapus wastes in the industry and the effort to
avoid landfilling of these materials as much assfis, it is necessary to find appropriate useuchs
hazardous waste. Within this research, the usazdrdous waste as a filler in the polymeric repgiri
composite was experimentally checked. For thisarese a neutralising galvanic sludge (NGS) was
chosen as a by-product in the surface treatmemhaifllic elements. The purpose of the surface
treatment of metals is to make metal coatings ostijnenetallic-based materials, thereby creating a
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protective anticorrosive layer which protects matgiroducts from environmental influences during
their use and thus prolongs their service life.v@aic plating produces a variety of waste products,
which can be sludges or filter cakes, from a ndiging station containing dangerous substances. In
order to use the neutralising sludge as a fillepahlymeric substances, it is necessary to adjust it
accordingly. The most common type of hazardouseviisitment is solidification (stabilisation) [4].

It involves the mixing of hazardous waste with matg that bind dangerous substances to a solid
matrix to avoid the release of contaminated comptmeito the environment. The most commonly
used reagents are lime, cement or power fly asis.t¥pe of adaptation was dealt with by Hodul et al
[5] in their experiment, which involved the soliddition of neutralising sludges. The solidificatioh
other hazardous wastes was investigated by Lopét ] who tried to stabilise hazardous waste
containing large amounts of mercury. The effortoisnaximise the use of all waste in order to limit
their very costly treatment and landfill, which tdinutes to the protection of the environment.

2. |dentification of the materials

2.1. Neutralising galvanic sludge (NGS)

A neutralizing galvanic sludge (NGS) is producedhds/-product in the surface treatment of metallic
elements, namely galvanic plating. For this reasibopntains a considerable amount of pollutants,
predominantly heavy metals, which need to be ssfglg incorporated into a suitable matrix to
avoid leaching them. According to the waste cataoghis hazardous waste can be classified in group
19 02 05 Sludges from physical and chemical treatn@®ntaining dangerous substances. This
neutralisation sludge exhibits several hazardoogpgaties such as H5 (Harmfulness to health), H14
(Ecotoxicity), H15 (Ability to release dangerousbstances to the environment during or after
removal).

Since this sludge is produced with a high contémhysically bound water (pasty consistency), it
had to be dried (105 °C) before using as a filieo the polymer mass. Subsequently, the dried sludg
(figure 2), milled to a desired fraction (figure. Bjgure 1 shows the distribution curve of the ighat
size distribution of the dried and grounded sludgee density of this sludge is 2960 kd/amd the
specific surface is 880 m2/kg. The loss of dryihd@5 °C was 34.7% and the pH of the sludge was
11.6. The high pH of the sludge is due to the radisaition of the acid solutions used in the galeani
plating process when calcium hydroxide (Ca(@)H$ added to the solution. Table 1 presents the
concentration of pollutants in the dry matter aadlé 2 presents the results of the leachability tes
carried out according to EN 12457-4 (Charactepsabf waste. Leaching. Compliance test for the
leasing of granular waste materials and sludges.stage batch test at a liquid to solid ratio of/R€
for materials with partied size below 10 mm (with@u with size reduction). Determination of the
pollutants concentration in dry matter and the heddity of waste results from Decree No. 294/2005
Coll. on the landfilling conditions of waste and iise on the terrain surface, and amending Decree
No. 383/2001 Coll. on waste management detailschvhiso includes limits for individual leachate
classes. Based on the results of the leachaldty this waste can be classified in leachate dlhss
because the limit for leachate class IIb for cllesi (2500 mg/l) and dissolved substances (6000 mg/I
has been exceeded.

Table 1. The concentration of specific heavy metals inNIi&&S sludge [mg/kg dry mattery].

As Cd Cr Ni Pb \%
1.51 0.37 171 112 2110 8.36

Table 2. Results of the leaching test of the NGS sludgelmg

DOC! Chlorides Fluorides DSyied SQ: Ba  Cr Cu As Mo Pb
19.7 2950 0.2 6340 5.82 0.021r.009 0.071 0.0014 0.019 <0.001
ExplanationsDissolved Organic CarbofDissolved Substances.
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Figure 1. Particle size distribution of the  \yaste NGS (dryer: 105 °C). filler (milled NGS).
pre-treated filler NGS.

2.2. Reference filler — silica sand

It is perfectly pure silica sand with the idealigrahape that makes it possible to create a pérfect
dense structure in the polymer substance. It isnoonty used as filler in various polymer composites,
mortars, fillers, polymeric substances and polyowsrcrete. This sand contains 99.6% of S46d has

a density of 2660 kg/mAs part of the research, this sand was usedfémerece samples to compare
the parameters with the values of the developediniag materials containing pre-treated hazardous
waste.

2.3. Binder component — epoxy resin

As a binder the low viscosity solvent-free epoxgdxh material with the polyamine (2,4,6-tris-
(dimethylaminomethyl) phenol, and 4,4-methylengoigclohexylamine)) based hardener was used.
Epoxy resin is a very good binder to achieve higbngth and minimal shrinkage [7]. A large amount
of filler can be incorporated into this substanae tb its very low viscosity.

3. Examinations carried out

3.1. Determination of compressive strength anddkpoint bending strength

These tests were carried out according to starieiird3892-2 Methods of test for screed materials -
Part 2: Determination of flexural and compressitrersgth. A filling of 40% and 45% of repairing
substance by hazardous waste NGS was selecteda S#dind reference samples were created to
compare the properties. The tests were carriedm@0 x 20 x 100 mm test joists (figure 4) made of
epoxy-based polymeric substance and neutralisaslmgige or reference sand with different
percentages of filling [8].

3.2. Determination of hardness

The hardness of the repairing composite was meadsusmg a Shore method, which is based on
inserting the spike of a type A (use for softerenals) or type D (harder materials) durometeroun
case, a type D durometer was used (figure 5). &sievtas performed according to standard EN I1ISO
868 Plastics and ebonite - Determination of indi#orahardness by means of a durometer (Shore
hardness). For the test, a TQC durometer, modebbD0Owas used.

Figure 4. Samples for determination of bending Figure 5. Determination of Shore D hardness.
and compressive strength.
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3.3. Monitoring of microstructure using scanningatron microscope (SEM)

The distribution of the filler (neutralising slud®&:S) in the epoxy matrix was monitored using the
Tescan Mira3 LM scanning electron microscope bypsujng of energetic dispersion X-ray analysis
(EDX), which is a function that allows the elemérdamposition of the material to be determined.
This function has been used to determine the anmfurgpresentation of some elements (Fe, Ca) and
their distribution in the substance. This microseap equipped with a high brightness of Schottky
emitter, which ensures high resolution and low @aisaging. The accelerating voltage of this SEM is
from 200 V to 30 kV and provides a magnificatioonfr 3.5x to 1,000,000x.

4. Resultsand discussion

4.1. Compressive strength

Figure 6 below graphically illustrates the resugtioompressive strength values of the verified
repairing composite samples. As seen in figure i) the increasing percentage of the substance
filling with the NGS neutralisation sludge, the quessive strength was reduced, unlike the reference
substance where, with increasing percentage ofdjlithe tensile strengths increased slightly terov
120 MPa.

The developed repairing composite with hazardoustevaxhibited the best compressive strength
at 40% filling, evidenced by a compressive stremgfttalmost 80 MPa, which is a relatively high
strength. The reference substance has better piegpenainly due to better physical-mechanical
properties of the filler, namely silica sand, atgbéecause of a substantially smaller specifitasar
of the sand, which results in a better coatinghef$and grains of the binder component and thus the
improvement of the resulting properties. Higheomoration of the NGS filler into the epoxy matrix
results in inhomogeneity of the cured repairing pogite and in attenuation of the bonding of filler
and binder. Above all, these facts result in a ict@rable deterioration of the physical-mechanical
properties of the composite. However, 40% of fgliby this hazardous waste is a significant
ecological and economic benefit from the perspeabivthe repairing composite production.
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Figure 6. Compressive strength of the samples Figure 7. Three-point bending strength of the
with NGS filler and reference sand. samples with NGS filler and reference sand.

4.2. Three-point bending strength

The resulting bending strength values of the tastmes are graphically shown in figure 7. Here, it
can be seen that the tendency of the resultingeptiep with the increasing percentage of fillingtie
same as that of the compressive strengths. Alsih, tve neutralising sludge NGS, the increasing
filling percentage reduces workability and strengtith the reference substance increasing the three
point bending strength. The reference samplesgttisrranged from 43 MPa to 48 MPa (figure 7).
For the developed NGS repairing composite with fémas waste, the flexural strength values ranged
around 20 MPa. Better mechanical properties ofélference substance are also likely due to a more
suitable particle size distribution and an optistape index of reference silica sand.
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4.3. Shore hardness

The determination of the hardness of the develamedposite with hazardous waste was done by
measuring the shore-durometer at several locabarnthe test surface. It is generally known that the
resulting hardness of epoxy resin-based materigtentds largely on the curing time and the type of
hardener. Composites with higher curing time in lboation with polyamine-based hardeners
typically have a high Shore D hardness. From theswmesd values, the average hardness of the
repairing composite with 40% content of hazardoastey NGS was determined to be 90/100. It is,
therefore, a material with a high surface hardresss is thus expected to be highly resistant to
abrasion, impact and mechanical damage. For aerefersample containing 40% content of silica
sand, a hardness value of 87/100 was recordeddResthe evaluation of the hardness results, it can
be said that the developed repairing composite aléb be possible to use in places and operations
where there is considerable mechanical stressifotim of inserting devices and sharp-edged objects

4.4, Monitoring of microstructure using scannirigatron microscope (SEM)

The scanning electron microscope (SEM) was useatktermine the distribution of filler particles,
namely hazardous waste NGS in the polymer matrih \& magnification of 500x, it can be seen in
figure 8 that some particles are substantiallydathan the others, but no clumps are formed, bed t
particles are distributed evenly throughout theypar matrix volume. Additionally, energy dispersive
X-ray analysis (EDX), which is a supplement to SHMs monitored the presence and amount of
some elements contained in the sample with 40% Bl§agent. Figure 9 shows the distribution of iron
(Fe) in individual NGS particles and figure 10 sisothe distribution of calcium (Ca) in the
neutralising sludge particles. The high calcium)(@eesence in the NGS sludge is caused by the
neutralisation of waste galvanic solutions usingGE4),. The presence of heavy metals could not be
proven by EDX analysis because their amount waBgielg compared to other elements, and a more
sensitive EDX analysis would be needed to deterrtip distribution. However, it has been proved
that the distribution of the individual elementdiie epoxy matrix is uniform and the hazardous evast
particles have been successfully incorporated tiwoclosed solution structure while avoiding their
leaching.

Map data 94
SE MAG: 502x HV: 20kV_WD: 15.0mm
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Figure 8. Distribution of the  Figure 9. Distribution of iron Figure 10. Distribution of
NGS particles in the epoxy  (Fe) element in the composite calcium (Ca) element in the
matrix (40% NGS) with 40% NGS filler. Composite with 40% NGS

filler.

5. Conclusion
Research on the possibilities and suitability of thee of hazardous waste, namely neutralisation
galvanic sludge (NGS), has found that properly tppated hazardous waste can be used very
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efficiently and advantageously as a filler in tlwtymer repairing composite. The repairing composite
with a relatively high content of pre-treated hapars waste NGS (40%) exhibited compressive
strength of about 80 MPa and three-point bendirength of about 25 MPa. These values are high
enough for the use of this composite as a repaisigstance for the rehabilitation of concrete
structures or for the manufacture of prefabricdigthgs. The repairing composite material has also
been subjected to a Shore D surface hardnesswigist) has been found to be a material of high
surface hardness and can therefore also be usegerations where a high resistance to surface
deformation is required. From an ecological pointiew, this repairing composite has a very positiv
environmental benefit because it uses a signifiGanbunt of hazardous waste that is perfectly
integrated into the substance and there is no toagg release of hazardous substances that could
otherwise get into the surrounding environmenthi@ évent of imperfect landfilling. By using this
waste, there is an increase in environmental ptioteby limiting the very expensive and problematic
landfilling of these hazardous wastes. In additiesing hazardous waste reduces the producer costs
associated with its landfill and all in all the guwtion of this repairing composite eliminates tise

of fillers based on primary raw materials, so ethenproducers will reduce direct costs.
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