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bstract

In this study, leaching properties and pollution potential of chromium in chrome shaving (CS), which is a solid residue of leather industry,
ontaining 2.27% Cr were investigated and thermal stabilization procedure was applied to the CS for chromium immobilization. For this purpose,
rstly, effects of the liquid/solid ratio, contact time, pH and sequential extraction on the leaching behavior of chromium in the CS were studied.
t was determined that the CS-caused chromium pollution is a hazardous material for environment. Thermal stabilization procedure was applied
o the CS in the temperature range of 250–500 ◦C for the chromium immobilization. Effective stabilization of chromium in the CS was achieved
y heating of CS at 350 ◦C under CO2 atmosphere. Leaching experiments were also carried out with the samples obtained from the stabilization
rocess and the results compared with that of the CS. Also, TCLP test method was applied to the samples to determine pollution potentials and

ischarge situations of the CS and its stabilization products. While the chromium concentrations in the test solutions of all samples stabilized
hermally at above 350 ◦C were below the USEPA regulatory limit of 5 mg/l, the concentration of chromium leached out from the CS was 30-fold
igger than the USEPA regulatory limit.

2007 Elsevier B.V. All rights reserved.
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. Introduction

Protein- and chemical-based solid wastes and liquid wastes
enerate in the leather industry. Among these wastes, chemical-
ased solid wastes generate in tanning process. Skin in tanning
rocess, which is the main process that protects leather against
ome environmental effects such as microbial degradation, heat,
weat or moisture, etc. is stabilized by using a tannage mate-
ial such as some minerals and vegetable-based substances and
ldehyde.

While the skin is stabilized in the process, much greater quan-
ities of by-product and wastes than leather produced generate.
ne tonne of wet hide yields only 200 kg of leather but over
00 kg of solid waste or by-product [1]. It has been stated that

bout 600,000 tonnes of solid waste each year worldwide gener-
te by leather industry and approximately 40–50% of the hides
re lose to shavings and trimmings [2]. Important quantities of
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her processing

he chemicals used in the tanning process together hides remain
n the solid and liquid wastes. Basic Cr(III) sulphate among
he mineral-based tannages is widely used tannage material.

hen this compound is used as tannage, only 60% of the total
hromium reacts with the hides and about 40% of the chromium
emains in the solid waste and spent tanning solutions [3]. Also,
hrome shavings (CS) constitute 75% of the solid wastes con-
aining chromium in the tanning process. About 0.8 million
onnes of CS could be generated per year worldwide [4]. CS are
mall particles and mainly consisting of collagen cross-linked
ith Cr(III) complexes. This waste is partly used in the manu-

acture of leather board, but most are generally disposed off in
andfills or incinerated for elimination of organic residues and
eduction of volume of it [4]. In the case of the incineration of
hese wastes in the air atmosphere, the gases and soluble toxic
hemicals, particularly Cr(VI), generate and can cause serious
nvironmental problems such as air, soil and water pollution

5–7].

When taking into consideration amount of the wastes gen-
rated in the chromium tanning, it can be stated that the waste
anagement is the most important issue. In the case of direct
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6105 Spectrophotometer [10].

In order to determine mineralogical compositions of the
samples obtained at various temperatures, the samples were
subjected to XRD analysis (Siemens, D-5000).
2 M. Erdem, A. Özverdi / Journal of

ischarge of these wastes, the chromium can dissolve and causes
ater pollution. In order to examine this situation, in this study,

ome parameters such as liquid/solid ratio, contact time, pH and
equential extraction affected leaching behavior of chromium
n the CS were studied and thermal stabilization procedure was
pplied to the CS for chromium immobilization. The results were
valuated in order to determine if the CS and its stabilized prod-
cts can be disposed off at a landfill site with domestic waste by
pplying the toxicity characteristics leaching procedure (TCLP).

. Materials and methods

.1. Materials

CS used in this study was supplied from a Leather Plant in
lazığ (Turkiye). Fresh CS were dried at room temperature for
days prior to use in the experiments. The CS was analyzed for

sh, chromium, calcium, natrium, TKN and fat based on weight
f dry waste. The physical and chemical characteristics of the
ample were analyzed according to standard methods [8]. The
esults are presented in Table 1.

As can be seen in table, chromium is not the only compound
resent in tannery wastes. As leather undergoes several different
reatments, other chemical compounds could be present. Results
how that the CS has a significant concentration of sodium
73.6 g/kg) and calcium (7.38 g/kg). This can be explained by
he use of some chemical products such as sodium chloride and
ime in tanning process.

.2. Experimental procedure

Experimental study was organized in two different groups.
n the first group experiments, leaching properties and pollu-
ion potential of the chromium in the CS were determined. In
he second group experiment, thermal stabilization process was
pplied to the CS for immobilization of chromium and pollution
otentials of the stabilization products and leaching behavior of
he chromium in them were studied.

.2.1. Leaching properties and pollution potential of
hromium in the CS
In order to determine leaching behavior of the chromium,
he experiments were carried out in the batch reactors (250-ml
rlenmeyer) containing various amounts of CS and 100 ml of
olutions having different pHs. The batch reactors were shaken

able 1
hysical and chemical characteristics of the CS used in the experiments

arameter Value

oisture 57%
sh 4.75%
at 1.45%
KN 13.82%
r 2.27%
a 7.38 g/kg
a 73.6 g/kg
dous Materials 156 (2008) 51–55

t 150 rev/min by using a flask shaker (Gallenkamp) for contact
imes ranging from 15 min to 24 h. All of the experiments were
arried out at 25 ◦C.

At the end of each contact period, the mixtures were filtered
nd then the final pH of the filtrates was measured by a pH
eter. The filtrates were acidified with 1 ml of HNO3 solution

o prevent the precipitation of chromium and then they were
nalyzed for chromium.

In order to determine pollution potentials of the CS and its
roducts stabilized, the toxicity characteristics leaching proce-
ure (TCLP) was also applied to them. TCLP is widely used to
easure leachability and to decide if the treated waste can be

andfilled since it is regulatory test for land disposal of wastes.
or this purpose, 100 g of samples were placed separately in a
lastic bottle together with 2000 ml of leach solution and sodium
cetate/acetic acid buffer solution. The mixtures were then agi-
ated at 30 ± 2 rpm and 22 ± 3 ◦C for 18 ± 2 h. The mixture was
ltered through a 0.45-�m glass fibre filter and the filtrates were
nalyzed for chromium [9].

The experiments were performed in duplicate and mean val-
es were taken into account.

.2.2. Stabilization of CS
In order to stabilize chromium in the CS, thermal stabilization

rocess was applied. For this purpose, dried CS of 20 g was
laced in a reactor and heated in a muffle furnace under the CO2
tmosphere at different temperatures for 60 min (Fig. 1).

.3. Methods of analysis

The concentrations of total chromium and calcium in the
olutions were determined by atomic absorption spectropho-
ometer (Ati-Unicam 929). In order to determine the hexavalent
hromium content of the extracts, they were analyzed colori-
etrically with 1.5-diphenyl carbazide method by using Jenway
Fig. 1. Schematic diagram of experimental set.
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to investigate this situation. For this purpose, the solid extrac-
tion residue was dried for 2 days after each extraction period
and extractions were carried out under the same conditions
mentioned above. The results obtained are presented in Table 2.
ig. 2. The effect of liquid/solid ratio on the dissolution of chromium in the CS
contact time: 120 min; temperature: 25 ◦C).

Standard solutions were prepared by using analytical chem-
cals. All dilutions were made by distilled water.

. Results and discussion

.1. Leaching properties and pollution potential of the
hromium in CS

.1.1. Effect of liquid/solid (L/S) ratio
The L/S ratio is an important parameter needs to be optimized

n order to get the correct results and compare them to the stan-
ard test methods. Influence of L/S ratio on the dissolution of
hromium in the CS was investigated in the L/S ratio range of
0–100. The obtained results are presented in Fig. 2. It is seen
rom the figure that the chromium concentration in the solution
s increased with the decreased ratio of L/S. The chromium con-
entrations dissolved from the CS at L/S ratio of higher than 50
ere above the maximum allowable concentration limit given as
mg/l by USEPA. This situation means that the CS is a pollutant
hen it contacts with water at L/S ratio of higher than 50.
Further experiments were carried out at L/S ratio of 20 to

ompare the results with the TCLP test method.

.1.2. Effect of contact time
Fig. 3 shows the effect of contact time on the chromium dis-

olution from the CS. As seen from the figure, the chromium
oncentration mostly increases with the increasing contact time
nd exceeds the allowable concentration limit after 60 min.

hen the CS contacts with water and/or aqueous solutions, it has
een observed that the volume of CS was increased and its tex-
ure was softened by water absorption. This situation increases
ith the increasing contact time and probably causes higher

hromium releasing. Consequently, the CS has definitely not
ontact with water/or aqueous solution for contact time of higher
han 60 min.
.1.3. Effect of pH
Effect of pH on the chromium dissolution from the CS

as investigated in the pH range of 3–11. The results showed
F
r

ig. 3. The effect of contact time on the dissolution of chromium in the CS
liquid/solid ratio: 20; temperature: 25 ◦C).

hat the concentration of chromium released was not signifi-
antly affected by the pH and it was changed in the range of
1.2–12.4 mg/l (Fig. 4). Therefore, it has been stated that the pH
oes not affect the chromium dissolution from the CS.

.1.4. Effect of sequential extraction
In order to determine effect of the sequential extraction on

he chromium dissolution from the CS, a certain amount of CS
as subjected to successive extractions. For this purpose, a 5 g
f CS and 100 ml of water were mixed and mixture was shaken
or 120 min. After each contact time of 120 min, extract was
eparated from the mixture and new 100 ml of water was added
gain to the same solid sample and procedure was repeated until
he concentration of chromium released into water dropped at
ower than 2 mg/l.

It was determined that the chromium concentration released
fter fourth extraction decreased from 12.44 to 3.52 mg/l and it
as found to be under the detection limit after fifth extraction.
owever, it was observed that important amount of chromium

edissolved from the CS dried at room temperature for 2 days.
herefore, the successive extraction was systematically repeated
ig. 4. The effect of pH on the dissolution of chromium in the CS (liquid/solid
atio: 20; contact time: 120 min; temperature: 25 ◦C).
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Table 2
Successive extraction results (liquid/solid ratio: 20; contact time: 120 min; tem-
perature: 25 ◦C)

Day Extraction Released Cr
concentration (mg/l)

Cumulative amount of
chromium released (mg)

1

1 12.44 1.244
2 8.12 2.056
3 5.38 2.594
4 3.52 2.946
5 UDLa 2.946

3

1 23.7 5.316
2 4.61 5.777
3 3.57 6.134
4 1.5 6.284

5
1 9.55 7.239
2 1.94 7.433
3 UDLa 7.433

7
1 5.73 8.006
2 0.5 8.506
3 UDLa 8.506

9
1 4.15 8.921
2 UDLa 8.921

11
1 3.86 9.307
2 UDLa 9.307

1 3.7 9.677
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Table 3
Chromium concentration released from the samples stabilized thermally

Stabilization
temperature (◦C)

Weight
loss (%)

Released Cr
concentration (mg/l)

250 12.59 7.69
300 37.06 1.65
350 48.95 UDLa

400 60.26 UDLa

5 a

C

t
i

u
f
c
t
3
s
t
l
o
s
i
t
n
n
a
w
h
a
h
c
c

m
c
t
a
m

3

w
p

c
t
6
T

13 2 UDLa 9.677

a Under the detection limits.

The concentration of chromium released from the CS
ecreased by the extraction number. But, it was observed that the
oncentration increased again for the samples dried for 2 days.
hromium released also into solution above the limit concen-

ration value of TCLP after seventh day or twelfth extraction.
S is mainly composed of collagen cross-linked with Cr(III)
omplexes. Increasing chromium concentration in further steps
ay be due to textural softening of the CS and decomposition of
r(III) complexes. When taken into account of chromium con-

ents of the CS and extraction solutions, it can be calculated that
he 7.08% chromium in the CS released into solution after 12
xtractions. This dissolution percentage seemed as small value
auses important chromium pollution in water.

.2. Stabilization of CS

The CS was heated under CO2 atmosphere for the stabiliza-
ion of chromium in it. In the preliminary experiments carried
ut at 500 ◦C, it was observed that a product mainly composed
f carbon formed by heating of CS containing huge amount of
rganic compounds such as fats, peptides and amino acids. The
roduct was subjected to dissolution experiments in order to test
eachable concentration level of the chromium. The experimen-
al results showed that the concentration of chromium released
rom the sample was under the detection limits and chromium

as detained in the carbon structure. Since the thermal pro-

edure applied is an expensive method, the experiments were
arried out at the temperatures range of 250–500 ◦C for the tem-
erature optimization. The thermal products obtained were also

t
e
t
c

00 62.40 UDL
S – 9.27

a Under the detection limits.

ested for the chromium dissolution. The results are presented
n Table 3.

Chromium stabilization was not achieved for the CS heated
p to 300 ◦C. While the concentrations of chromium released
rom the samples heated were above the maximum allowable
oncentration value of 5 mg/l, effective chromium immobiliza-
ion was observed at the temperatures of 300 ◦C and above
00 ◦C. The concentrations of chromium leached out from the
amples obtained at the temperatures above 300 ◦C were found
o be below the detection limit, which is 0.5 mg/l. Although
osses in weight of CS increased by heating, concentrations
f the chromium released from the samples decreased. This
ituation shows that the chromium in the CS is stabilized by
mmobilizing in the carboneous material generated during the
hermal operation. In order to clarify the immobilization mecha-
ism, all samples were subjected to XRD analyses. But, it could
ot be detected any mineral formation. This situation may be
ttributed to the temperature and carbon dioxide atmosphere
hich is not an oxidative for the material. Tahiri et al. who
ave studied thermal behavior of CS and of sludges recovered
fter digestion of tanned solid wastes with calcium hydroxide
ave found similar results [11]. They have reported that the main
rystallized phases such as chromium oxide (Cr2O3) and sodium
hloride (NaCl) were obtained at 600 ◦C.

Consequently, it is stated that the thermal stabilization
ethod applied to the CS is one of the best technique for the

hromium immobilization. That the product (char) obtained by
he thermal procedure can be solidified by mixing with asphalt
nd can be isolated from environment by using as a road pave-
ent are also advantages.

.3. TCLP test results

The toxicity characteristics leaching procedure (TCLP) [9]
as applied to determine discharge situation of the CS and its
roducts stabilized thermally.

TCLP tests results showed that the concentrations of
hromium dissolved from the CS and the samples obtained at
he temperatures of 250 and 300 ◦C were about 150, 77.2 and
.15 mg/l, respectively, which were above the 5 mg/l limit for
CLP specified by USEPA. Therefore, it can be concluded that
he CS-caused chromium pollution is a hazardous material for
nvironment. However, effective stabilization of chromium in
he CS was achieved by heating of CS at 350 ◦C (Table 4). The
oncentrations of chromium released from the products obtained
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Table 4
TCLP test results

Sample Released Cr concentration (mg/l)

CS 150.3
250 ◦C 77.2
300 ◦C 6.2
350 ◦C UDLa

400 ◦C UDLa
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[
Wastewater, 17th ed., 1989.
00 ◦C UDLa

llowable concentration value for Cr 5

a Under the detection limits.

t the temperatures of 350 ◦C and above 350 ◦C were below the
etection limits.

Depending on the results obtained from both dissolution
xperiments and TCLP test, it can be said that the chromium
n the CS is stabilized by heating at 350 ◦C under the CO2 atmo-
phere, the product stabilized is environmentally stable and it
an be directly discharge.

. Conclusion

Taking into consideration results obtained from this study
here the leaching properties and pollution potential of the

hromium in CS, which is a solid residue of leather indus-
ry, were investigated and thermal stabilization procedure was
pplied to the CS, the following conclusions may be drawn.

When the CS was contacted with water, the chromium in it
eleased into water in the concentration above the maximum
llowable concentration limit given as 5 mg/l by USEPA. It was
etermined that amount of the chromium dissolved increased
ith the increasing contact time and the decreasing liquid/solid
atio.
According to leaching experiments and TCLP tests results,

t has been stated that the CS-caused chromium pollution is a
azardous material for environment.

[

dous Materials 156 (2008) 51–55 55

Thermal stabilization process was applied to the CS due to
ts high organic compounds content. Effective stabilization of
hromium in the CS was achieved by heating of CS at 350 ◦C
nder the CO2 atmosphere. The sample stabilized was environ-
entally stable and thus it can be directly discharge. Also, it can

e solidified by mixing with asphalt and can be isolated from
nvironment by using as a road pavement.
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