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Abstract 

While traditional woven textiles have been the subject of many forensic investigations, non-woven 

fabrics have received minimal attention thus far. Given the expansion of commercial applications 

of non-woven fabrics, a preliminary investigation of household wipes has been carried out to 

characterise the compositions of these widely available non-woven fabrics. Infrared spectroscopy 

and thermogravimetric analysis were employed to identify the fibre type and additives of three 

types of commercial wipes. Polyester and/or viscose fibres were found to be the main 

components and, along with the identification of binders, enable source types to be 

differentiated. The predicted different sensitivities of the fibre types to biodeterioration highlights 

the importance of future environmental studies for the correct characterisation of non-woven 

fabrics in evidence. 
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1. Introduction 

Textile materials regularly contribute to evidence collected from crime scenes. Although 

traditional woven textiles have been more commonly examined for forensic purposes, limited 

investigations of non-woven fabrics have been carried out to date. While conventional textile 

fabrics are produced by the weaving of fibres, non-woven fabrics are cost effective web materials 

that are produced by the bonding of assembled individual fibres1-4. Non-woven materials find use 

in a wide range of household, industrial and medical applications1,3,5, so there is an increasing 

likelihood of finding this class of material as physical evidence.  

 

A non-woven material in the form of a household wipe contributed to the physical evidence in the 

Khandalyce Pearce murder case in Australia6-8. In 2015 the skeletal remains of a young child were 

discovered in a suitcase on the side of a highway in South Australia. Fragments of a household 

wipe were recovered from the child’s mouth and these were shown to be consistent with 

household wipes purchased by the offender responsible for the death of Khandalyce Pearce. For 

this case, the originally purchased cloth was identified by the manufacturer as a polyester/viscose 

blend and it was predicted that the viscose component of the cloth had deteriorated by the time 

of recovery. The composition of this mixed cloth type demonstrates that an understanding of this 

material class is important when examining this evidence type. 

 

A broad range of non-woven fabric types are manufactured, depending on the specific end use1-4. 

Natural and synthetic fibres are used to produce commercial non-woven fabrics and the choice of 

fibre is based on the potential end use. There is a variety of web formation processes, with the 

choice of process influencing the product performance. Three methods of web formation are 

commonly used: dry-laid (fibres are mechanically separated and oriented), wet-laid (fibres are 
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mixed with chemicals in water then drained) and spun-laid (also known as polymer-laid, a molten 

polymer is extruded and cooled to form a web). Bonding methods are commonly used to provide 

strength and there are three basic types: chemical, mechanical and thermal bonding. Chemical 

bonding involves the application of a polymer latex or solution to the web that is then thermally 

cured. During mechanical bonding, friction between entangled fibres provides strength and can be 

achieved via a variety of approaches, including a hydroentanglement process where high pressure 

jets of water cause the fibres to interlace (also known as spunlacing). Thermal bonding uses heat 

to bond suitable fibres or a thermoplastic binder. 

 

For the current study, three varieties of household cleaning wipes were chosen as suitable non-

woven fabrics for investigation. Biodegradable and antibacterial versions are marketed in addition 

to the traditional absorbent clothes. Fabric samples were examined with infrared spectroscopy 

using attenuated total reflectance (ATR) sampling. Infrared spectroscopy is an established 

standard technique for the forensic examination of fibres and enables the specific fibre types to be 

identified as well as simultaneously identifying the presence of many additives or agents used in 

the manufacturing process9. Thermogravimetric analysis (TGA) was also employed in this study to 

provide supporting compositional analysis. TGA is used to distinguish mass loss steps that 

correspond to the decomposition of the different material components, thus enabling fibres and 

any additives to be confirmed. 

 

2. Materials and methods 

2.1. Materials 

Three types of household cleaning cloths were investigated for this study. Chux Original 

Superwipes cleaning cloths (Clorox Australia Pty Ltd, Australia) were chosen to represent the 
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‘original’ standard composition of this type of commercial product. These cloths were reported by 

the manufacturer to contain a viscose polyester blend. Chux Biodegradable Superwipes cloths 

(Clorox Australia Pty Ltd, Australia) were chosen to represent ‘biodegradable’ cloths and were 

reported by the manufacturer to be comprised of 97% natural viscose cellulose fibres and 3% 

synthetic binder. Glitz Antibacterial Wipes (Pascoes Pty Ltd, Australia) were used for the 

investigation of ‘antibacterial’ cloth and are reported by the manufacturer to contain the 

ingredients of regenerated cellulose, poly(ethylene terephthalate) and triclosan, with 

concentrations for the components not specified. Images of the as received fabrics are shown in 

Figure 1. 

 

2.2. Infrared spectroscopy 

Infrared spectra were obtained using a Nicolet Magna-IR 6700 spectrometer (Thermo Scientific, 

USA) with an ATR accessory comprised of a diamond crystal with a 45 angle of incidence. The 

spectra were recorded over a range of 4000-400 cm -1, with a spectral resolution of 4 cm -1 and 

averaged over 128 scans. A minimum of three replicates from different locations on the fabric 

were collected for each sample.  

 

2.4. Thermogravimetric analysis 

TGA was carried out using a Netzsch STA 449 F5 thermobalance configured in TG mode. Samples 

(6-9 mg) of fabric were cut into 5 mm discs and placed in platinum crucibles. The samples were 

then heated in a helium purge flowing at 40 mL/min from 40 to 600°C at a heating rate of 2 

°C/min. 

 

3. Results and discussion 
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3.1. Characterisation of biodegradable non-woven fabric 

A representative ATR spectrum obtained for the as received biodegradable fabric is illustrated in 

Figure 2. An inspection of the spectra showed reproducibility for the as received fabrics. The active 

sampling area for the ATR crystal employed was of the order of 1-2 mm and able to encompass 

multiple components. The spectrum in Figure 2 shows bands typical of viscose (also commonly 

referred to as rayon or viscose rayon), a regenerated cellulose fibre10-13. A broad band centred at 

3330 cm-1 is associated with O-H stretching and C-H stretching bands occur in the 3000-2800 cm-1 

region. The band near 1650 cm-1 is an O-H bending mode due to water absorbed by cellulose. 

Characteristic viscose C-H bending and C-O stretching modes are also observed in the 1500-1200 

and 1200-850 cm-1 regions, respectively.  

 

Although the biodegradable cloths examined were described by the manufacturer as being 

comprised of ‘natural viscose cellulose fibres’, the detail regarding the source of the cellulose was 

not provided. Viscose is generally produced using soft woods as a source of cellulose. Bamboo has 

more recently emerged as a cellulose source for viscose production and products made from 

bamboo are often labelled as ‘biodegradable’14-15. However, viscose produced from bamboo has 

been shown to be indistinguishable from that produced using soft woods. As cellulose extracted 

from all sources is dissolved in sodium hydroxide and carbon disulfide during a standard viscose 

process, the final product is chemically the same14-15. As such, the source of cellulose used in 

viscose production for non-woven fabrics do not provide a means of distinguishing viscose fabrics. 

 

A carbonyl band at 1730 cm-1 is also observed in the biodegradable fabric spectrum and this is 

attributed to the presence of binder. The band is relatively weak, but as the binder is stated by the 

manufacturer as representing 3% of the material composition, the observation of weaker bands 
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associated with the binder is as expected. The presence of the carbonyl band indicates that the 

binder is likely to be an acrylic resin (polymers and copolymers of acrylic and methacrylic acids)16-

17. Acrylic binders, such as polyacrylate copolymers, are the most popular class as a wide range of 

compositions are available to produce a broad range of physical properties4,18.  

 

TGA data collected for the fabrics is presented in Figure 3. The biodegradable fabric produces two 

mass loss steps in the temperature ranges of 250-350C and 350-400C. The associated derivative 

thermogravimetric (DTG) curve shows two peaks centred at 326 and 375C. The 326C peak can 

be attributed to the degradation of cellulose19-22. The thermal decomposition of cellulose in an 

inert atmosphere involves a complex series of reaction including dehydration, fragmentation, 

elimination and condensation processes23-24. The identification of cellulose supports the presence 

of viscose as the main component of the biodegradable fabric. The smaller peak observed with a 

maximum at 375C can be attributed to an acrylic binder, supporting the prediction of this binder 

type from the spectroscopic data. Previous studies have demonstrated that a mass loss at this 

temperature is associated with a main chain degradation of an acrylic binder, including 

polyacrylate copolymers (e.g. butyl acrylate / methyl methacrylate)25-26. 

 

3.2. Characterisation of antibacterial non-woven fabric  

An ATR spectrum for the as received antibacterial fabric is shown in Figure 4 and is characteristic 

of a polyester fibre. A strong C=O stretching band at 1710 cm-1 and a strong C-H rocking band at 

725 cm-1, as well as characteristic patterns of C-O stretching and C-H bending contributions in the 

1300-1000 cm-1 and 1500-1400 cm-1 regions, respectively, demonstrate that the antibacterial fibre 

is polyester-based10,27-28. This observation is in agreement with the manufacturer’s stated 
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ingredient of poly(ethylene terephthalate) (PET), the most widely used polyester fibre, reported in 

the product safety data sheet29.  

 

Although the manufacturer states that the antibacterial fabric contains regenerated cellulose, the 

spectra obtained do not provide evidence of the presence of any type of regenerated cellulose, 

particularly due to a notable lack of characteristic O-H stretching bands in the 3500-3000 cm-1 

region of the spectrum10-11. The percentage compositions of the individual ingredients are not 

specified by the manufacturer in the associated safety data and the manufacturer describes the 

chemical nature of the material as a non-woven polyester fabric within the same 

documentation29. 

 

The antibacterial fabric is also reported by the manufacturer to contain triclosan, a chlorinated 

aromatic compound used as an antibacterial agent30-31. Previous studies of triclosan on polymer 

fibres have reported the use of infrared spectroscopy to determine the presence of this agent on 

surfaces, and report that it is difficult to identify triclosan given the strong overlap with polymer 

bands, particularly in the fingerprint region of the spectrum32-33. Additionally, the low 

concentration of triclosan means that contributing bands appear relatively weak in the overall 

spectrum.  

 

The spectrum obtained for the antibacterial fabric and the lack of an additional carbonyl band 

contribution near 1730 cm-1 appearing in the spectrum indicates that this material does not 

contain a binder. Thus, the antibacterial fabric appears to have been mechanically bonded, rather 

than chemically bonded2-3. Mechanical bonding methods, such as hydroentanglement, enable a 

non-woven fibre to be produced without the need for chemical binders. 
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The TG curve for the antibacterial fabric shows a single mass loss between 350-450C (Figure 3). 

The DTG curve shows a peak maximum at 405C. These observations correlate with a 

decomposition of polyester fibres34-36. Polyesters undergo thermal decomposition mainly via both 

the formation of intramolecular reactions and chain scission. No other processes are observed, 

confirming a simple composition of polyester fibre. 

 

3.3. Characterisation of original non-woven fabric 

Figure 5 illustrates an ATR spectrum obtained for the as received ‘original’ fabric. The original 

fabric is comprised of a combination of viscose and polyester10-12. Infrared bands that are strong 

bands in the polyester spectrum, such as the carbonyl band at 1710 cm-1, are observed to be 

relatively weak compared to the viscose contribution to the original fabric spectrum, indicating 

that the major component of the fabric is viscose. Such commercial household wipes are generally 

comprised of approximately 70 w% viscose and 30 w% polyester fibre, however, this ratio can vary 

depending on the manufacturer. The 1710 cm-1 carbonyl band of the polyester in Figure 5 appears 

as a shoulder on the stronger 1727 cm-1 band, attributed to the presence of an acrylic binder16-17. 

Due to the relatively low intensity of the polyester carbonyl band contribution compared to the 

binder contribution, a polyester contribution of less than 30 w% to the original fabric is likely. 

 

The TG data collected for the original fabric show evidence of three mass loss steps during 

decomposition (Figure 3). The first mass loss (12%) is observed up to a temperature of 250C and 

is attributed to the evaporation of residual absorbed water and/or volatilisation of volatile 

matter37-39. A second mass loss of 48% with a peak of maximum at 326C is very similar to that 

observed for the biodegradable fabric and is due to the breakdown of cellulose in the viscose 
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component of the original fabric. The third mass loss step (33%) ranging from 350 to 450C with a 

peak maximum at 402C is attributed to the decomposition of polyester. As this latter peak shows 

asymmetry, the breakdown of both the acrylic binder and the polyester fibres in the original fabric 

appear to contribute to this peak. Although it is not possible to obtain an exact quantitative 

analysis of the original fabric from the thermal data due to the overlap of decomposition 

processes, it does confirm that viscose is the major component of this fabric type. 

 

3.4 Fibre comparison 

A challenge associated with the correct identification of fibre evidence is the potential changes 

that fibres can undergo as result of ageing and environmental exposure. Commercial non-woven 

fabrics marketed as ‘biodegradable’ are, by their very nature, designed to degrade at a faster rate 

than the traditional counterparts. The use of viscose fibre in the biodegradable fabric under study 

means an earlier deterioration of this type of fabric compared to synthetic fibre is predicted. The 

use of viscose fibres provides a suitable medium for the growth of microorganisms15,40-42. 

 

The antibacterial fabric examined contains only polyester fibres. Polyester fibres are known to be 

resistant to biodeterioration40. PET is comprised of a stable linear aromatic polyester structure 

that undergoes a very slow biodeterioration process. The nature of the chemical structure inhibits 

biodeterioration by preventing hydrolytic enzymes produced by microorganisms from attacking 

the polymer chain40,43. In addition, polyester fibres are hydrophobic in nature and the lack of 

moisture on the fabric surface also inhibits the growth of microorganisms40,44. The inclusion of an 

antibacterial agent into the commercial antibacterial fabric under study is predicted to further 

delay biodeterioration through the inhibition of bacterial growth on the polyester fabric. 
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As the original fabric contains both viscose and polyester fibres, longer term changes will impact 

the identification of the fabric when exposed to environmental factors. In biodegrading 

environments, the viscose component is predicted deteriorate first, leaving the more stable 

polyester component over a period of time.  

 

4. Conclusions 

This study has demonstrated that variation exists in the material composition of non-woven 

fabrics that are used to produce readily available commercial household wipes. Infrared 

spectroscopy is an effective tool for the rapid identification of the main components of non-woven 

fabrics. Viscose and polyester are the two fibre types identified in household wipes and are readily 

discriminated. The presence or absence of binders also provide a potential means of 

discrimination. The many uses of non-woven fibres, ranging from personal wipes to agricultural 

applications, means that there is an increasing probability of encountering the materials as 

evidence and a more extensive survey of the fabrics from different manufacturers will provide a 

beneficial resource.  

 

The identification of polyester and/or viscose components has implications for the longer-term 

stability of this evidence type. Viscose is more susceptible to degradation compared to the more 

stable polyester fibres. This differential deterioration of the fabric needs to be considered when 

identifying the source of non-woven fabrics as evidence. A longitudinal study of non-woven fabrics 

exposed to outdoor environmental conditions is currently being undertaken to determine the 

stability of viscose and polyester based non-woven fabrics in order to understand how these 

factors influence the identification of non-woven fabric evidence. 
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Figure 1. Images of as received non-woven fabrics. A – Chux Biodegradable Superwipes; B – Glitz 

Antibacterial Wipes; C – Chux Original Superwipes. 

Figure 2. Infrared spectrum of as received biodegradable non-woven fabric. 

Figure 3. (a) TG and (b) DTG curves for as received non-woven fabrics. 

Figure 4. Infrared spectrum of as received antibacterial non-woven fabric. 

Figure 5. Infrared spectrum of as received original non-woven fabrics. 

 

 

 

 


