


EFFECT OF TEMPERATURE ON THE DYEING OF SILK FABRIC WITH TALAROMYCES PURPUROGENUS FUNGAL DYE



ABSTRACT
This study evaluated the effect of dyeing temperature on the dyeing performance of silk fabric using a fungal dye obtained from Talaromyces purpurogenus. Silk fabric was pre-treated to remove impurities before dyeing. Dyeing was carried out at pH 5 with a material-to-liquor ratio of 1:30 for 60 minutes at five temperatures: 50°C, 60°C, 70°C, 80°C, and 90°C. The dyed samples were rinsed, shade-dried, and assessed for percent absorption, washing fastness, and rubbing fastness. Percent absorption was determined by measuring the optical density of the dye liquor before and after dyeing.
The results showed that dye absorption increased with increasing dyeing temperature from 50°C to 80°C. Percent absorption values were 41 ± 0.5% at 50°C, 51 ± 0.5% at 60°C, 52 ± 0.5% at 70°C, and 67 ± 0.5% at 80°C. A decline was observed at 90°C, where absorption decreased to 53 ± 0.5%. Silk dyed at 80°C showed the highest percent absorption and also exhibited very good to excellent washing and rubbing fastness. The findings indicate that dyeing temperature influenced the interaction between silk fabric and Talaromyces purpurogenus fungal dye under the tested dyeing conditions. Based on absorption and fastness performance, 80°C was identified as the most suitable dyeing temperature among the tested levels.
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INTRODUCTION:
Colour is most beautiful character of nature that helped human beings to become appealing and fascinating. Colours in materials are attributed by dyes or pigments. A dye can be characterized as a substance that has affinity to the substrate onto which it is being applied.
Until the middle of nineteenth century, most of the dyes used were from plant, animal and mineral sources only. Among these indigo, tyrian purple, alizarin, cochineal and logwood dyes deserve special remark. The development of natural dyes took place after the technique of weaving in about 5000 BC.
Evolution of industrialization increased use of chemicals for colouration and finishing of textile materials. Textile industries have created number of environmental problems as it is one of chemical intensive industries on the earth. Textile industries use more than 8000 chemicals in various processes and their toxic effluents are released into the water bodies with or without any treatments.
Synthetic dyes have originated from petrochemical sources involving hazardous chemical processes. The continuous use of synthetic dyes has resulted in environmental degradation to an extent that complete recovery is not possible. Extensive use of diverse range of chemicals in finishing and processing of textile fibers has made this industry emerge as most polluting one. 
Utilization of plants and animal sources for colouring of textile materials is not a sustainable option. It requires utility of plants and killing of animals that had impacted biodiversity a lot. To overcome these problem a new alternative sources gained interest in the field of textile colouration i.e., microbes. Microorganisms are untapped alternative natural resource which may offer sustainable solution for maintaining biodiversity in ecosystem. Microorganisms are beneficial among all plant sources because of ease of cultivation, extraction, their genetic diversity and sophistication of technology that had made their choice more feasible.
Research on natural dyes has also shown that the practical use of alternative colourants requires evaluation of dye-fibre affinity, dyeing conditions and fastness behaviour rather than only pigment availability (Shahid et al., 2013; Morales-Oyervides et al., 2017; Venil et al., 2020).
Recent reviews and experimental studies have indicated that fungal pigments are promising colourants for textile dyeing because they can be produced through microbial cultivation and may reduce dependence on plant- and animal-derived dye sources (Morales-Oyervides et al., 2017; Venil et al., 2020).
Talaromyces purpurogenus has been reported as a pigment-producing fungus with textile application potential, and earlier studies have evaluated its pigments on proteinaceous substrates such as wool and silk (Verma et al., 2019; Verma et al., 2023).
Keeping in view the above considerations, efforts were made in the present research work to analyze the effect of temperature on the dyeing of silk fabric with microbe i.e Talaromyces Purpurogenus fungal dye.
However, dyeing performance depends on process variables such as pH, time and temperature; therefore, assessment of temperature is necessary before suggesting a practical dyeing condition for silk (Kamel et al., 2007; Verma et al., 2023).
MATERIAL AND METHODS

Preparation of Textile material
The preparation of silk was carried out for removal of impurities before dyeing. This was done to ensure uniform application of the dye on silk fabric. Hence, silk fabric was prepared before dyeing by treating with 5 g/l solution of non-ionic detergent (ezee) at 50ºC for 30 minutes in a beaker, keeping the material to liquor ratio (MLR) at 1:50 on the hot plate. 
Dye material
Coloured pigment producing strain of T. purpurogenus isolated from the waste food materials, wood etc.
Dyeing of silk:
Silk fabric samples were dyed at different temperatures ranging from 50ºC, 60ºC, 70ºC, 80º and 90ºC. Experiments were conducted to assess the effect of temperature on dyeing of silk fabric with Talaromyces Purpurogenus fungal dye. Dyeing was carried out at material to liquor ratio of 1:30 keeping dye pH 5 for 60 minutes.
A. Analysis of  Colour properties
1. Percent Absorption
The percentage absorption was calculated by recording absorbance of the dye solution at λ-max before and after dyeing. The O.D. of dyed samples was measured using spectrophotometer SS5100A. Percent absorption was calculated by following formula: 
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In order to record absorbance, the solution of dye was diluted 10 times in the same way as it was diluted for recording the λ-max.
ii. Fastness properties
a. Washing fastness
The washing fastness test evaluates the colour fastness of dyed fabric to laundering. The textiles are expected to withstand frequent laundering (Goel & Kholia, 2014). The washing fastness test no. 2 was followed as per recommendations of IS: 3361-1979 method (BIS, 1979) and was carried out in laundrometer.
Table 1. Gray scale rating used for assigning fastness to dyed fabric

	Gray scale rating
	Colour change (CC)
	Colour staining (CS)
	Fastness  Level

	5
	Negligible or no change
	Negligible staining
	Excellent

	4
	Slight change
	Slight staining
	Very good

	3
	Noticeable change
	Noticeable staining
	Good

	2
	Considerable change
	Considerable staining
	Fair

	1
	Much change
	Heavy staining
	Poor



b. Rubbing fastness
It is also known as croking fastness. Fastness to rubbing crocking means the resistance of textile materials to fading and staining in dry and wet conditions during actual use due to friction (Goel & Kholia, 2014).The fastness to rubbing was carried out according to IS: 766-1988 method using crock meter.
RESULTS AND DISCUSSION

Experiments were conducted to assess the effect of temperature on dyeing of silk fabric with Talaromyces Purpurogenus fungal dye. Dyeing was carried out at different temperatures i.e., 50 ºC, 60 ºC, 70 ºC, 80 ºC and 90 ºC. The results of percent absorption and fastness ratings are given in Table 2 and Table 3 respectively. The silk fabric was dyed with Talaromyces Purpurogenus fungal dye, and was assessed for percent absorption and fastness properties. Maximum percent absorption i.e., 67% was observed in silk fabric dyed at 80ºC. The data also shows that percent absorption of silk fabric samples increased with increase in dyeing temperature from 50 ºC to 80 ºC and declined with further increase in dyeing temperature beyond 80ºC .
The observed increase in absorption up to 80 ºC is consistent with previous optimization work on fungal pigment dyeing of silk, where dyeing temperature was identified as a key process variable influencing dye uptake and colour strength (Verma et al., 2023).
Comparable studies on Talaromyces pigments have shown their applicability for textile dyeing, while also emphasizing that substrate type and process conditions influence the final colour yield and fastness behaviour (Morales-Oyervides et al., 2017; Verma et al., 2019; Hussain et al., 2025).
Accordingly, the current temperature-response data should be interpreted as a process-optimization result for silk under the specified pH and dyeing time, rather than as a universal dyeing condition for all textile substrates (Kamel et al., 2007; Morales-Oyervides et al., 2017; Verma et al., 2023).
Table 2. Percent absorption obtained by silk fabric dyed at different dyeing temperature with Talaromyces Purpurogenus fungal dye.
	S.No.
	Temperature (ºC)
	% absorption

	1
	50 ºC
	41±0.5a

	2
	60 ºC
	51±0.5a

	3
	70 ºC
	52±0.5bc

	4
	80 ºC*
	67±0.5d

	5
	90 ºC
	53±0.5c


Data superscripted by different letters indicate significant difference according to Tukey post hoc test (p< 0.05) at 5% level of significance; * Selected temperature

Bhargava (2012) dyed silk samples with Pseudomonas fluorescens dye and observed increased percent absorption with increase in dyeing temperature up to 80ºC.
Higher percent absorption at higher dyeing temperature could be explained by higher kinetic energy of dye molecules, more swelling of fibre, and disaggregation of dye molecules which might have resulted into more movement of dye molecules towards fabric surface and finally penetration inside fibre (Shenai, 1997; Kamel et al., 2007).
At elevated temperature, diffusion and fibre swelling can improve dye penetration; however, excessive temperature may reduce apparent absorption because of possible pigment instability, aggregation changes or altered dye-fibre interactions (Kamel et al., 2007; Ugwu et al., 2022).
The decline at 90 ºC may therefore reflect a balance between enhanced diffusion and possible thermal effects on pigment-fibre interaction; this explanation is consistent with studies reporting temperature-dependent stability and performance of Talaromyces pigments (Ugwu et al., 2022; Hussain et al., 2025).
It is further evident from data that significant difference was observed between percent absorption of silk fabric samples dyed at temperature 70 ºC, 80 ºC and 90 ºC. No significant difference was observed in percent absorption of dyed silk fabrics dyed at temperature 50 ºC and 60 ºC.
Table 3. Fastness properties of silk fabric samples dyed at different dyeing temperature with Talaromyces Purpurogenus fungal dye.
	S.No.
	Dyeing
temperature
(ºC)
	Washing fastness
	Rubbing fastness

	
	
	CC
	SS
	SC
	     Wet
	Dry

	
	
	
	
	
	    CC
	CS
	SS
	CS

	1
	 50 ºC
	5
	5
	5
	4-5
	4-5
	5
	5

	2
	 60 ºC
	5
	5
	5
	5
	4-5
	5
	5

	3
	 70 ºC
	5
	4-5
	5
	5
	5
	4-5
	5

	4
	  80ºC*
	5
	5
	5
	5
	5
	5
	5

	5
	 90 ºC
	5
	5
	5
	4-5
	5
	5
	5


CC: Colour Change, CS: Colour Staining; SS: Staining on silk; SC: Staining on cotton * Selected temperature

It can be inferred from Table 3 that better wash and rubbing fastness rating was observed when silk fabric samples were dyed at upper level of dyeing temperature. The wash fastness rating was observed less when dyeing was carried out using lower level dyeing temperature.
The very good to excellent washing and rubbing fastness observed at 80 ºC may reflect adequate pigment-fibre interaction under the selected acidic dye bath, but the present results should be interpreted as specific to the tested pH, time and material-to-liquor ratio (Verma et al., 2023; Zarkogianni et al., 2011).
The fastness data are consistent with the broader natural-dye literature, where final colour performance depends not only on pigment origin but also on dye-substrate interaction, bath conditions and post-dyeing evaluation methods (Zarkogianni et al., 2011; Morales-Oyervides et al., 2017; Verma et al., 2019).
CONCLUSION
It can be concluded from the study that microorganisms are beneficial among all plant sources because of ease of cultivation, extraction, their genetic diversity that had made their choice more feasible. The cost of raw material, labour and processing involved in extraction of fungal dye were less and being a novel ecofriendly resource, the colour liquor obtained from growth of fungus was explored for textile colouration to establish its application in the textile sector. 
Result shows that silk fabric got high percent absorption at higher temperature due to increased movement /speed of segment polymer chain, the dye molecules diffused easily into fibre and resulted in high percent absorption (Waly et al., 2016). 
The silk fabric dyed with Talaromyces purpurogenus exhibited very good to excellent washing and rubbing fastness when dyed at higher temperature. Results further suggests that dyeing of silk with Talaromyces Purpurogenus fungal dye can be  done successfully at the dyeing temperature of 80ºC.
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