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Abstract The present study was aimed to investigate the novel approach for the

promotion of leather finishing properties through the incorporation of copper

nanoparticles (Cu nanoparticles). Cu nanoparticles were synthesized by chemical

reduction method, and particle sizes were in the range of 25–50 nm. X-ray diffraction,

transmission electron microscope, ultra violet-vis spectrometry and scanning electron

microscopy were used to characterize the Cu nanoparticles. The ascorbic acid was

used as a protective agent to prevent the oxidation. Polyvinylpyrrolidone used as a

stabilizing and dispersing agent, whereas sodium borohydride was used as a reducing

agent. Spray coatings were carried out with Cu nanoparticles on both base and top

coat formulations to evaluate their performance properties. Interestingly, the Cu

nanoparticles coated leather samples showed the improved wet and rub fastness, color

fastness to water and adhesion strength.

Keywords Cu nanoparticles � Ascorbic acid � Spray coating � Leather �
Polyvinylpyrrolidone

Introduction

The leather is a nature material with excellent physical properties and its intrinsic

values of texture visco-elastic, gentle, stretch, adaptability, feel, stretch, breatha-

bility, and strength, etc., that enables it to be used in several diverse applications.

The leather finishing is an important process that determines the aesthetic and
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physical properties. It also confers high-performance properties such as fastness to

dry and wet rubbing, adhesion, abrasion resistance, water and oil repellency. The

distinct level of fastness property is an obvious requirement for the classic leather.

Application of nanotechnology has been successful in various sectors such as

information technology, biomedical applications, energy, coatings, textiles, ceram-

ics, membranes, composite materials, glass products, prosthetic implants, anti-static

packaging, cutting tools, industrial catalysts, displays and batteries [1, 2]. Currently,

nanotechnology being used in the leather industry for tanning operations due to its

size and high surface area. Nanomaterials can penetrate into fibers to improve the

properties of leather [3]. Nanomaterials such as gold, zinc, copper, titanium could be

assembled into many different shapes [4].

In recent years, the metal nanoparticles have gained more interest due to their

wide range of potential applications [5–7]. Copper nanoparticles have been

extensively studied for their unusual physical and chemical properties, and their

potential applications in various fields such as optical, catalytic, electronic,

antibacterial, antimicrobial and antifouling applications [8–11]. Cu nanoparticles

have been synthesized by various methods such as thermal reduction [12],

sonochemical reduction [13] metal vapor synthesis [14], chemical reduction [15–

18], vacuum vapor deposition [19], radiation methods [20], and microemulsion

techniques [21]. The chemical reduction method is preferred due to its feasibility

and low cost. Moreover, the size and shape of the nanoparticles were controlled by

optimizing the experimental parameters. The size of Cu nanoparticles obtained

through chemical reduction method is present in the range of 10–100 nm [22]. The

ascorbic acid is widely used for Cu nanoparticles synthesis and storage [16].

The present study was aimed to synthesize Cu nanoparticles by chemical

reduction method and their application in the leather formulation.

Materials and Methods

Copper sulfate pentahydrate (CuSO4�5H2O), sodium borohydride (NaBH4) (assay

95 %, Merck), NaOH (assay 98 %, Himedia), polyvinylpyrrolidone (PVP) (SD Fine

Chemicals Limited), ascorbic acid (assay 99 %, Merck), and spray gun bullows 630

were commercially purchased. All the leather finishing chemicals were procured

from Stahl India Pvt. Ltd, (Chrompet, Chennai, India). The crust leather for coating

was collected from Tannery Division, Council of Scientific and Industrial Research-

Central Leather Research Institute (CSIR-CLRI), Chennai, India.

Synthesis of Cu Nanoparticles

A solution of CuSO4.5H2O (0.01 M) in deionized water was prepared separately. To

the above solution, the ascorbic acid solution was added (52.8 mg in 15 mL of

water). Then, a pinch of PVP was added for controlling the particle size. The pH

was adjusted to 12 by dropwise addition of 1 M NaOH under stirring for 1 h.

Finally, 0.1 M NaBH4 was added to the solution and allowed to stir for 10 min to

complete the reaction. The solution was turned yellow to light red that confirms the
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formation of Cu nanoparticles. It was then centrifuged at 12,000 rpm for 15 min and

washed with ethanol and water to remove the impurities, and it was collected and

dried under vacuum for 3–4 h and subjected to characterization.

PVP structure consists of a polyvinyl skeleton with nitrogen and oxygen polar

groups. The polar group will donate its lone pair of electrons to copper ions to form a

coordinative interaction which creates the copper-PVP complex compound in the

solution [23, 24]. PVP acts as a polymeric capping agent and to prevent agglomeration.

It hinders the nuclei from aggregation through the polar groups, which strongly absorb

the copper particles on the surface with coordination bonds [25]. PVP also serves as a

dispersant and stabilizing agent to synthesis Cu nanoparticles. The concentration of

PVP determines the size and shape of Cu nanoparticles during synthesis [26, 27].

Characterization

The synthesized Cu nanoparticles were subjected for evaluating the surface plasmon

resonance spectrum recorded with use of a UV–visible spectrophotometer

(Shimadzu UV-1800). The crystallographic studies and diffraction peaks were

obtained by PANalytical X’Pert Powder X-Ray Diffraction (Model No: 9430 030

40601). The scanning rate was about 0.30, and 20 was about 10–80. Scanning

Electron Microscopy (SEM) reveals the surface morphology (VEGA3 TESCAN).

The average particle size and lattice patterns were examined by Transmission

Electron Microscopy (TEM) (JEOL 3010).

Methodology of Leather Nanocoatings

Cu nanoparticles were synthesized by the chemical reduction method, and these

particles were characterized by SEM, UV, and TEM for the confirmation of particle

size and morphology. Furthermore, the Cu nanoparticles were mixed with

conventional leather ingredients, and the surface coating was applied.

Preparation of Leather for Coating

Standard cow upper crust leather from Indian origin was selected for the evaluation.

A clearing coat (a mixture of ammonia, isopropyl alcohol (IPA) and water) was

applied to increase the season adhesion with leather. Furthermore, there was two

cross coat formulation was sprayed on the leather by High Volume Low Pressure

(HVLP) spray gun bullows 630 (Table 1).

Table 1 A clearing coat was applied to remove impurities and penetration of leather formulations/season

with nanoparticles on the leather surface

Sl. No Ingredients Mass (g)

1 Water 470

2 Ammonia 5

3 Isopropyl alcohol 25
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Determination of Applied Physical Properties of Cu Nanoparticles Coated
Leather

Measurement of Finish Adhesion

Measurement of leather finish adhesion carried out by International Organization for

Standardization (ISO) 11644:2009 method (Table 2).

Wet and Dry Rub Analysis

Measurement of wet and dry rub fastness test was carried out according to IUF 450

by veslic C-4500 (Table 3).

Colorfastness to Water

Measurement of colorfastness to water was carried out by SATRA TM 335-1

method (Table 4).

Results and discussion

UV–Vis Spectroscopy

The UV–Visible absorption spectrum recorded for Cu nanoparticles (Fig. 1),

exhibits maximum absorption at 568 nm indicates the existence of Cu nanoparti-

cles, which agrees with the values reported in the literature in the range of *560 to

Table 2 Finish adhesion result of Cu nanoparticles (on base coat) coated leather

Performance properties Control Trial I Trial II Trial III Trial IV

Finish adhesion dry

(N/10 mm)

1.69 1.62 1.85 1.71 1.53

Finish adhesion wet

(N/10 mm)

0.51 0.88 0.74 0.57 0.63

Table 3 Wet and dry rub fastness result of Cu nanoparticles (on top coat) coated leather

Performance properties Control Trial

I

Trial

II

Trial

III

Trial

IV

Wet and dry rub fastness-IUF 150 dry 150 rubs

(material)

2/3 3 3 3 �

Wet and dry rub fastness-IUF 150 dry 150 rubs (felt) 2 2 2 � �

Wet and dry rub fastness-IUF 50 wet 150 rubs

(material)

2 2/3 3 2/3 3

Wet and dry rub fastness-IUF 50 wet 150 rubs (felt) 2 2 2/3 3 �
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570 nm [28]. This absorption band can be attributed to the surface plasma resonance

of Cu nanoparticles, and it confirms the formation of pure Cu nanoparticles without

any oxide layers. The value of surface plasmon resonance was located around

568 nm in water. Mallick et al. [29], have reported that the blue shift of surface

plasmon resonance occurs with the decreasing size. It is well known that the

position and shape of plasmon resonance of metal nanoparticles depend on particle

size, dielectric medium, and surface adsorbed species [30, 31]. Moreover, Cu

nanoparticles with size around 50 nm typically exhibit a surface plasmon peak in

the range of 560–570 nm [32]. Also, there was no increased background absorption

at 800 nm that indicates the colloidal particles were reduced [33–35]. Sasmal et al.

[36], have reported the fabrication of superhydrophobic copper surface on various

substrates for roll-off, self-cleaning, and water/oil separation. Jana et al. [37], have

reported the seed-mediated growth method to prepare cubic copper nanoparticles.

Table 4 Color fastness to water of Cu nanoparticles (on top coat) coated leather

Material Control Trial I Trial II Trial III Trial IV

Color fastness � � � 4/5 4

Cellulose acetate 3 3 � 4/5 4/5

Bleached cotton 3 3 � 4 4

Pun nylon 4 � 4 4/5 4

Spun polyester � 4 4 4 4/5

Spun acrylic � 4 4 4/5 4/5

Worsted spun wool � 4 � 4/5 4/5

Fig. 1 The UV–visible absorption spectrum recorded for Cu nanoparticles. The absorption exhibits at
568 nm indicate the presence of Cu nanoparticles
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X-ray Diffraction (X-RD)

X-RD pattern of Cu nanoparticles was taken (Fig. 2). The diffraction peaks at

2h = 43.5�, 50.6�, and 74.38� can be assigned to be [111], [200], and [220] planes

and are in agreement with the values of fcc structure of pure Cu nanoparticles

(JCPDS No: 85-1326). These results were agreed with results of previously reported

metallic Cu nanoparticles [38–40]. The d-spacing values of the diffraction planes

(d111 = 0.2101, d200 = 0.1819, d220 = 0.1285) were in good agreement with the d-

spacing values of the copper. X-RD results confirm that the synthesized

nanoparticles were in pure copper form. The particle size was calculated from the

primary diffraction plane at 43.5 (d111), and it was found to be 50 nm. Therefore, it

is a feasible method to synthesize pure Cu nanoparticles.

SEM and SEM

SEM analysis of the Cu nanoparticles indicates that the particles were agglomer-

ated, and hence, the morphology of the particle was not clearly visible. The size

distribution calculation was complicated due to the agglomeration. However, the

further observation with high magnification TEM analysis reveals that the

morphology and the size distribution of the Cu nanoparticles (Fig. 3). The particle

size of the Cu nanoparticles was calculated from the TEM images. The particle size

was varied from 20 to 50 nm and size was in good agreement with the particle size

calculated from the X-RD data. Nanoparticles were found to be cubic and

aggregated. The d-spacing of the lattice fringes was found to be 0.2083 nm, which

was matched with the d-value of the (111) plane of the fcc copper (Fig. 4).

Fig. 2 X-RD pattern of Cu nanoparticles. The diffraction peaks at 2h = 43.5�, 50.6�, and 74.38� can be
assigned to be [111], [200], and [220] planes and were in agreement with the values of fcc structure of
pure Cu nanoparticles (JCPDS No: 85-1326)
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Fig. 3 Cu nanoparticles morphology was examined by SEM. The typical SEM image shows that Cu
nanoparticles were dispersed homogeneously

Fig. 4 The particle size of Cu nanoparticles was calculated from the TEM images. The particle size was
varied from 20 to 50 nm
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Preparation of Coat Formulation with CuNanoparticles for CowUpper Crust

The synthesized Cu nanoparticles were sonicated for 10 min and incorporated in

cow-upper base coat leather finishing formulations (Table 5). The leather finish

formulation was sprayed on cow upper leather crust by HVLP gun. Furthermore,

two cross coating was done for intermediate drying.

Preparation of Cow Upper Crust Leather Finishing in Top Coat
Formulation with Cu Nanoparticles

Cu nanoparticles were sonicated for 10 min and then it was incorporated into the top

coat formulation with various concentrations for optimum results (Table 6). The

above formulation was sprayed by HVLP spray gun bullows 630. Furthermore, one

cross coat of NC lacquer formulation was applied on the top coat. Then, the leather

was kept on the clean hot plate.

Conclusion

The synthesis of Cu nanoparticles by chemical reduction method is simple, cost-

effective, non-toxic and suitable for large-scale production. SEM analysis shows

that the particles are spherical and size in the range of 20–50 nm. Surface plasmon

Table 5 Standard cow upper leather base coat formulation with Cu nanoparticles (All the values were

expressed as g)

Ingredients Control Trial I Trial II Trial III Trial IV

Water 550 548.75 547.50 546.25 545

Acrylic resin 150 150 150 150 150

PU binder 100 100 100 100 100

Casein binder 50 50 50 50 50

Filler Wax 50 50 50 50 50

Pigment 100 100 100 100 100

Cu nanoparticles 0 1.25 2.50 3.75 5

Table 6 Top coat formulation with Cu nanoparticles for cow upper leather

Ingredients Control Trial I Trial II Trial III Trial IV

Water 500 498.75 497.50 496.25

495

NC Lacquer 500 500 500 500 500

Cu nanoparticle 0 1.25 2.50 3.75 5

The formulation was sprayed one cross coat on leather by HVLP gun. The leather was dried and pressed

at 80 �C (All the values were expressed as g)
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band of the UV–vis spectrum at 568 nm indicates the existence of Cu nanoparticles.

Cu nanoparticles increased the dry and wet rub fastness, finish film adhesion and

color fastness to water.
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