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1. Introduction 

Batik is an Indonesian traditional cloth which has been 

acknowledged to be an Intangible Cultural Heritage of Humanity by 

UNESCO since a decade ago. Batik cloth has been a part of 

Indonesian culture for centuries. It is an important part in various 

ceremonies and rituals, such as in birth, marriage and death, besides 

daily usage such as clothing and linens. According to the Indonesian 

National Standard (SNI) 0239:2014, batik is defined as a craft created 

using selective dyeing technique. The most common materials used 

for making batik are fabrics, wax as a colour barrier, and dyes. The 

selective colorization is achieved by applying hot wax onto the 

surface of a fabric (or non-fabric) using a canting (batik stamp or 

writing canting) to form desired patterns of covered surface (BSN, 

2014). Commonly, batik motifs are developed based on 

philosophical values relating to social life and their purpose of use 

(Steelyana, 2012) [1]. When the wax-covered fabric is soaked in dye, 

the colour of the dye will only be attached to the exposed area, 

resulting in a unique pattern (Taufiqoh et al., 2018) [2]. Thus, after 

the dyeing process, the desired colored motifs are formed (Atika & 

Haerudin, 2013) [3]. After the dyeing process, the wax is removed 

by heating the colored fabric in boiled water followed by washing 

and drying by hanging the cloth in the shade (Ristiani, 2017) [4]. The 

colour in batik making process can be produced using either natural 
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or synthetic dyes. In this work, a type of synthetic dye was selected. 

The synthetic dyes commonly used in the batik making processes are 

indigo sol, Remazol, rapid and indanthrene dyes (Susanto, 1974) [5]. 

Indigo sol is classified as vat dyes. There are two stages in coloring 

with Indigo sol dye, which are the application of the dye followed by 

the generation of the colour on the surface of the fabric. Additive 

substances are required in dyeing using Indigo sol, including sodium 

nitrite and hydrochloric acid (Murwati, 2005) [6]. Remazol is 

categorized into a reactive dye. In the dyeing process, this type of dye 

forms a covalent bond with the substrate (the fabric) during the 

process (Benkhaya et al., 2017) [7]. The dye fixative agent for 

Remazol is sodium silicate (water glass). Batik production requires 

fabrics made from natural fibers which easily absorb colors, such as 

cotton or silk. In this work, cotton fabric was chosen for 

experimentation due to a number of advantages, such as smoothness, 

high absorption capacity, and comfortability (Yetisen et al., 2016) 

[8]. It is also highly breathable, allowing to be easily dyed using 

various colorants (Shahidi & Moazzenchi, 2019) [9]. Even though 

many classes of dyes may be utilized in coloring cotton, reactive 

(9.7%), vat (19.4%), and direct (27.4%) types of dyes are mostly 

used. Despite the advantages, there is a problem in using cotton fabric 

for daily use. As it made from natural fibers, cotton fabric is an ideal 

medium for bacterial growth (Setiyani & Maharani, 2015) [10]. 

Considering the vast usage of batik cloth made from cotton among 

Indonesian people, developing batik cloth which prevents the 

bacterial growth could help in improving the hygiene of the 

community. Researches in the advancement of functional textiles 

have attracted considerable attention for last few decades. In this 

research, a functional textile which has an antibacterial benefit has 

been developed by improving the batik making process. The 

antibacterial function of cotton textiles (in this case is batik cloth) can 

be achieved by adding antibacterial agents or finishing agents such 

as commercial synthetic ones, natural compounds, or antibacterial 

nanoparticles (Eskani et al., 2019) [11]. This paper presents 

antibacterial functionalization of batik fabrics by applying ZnO 

nanoparticles to the fabric in the batik making process. The ZnO 

nanoparticles were selected due to its distinctive properties of 

antibacterial activity (Verbic et al., 2019; Agua et al., 2018; Mishra 

et al., 2017) [12-14]. ZnO nanoparticles are widely used for 

producing antibacterial textiles due to some advantages, such as low 

price, biocompatibility, and environmentally friendliness (Verbic et 

al., 2019; Subash et al., 2012) [15,16]. In addition, they are also heat-

resistant and stable in a harsh condition (Dimapilis et al., 2018; Agua 

et al., 2018), nontoxic, highly effective as antibacterial, and do not 

affect the colour of the dyed fabric (Fiedot-Toboła et al., 2018) 

[17,18]. Therefore, ZnO nanoparticles are suitable as antibacterial 

agents for batik fabrics since the batik making process involves hard 

process conditions due to the use of several chemicals. The 

antibacterial mechanism of ZnO nanoparticles is caused by its ability 

to form Reactive Oxygen Species (ROS) which can easily diffuse 

into bacterial cell membranes and inhibit the respiratory enzymes 

(Mishra et al., 2017; Upasani et al., 2016) [19]. At low 

concentrations, the antibacterial activities of ZnO nanostructures are 

more effective in gram-positive bacteria. The higher the 

concentration and the longer the contact time are the better the 

antibacterial properties of ZnO nanoparticles performed on both 

gram-negative (i.e. Escherichia coli) and gram-positive (i.e. 

Staphylococcus aureus) bacteria (Verbic et al., 2019). There have 

been few researchers conducting studies on the creation of a 

functional batik, especially antibacterial batik. Such antibacterial 

batik has been developed using natural dyes of Marinda centifolia 

(Rahman et al., 2018) [20]. The batik fabric was brownish yellow and 

exhibited antibacterial properties against gram-positive bacteria of 

Staphylococcus aureus. Another work used Gambier to develop 

antifungal batik (Rahayuningsih et al., 2020) [21]. The batik dyed 

using Gambier coupled with formaldehyde or clove oil finishing 

agents had antifungal properties against Aspergillus Niger. However, 

to the best of the authors’ knowledge, little work has been carried out 

to use ZnO nanoparticles as an antibacterial agent for batik fabrics. 

In the previous study (Eskani et al., 2020), commercial ZnO 

nanoparticles and indigo sol (vat dyes) were used to produce 

antibacterial batik [22]. It was found that the application of the 

commercial ZnO nanoparticles coupled with indigo sol dyes onto the 

batik fabric could provide antibacterial properties (Eskani et al., 

2020). In this study, instead of commercial nanoparticles, newly 

synthesized ZnO nano-powder and Remazol (reactive dyes) were 

utilized to obtain the antibacterial batik. The ZnO nanoparticles were 

prepared from ZnCl2 and NaOH using a precipitation-sonication 

technique. The method was used as it has several advantages such as 

high reproducibility and ease of the particles size control (Romadhan 

et al., 2016) [23]. The synthesized ZnO nanoparticles were applied 

on to batik fabric which was then colored using a reactive dye of 

Remazol. This work is important to realize the full potential of ZnO 

nanoparticles in producing the antibacterial batik. Therefore, this 

paper discusses the results of the work on the application of ZnO 

nanostructures on cotton fabrics for the development of antibacterial 

batik. The effect of ZnO nanostructures on the mechanical properties 

and the coloring of batik fabric with reactive dyes were also 

investigated. 

Technical details 

The materials used for the synthesis of ZnO nanoparticles were 

ZnCl2, deionized water, methanol, NaOH and filter paper (Whatman 

No. 42). The chemicals were analytical grade. The batik was 

prepared using the following materials: batik wax, cotton fabric, 

reactive dye (Remazol-turquoise blue), non-ionic detergents, soda 

ash (NaCO3), natrium nitrite (NaNO2), natrium silicate (NaSiO3), 

and hydrochloric acid (HCl). 

The following procedures have been adopted 

a) Preparation of ZnO nano particles 

b) Calculation of zinc oxide crystal size using Scherrer 

equation 

c) Characterization zinc oxide particles 

d) The batik making process 

e) Application of zinc oxide nanostructures onto fabric 

f) Characterization of the zinc oxide coated batik cloth 

g) The dyeing performance of the zinc oxide treated Batik 

fabric 

Conclusion 

ZnO nanostructures have been prepared from ZnCl2 precursor using 

precipitation-sonication technique. The ZnO nanoparticles were 

observed to have an average particle size of 54.76 nm with 99.77% 

purity. Antibacterial properties of batik fabric have been successfully 

achieved by the application of the ZnO nanostructures. The process 

sequences in adding the ZnO nanoparticles were confirmed to 

significantly affect the antibacterial effectivity. The application of 

ZnO nanostructures onto the fabric after the batik process 

demonstrated better antibacterial properties than that of the ZnO pre-

treated batik fabric. The colour strength indicated by the K/S value 

of the ZnO post-treated batik fabric was also greater than that of the 
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ZnO untreated batik fabric. The application of the ZnO nanoparticles 

after dyeing with reactive dyes could increase the strength of the 

colour in the fabric. However, the colour strength of the ZnO pre-

treated batik fabric, shown by the K/S value, is smaller than that of 

the untreated batik fabric. This finding agrees with previous studies 

that found that the application of ZnO nanoparticles preceding the 

dyeing process by reactive dyes might block hydroxyl groups of 

cellulose fibers to form a covalent bond with the reactive dyes. The 

application of ZnO nanoparticles on the batik fabric using any 

process sequences did not affect the colour fastness to washing and 

the results obtained are the same as that obtained from the batik fabric 

without the ZnO treatment, at around 4-5 (good). The incorporation 

of ZnO nanoparticles onto batik fabrics affects the mechanical 

properties by increasing the tensile strength and decreasing the 

elongation at break. The application of ZnO nanoparticles after the 

batik process is shown to have a greater effect on the mechanical 

properties.  
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