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Abstract The disposal of huge quantities of leather
wastes in open environment produces several toxic con-
taminants. An alternative to disposal of these wastes is to
reuse them. In the present work, we have proposed a
method to utilize collagen and chrome shaving wastes
(CCS) to prepare composite sheets employing polyvinyl-
pyrrolidone (PVP). The formed CCS/PVP composite sheets
were characterized for their thermal, mechanical and
morphological properties. It has been found that the
mechanical properties of the composite sheets increase as
the concentration of PVP increases from 2.5 to 10 wt%.
Scanning electron microscopic studies reveal that the
incorporation of PVP in the composite sheets resulted in
increased interfacial adhesion thereby leading to reduced
debonding between fibers. Fourier-transform infrared anal-
ysis of the composite sheets revealed the presence of
dominant peaks associated with both collagen as well as
PVP. It has also been demonstrated that the thermal sta-
bility of the formed composite sheets increases signifi-
cantly as the concentration of PVP increases. These results
demonstrate the homogeneity of the developed composite
sheets. The obtained results suggest that the PVP incor-
porated composite sheets were found to have improved
characteristics and hence suitable for numerous applica-
tions in footwear, clothing and related industries.
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Introduction

The transformation of hides into leather requires a series of
chemical and mechanical operations [1, 2]. The generation
of solid wastes during leather manufacturing is unavoid-
able. The solid wastes generated from leather industry can
be broadly classified as untanned collagenous, tanned
collagen—chromium complex and non-proteinous wastes.
The deposition of huge quantity of tanned collagen—chro-
mium complex wastes in land is a potential danger to
public health due to the possibility of oxidation of chro-
mium(III) into toxic chromium(VI) [3]. Chromium(VI) has
been shown to cause serious toxic and carcinogenic effect
leading to respiratory, lung, skin and bladder cancer [4-8].
Proper recycling of these wastes would certainly save the
energy and conserve the resources. However, only limited
eco-friendly processes were developed from leather wastes
because of the presence of hazardous chemicals or ingre-
dients [9]. Hence, there is a need to develop cleaner pro-
cesses in order to find a practical solution to the disposal of
this potentially toxic waste.

Several researchers have attempted to improve the val-
orization of skin and leather wastes. Most methods for
leather waste treatment aim at recovery and isolation of
protein fraction, which are generally based on the alkaline
hydrolysis using CaO, MgO, NaOH [10-17], acidic
hydrolysis [18] or enzymatic hydrolysis [12, 19, 20]. Direct
use of the solid leather wastes was also studied for their
ability to remove oils, oily wastes and hydrocarbons from
contaminated water [21]. Ceramic materials prepared with
alumina and ashes of chrome tanned shavings were
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reported [22]. The effect of incorporation of chromium
leather shavings in the preparation of Portland cement
clinker was studied [23].

The development of composite materials using polymers
is one of the alternative ways for the management of solid
leather wastes such as chrome shavings and buffing dusts.
The chrome tanned leather shavings were used after multi-
step disintegration, to prepare a powder, which were used as
filler of butadiene-acrylonitrile rubber [24]. Several patents
were filed for converting the leather wastes into sheet or
boards for a variety of applications [25-30]. Chrome-tanned
waste collagen was used, beside silica, as a filler of rubber
mixes containing synthetic 1,4-cis-polyisoprene rubber and
as dispersing agent [31]. The polymerization of poly methyl
methacrylate onto leather wastes to form composites sheets
was reported [32-34]. This modification is claimed to
improve the finishing, dyeing and stability of the formed
composite sheets. Santana et al. [35, 36] prepared com-
posite sheets by addition of polyvinyl chloride (PVC) with
leather waste. The leather wastes were used as filler [37]
in thermoplastic polymer composite to increase their
mechanical and thermal properties. Chemically modified
short leather fibers were compression molded into plasti-
cized PVC matrix [38], di-octyl phthalate plastisols [39, 40]
to form composites with improved properties. Efforts were
made to form polymer composites using chromium con-
taining wastes with butadiene rubber [41] and PVC [9],
which were found to have improved properties.

The present work aims at utilizing collagenous wastes
and chromium containing collagenous wastes for making
composite sheets with polyvinylpyrrolidone (PVP). Fur-
ther, the mechanical properties of the developed polymer
composite sheets were studied by analyzing their tensile
strength and elongation at break. Morphology of the broken
samples after tensile testing was analyzed using scanning
electron microscopic analysis, while thermal properties
were analyzed by differential scanning calorimetric
and thermogravimetric analysis. Fourier-transform infrared
(FT-IR) analysis of the developed composite sheets was
also carried out to find out the efficiency of the developed
process to form homogeneous sheets.

Materials and Methods
Materials

Chrome tanned leather shaving wastes (CS) and collage-
nous wastes (C) [untanned skin trimming wastes] were
obtained from a local tannery. Glacial acetic acid and sul-
phuric acid were obtained from M/s Rankem chemicals,
India and the polyvinylpyrrolidone was purchased from M/s
Himedia chemicals, India.

@ Springer

Preparation of Skin Powder

The raw skin trimmings were soaked in 300% (v/wt) water
for 2 h. The process was repeated twice. The soaked skin
pieces were limed, dehaired, relimed, fleshed and delimed
completely using conventional procedures. Finally, the
skin pieces were thoroughly dried in a vacuum drier. The
completely dried skin pieces were grounded finely into
powder using a Willy mill of mesh size 2 mm.

Formation of Composite Sheets

A known weight of skin powder was soaked in 3000%
(v/wt) 0.5 N acetic acid for 4 h and then ground finely
using a blender to form collagenous paste (C). A known
weight of chrome shavings (CS) was soaked in 500% (v/
wt) 2.5 N sulphuric acid and 500% (v/wt) water for 4 h.
The soaked chrome shavings were squeezed out of the
water-sulphuric acid mixture and grounded finely to form a
viscous mass using a blender.

The above formed collagenous paste (C) and chrome
shaving mass (CS) were mixed together in a constant ratio
of 1:10 (on raw weight basis) to form a homogenous
mixture (CCS). To this mixture, polyvinylpyrrolidone
(PVP) was added in different ratios such as 2.5, 5, 7.5 and
10 wt%. The contents were mixed finely to form a
homogenous paste using blender. The formed homogenous
pastes were transferred to non-stick sheets and hot-pressed
into sheets of even thickness under 2.4 MPa. The CCS/
PVP composite sheets were kept at 40 = 5°C for 5 min
during hot-pressing. The formed CCS/PVP composite
sheets were left to dry at room temperature.

Mechanical Testing

Mechanical properties of the developed CCS/PVP com-
posite sheets were carried out using an Instron 4501 Uni-
versal testing machine. The composite sheets were cut into
dumb-bell shape specimens of size 40 x 5 mm (length:
width) and measured according to ASTM standard D882
[42]. The tests were carried out using 1 kN load cell and
the crosshead speed was set at 50 mm/min. The final
mechanical properties of composite sheets were evaluated
from the average of three samples from each experiment.

Thermal Analysis

The thermal properties of the developed CCS/PVP com-
posite sheets were characterized using differential scanning
calorimetry (DSC) and thermogravimetric analysis (TGA).
The DSC analysis of the composite sheets was carried out
using Perkin-Elmer DSC Q200 V23.10 Build 79, in the
presence of nitrogen atmosphere and at the heating rate of
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10°C/min from 0 to 300°C. The TGA analysis was carried
out using Perkin-Elmer TGA Q50 V20.6 Build 31, in the
presence of nitrogen atmosphere. About 5 to 10 mg of
samples were heated from O to 800°C at a heating rate of
20°C/min.

FT-IR Analysis

Fourier-transform infrared measurements were performed
on a FT-IR Perkin-Elmer spectrometer, operating in normal
transmission mode. The CCS/PVP composite sheets were
ground finely with KBr and pressed to form pellets. The
formed pellets were analyzed over the range of 400-
4000 cm™ " at a resolution of 2 cm ™" with an average of 12
scans. All the spectra were baseline corrected and nor-
malized. No other processing was performed on the
spectra.

Scanning Electron Microscopic (SEM) Analysis

The fractured surfaces during tensile strength of the CCS/
PVP composite sheets were observed using a FEI Quanta
200, environmental scanning electron microscope. The
composite sheets were coated with gold using an Edwards
E306 sputter-coater. The micrographs were obtained at
an accelerating voltage of 20 kV and at different magni-
fications.

100 Tpotwinyipyrrolidone

% Transmittance % Transmittance % Transmittance % Transmittance % Transmittance

Softness Analysis

The softness of composite sheets was analyzed using a ST
300 digital leather softness tester employing standard
procedure [43]. The size of reducing ring was 25 mm. The
distension of composite sheets was measured and the
softness was expressed in mm. The average values of three
samples from each experiment were calculated.

Moisture Content

The moisture content of composite sheets was analyzed
following standard procedure [42]. Composite sheets were
weighed (w;), dried at 100°C for 5 h, and weighed (w;)
again. Moisture content (MC) was determined using the
following equation.

MC (%) = 100(W1 — Wz)/W]

Three specimens were used for each type of composite
sheets and the average value was calculated.

Thickness Measurement

Thickness of the composite sheets was measured following
standard procedure [44]. Thickness was determined using a
bench type thickness gauge (S.No.2201.2.4, Baker, India)
to the nearest 0.01 mm at 3 random positions around the
composite sheets and average values were calculated.

2000

Wavenumbers (cm-1)

Fig. 1 FTIR spectra of the select CCS/PVP composite sheets
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Fig. 2 Scanning electron
photomicrographs of broken
edges of different CCS/PVP
composite sheets at a
magnification of 200x;

a 100/0 wt% CCS/PVP,

b 100/2.5 wt% CCS/PVP,

¢ 100/5 wt% CCS/PVP,

d 100/7.5 wt% CCS/PVP and
e 100/10 wt% CCS/PVP

Results and Discussion
FT-IR Analysis

Figure 1 shows the infrared spectra of PVP and CCS/PVP
composite sheets. The characteristic peaks of PVP are seen
at 2954, 1666, 1437, 1374, 1289, 576 and 845 cm™" cor-
responding to C-H stretching, C=0 stretching, CH, scis-
soring, C—C ring stretching, C-N stretching, N-C=0 bend,
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ring deformation and C-C stretching [45]. Since the
chrome shavings originate from skin/hides, it possesses the
characteristic peaks corresponding to collagen. In the IR
spectrum of collagen-chrome shaving mixture, the bands at
1650, 1552 and 1240 cm™! correspond to amide I, II and
IIT bands of collagen [46]. The amide I absorption arises
predominantly from C=0O stretching vibrations while the
amide II absorption is from N-H and C-N vibrations. The
amide III peak is complex, consisting of components from
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Fig. 3 Scanning electron
photomicrographs of broken
edges of different CCS/PVP
composite sheets at a
magnification of 800x;

a 100/0 wt% CCS/PVP,

b 100/2.5 wt% CCS/PVP,

¢ 100/5 wt% CCS/PVP,

d 100/7.5 wt% CCS/PVP and
e 100/10 wt% CCS/PVP

Table 1 Mechanical properties and softness of CCS/PVP composite sheets

Composition of CCS/PVP Load (N)
composite sheets (Wt%)

Stress (MPa)

Strain (%)

Thickness (mm)

Softness (mm)

Moisture
content (%)

100/0 701 +£13
100/2.5 8.83 £ 0.91
100/5 16.79 £ 1.1
100/7.5 26.67 £ 1.7
100/10 30.93 £+ 0.09

737+£22
928 £ 1.8
17.47 £ 0.7
18.90 + 1.2
2131 £59

1.87 £ 0.6
23+04
27+05

474 £ 0.1

485+ 0.2

0.3 £0.15
0.3 £ 0.12
0.3 £ 0.15
03+ 0.1
03+ 0.1

213 £02
351 £0.1
1.95 £ 0.1
1.69 +£ 0.0
1.52 £ 0.0

182 £ 1.0
172 £ 05
164 £ 0.5
16.1 = 1.0
158 £ 0.5
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C-N stretching, N-H in-plane bending as well as absorp-
tions arising from wagging vibrations from CH, groups.
The amide III peak is observed with smaller peak at
1240 cm ™.

It is interesting to note that the C=O stretching
(1650 cm™") band becomes broader and deeper as the
concentration of PVP increases in the CCS/PVP composite
sheet. This may be due to the incorporation of higher
amount of PVP content into the composite sheet. In addi-
tion to this, some of the characteristic peaks of PVP are
pronounced moderately in the CCS/PVP composite sheets,
which were absent in 100/0 wt% CCS/PVP composite
sheet. Especially, the peaks around 1336 cm™' (C—C ring
stretch), 865 cm™! (C—C stretch) and 587 cm™! (N-C=0
bend, ring deformation) were seen only in the PVP incor-
porated composite sheets. These results indicate the
homogenous mixing and incorporation of PVP with the
CCS mass.

Fractured Surface Analysis

The fractured surface of the developed CCS/PVP com-
posite sheets at a lower magnification 200x is shown in
Fig. 2. It is seen that more fibre pull-out is exhibited by 0,
2.5 and 5 wt% CCS/PVP composite sheets compared to 7.5
and 10 wt% CCS/PVP composite sheets. Large fibre bun-
dles and a number of individual fibres can be seen
extending from the fractured surface of the CCS/PVP
composite sheets with lower proportion of PVP (0, 2.5 and
5 wt%), which may be due to the less binding nature of the
PVP at lower proportions. The fibre pull-out has been
found to be reduced significantly as the concentration of
PVP increased above 5 wt%.

Higher magnification scanning electron micrographs of
fractured CCS/PVP composite sheets are shown in Fig. 3.
As noted in lower magnification micrographs, the fiber
pull-out is clearly visible in the composite sheet with lower
proportion of PVP (2.5 and 5 wt%). On the other hand, the
composite sheets with 100/7.5 and 100/10 wt% CCS/PVP
composition show short fiber pull-out length with reduced
microfibrillar structure [38]. These results indicate the
incorporation of PVP with chromium-collagen matrix with
increased binding.

Mechanical Properties

The tensile strength of CCS/PVP composite sheets as a
function of an increase in the PVP concentration is presented
in Table 1. It is observed that the mechanical properties of
the developed CCS/PVP composite sheets are enhanced with
the increase in PVP concentration from 0 to 10 wt%. Espe-
cially, the tensile strength and elongation at break values of
the developed CCS/PVP composite sheets are improved
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considerably as the concentration of PVP increases in the
composite sheets. This is primarily attributed to the strong
reinforcement of PVP with the CCS mass. The composite
sheet with 100/0 wt% CCS/PVP composition exhibits the
least strength while the composite sheet with 100/10 wt%
CCS/PVP composition displays 300% increase in the tensile
strength. Low mechanical properties of CCS/PVP composite
sheets with low proportion of PVP (0 and 2.5 wt%) may be
due to the inadequate quantity of PVP leading to less binding
of the PVP with CCS mass. The less binding characteristic
exhibited by 100/0 and 100/2.5 wt% CCS/PVP composite
sheets is also supported from SEM analysis where long pull-
out of fibers and more micro-fibrillar formation are visible. It
is seen that >5 wt% PVP concentration is sufficient to pro-
vide CCS/PVP composite sheets with increased mechanical
properties. Moreover, the incorporation of PVP into CCS
mass reduces fibre-matrix debonding that often leads to the
formation of micro voids or microfibrillar structure thus
further weakening the overall composite performance. The
absence of microfibrillar structure and long fiber pull-out
length as observed from SEM images of the CCS/PVP
composite sheets with higher composition of PVP (7.5 and
10 wt%) corroborate well with these mechanical property
results. The softness values of the developed CCS/PVP
composite sheets are shown in Table 1. It is seen that the
softness property of formed CCS/PVP composite sheets
decreases gradually as the concentration of PVP increases.
The softness values and tensile strength values of the
developed composite sheets exhibit an inverse relationship.
The composite sheets (0, 2.5 and 5 wt% CCS/PVP) with
good softness exhibit less tensile strength, while those with
low softness (7.5 and 10 wt% CCS/PVP) show higher tensile
strength. It is also seen from Table 1 that the moisture con-
tent of the developed CCS/PVP composite sheets ranges
between 16 and 18%. Higher moisture content in the

0.5

& Polyvinyipyrrolidone
+—— 100/0 wt% CCS/PVP
©—— 100/2.5 wt.% CCS/PVP|

Heat Flow (W/g)
) s °
< S

-
o
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Exo Up Temperature (°C) Universal V4.4A TA |

Fig. 4 DSC thermograms of the CCS/PVP composite sheets
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composite sheets is generally due to the high hydrophilic
nature of collagen, chromium-collagen complex and PVP.

Differential Scanning Calorimetric Analysis

DSC scans of PVP and CCS/PVP composite sheets are
shown in Fig. 4. When PVP was blended with CCS (col-
lagen-chrome shaving) mass, a single endothermic transi-
tion in the temperature range of 80-110°C was exhibited.
As the content of PVP increased, the endothermic curve of
CCS/PVP composite sheet became more prominent. This
endotherm of PVP and CCS/PVP composite sheets may be
attributed to the presence of absorbed moisture or water
molecules. Addition of PVP increased the heat flow, which
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may be due to the superior hydrophilic character of PVP
with the CCS mass. No additional endothermic transition
was observed for the CCS/PVP composite sheets up to
300°C.

Thermogravimetric Analysis

The TGA thermogram of PVP and different CCS/PVP
composite sheets are shown in Fig. 5. Polyvinylpyrrolidone
shows a single stage decomposition with an inflection point
of 450°C, corresponding to the decomposition of polymer
matrix. The weight loss of PVP is around 87%. All the
CCS/PVP composite sheets exhibit two-stage weight loss.
The first stage occurs around 80—120°C, which may be due
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Fig. 5 TGA curves of the developed CCS/PVP composite sheets. a PVP, b 100/0 wt% CCS/PVP, ¢ 100/2.5 wt% CCS/PVP, d 100/5 wt% CCS/

PVP, e 100/7.5 wt% CCS/PVP and f 100/10 wt% CCS/PVP
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to the loss of absorbed moisture content present in the
CCS/PVP composite sheets. The first stage indicating the
presence of absorbed moisture was well supported by DSC
results.

The second stage representing the decomposition of
CCS/PVP composite sheets starts at 220°C and continues
up to 550°C. The decomposition temperature was found to
be 301°C for 100/0 wt% CCS/PVP composite sheet
(Fig. 5b). The decomposition temperature of CCS/PVP
composite sheets increases gradually as the concentration
of PVP increases and reaches a maximum of around 320°C
for 100/10 wt% CCS/PVP composite sheets (Fig. 5f).
Interestingly, the CCS/PVP composite sheets with higher
concentrations of PVP (=5 wt%) exhibit a secondary
decomposition inflection point around 450°C correspond-
ing to the decomposition of the macromolecular structure
of PVP as also evidenced from Fig. 5a. This clearly dem-
onstrates that the incorporation of PVP into CCS enhanced
the thermal stability of the formed CCS/PVP composite
sheets. These results are in good agreement with the
mechanical property and SEM analysis results.

Conclusion

In the present work, a possible solution for the management
of different types of solid wastes generated from leather
manufacturing industries has been developed. The addition
of PVP with collagen-chrome shaving mass improved the
characteristic properties of formed CCS/PVP composite
sheets. Especially, the mechanical and thermal properties
of the developed CCS/PVP composite sheets are improved
considerably as the proportion of PVP increases in the
composite sheets. On the other hand, the softness property
decreases with increasing concentration of PVP. It is
interesting to note from SEM analysis that the fiber pull-out
and microfibrillar structure were minimized in the com-
posite sheets with high PVP composition (7.5 and 10 wt%).
SEM results are in agreement with the mechanical property
results. The FTIR spectra of CCS/PVP composite sheets
show characteristic bands corresponding to both collagen
and PVP. These results indirectly demonstrate the homog-
enous nature of the formed CCS/PVP composite sheets.
The developed CCS/PVP composite sheets could be used
as a replacement of leather-like materials in numerous
applications. Nevertheless, a semi-technical level study
would be required before attempting to commercialization
in order to establish a techno-economic feasibility since the
developed process requires considerable energy.
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