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Leather waste originated from shoe industry is considered potential hazardous waste as a consequence of
the chrome tanned leather process. On the other hand, the leather waste has an inherent value as fuel that
makes feasible its use as a very interesting potential source of energy; nevertheless ash residues are produced
during the combustion process. This waste disposed in landfills can cause leachate problems. For that reason,
determination of hexavalent chromium is considered as an essential input parameter for the safe disposal of
these residues. However the current methods provide ambiguity in the results. The objective of this work
was to evaluate two different speciation methods: Method SLC 22 (IUC 18) called Method 1, used for leather
technicians and Method II, developed by the Analytical Chemistry Laboratory of CIEMAT, to analyse the
Cr(VI) content in ashes from fluidised bed combustion of leather waste. Both methods provide appropriate
results for these kinds of samples when a non-reducing environment is present.

Keywords: Chromium (VI); Ashes; Speciation methods; Leather waste

INTRODUCTION

Leather is a fibrous protein, a collagen cross-linked into a three-dimensional network.
Raw hides are processed into usable leather through tanning to improve its appearance,
physical stability and resistance to chemicals. Metal-based salts are almost universally
used for tanning. The chromium compounds are preferred for most tanning operations.
The metal, generally in the form of chromium trioxide (Cr,0s3), roughly varies from 3
to 4% by weight in the tanned leather.

Leather waste, tannery scraps (mainly trimmings and shavings) and cutting and
buffing dust, originating from shoe industry, are considered potential hazardous
residues. The primarily responsible element for turning leather waste into a disposal

*Corresponding author. Fax: 4+ 34-91-3466005. E-mail: isabel.rucandio@ciemat.es

ISSN 0306-7319 print: ISSN 1029-0397 online © 2003 Taylor & Francis Ltd
DOI: 10.1080/0306731031000094913



15:54 17 January 2011

Downl oaded At:

144 P. SANZ et al.

problem is chromium. Cr(III) compounds have low solubility and mobility. As opposed
to this, Cr(VI) compounds are classified as a human carcinogens, being rather mobile.
This fact is important in terms of potential groundwater contamination. This waste,
disposed in landfills, can cause leachate problems for extended periods of time since
its degradation is very slow, leading to increasing stringent regulatory restrictions in
the leather industry to manage the pollution source term.

On the other hand, the leather waste has inherent value as fuel. The heating value
ranges from 12.5 to 21 MJ/kg, corresponding to the heating value of many brown
coals. This waste is a potential source of energy. However, different contaminants
(mainly hexavalent chromium) and their concentration levels should be studied not
only during the combustion process but also in the final waste.

Because of the high toxicity of Cr(VI), it is very important to verify that during the
combustion process the Cr(II) present in the leather waste does not alter its valence
to Cr(VI). This requires reliable techniques to extract and detect, without alteration,
small quantities of Cr(VI) from complex sample matrices in the presence of a large
excess of Cr(I1I), as well as of other potential interfering compounds.

EPA [1] recognises four methods for the determination of Cr(VI): Method
7195 (Coprecipitation); Method 7196A (Colorimetric); Method 7197 (Chelation-
Extraction); Method 7198 (Differential Pulse Polarography). None of them is directly
applicable for this purpose as published [2], being necessary some modifications
to obtain reliable results. None of them was applied directly to the analysis of ashes
from fluidised bed combustion of leather waste. The problem of determination of
Cr(VI) in this type of ashes is the high Cr(IIT) content.

Nazario and Menden [3] studied the ambiguity produced by some of these EPA
methods. Their results indicate limitations in quantifying Cr(VI) in Cr(III) matrices.
Coprecipitation method was shown to be unsuitable for determination of small
amounts of Cr(VI) in high Cr(III) content substances. Chelation—Extraction was able
to detect the presence of Cr(VI) in Cr(III) matrices, but it was unable to quantify the
amount. Colorimetric analysis proved to be the most reliable, consistent and informa-
tive of all the three methods. But they worked only with spiked samples prepared in a
clean water matrix, where all methods should optimally determine Cr(VI), not with real
leather extracts.

In this particular instance, Method SLC 22 (IUC18) [4], called Method I in this work,
was further developed specifically for the determination of Cr(VI) in leather samples,
but not for this kind of ashes. As a consequence of these limitations, the Analytical
Chemistry Laboratory of CIEMAT developed a new analytical method [5], called
Method II, that analyses Cr(VI) in solution by colorimetry after sulphuric extraction
from leather waste and its combustion ashes.

In this article, Methods I and II have been used to determine the hexavalent
chromium present in different types of ashes.

EXPERIMENTAL

Samples

To produce energy from leather waste it is necessary to use a good combustion
technology. Fluidised bed combustion is a relatively new technology in the field of
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waste incineration. Major advantages of this technology include relatively low and
uniform furnace temperature (840-900°C) which permits the combustion to occur
below the ash fusion temperature providing the optimum temperature for acid gases
capture (SO, and HCI), using limestone as sorbent, and reducing NO, formation.

This technology generates ash residues with somehow different properties due to
the low combustion temperature and high air velocity, which transports part of the
bed material with the flue gases [6]. Several ash streams are produced during
the incineration process as bottom, filter and cyclone ashes.

In order to carry out this work, several ash samples were prepared from fresh
leather waste. Table I shows the immediate and ultimate analyses of this leather
waste. At the same time, it is necessary to know the original chromium content
of the leather waste used as fuel on the combustion tests. This is shown in Table II,
as well as the major constituents of the leather ash chemical composition.

Two groups of ash samples were prepared with this leather waste. The first group was
constituted by thirteen samples, obtained by combustion of fresh leather in a heating
plate. The ashes were prepared at different experimental conditions, such as weight
of sample, size of porcelain crucible and combustion time. The process was as follow-
ing: leather was weighted in different porcelain crucibles, burnt to ashes in a heating
plate and then maintained in an oven at 850°C during 1-3h. CaO was added to four
samples, in different quantity (0.5-1%) to promote the oxidation of Cr(III).

The second ash sample group (30 samples) was obtained by burning leather waste
on the bubbling fluidised bed combustion pilot plant of CIEMAT. The system
comprised a combustor of 30cm inside diameter and 3.25m height, a fuel feeding
system, an air line, two cyclones, a heat exchanger, a bag filter and an on-line flue
gas analyser. Figure 1 shows a schematic diagram of the experimental setup. The
operating conditions in each test were as following: combustion temperature 850°C,

TABLE I Immediate and ultimate analyses of
leather waste

Immediate analysis (%)

Volatile matter 66.4
Ash 4.5
Fixed carbon 15.8
Moisture 13.3
Ultimate analysis (% d.b.)
Carbon 54.8
Sulphur 1.4
Nitrogen 14.1
Hydrogen 5.2
Oxygen 19.3
Ash 5.2
Low Heating Value (MJ/kg) 18.1

TABLE II Major constituents (%) of the leather ash
chemical composition

CI'203 88.9
ALO; 2.1
CaO 7.3
Fe203 1.7
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1.-Feeding System P
2.-Preheater :
3.- Burner

4.- Combustor
5.- Cyclones
6.- Baghouse
7.- Flue gas Analysig
8.- Control System

FIGURE 1 CIEMAT bubbling fluidised bed pilot plant.

fluidisation velocity 1.2m/s and oxygen excess 5%. Only cyclone and filter ashes were
collected for the analysis of Cr(VI), since they are the main source of ash residues.
These ashes contain considerable amounts of soluble substances such as chromium
compounds.

Methods

The analytical characteristics of the four EPA methods for the determination of Cr(VI)
mentioned in the introduction are displayed in Table III.

Hexavalent chromium present in ashes was determined by colorimetric diphenylcar-
bazide (DPC) analysis. Two variations on the DPC analysis were used in this
work: Method I taken from International Standards (SLC 22 or IUC 18), and
Method II developed in the Analytical Chemistry Laboratory of CIEMAT. Both
methods use diphenylcarbazide as Cr(VI) indicator but under different and well-defined
conditions:

Method I. 24+0.01 g of ash sample were extracted by shaking, for 3h, on a
mechanical shaker with 100 mL of degassed extraction solution at pH 7.5-8.0 under
inert gas. The oxygen is displaced by passing oxygen free argon or nitrogen into the
flask for Smin at 50 mL/min. After 3h of extraction, the pH of the solution will be
between 7.5 and 8.0. Otherwise the complete procedure shall be started again reducing
the sample weight. Immediately after the extraction, the extract is filtered through
Teflon or nylon membrane filter of 0.45um pore size. The extract is passed into
a 100 mL volumetric flask and made up with distilled water. 10 mL of extract, or the
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adequate volume, depending on the Cr(VI) content, are dispensed into a S0 mL volu-
metric flask and diluted to 3/4 of its volume with distilled water. 1mL of 10g/L
DPC solution is added followed by 1 mL of phosphoric acid solution. The content of
the flask is mixed and made up to 50 mL with distilled water. It is allowed to stand
for 15+ 5min and the absorbance of the solution at 540 nm measured in a 1cm cell
against the blank solution. Another aliquot of the same volume of extract is dispensed
into a 50 mL volumetric flask, as before, and treated as described above, but without
the addition of the DPC. The absorbance of this solution is known as colour correction
and it is especially necessary for its correction in coloured extracts.

A suitable calibration curve may be plotted by using 0.25/0.5/1.0/1.5/2.0/2.5 and
3.0mL of the 10mg/L Cr(VI) standard solution. These volumes are dispensed into
50mL volumetric flasks and 1mL of 10g/L DPC solution is added, followed by
1 mL of phosphoric acid. Next make up to volume with distilled water, mix well and
allow to stand for 15+ 5min like samples. The Cr(VI) concentrations in mg/50 mL
are plotted against the measured absorbance.

Method II: 25-50 £0.01 mg of ashes were digested, stirring and heating with 25mL
of 10% H,SO, for 45 min. After the digestion, the extract is filtered, cooled and made
up to 100 mL into a 100 mL volumetric flask with distilled water. 20 mL of the extract,
or the adequate volume depending on the Cr(VI) content, is dispensed into a 50 mL
volumetric flask and made up to 50 mL with distilled water. 2.5mL of 0.4 g/L DPC
solution is added. The content of the flask is mixed, allowed to stand for 15+ 5min
and measured at 543nm in a 1cm cell against the blank solution.

A suitable calibration curve may be plotted by using 0.25/0.5/1.0/1.5/2.0/2.5 and
3.0ml of the 10mg/L Cr(VI) standard solution. These volumes are dispensed into
50 mL volumetric flasks, 1 mL of 50% H,SO, is added and made up to volume with
distilled water, mixing well. Then 2.5mL of 0.4 g/L DPC solution are added. The con-
tent of the flask is mixed, allowed to stand for 15 + 5 min and measured like the samples.
The Cr(VI) concentrations in mg/52.5 mL are plotted against the measured absorbance.

Regeants

All used reagents were at least of analytical-reagent grade.

Method 1

— 228 g/L extraction solution: 22.8 g dipotassium hydrogen phosphate K,;HPO,-3H,0
dissolved in 100 mL water, adjusted to pH 8.0 £0.1 with 70% phosphoric acid.

—10g/L DPC solution: 1.0 g de 1.5-diphenyl-carbazide CO (NHNHC4Hs), dissolved
in 100 mL acetone and made acidic with one drop of CH;COOH. The shelf life is
up to 14 days at 4°C.

—70% phosphoric acid solution: 700 mL o-phosphoric acid, d=1.71 g/mL, made up
to 1000 mL with distilled water.

—1g/L chromium (VI) stock solution: 2.829g potassium dichromate (K,Cr,O)
dissolved in a volumetric flask and made up to 1000 mL with distilled water. (I mL
of this solution contains 1 mg of chromium.)

— 10mg/L chromium (VI) standard solution: 1 mL of the chromium stock solution is
dispensed into a 100 mL volumetric flask and made up to the mark with distilled
water. (1 mL of this solution contains 1 pg of chromium.)



15:54 17 January 2011

Downl oaded At:

STUDY OF Cr(VI) 149

— Argon or nitrogen, oxygen free.
— Distilled water.
— Potassium dichromate (K,Cr,O-) dried for 16 £2h at 102 +2°C.

Method 11

— Perchloric acid: 1.67 kg/L; 70% purity.

— Sulphuric acid: 1.84 kg/1; 95-98% purity.

—10% sulphuric acid solution: 100 mL sulphuric acid, d=1.71 g/mL, made up to
1000 mL with distilled water.

—0.4g/L DPC solution: 0.2 g de 1.5-diphenyl-carbazide CO (NHNHC¢H;5), dissolved
in 100mL ethyl alcohol 95% and mixed with an acidic solution of 40 mL sulphuric
acid and 360 mL distilled water. The solution should be kept in a brown bottle at 4°C.

—1g/L Chromium (VI) stock solution: 2.829 g potassium dichromate (K,Cr,O)
dissolved in a volumetric flask and made up to 1000 mL with distilled water. (I mL
of this solution contains 1 mg of chromium.)

—10mg/L Chromium (VI) standard solution: 1 mL of the chromium stock solution
is dispensed into a 100 mL volumetric flask and made up to the mark with distilled
water. (1 mL of this solution contains 1 pug of chromium.)

— Potassium dichromate (K,>Cr,O-) dried for 2+0.1h at 110 £2°C.

Two solid standards were prepared from chromic oxide (Cr,O;) and potassium
dichromate (K,Cr,0O7) analytical commercial products: Standard 1 has 61.58% of
Cr(IIT) and 3.54% of Cr(VI). Standard 2 has 67.74% of Cr(III) and 0.35% of
Cr(VI). It was necessary to know the effectiveness of each method to recover Cr(VI),
since certificate reference materials (CRM) were not available for this purpose. It is
important to determine the recovery rate in order to provide information about possible
matrix effects since it may have influence on the results.

Apparatus
The laboratory apparatus used in this work were:

— 8000 Spex Mixer/Mill used to homogenise samples and standards.

— G-10 Gyratory shaker; New Brunswick Scientific Edison N.J. USA. 50+ 10 min~".

— UV-160A UV-Vis recording spectrophotometer Shimadzu. Wavelength 540 nm.
Photometric cell, quartz, 1 cm length.

RESULTS AND DISCUSSION

Ashes from fluidised bed combustion of leather waste constitute a particular matrix
with special characteristics with respect to soils or sediments [7,8]. The behaviour
of Cr(Vl) in these latter matrices has been studied in a lot of research projects.
However, this waste is generated by a dispersed industry, and, consequently, few
efforts have been made to study the way to determine accurately and efficiently the
content of Cr(VI) in these samples and to avoid the presence of this toxic species in
the environment.
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Comparison of Methods

During the present work, most of EPA methods referred in Table III were tested. Since
the differential pulse polarography technique was not available, Method 7198 could
not be used. Water samples and real combustion ash extracts were spiked with
Cr(VI). Good results were obtained for spiked water samples, but low recoveries
were found with spiked ash leachates. As a consequence, the method used by leather
technicians for leather samples (SLC 22 (IUC 18) or Method I) was considered for
application to their combustion ashes. On the other side, the method developed
by the Analytical Chemistry Laboratory of CIEMAT (Method II) to determine the
Cr(VI) from leather waste and its combustion ashes was used as an alternative, drawing
a comparison of the results obtained by both methods.

The main differences between Methods I and II are pointed out in Table IV. The
Cr(VI) extraction procedure is completely different. While this process takes place
in Method I at a pH range of 7.5-8 (controlled by K,HPO4,~H;PO, buffer), it
needs strong acid medium (H,SO,4) in Method II. Cr(VI) is strongly dependent on
the pH [9]. Therefore Cr(VI) is easier to reduce as acidity increases. However, this
reduction may be kinetically slow, and extended storage time could cause significant
losses of Cr(VI). In this sense, extraction according to Method II could lead more
easily to losses than Method I. On the other hand, Method II has a higher capability
to solubilise different forms of Cr(VI), because of its low pH level. Consequently, the
non-solubilised Cr(VI) would be undetected.

The mechanism used to detect Cr(VI) is basically similar in both methods: oxidation
of added DPC to diphenylcarbazone (DPCO) by present Cr(VI) in acidic solution,
followed by the formation of a soluble strongly red-violet complex with generated
Cr(IlT) (Cr(IT1)-DPCO®~*). The concentration of DPC in Method I is 10 times
higher than in Method II, but the ratio between this concentration and the weight
of sample in Method II is 4 to 8 times higher. In this sense, a large excess of DPC is
essential since compounds that consume reagent reduce the reaction capability.

Several samples of the first group were analysed using both methods. A comparison
of the results is represented in Fig. 2. A lot of points are grouped in a small area
corresponding to different experiences made with the same sample treated under similar

TABLE IV Main differences between Methods I and 1T

Parameter Method 1 Method I1
Weight of sample 2g 0.025-0.050 g
Extraction time 3h 45 min
Extraction pH 7.5-8 (K,HPO4~H3PO, buffer) Strong acid (10% H,SOy)
Extraction T Room temperature Heating
DPC ImL of 10g/L DPC 2.5mLof 0.4g/L DPC
DPC medium Acetone Ethyl alcohol-H,SO,
Concentration range 5-10 100-200
(ng Cr(VD)/g ash)
Relative standard 4.8 7.1
deviation (%)
Detection limit 7.29 10.7
(ng/L Cr(VID))
Detection limit 1.82 71.4

(ng Cr(VD)/g ash)
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FIGURE 2 Correlation of the results obtained by Methods I and II.

experimental conditions. The rest of the points represents results of samples treated
with CaO, compound intentionally added in order to induce the formation of
Cr(VI). The correlation between both methods is quite acceptable (R>=0.9941).
However, the results obtained by Method I are significantly lower than those found
by Method II (slope 0.8868 in Fig. 2). This fact could be explained by several reasons.
One of them is the weight of sample; that is much higher in Method I than in II. As
weight increases, the interaction with the reagent is getting worse and the efficiency
in the extraction of Cr(VI) decreases. Other reasons are the leaching temperature
and pH. The heating provides a better extraction. A low pH facilitates the oxidation
of DPC by chromate and increases the dissolution process of a lot of concomitants,
releasing the Cr(VI) bound to them.

The reducing compounds from certain samples may compete with DPC to react with
Cr(VI) to produce undetected products. In these cases, although an increase of DPC
concentrations could be necessary in order to complete the formation of red-violet
coloured complex, it has been tested in both methods that it does not cause an increase
on the signal.

The detection limits of both methods were estimated as three times the standard
deviation of 20 measurements of solutions previously reduced to Cr(III) to avoid the
presence of Cr(VI). Their values are in Table IV, referred to the solution and to the
solid sample.

Method I has better sensitivity and precision, but it is more time-consuming. This
method is a useful way for determination of Cr(VI) in samples with low levels of
this analyte and with a low degree of homogeneity. The amount of sample used in
the analysis is up to 2 g, a more representative fraction of the whole sample than smaller
sample weights.

Recovery of Spiked Cr(VI)

This test was carried out to evaluate the recovery of Cr(VI) spiked in several steps
throughout the process. The recoveries of the concentration of added Cr(VI) have
particular importance because there are no standard reference materials for Cr(VI)
analysis in samples of leather combustion ashes. Different additions of a synthetically
solution of Cr(VI), or Spike 3, to the measurement solution were made to study the
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detection and quantification process. Several fractions of a solid standard with a high
concentration of Cr,Oz and important amounts of K,Cr,O; were also added to
the solid ashes in order to evaluate the extraction and measurement processes.
Figure 3 shows a scheme of the places and types of spiking. Spike 3 was used to evaluate
the responses of the instrumental methods in such leachates. This evaluation is wider
for Spike 2, since it considers also the extraction process. The recoveries of Spike 1
also include both the dissolution process of Cr(VI) and the presence of a high
concentration level of Cr(III).

The results of the recoveries obtained with two different levels of concentration
(H=high level, 500 png/g and L=Iow level, 80pg/g) are represented in Fig. 4
for every spike and method. The corresponding amount of Cr(VI) leached from
original ashes has been subtracted. Each error bar was estimated from the standard
deviation of at least five spiked samples. The Spike 3, addition of a solution of
Cr(VI) before the instrument analysis, shows the best recoveries, ranging from 96 to
102%, with a standard deviation lower than 5% for five measurements.

When the additions were made before the extraction procedure, the precision of
the results was worse, since the samples and the additions were subject to the extraction
and determination process. In these cases, slight differences in the obtained recoveries
were found when a solution of Cr(VI) (Spike 2) and a solid mixture of high concentra-
tion of Cr,O3 and low level of Cr(VI) (Spike 1) were employed.

Spike 1: solid Cr205+K2Cr;04

Ashes EXTRACTION _m DETERMINATION _(Concentration

" “A_of Cr(VI)
Spike 2: solution of Cr(VI) Spike 3: solution of Cr(V1)

FIGURE 3 Scheme of the places and types of spiking.
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analysis.
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Similar precision and lightly lower recoveries are obtained in the Spike 1. That means
that the presence of an excess of Cr(III) does not imply an increase in the signal, as
a consequence of an induced oxidation of Cr(IIl) to Cr(VI), although the opposite
effect is weakly produced (an induced reduction of Cr(VI) to Cr(II)). On the other
hand, this effect is shown mainly for high concentration of Cr(VI), where the recoveries
are lower than those expected, being the standard deviation of the results higher for the
low concentration level.

Matrix Effects

A similar experience was carried out with cyclone and filter ashes coming from combus-
tion of fresh leather waste on the fluidised bed combustion pilot plant of CIEMAT.
The behaviour of most of these samples was similar to that of previous experience
and the same degree of recovery was obtained for the Spikes 1-3. However, other spe-
cific samples showed an anomalous behaviour: recoveries of the Spikes 1-3 were even
lower than 10% for Method 1. Method 11 was less prone to these alterations. The results
for the Spike 3 were acceptable, but not for the Spikes 1 and 2, where the signals
are highly dependent on the volume of sample taken for analysis.

This unusual behaviour could be attributed to various reasons:

1. An incomplete dissolution of added solid Cr(VI).

2. An insufficient concentration of free DPC to complete the reduction of Cr(VI) and
the quantitative formation of the complex (Cr(III)-DPCOG~™F).

3. A reducing capability of the ashes. The presence of certain compounds inherent
to the sample could reduce Cr(VI) to Cr(III) without the addition of reagent.

The incomplete dissolution of the added solid Cr(VI) would lead to low recoveries
for Spike 1, but close to 100% for Spikes 2 and 3. In these ashes the recoveries are
very low for the three spikes. Both phosphate buffer and sulphuric acid extract
essentially non-measurable Cr(VI) from the Spike 1, what may indicate that the
Cr(VI) was solubilised and then reduced to Cr(III) by other reducing compounds
present in the solution. The hypothesis on that Cr(VI) is not solubilised in these
media, and therefore, is not recovered, is refused, because the results of an equivalent
experience without real samples showed a complete recovery of the added Cr(VI).

On the other hand, it could be assumed that the concentration of DPC is not high
enough to reduce Cr(V]) in presence of interfering components, such as strong oxidising
agents, that may compete with Cr(VI) to oxidise DPC. Consequently, a new test was
made based on the addition of an extra amount of DPC to the extracts. The results
obtained in this way were similar to those corresponding to lower concentration of
DPC. When the addition of DPC was made at the beginning of the extraction process,
a red-violet colour was only observed in Method II at 15 min. This colour was decreas-
ing with time and disappeared at the end of the extraction. With new additions of
DPC the colour was not recovered. These facts corroborate that the reason for the
low recoveries of added Cr(VI) is not the lack of enough amount of DPC.

It was considered more plausible that reduction of dissolved Cr(VI) by some other
ash components took place. The quantification of Cr(VI) in ash extracts demonstrates
that when the samples contain strongly reducing matrix components and/or the
concentration of Cr(VI) in the sample is low, both methods may not become suitable
for Cr(VI). In these types of samples both methods can not be applied. However,
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in these conditions Cr(VI) is not stable and it can not be present as a contaminant. As a
consequence, it is necessary to know whether each sample has a reducing or non-
reducing character.

Conditions for the Suitable Application of the Methods

Two different procedures have been developed in order to establish the limit conditions
for application of the methods; one of them is based on the measurement of redox
potential at the end of the leaching process, and the other on the comparison between
slopes obtained by both standard addition method and direct analysis of the final
extract. Both methods provide consistent results, but from a practical point of view,
the former is more useful and less time-consuming.

(i) Procedure Based on the Measurement of Potential

Values of pH and redox potential were registered at the beginning and at the end of the
extraction process for several normal and anomalous samples. While the redox poten-
tial values were found to be in a wide range, the pH values ranged between 7.5 and 8 as
expected for Method I and showed a strongly acidity for Method II. Solutions from
Method I showed unstable potential measurements. The values were ranged between
140 and 250mV, and a weak evolution was observed within the extraction time.

Values ranging between 330 and 670 mV were measured with Method II, and an
evident reduction of the potential can be found along the extraction process. In both
methods a remarkable difference in the redox potential of the extracts can be seen,
showing an anomalous behaviour in relation to the others. Therefore, a limit of
application for each method can be established as a function of this parameter
measured at the end of the leaching process. Ashes with an unusual behaviour are
those with a potential lower than 200mV for Method I and 600 mV for Method II.
Since these limit values should be modified as a function of the concentration of Cr,
it is recommended to deduce the recovery for a single spike for each sample. The
application of the methods will be suitable only when the deduced recoveries are in
the 90-110% range. Low recoveries for spiked Cr(VI) may be an indicator of the
tendency for generated Cr(VI) to persist under field conditions over long term in a
non-reducing context. In these samples with a reducing matrix, the detection limits
could be higher because the matrix may compete with DPC to react with Cr(VI) to
produce undetectable products.

(ii) Procedure Based on the Comparison Between Slopes

Another way to check the absence of matrix effects is the comparison of the slopes
obtained by the standard addition method and direct analysis. Differences higher
than 10% show the disability of the method to provide suitable results. A minimum
difference between both slopes is an indicator of the absence of such effects.
The slopes deduced for samples with anomalous behaviour are quite different, and in
some cases it is even impossible to determine Cr(VI) with the standard addition
method since the added Cr(VI) does not increase the absorbance.
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Influence of the Ash Treatment

The use of the bubbling fluidised bed technique for treatment of the leather waste
is rather a new concept for the controlled disposal of these residues. This type of
combustion produces ash residues with different characteristics than the ashes gener-
ated in a laboratory scale mass burn. For instance, the combustion temperature
is more homogeneous in an industrial than in a laboratory scale process, since the
burning of the waste is made in a continuous form. On the other hand, the process
in a laboratory takes place with a very low amount of sample and in presence of an
oxygen environment. This means that the components of the ashes could be in different
oxidation states according to the combustion process, and the oxidation of Cr(III) is
more feasible in the laboratory scale assays.

The results for the studied samples showed a higher precision in the fluidised bed
combustion ashes. The main source of variability in the results for the samples prepared
in the laboratory was the combustion process. The differences were higher than those
corresponding to replicated analyses and even to the use of different analytical
methods. Ashes prepared with combustion times of 1 or 3h provide similar results.
Remarked differences were found with samples burnt in different size crucibles, and
the amount of initial leather waste was also relevant.

Influence of the Presence of CaO on the Combustion Process

Limestone (CaCOs) is a sorbent frequently used in fluidised bed combustion to remove
the acid gases (mainly SO,) present in the flue gases. The overall reaction for the
sulphation takes place by the decomposition of CaCO; to CaO during the calcination
process produced in the bed, at the same time as the combustion process. To obtain
high sulphur retention it is necessary to use a Ca/S ratio higher than 2. So CaO
excess is a characteristic of that combustion process where limestone is added.

Several tests were made in the laboratory, using CaO in the combustion step.
Concentrations of this compound ranging between 0.5 and 1% were used. The obtained
results show a progressive increase in concentrations of Cr(VI) as a function of the
added CaO, independently of the method used for the determination. Other experiences
in combustion pilot plant have shown the same tendency [10].

Consequently it can be deduced that CaO induces the oxidation of Cr(III) to Cr(VI)
in the combustion process. This conclusion agrees with the obtained by other research-
ers [10]. This is one of the main reasons for avoiding its use in the experiments carried
out in the CIEMAT pilot plant.

Although the leather ashes have a high content of this compound (7.3% of
Ca expressed as CaO), the addition of this compound in the fluidised bed is not
recommended for these raw materials with a high level of Cr(III).

CONCLUSIONS

Method SLC 22 (IUCI18) used by leather technicians for determination of Cr(VI) in this
material is applied to their ashes with good results. Another method, developed in the
Analytical Chemistry Laboratory of CIEMAT, is employed as an alternative. Both
methods are compared, providing appropriate results for this determination in ashes
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from fluidised bed combustion of leather waste when a non-reducing environment is
present.

The former method is more sensitive and precise and is more independent of the
homogeneity of the sample. The latter is easier and less time-consuming. Three
types of Cr(VI) spiking have been tested to evaluate the complete analytical process,
including dissolution, extraction and instrumental measurement. Recoveries of the
spikes agree with the expected values for two levels of concentration and for both
methods.

In some cases, ashes coming from fluidised bed combustion show an anomalous
behaviour, with low recoveries of spikes. It could be attributed to the reduction of
present or added Cr(VI) to Cr(IIl) by the reducing compounds inherent to the ashes.
In these situations none of the methods can be applied, but the intrinsic characteristics
of the samples avoid the generation and permanence of Cr(VI). Therefore, the limit
parameters for the application of the studied methods are established by two different
procedures based on the measurement of the redox potential of the extract and on the
comparison of the slopes corresponding to the standard addition and direct analysis
methods.

In general, ashes generated in a fluidised bed combustion process had a higher degree
of homogeneity and lower concentrations of Cr(VI) than those prepared in the
laboratory. In the latter, the crucible size and the amount of initial leather waste
were the main sources of variability in the results. The laboratory tests proved that
CaO induces the oxidation of Cr(III) to Cr(VI).
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