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Abstract

Exploring the application of natural biopolymers in leather
manufacture is a need of the hour to achieve sustainability. The
present research work explores the possibility of using modified
biopolymer nanoparticles as a tanning agent. Starch, a polysaccharide
with high functionalization, is converted into Nano Bio Aldehyde
(NBA) through periodate oxidation as water-in-oil microemulsion
method. The synthesized product was characterized by its physico-
chemical nature. The prepared NBA shows an aldehyde content of
85%, which endorses its application as a tanning agent. Experimental
leather trials were carried out to assess the tanning efficacy and found
that NBA tanned leathers show a shrinkage temperature of 90°C.
Physical characteristics of the experimental leathers were found to
be 24 N/mm? and 90 N for tensile and tear strength, respectively. The
study provides a holistic understanding of modified biopolymer as a
nano tanning agent to manufacture leather.

Introduction

The tanning process improves the thermal and enzymatic stability of
leather.? Among organic tanning systems, aldehyde tanning agents
have gained prominence in the global leather industry because of their
crosslinkingability.> Aldehydes, aliphatic aldehydes, aldehydic agents,
and dialdehyde polysaccharides have been studied as crosslinkers
for stabilizing native collagen.® Polysaccharides such as starch,
alginate, and cellulose are modified based on their functionality to
increase their crosslinking ability as tanning agents.® Such modified
biopolymers show profound changes in properties and enhanced
functionalities. Dialdehyde Starch (DAS) as oxidized starch exhibits
biocompatibility, biodegradability, alkali-solubility, crosslinking and
strong bonding ability.* DAS also has higher reactivity associated with
the aldehyde functional groups in each oxidized monomeric unit,
which provide the basis for a more effective application of DAS as a
tanning agent.” The enzymatic degradation of collagen is significantly
reduced by DAS crosslinking with an increase in thermal stability.
Functionalized starch-based nanoparticles have recently drawn
more attention due to their versatile and multi-functional properties.

The most salient feature is the profuse functional groups and high
surface area (surface/volume ratio) ascribed to their submicron
sizes allowing higher reactivity and solubility.®® The present study
focuses on converting SS to NBA (NanoBioaldehyde) for its possible
application as a tanning agent in leather manufacture. The tanning
properties of NBA are characterized by their morphological, thermal
and physical properties, viz., SEM images, shrinkage temperature,
tensile strength and tear strength properties. The studies provide
an insight into process technology towards developing sustainable
leather manufacture using natural biopolymeric agents.

Materials and Methods

Materials

Soluble Starch (SS) powder, Span 80, acetic acid, sodium periodate,
chloroform, and toluene were obtained from SRL Chemicals,
India. Wet salted goat skins were procured from Slaughterhouse,
Chennai, India. The chemicals used for the leather process were
of commercial-grade. All other chemicals used were of analytical
grade and purchased from SRL Chemicals, India.

Methods

Preparation of Nanobioaldehyde Particles

SS solution (1%) was heated at 70°C with constant stirring (1000
rpm, 30 min) and hydrolyzed using 4 N sulfuric acids (H,SO,)
until it reached a proper solution and then sonicated for 1 h. 2%
Span 80 was dissolved in toluene, and chloroform solvent mixture
(3:1 ratio) at 1500 rpm stirring condition and hydrolyzed SS was
added dropwise to form micro-emulsion to the solvent mixture.
For this micro-emulsion, 1.49g sodium periodate (NalO,) was
mixed to form a micro-emulsion to the solvent mixture and stirred
for about ~2.5 h. The pH was adjusted to ~3-3.5 using 4 N sulfuric
acid. The oxidation reaction was carried out in the dark at 27°C for
2.5 h under constant stirring (500 rpm). Five milliliters of 0.25%
of sodium tripolyphosphate was added with continuous stirring
for about 45 min. As a continual process, the micro-emulsion was
treated with ethanol and dilute acetic acid. Finally, acetone and
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water wash were repeated until no white depositions appeared. The
resultant solution was centrifuged (10000 rpm, ~25 min), and the
residue was lyophilized to obtain NBA particles.”

Characterization of the product NBA

Determination of Aldehyde Content
The amount of aldehyde present in the prepared NBA particles was
estimated by the quantitative alkali consumption method."

Aldehyde content was calculated with the following formula,

GV, -2G, V)

9 S R I AL
% of Aldehyde content (W/I6T x 1000)

x 100

Where W is the mass of NBA in grams (g), and 161 is the average
molecular weight of repeat unit in NBA.

o C,and C, are the concentrations of NaOH and H,SO,
respectively in mol/mL

« Vyand V, is the volume of NaOH, and H,SO, added respectively
in (mL)

Fourier Transform Infrared (FTIR) Analysis

FTIR measurements of SS and NBA were measured by JASCO 4200
FTIR spectrometer. Entire spectrum was recorded by absorption
mode at 4 cm™ resolutions with a wavenumber range from 4000-400

Cm-l.lz

Particle Size Analysis

Particle size was measured at 25°C using a dynamic light scattering
(DLS) analyser (Malvern Nano-Zetasizer ZS, Malvern, UK). The
SS and NBA samples were dispersed with distilled water to form a
solution of 0.01% (w/v) concentration."

Thermogravimetric Analysis (TGA)

TGA Q50 V200.5 Build 30 model Thermogravimetric analyser was
used for thermal decomposition studies. Approximately 1.9 mg (dry
basis) of samples were loaded into a platinum pan and heated under
a steady flow of dry nitrogen maintained at a flow rate of 40 mL/min
from 25° to 800°C at 10°C/min."

Differential Scanning Calorimetric (DSC) Analysis

The DSC measurement was performed for SS and NBA to understand
the thermal stability using Evo Robot gas option (DSC 2A - 00837)
in N, atmosphere.'®

Preparation of DAS and NBA tanned Leathers

Wet salted goat skins were processed through conventional method
till pickling. Pickled pelt was divided into two halves, left side skin was
used as control and the right side was processed for the experimental
trials. pH of the pickled pelt was adjusted to the required pH by
sodium formate and sodium bicarbonate and tanned with different
concentrations of NBA viz,, 1, 2, 3, 4, and 5% (based on the pickled
pelt weight) for 4 h. The process and recipe formulation is given in
Table I. The next day, post-tanning process (Table II) was carried out
to evaluate the physico-chemical properties of the crust leathers.

Characterization of DAS and NBA Tanned Leathers
Hydrothermal stability measurement

Hydrothermal stability of DAS and NBA tanned leathers were
measured. Hydrothermal stability of leather samples was measured
using SATRA STD 114 Testing apparatus. Samples taken from
official sampling positions.'®

Mechanical strength
The tensile and tear strength were determined using the standard
IULTCS methods."® Mechanical properties of DAS and NBA

Table I

Experimental NBA tanning process

Process Chemicals % Duration Remarks
Tanning  Pickle liquor 50 pH2.8
NBA *X 120 min Check for penetration
Water 50
Sodium formate 1 3x15 min
Sodium bicarbonate 1.5 3% 10 +60 min pH Adjusted to 4.0; Drain
Washing ~ Water 100 15 min Drain; aged for 24 h; sammed; shaved

for thickeness1.0-1.1 mm

*X: 1%, 2%, 3%, 4% and 5% for tanning trial experiments. Piled overnight

Percentage (%) is based on the pickled pelt weight of the goat skins
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Table IT
Post tanning process

Process Chemicals % Duration(min) Remarks
Wetting Water 200

Wetting agents 0.1 60 Drain
Neutralization =~ Water 150

Sodium bicarbonate 1 30 pH adjusted to 5
Washing Water 150 15 Drain
Retanning Water 100

Acrylic syntan 2

Phenolic syntan 2 30

Melamine syntan 8 45
Dyeing and
fatliquoring

Synthetic fatliquor 10 60

Acid dye brown 2.5 60 Penetration of dye checked
Fixing Formic acid 1

Water 10 3x10+30 Drain
Washing Water 100 10 Drain, leathers were piled O/N,

set, dry, stake, trim and buff

tanned leather were determined using Instron series IT Automated
Materials Testing System.

Subjective evaluation of processed leathers

DAS and NBA tanned leathers were assessed for organoleptic
properties. Functional properties of the leathers were rated on a
scale of 0-10 points by three experts.

Morphological Evaluation

The morphological features of the prepared particles and tanned
leathers were examined using scanning electron microscope (Tescan
Clara, Newzeland)."”

Results and Discussion

Starch is a biodegradable and biocompatible polysaccharide having
varied applications in the field of translational research. As a cost-
effective material, it has gained profound interest as an independent
bi-functional material. Through micro-emulsion technique NBA
is prepared by acid hydrolysis and periodate oxidation method.?
Prepared NBA showed 85% of aldehyde content with 99% solubility
at a minimal ratio (1:1.5) of periodate oxidation.

Structural alterations in NBA

Vibrational spectroscopy of SS and NBA are shown in Figure 1. From
the spectrum it can be observed that the characteristic peak of O-H
stretching and vibration is around 3481 cm”, C-H asymmetrical
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stretching and vibration is exerted at 2932 cm™ and O-H vibration
of physically absorbed water is at 1651 cm™ respectively, which
correspond to starch. The absorbance peak around 1000-1200
cm is attributed to C-O stretching in starch.”’ However, when the
stretching is compared with NBA; the characteristic peaks at 2897
cm™ and 1735 cm™ are attributed to the bonds of aldehyde carbonyl
(C=0) and C-H stretching of aldehyde (-CHO). The FTIR spectrum
confirms the presence of anhydrase glucose units having -OH groups
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Figure 1. FTIR spectra of SS and NBA
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Figure 2. Scanning electron microscopy images of (a) SS scale bar-20pm and (b) NBA scale bar-2um.

at 2,3 carbon positions, and the oxidation mainly replaces the 2,3
positions (OH) with the aldehyde group.”> Moreover, the vibrational
spectroscopic studies confirm the presence of dialdehydes which is a
pre-requisite for an effective aldehyde tanning system.

The morphological structure of SS and NBA

The morphological variation of SS and NBA samples are shown in
Figure 2. In Figure 2(a), SS appears spherical with loosely bound
grains. Figure 2(b) shows the nano system of SS into NBA, which
shows molecular size ~86 nm. SEM images depict the phase
transition of the SS to NBA correlated to the size reduction (micron
to nano).

Characteristics of the prepared particles

The particle size distribution of the prepared particles is shown in
Figure 3. The native SS has particle size of ~5.4 um, and that of NBA
is 41 nm, showing significant reduction in size due to hydrolysis of
SS prior to oxidation. The prepared NBA resulted in a diameter of 41
nm and a polydispersity index value of 0.997. The PDI value shows
that the particle size of NBA has narrow size distribution.

Thermal properties of SS and NBA

The thermal degradation of SS and NBA were studied through TGA
(Figure 4). Figure 4 indicates thermal degradation of SS and NBA.
The results obtained from TGA indicate NBA has enhanced thermal
resistance than SS.?

The DSC thermogram of SS and NBA is shown in Figure 5. SS
resulted in T, and T;, values between 86°C and 189°C, whereas NBA
resulted in one sharp peak value at 134°C. NBA showed increase
in gelatinization peak temperature compared to SS, which is due
to the decreased crystallinity. In the process of acid hydrolysis
and oxidation treatment, the amorphous region of starch has been
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Figure 3. Dynamic light scattering measurements of SS (black line)

and NBA (red line).

100

90|

80|

70

60|

50)

40

30

——SS8
——NBA

100 200

300 400 500 600

Temperature (°C)
Figure 4. TGA analysis of SS and NBA
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Figure 5. Differential scanning calorimeter analysis of SS and NBA

destroyed leading to instability in the crystalline and amorphous

regions.**?*

Hydrothermal resistance of tanned leathers

The hydrothermal resistance of experimental NBA tanned leather
was compared with DAS tanned leather. The modified skin
upon tanning with NBA increased the degree of crosslinking,
which eventually led to an increase in shrinkage temperature.
The higher shrinkage temperature of the leather indicates better
thermal stability, which could possibly be due to a high degree of
crosslinking between the tanning agent and the collagen matrix. The
hydrothermal stability measurements of native collagen (raw hide)
show shrinkage temperature of about 60°+0.26°C. As a function
of concentration, the shrinkage temperature of collagen exhibited
65°£0.16°C (@1% NBA), 75°+0.32°C (@2% NBA), 87°+0.25°C
(@3% NBA), 90°+0.35°C (@4% NBA) and 90°+0.55°C (@5% NBA)
respectively. Experimental NBA tanned leather (5%) showed that
the thermal stability of leather measured about 90°+£0.55°C when
compared with control DAS tanned leather (85°+1.00°C). There
is no significant increase in the shrinkage temperature of leather
above 4% offer of NBA, and hence the same has been considered to
be the optimum offer for tanning.

Physical strength characteristics of the crust leathers

The physical strength of DAS and NBA tanned leather is given
in Table III. From the results it can be observed that the physical
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Table III

Physical strength properties of control and
experimental NBA tanned leather

Sample Tanning  Tensile Strength (N/mm?)  Tear Strength (N)
DAS tanned 19.42+1.3 51.11£5
NBA tanned 24.90x1.6 90.83+2

Table IV

Organoleptic properties of NBA tanned leather

Parameters Control DAS Experimental NBA
Grain smoothness 8.5 8.7
Grain softness 8.1 8.2
Fullness 8.0 8.3
General appearances 8.5 8.5

strength viz., tensile strength, and tear strength of the experimental
NBA tanned leathers are found to be better when compared to the
minimum requisite values.

Subjective evaluation of the tanned crust leathers

The results of the organoleptic assessment of the crust leather are
given in Table IV. From the results, it can be ascertained that the
fullness characteristics of NBA tanned leathers are slightly better
than DAS tanned leathers. NBA crust leathers were observed to
have reasonably good strength and organoleptic characteristics
than DAS. The overall appearances of the NBA crust leathers are
comparable to that of the conventionally processed crust leather
samples from DAS tanning system. Hence, NBA as a tanning
system may suit the requirement for processing wide range of
leathers.

Morphological structures of control and experimental tanned
leathers

Surface morphology of NBA and DAS tanned leathers are shown in
Figure 6. Figure 6A shows the SEM images of the control leathers
(DAS tanned leather) and Figure 6B shows the experimental leathers
(4% NBA tanned leathers). DAS tanned leather at 800x shows some
physical deposition in the surface (Figure 6A (a)) and cross-sections
(Figure 6A (b)). Whereas in experimental NBA tanned leather, there
is no physical deposition and observed compact grain and cross-
sections (Figure 6 B (c, d)).
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100 pem

Figure 6. SEM images of DAS tanned leather surface and cross-section A (a, b) and NBA tanned
leather surface and cross section B (c, d)

Conclusion

The present work aimed to develop a biologically eco-benign
tanning system using NBA. The current study looked upon using
nano tanning system using dialdehyde starch. The NBA as a
tanning agent was prepared using water in oil emulsion technique.
NBA has proved to be a potential eco-friendly tanning material for
leather tanning process. NBA was synthesized from soluble starch.
NBA can be a novel aldehyde tanning agent in leather making. A
maximum shrinkage temperature of about 90°+0.35°C was achieved
with 4% NBA. The tanned leather met the standards norms of
physical characteristics of upper leather. The present study resulted
in a sustainable solution for metal free tanned leathers using nano-
tanning system.
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