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PRELIMINARY STUDIES REGARDING CHROMIUM
EXTRACTION FROM CHROMIUM-TANNED LEATHER
WASTE

Ana-Maria Nicoleta CODREANU (MANEA)", Daniela Simina STEFAN?,
Lidia KIM?, Georgiana CERNICA '3

Chromium represents one of the most hazardous pollutants present in the
chromium tanned leather waste composition. This fact represents an impediment of
direct valorization. The extraction of this pollutant from chromium-tanned leather
waste (CTLW) composition allows the reuse of waste as raw material in new
industrial processes by applying the circular economy principles. The purpose of this
study was to develop a chromium extraction alternative method from CTLW
composition, without destroying the collagen matrix. At the same time, the influence
of some parameters (extraction agent type, extraction agent concentration,
temperature, contact time, number of extraction steps) on the chromium removal
efficiency was studied. The comparative study of main chromium extraction methods
(the hydrolysis method with sulfuric acid and the substitution method with oxalic acid
and sodium oxalate) demonstrated that the substitution method with oxalic acid is the
optimal method for chromium removal. Also, the experimental results demonstrated
a direct proportional relationship between extraction agent concentration (oxalic
acid 2 - 8%), temperature (30 - 90°C), contact time (50 - 250 min), number of
extraction steps (six) and the chromium removal efficiency. Thus, the chromium from
CTLW composition can be completely removed by applying the optimal conditions:
extraction with oxalic 6.5%, temperature of 60°C and 100 min contact time, or by
applying extraction in six consecutive stages with water- oxalic acid 6.5% - water -
EDTA 2% - water - oxalic acid 6.5% at temperature of 35°C.

Keywords: acid extraction; acid hydrolysis; substitution method, chromium
extraction, dechromed leather waste

1. Introduction

Demographic growth studies at the global level show an increase of the
number of people by approximately one third until the year 2060 [1-2]. This fact
implies the increase in food production, which can be achieved by improving crop
yields by applying exponential amounts of fertilizers [3]. Conventional chemical
fertilizers have the disadvantage of a low efficiency of use (only 30-35% of the
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nutrients present in the composition reach the plants), and consequently the high
frequency of application, which leads to excessive pollution of the environment [4-
5]. Thus, research in the field of fertilizers is based on the development of new
fertilizers. Smart fertilizers with controlled release of nutrients are an alternative to
conventional fertilizers [6].

By applying the principles of the circular economy, numerous studies have
presented the use of leather waste (shavings, fleshings, splits and trimmings) from
the leather industry as a raw material in the process of obtaining smart fertilizers
[7-11]]. Collagenous leather waste represents an important source of nitrogen
(approximately 14%), a fact that allows their use in the composition of intelligent
fertilizers [12]. The main problem of these wastes is the presence of dangerous
pollutants in their composition, such as chromium (mainly Cr20s3 is about 2%-4%)
[13-14]. The maximum amount of chromium allowed in the fertilizers composition
is 2 mg/Kg for Cr (VI) and 300 mg/Kg for total chromium [15]. In consequence,
before being used in the fertilizer’s composition, chromium tanned leather waste
must be dechromed [16- 17]. The most used dechromation methods are based on
the hydrolysis method (acid/basic/enzymatic) and the substitution method with
organic chelators (acids/salts of organic acids) [18-24]. During the chromium
extraction process, it is very important to remove a large amount of chromium, but
without destroying the collagen matrix.

The purpose of this study was to compare the analysis of acid hydrolysis
and the substitution method, in order to remove chromium, but without significantly
destroying the collagen matrix. Comparative studies of the extraction by the
substitution method and the hydrolysis method demonstrated the fact that the
substitution method helps to obtain a yield close to 100%. Similar results obtained
by the substitution method have been presented in literature. Wang et al obtained a
chromium extraction yield of 98% using the substitution method with sodium
oxalate 2%, while Popiolski et al obtained a chromium extraction yield of 98%
using the substitution method with EDTA [23-24].

2. Materials and methods
2.1. Materials

Chromium-tanned leather shavings (CTLW) were collected from local
leather industry, Romania (Fig. 1).
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Fig. 1. The appearance of the leather waste sample at different temperatures

Goat tanned leather samples used in the chromium leaching experiments
were dried at room temperature until constant mass. The thickness of leather
samples was about 3 mm, and the samples were cut into small pieces with a
diameter of less than 1 cm. The prepared chromium-tanned leather waste was stored
at room temperature for all the chromium extraction experiments. Table 1 presents
the chemical composition of chromium tanned leather waste used in our study. The
chromium content was determined by Atomic Absorption Spectrometry (AAS),
while the other metals metals were determined using Inductively Coupled Plasma
Mass Spectrometry (ICP-MS). The content of carbon, sulfur, nitrogen was
determined using CHNS Elemental Analyzer.

Table 1.
Chemical characteristics of chromium tanned leather waste
No. | Parameter name Value Standard Methods Bibliography of
the STAS
1 pH- aqueous extract 4.9 EPA 9045D [25]
2 Water content, % 4.4 SR EN ISO 21660-3:2021-3 [26]
3 Dry substance, % 95.64 SR EN ISO 21660-3:2021-3
4 Loss of calcination, % 90.6* SR EN 15935:2021 [27]
5 Ash content, % 9.4%* SR EN ISO 21656: 2021 [28]
6 Total chromium, mg/kg 34950.63* | SR EN 16171:2017 [29]
7 Potassium, mg/kg 35.62* SR EN 16171:2017
8 Phosphorus, mg/kg 1298* SR EN 16171:2017
9 Arsenic, mg/kg 0.21%* SR EN 16171:2017
10 | Barium, mg/kg 16.65* SR EN 16171:2017
11 | Cadmium, mg/kg 0.0077* SR EN 16171:2017
12 | Copper, mg/kg 10.91* SR EN 16171:2017
13 | Mercury, mg/kg 0.048* SR EN 16171:2017
14 | Molybdenum, mg/kg 0.73* SR EN 16171:2017
15 | Nickel, mg/kg 1.96%* SR EN 16171:2017
16 | Stibium, mg/kg 0.04* SR EN 16171:2017
17 | Selenium, mg/kg 0.11* SR EN 16171:2017
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18 | Zinc, mg/kg 10.98* SR EN 16171:2017

19 | Carbon, % 48.04* SR EN ISO 21663:2021 [30]
20 | Total organic carbon, % 39.88* SR EN ISO 15936:2022 [31]
21 Total nitrogen, % 11.68* SR EN ISO 21663:2021 [30]
22 | Hydrogen, % 5.85% SR EN ISO 21663:2021 [30]
23 | Sulphur, % 1.64* SR EN 15408:2011 [32]

*Values are reported as dry substance

2.2. Experimental procedure

Chromium extraction processes were based on the contact of chromium-
tanned leather shavings with three different extraction agents, such as sulfuric acid
5% (H2S04), oxalic acid (H2C204) 5% and sodium oxalate (Na2C204) 5%, to obtain
the best chromium extraction yield. The influence of other parameters was also
investigated: concentration of the extraction agent (oxalic acid 2% - 8%, extraction
temperature (30°C - 90°C) and contact time (50 - 250 min). Table 2 presents a
detailed description of the parameters investigated during extraction studies.

Table 2.
Parameters investigated chromium extraction study from chromium-tanned leather shavings
No. Parameter Value
1 Extraction agent Sulfuric acid 5% | Oxalic acid 5% | Sodium oxalate 5%
Conc.entratlon of 7 35 5 6.5 8
extraction agent (%)
Temperature (°C) 30 45 60 75 90
Contact time (minutes) 50 100 150 | 200 250
Number of extraction
steps 1 2 3 4 5 6

Chromium extraction yield was calculated using the equation:

I]Cr extr = (wi-wr)/wix100,
where: wi is the chromium concentration in the initial leather waste sample
(mg/kg reported at dry substance); wr is the concentration of chromium in a
residual leather waste sample obtained after the filtration process (mg/kg reported
at dry substance); I]Cr extr is chromium extraction yield (%).

The hydrolysis degree of the residue was calculated using the equation:
Hyd. degree = (wa-wb)/wax100,

where: wa is the mass of initial dry sample (g); wb is the mass of dry sample
after extraction (g); Hyd. degree is the hydrolysis degree of the residue (%).

2.2.1 Experimental procedure to study the influence of extraction agent



Preliminary studies regarding chromium extraction from chromium-tanned leather waste 155

The leather waste sample, prepared in advance according to 2.1 subsection,
was subjected to the extraction process by putting it into contact with three different
extraction agents (sulfuric acid 5%, oxalic acid 5% and sodium oxalate 5%) in a
250 ml flask. The mixture was stirred using the magnetic stirrer for 150 minutes, at
200 rpm, 60 °C temperature and 1:11, solid:liquid ratio (S:L ratio). Finally, the
obtained mixture was filtered at atmospheric temperature and the collected filtrate
was used to chromium content.

2.2.2 Experimental procedure to study the influence of extraction agent
concentration

The leather waste sample, prepared in advance according to 2.2 subsection,
was subjected to the extraction process by putting it into contact with oxalic acid at
five different concentrations (2%, 3.5%, 5%, 6.5%, 8%) in a 250 ml flask. The
mixture was stirred using the magnetic stirrer for 150 minutes, at 200 rpm, 60°C
temperature and 1:11 S:L ratio. Finally, the obtained mixture was filtered at
atmospheric temperature and the collected filtrate was used to chromium content
determination.

2.2.3 Experimental procedure to study the influence of temperature

The leather waste sample, prepared in advance according to 2.2 subsection,
was subjected to the extraction process by putting it into contact with oxalic acid
6.5% at five different temperatures (30°C, 45°C, 60°C, 75°C, 90°C) in a 250 ml
flask. The mixture was stirred using the magnetic stirrer for 150 minutes, at 200
rpm and 1:11 S:L ratio. Finally, the obtained mixture was filtered at atmospheric
temperature and the collected filtrate was used to chromium content determination.

2.2.4 Experimental procedure to study the influence of contact time

The leather waste sample, prepared in advance according to 2.2 subsection,
was subjected to the extraction process by putting it into a contact with oxalic acid
6.5% at five different contact times (50 min, 100 min, 150 min, 200 min, 250 min)
in a 250 ml flask. The mixture was stirred using the magnetic stirrer at 200 rpm,
60°C temperature and 1:11 S:L ratio. Finally, the obtained mixture was filtered at
atmospheric temperature and the collected filtrate was used to chromium content
determination.

2.2.5. Experimental procedure to study the influence of a number of
extraction steps
The schematic representation of the extraction process in six steps was
presented in Fig 2. In the first stage, the sample was put in contact with distilled
water, S:L ratio 1:11, at a temperature of 35°C, stirring speed 200 rpm, for 30
minutes. At the end of the contact time, the sample was subjected to the atmospheric
pressure filtration process.
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Fig. 2. Schematic representation of the extraction process in six steps.

In the second stage, the residue collected from the first stage was put in
contact with 6.5% oxalic acid solution, S:L ratio 1:11 for 100 minutes, stirring speed
200 rpm, at a temperature of 35°C. At the end of the contact time, the sample was
subjected to the filtration process at atmospheric pressure. In the third stage, the
collected residue from the second stage was put in contact with distilled water in
the S:L ratio 1:11, at temperature of 35°C, stirring speed 200 rpm, for 30 minutes.
At the end of the contact time, the sample was subjected to the atmospheric pressure
filtration process. In the fourth stage, the collected residue from the third stage was
put in contact with 2% EDTA solution, S:L ratio 1:11 for 100 minutes, stirring
speed 200 rpm, at the temperature of 35°C. At the end of the contact time, the
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sample was subjected to the filtration process at atmospheric pressure. In the fifth
stage, the collected residue from the fourth stage was subjected to the extraction
process with distilled water, S:L ratio 1:11, at a temperature of 35°C, stirring speed
200 rpm, for 30 minutes. At the end of the contact time, the sample was subjected
to the atmospheric pressure filtration process. In the last step of the extraction
process, the collected residue from the fifth stage was put in contact separately with
solutions of EDTA 2%, respectively oxalic acid 6.5%, S:L ratio 1:11 for 100
minutes, stirring speed 200 rpm, at the temperature of 35°C. At the end of the
contact time, the sample was subjected to the filtration process at atmospheric
pressure. The filtrates collected in each stage were subjected to a chromium content
determination study

3. Results and discussion
3.1. Sample characterization

The chemical characterization of the chromium leather waste sample
highlighted the presence of a high chromium content (34.950.63 mg/Kg dry
substance). The analysis regarding the nitrogen content revealed the presence of a
high nitrogen content (11.68% dry substance) in the composition of the studied
waste. Due to the high nitrogen content, which is also primarily sourced from
collagen proteins, the sample can be used as an alternative source of nitrogen in
new fields, such as the smart fertilizers field. Also, the compositional
characterization demonstrated the presence of other nutrients, regularly found in the
composition of fertilizers. Primary micronutrients are present: phosphorus (10298
mg/Kg dry substance) and potassium (35.62 mg/Kg dry substance). Secondary
macronutrients such as sulfur (1.64% dry substance), as well as trace minerals, such
as zinc (10.98 mg/Kg dry substance), copper (10.91 mg/Kg dry substance),
molybdenum (0.73 mg/Kg dry substance) are also present.

3.2. Effect of extraction agents

The influence of studies of the three extraction agents on the chromium
removal efficiency from CTLW demonstrated a major difference depending on the
extraction agent type. The results regarding chrome removal efficiency, hydrolysis
degree of residue, as well as the pH samples variation, before and after extraction,

are presented in Table 3.
Table 3.
The results obtained using three different extraction agents

Extraction | Hydrolysis

yield (%) degree (%)
CTLW treated with sulfuric acid 5% 0.47 0.82 5.65 1.95
CTLW treated with oxalic acid 5% 0.65 1.04 66.55 1.12

CTLW treated with sodium oxalate 5% 6.04 5.76 9.12 1.03

Description of the experiment Initial pH | Final pH
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By applying the hydrolysis method using sulfuric acid, only 5.65% of the
chromium present in the CTLW composition was removed. By applying the
substitution method with oxalic acid, as an organic chelator, the best chromium
removal yield was obtained, 66.55%.

In contrast, the results of chromium removal yield using sodium oxalate
were found. The chromium extraction by substitution method with sodium oxalate
led to obtaining a poor extraction yield of only 9.12%. The yields variation
depending on the three extraction agents used was presented in Fig. 3. The
experimental results obtained demonstrated that the optimal chromium removal
agent from the goat skin waste composition is oxalic acid. Also, the results
regarding the hydrolysis of leather waste demonstrated that the three tested agents
do not hydrolyze the sample (hydrolysis degree under 2%) during the extraction
process.

3.3. Effect of oxalic acid concentration

The variation of oxalic acid concentration in the range of 2-8%
demonstrated a directly proportional relationship between acid concentration and
the chromium extraction yield. The results regarding the initial pH of the samples
treated with oxalic acid, the final pH of the sample, the hydrolysis degree of residue
and the extraction yields obtained in our experiments are shown in Table 4. After
putting the CTLW samples in contact with different concentrations of oxalic acid,
in all studied cases, a decrease in the solutions pH could be observed.

Table 4.
The results obtained using different concentration of oxalic acid.
Description of the experiment Initial pH|Final pH E;):ggc(f)l/:))n izizzlz; S)
CTLW treated with oxalic acid 2% 1.51 1.50 27.17 0.98
CTLW treated with oxalic acid 3.5% 1.31 1.25 54.47 1.06
CTLW treated with oxalic acid 5% 1.24 1.10 66.99 1.12
CTLW treated with oxalic acid 6.5% 1.15 0.97 88.28 2.20
CTLW treated with oxalic acid 8% 1.06 0.93 85.27 4.57

As it can be seen in Fig. 4, the extraction yield increases with the increase
of oxalic acid concentration in the range of 2%-8%. The best chromium extraction
(88.28%) yield from CTLW composition was obtained at 6.5% oxalic acid
concentration. After this optimal concentration, a decrease in chromium ex-traction
yield could be observed. At 8% oxalic acid concentration, the removal yield was
85.27%, a similar value to 6.5% concentration. However, at the concentration of
8%, a higher degree of hydrolysis of the residue could be observed (4.57%). In
consequence in the following studies, oxalic acid 6.5% was used as the optimal
agent for chromium extraction from tanned leather waste composition.
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3.4. Effect of temperature

The influence of the study of temperature on the chromium extraction yield
demonstrated that temperature plays a key role in the extraction process. The results
regarding the initial pH of the samples treated with oxalic acid 6.5% at room
temperature, the final pH of the sample after applying the temperature, hydrolysis
degree of the residue and the extraction yields obtained in our experiments are

shown in Table 5.
Table 5.

The results were obtained using different temperatures.

Descripti.o n of the Initial pH| Final pH | Extraction yield (%) Hydrolysis degree (%)
experiment
CTLW treated at 30°C 1.24 1.16 43.38 0.45
CTLW treated at 45°C 1.24 1.19 55.72 1.98
CTLW treated at 60°C 1.24 1.36 88.30 2.20
CTLW treated at 75°C 1.24 0.98 95.19 14.65
CTLW treated at 90°C 1.24 0.93 99.49 69.26

The results regarding the pH variation demonstrated an inverse proportional
relationship between temperature and pH during the extraction process. Therefore,
as the temperature increases between 30°C - 90°C, the pH of the samples decreases,
becoming strongly acidic (0.93). At the same time, the results obtained
demonstrated an increase of chromium extraction yield from the CTLW
composition with the temperature increases (Fig. 5). At a temperature of 30°C, less
than half of chromium amount (chromium extraction yield was 43.38%) was
extracted while at a temperature of 90°C almost all the chromium was extracted
from the chromium-collagen matrix chromium extraction yield was 99.49%,).
However, it could be observed that after the temperature of 60°C the sample
hydrolyzes, the degree of hydrolysis at 90°C being 69.26%. At the end of the
experimental studies, it was concluded that the temperature of 60 C represents the
optimal extraction temperature (chromium extraction yield 88.30% and hydrolysis
degree of residue 2.20%). In consequence in the following studies, the temperature
of 60° C was used as the optimal temperature in the chromium extraction process
from the composition of tanned leather waste.

3.5. Effect of contact time

The results obtained after putting in contact the samples with 6.5% oxalic
acid for different periods of time are presented in Table 6. As it can be seen in Fig.
6, in just 100 min contact time, it extracts around 90% of the chromium present in
the CTLW composition.
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Table 6.
The results were obtained using different contact times

Descripti.on of the Initial pH Final pH Extraction yield [Hydrolysis degree
experiment (%) (%)
CTLW at 50 min 1.24 1.07 56.85 1.78
CTLW at 100 min 1.24 0.96 87.49 2.14
CTLW at 150 min 1.24 0.93 88.42 2.20
CTLW at 200 min 1.24 0.89 89.08 4.62
CTLW at 250 min 1.24 0.77 90.32 5.09

The lowest extraction yield was obtained after 50 min contact time
(56.85%), which indicated that a contact time of 50 min is not sufficient to extract
the entire amount of chromium present in the tanned leather waste.

At the opposite pole were the extraction yields obtained after 250 min.
Consequently, it could be observed that the values regarding the chromium
extraction yield in the time interval 100 min-250 min are close, but the degree of
hydrolysis of the residue in this interval increases (2.14% to 5.09%). At the end of
our studies, we concluded that the optimal contact times can be 100 min and 150
min. Considering the time saving, it can be considered that 100 min represents the
optimal extraction time.

3.6. Effect of the number of extraction steps

The studies regarding the application of successive stages of chromium
extraction in order to obtain the highest extraction yield have revealed that the
extraction yield can be improved by increasing the number of extraction stages. The
results regarding the extraction yields obtained after each cycle are presented in
Table 7.

Table 7.
The results obtained using six consecutive extraction stage.
o . Extraction yield| Hydrolysis

Description of the experiment (%) degree (%)
[Extraction with water 0.041 0.35
[Extraction with water - oxalic acid 6.5% 43.48 0.45
Extraction with water- oxalic acid 6.5%-water 48.17 0.96
[Extraction with water- oxalic acid 6.5%-water-EDTA 2% 86.67 3.09
[Extraction with water- oxalic acid 6.5%-water-EDTA 2%-water 88.33 3.48
[Extraction with water- oxalic acid 6.5%-water- EDTA 2%-water- 90.82 5.55
EDTA 2% )
[Extraction with water- oxalic acid 6.5%- water- EDTA 2%-water- 3.96
oxalic acid 6.5% 98.95
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The experimental results obtained demonstrated that through the application
during the first stage of water extraction, a small amount of chromium is extracted
(below 0.05%).

During the study, it was also possible to observe the fact that water
extraction does not lead to the extraction of a large amount of chromium (maximum
5% chromium extracted). After applying two consecutive stages of extraction, the
first with water and the second with 6.5% oxalic acid, a significant increase in the
extraction yield was observed (extraction yield 43.48%). In addition, following the
third step with water and the fourth extraction step with 2% EDTA, a doubling of
the amount of chromium extracted (extraction yield 86.67%) was observed.

By applying in the fifth stage the extraction of chromium with water and in
the sixth stage the extraction of chromium with EDTA 2% led to the improvement
of the extraction yield by four percent, and the final yield obtained was 82%.
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On the other hand, by applying in the fifth stage of the extraction of
chromium with water and in the sixth stage the extraction of chromium with oxalic
acid 6.5%, the best chromium extraction yield was obtained (98.95%).

In addition, the results regarding the hydrolysis degree demonstrated the fact
that the successive application of the extraction steps increases the hydrolysis of the
residue. The highest degree of hydrolysis of waste (5.55%) was recorded by
applying EDTA in the sixth stage of extraction. At the same time, by applying
oxalic acid in the sixth stage of ex-traction, the degree of hydrolysis of the residue
was 3.96%. Thus, the optimal conditions were the application of six extraction
stages based on water - oxalic acid 6.5% - water- EDTA 2% - water- oxalic acid
6.5% extraction.

6. Conclusions

Removal of chromium from the CTLW composition represents the first step
to reusing this waste in new industrial processes. The present study presented an
alternative method of removing the chromium present in leather waste composition,
without destroying the collagen matrix. The research carried out has demonstrated
the ability to obtain a chromium extraction yield of 87.49% and a low hydrolysis
degree of residue (2.14%), using optimal conditions of 60 °C temperature, 100 min
contact time, 6.5% oxalic acid concentration, S:L ratio 1:11, stirring speed 200 rpm.
Also, by applying six extraction stages with water- oxalic acid 6.5% - water - EDTA
2% - water - oxalic acid 6.5% at a temperature of 35 °C, stirring speed 200 rpm, S:L
ratio 1:11, the best chromium extraction yield of 98.95% and a hydrolysis degree
of residue of 3.96% were obtained.
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