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Durable and comfort properties of sunhemp blended fabrics

Abstract: 
Sunhemp is an important bast fibre crop valued for its strength, durability, and eco-friendly properties, making it suitable for diverse industrial and textile applications. With growing interest in sustainable materials, the utilization of sunhemp fibre in blended fabrics offers a promising alternative to conventional textile fibres. With a view to utilize agriculture residue in textile area an attempt was made to develop sunhemp fibre blended fabrics. Blending was done at the fibre stage in different blend proportions along with cotton. Plain weave fabric was woven on Dornier rapier loom using Sunhemp/Cotton (30/70, 50/50) blended yarns as weft and pure cotton as warp. This blended fabric was assessed for its durable and comfort properties. Among the durable properties, maximum tensile strength and tear strength was observed in blended fabrics compared to control in both warp and weft way. Higher abrasion resistance and lower pilling resistance was noticed in blended fabrics compared to control. Further, comfort property i.e., Thermal Insulation Value of sunhemp blended fabrics was comparatively higher than control fabric.
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Introduction:
The sunhemp crop is native to India. The crop is known in India by various names like Sanab (Kannada), Sonai or San (Hindi), Sanpat (Bengali), Tag (Marathi), Vakku (Malayalam), Sanpat (Oriya) and Janumu (Telegu) (Bhat and Saha, 2013). The stems are cylindrical and ribbed. Branching in the upper portion is minimized with dense planting. The simple, elliptic to oblong shaped leaves, are spirally arranged on the stem. The root system is characterized by a long, strong taproot, well developed lateral roots and much branched and lobed nodules, up to 2.5 cm in length. The inflorescence is a terminal open raceme of  25 cm in length with deep yellow flowers. Flowering is indeterminate; seeds are small, flattened, kidney-shaped and contain approximately 35 per cent protein. Crops grow best in sandy loam with good drainage and require average monthly rainfall of at least 2.5 inches (65 mm) throughout the growing season. Maximum yield and quality fibre are obtained by harvesting soon after the plants reach maturity, indicated by the full blossoms and freely shedding pollen of the male plants.

Sunhemp fibre is important fibre for small farmers since ages to produce strong ropes and twines which are needed for farming activities. It ranks second to jute among bast fibres and is stronger, more absorbent, fairly mildew resistant and more insulative than cotton. This means that hemp is warmer in winter and cooler in summer than cotton. It is more effective at blocking the sun’s harmful ultraviolet rays (Jiaqin and Jiachun, 2009).
Depending on the process used to remove the fiber from the stem, hemp may naturally be creamy white, brown, gray, black or green. Many of these fibres are used in the manufacture of ropes, sacks, clothing, shoes, paper, canvas, carpeting, luggage, home furnishings, construction materials, biodegradable plastics and even in producing non-wovens like paper and other technical textile materials. It can be used to create building materials that are twice as strong as wood or concrete. The use of hemp for fiber production has declined sharply over the last two centuries, but before the industrial revolution, hemp was a popular fiber because it is strong, lustrous, absorbent, mildew resistant and grows quickly; it produces roughly 10 per cent more fiber than cotton or flax when grown on the same land. Re-newable resources from agricultural or forestry products form a basis for new industrial products or alternative energy sources, such as hemp fibre. As a bast fiber, hemp possesses high-tensile strength, durability, and natural antimicrobial properties, which could make it a highly promising replacement for commercial textile fibers like cotton and polyester (Honey et.al., 2025).  The present study was undertaken with a view to utilize sunhemp bast fibre in producing blended fabrics.
Materials and methods
 Selection of Cotton fibre
Bt Cotton lint (29 mm length, 3.8 microns fineness and 23 g/tex strength) was procured from Sree Jayalakshmi Auto Spin Limited, Chitradurga, for blending.
Criteria for selection of cotton
· Reviews suggested the use of cotton for blending with various vegetable fibres.
· Cotton is extensively used for blending in textile industry because of its desirable characteristics
Sunhemp fibre 
Fibre was extracted from bast of sunhemp plant after harvesting of seeds from the pant by pond retting method. Scouring and bleaching of fibre was done to remove impurities from the fibre.
Stapling 
Sunhemp fibre was cut approximately to 1 inch length by hand stapling method using scissor.
Blending
Stack method of manual blending was adopted for the study. Two different blend proportions of Sunhemp / Cotton (30:70, 50:50,) were tried. Layers of cotton and bast fibres are (sunhemp) stacked alternately and later sliced vertically for proper mixing. 
Spinning
Spinning of blended yarn (Sunhemp/Cotton) was carried out in cotton spinning system. The spinnability experiments were conducted in the spinning section, DKTE’s Textile and Engineering Institute, Ichalakaranji, Maharashtra, using ring frame method in Zincer 351, Model No. C3. Schematic flow chart of spinning was as follows 
Chart 1. Fow chart of Spinning 
Cotton carding machine

Draw frame I (For proper alignment of fibres in sliver/parallelization)

Speed frame (Rover formation with little twist)

Ring frame (Rover converted in to yarn at 6000 rpm)
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Fig 1 Processing of blended yarn
Spinning Process
Weaving
	Weaving is the method of fabric production wherein, two sets of yarns are inter laced at right angles to each other. Plain weave fabric was woven on Dornier rapier loom at the weaving section, DKTE’s Textile and Engineering Institute, Ichalakaranji, Maharashtra, using Sunhemp/Cotton (30/70, 50/50) blended yarns as weft and pure cotton as warp. For the development of hometech products, jacquard weave fabric was woven on handloom at KHDC Gadag, Karnataka, using reactive dyed (Procean peach) cotton yarn as warp and Sunhemp/Cotton blended yarns as weft with same specifications. Woven fabrics were assessed for quality characteristics like durable and comfort properties
Durable properties
 Cloth tensile strength (kgf) and Elongation (%)
	Tensile strength is the ability of the material to resist or rupture induced by external force. It is expressed as force/ unit cross sectional area of the specimen at the time of maximum load. The specimen were tested as directed in ASTM test method: 12616-1989. The method employed to determine the breaking load and elongation of the material by using the ‘strip test’ in Instron tensile tester.
	The specimen was gripped between two clamps of the tensile testing machine in such a manner that the same fabric was gripped by both the clamps and a continual increasing load was applied longitudinally to the specimen by moving one of the clamps until the specimen ruptured. Values of breaking load of the test specimen were recorded from the indicator of the machine (ISI hand book of Textile Testing)
Elongation (%)
	Elongation is the increase in length of the specimen from its initial length expressed in units of length. The distance that material will extend under a given force is proportional to its original length. Hence elongation is coated as strain or per centage extension. Extension percentage of blended fabrics were recorded along with tensile strength and the number of observations recorded was five.
Cloth tear strength (g)
	Cloth tearing strength is the force required to tear the fabric. It is the average force required to continue a tear previously initiated in a fabric by twice the length of tear. The fabric specimen was tested in tear strength tester as directed in IS test method: 6489-1971.
	The tester consisted of a sector shaped pendulum with maximum potential energy. The specimen was mounted in the clamps and the tear was initiated by a slit in the specimen between the clamps. The pendulum is then released and the specimen was torn as the moving jaw swing away from the fixed one. The scale attached to the pendulum is so graduated as to read directly the tearing force in grams.
	Tear strength (g) is calculated using formula
Mean tearing strength (g) = K X mean value of scale reading
Where the value of K is
16 = without any augmenting weight
32 = with augmenting weight of 3200 g 
64 = with both augmenting weights
Cloth abrasion resistance (cycles)
	Abrasion is rubbing away of the component fibres and yarns on the surface of the fabric (Booth, 1996). Abrasion resistance was carried out using the instrument ‘Martindale Abrasion tester’ which works in multi directional way.
	Fabric specimens were cut according to the size of the templates. Weight and thickness of test samples was measured using electronic balance and shirley’s thickness tester. Weight of 9 Kpa was placed on the mounted sample and abraded using ‘0’ number emery paper. The specimen was abraded until the breakage of 2-3 threads in warp and weft way. Number of cycles, weight loss and thickness of test specimen was recorded. Five such readings were recorded.
Cloth pilling resistance (rating)
	Pilling is a result of wear and abrasion, which brings about an undesirable effect or the appearance of the garment in localized area such as under arms, at the side of the body and also on inside leg. Pills are formed by a rubbing action on loose fibres which are present on the fabric surface. Pilling resistance of sunhemp blended fabrics were tested using Heal’s pilling tester. 
	Test specimen was cut using the template. The fabric ends were stitched together at the ‘v’ mark, later, the specimen was inversely inserted on the rubber tube with the help of steel rod. Each end of the fabric specimen on rubber tube was fixed using cello tape and then rotated for 60 revolutions /min for total of 18,000 revolutions, continuously for 5 hrs. Thereafter, the extent of pilling was assessed visually by comparing with standards
Rating scale
1 - No pilling
2 - Slight but tolerable pilling
3 - Moderate pilling
4 - Severe pilling
5 - Extremely high pilling
 Comfort properties
 Thermal Insulation Value
It is defined as the percentage reduction in heat loss from a hot surface maintained at a given temperature. TIV represents the efficiency of the textile fabric as an insulator.
Thermal Insulation value was measured by Marsh cooling method (BS 4745-1974). A brass cylinder closed at one end with a cork was filled with distilled water heated to about 50 °C. The mouth of the cylinder was closed with cork through which a thermometer was inserted. A rectangular specimen of fabric was used to cover one of the brass cylinders and other brass cylinder kept uncovered. The experiment was started when the temperature of both the cylinders was same. Further, reduction in temperature was noted at the time interval of 10 minutes till 5 such readings. Time taken by the brass cylinder covered with fabric sample (Hc) and without fabric sample (Ho) to cool through a particular temperature under identical atmospheric condition was observed
TIV was calculated using the formula
	TIV =
	100 (Ho-Hc)

	
	Ho



Where,  
  Ho- Heat loss/sec from uncovered surface
  Hc- Heat loss/sec from covered surface
Results and Discussion
Durable properties
Tensile strength (kgf) and elongation (%)
Tensile strength (kgf) and elongation (%) of Cotton X Sunhemp/Cotton (30/70 and 50/50) blended fabrics
Table-1 Tensile strength (kgf) and elongation (%) of Sunhemp/ Cotton blended fabrics
	
	Tensile strength (kgf)
	Elongation (%)

	
	Warp
	Weft
	Warp
	Weft

	Control
	53.8
	33.8
	2.68
(13.4)
	1.88
(9.4)

	Sample A
	56
	40.2**
	3.3*
(16.5)
	2.22*
(12)

	Sample B
	54.2
	39.6**
	3.14NS
(15.70)
	2.07NS
(10.35)

	SEm ±
	0.81
	0.67
	0.18
	0.11

	CV (%)
	3.32
	3.94
	13.23
	12.03

	CD (5%)
	NS
	2.06
	0.55
	0.34

	CD (1%)
	NS
	2.88
	NS
	NS


Sample A- Sunhemp /Cotton 30/70 in weft
Sample B- Sunhemp /Cotton 50/50 in weft
Values in parenthesis indicates percentage 
	It is seen from the Table-1 that tensile strength of sample A was 56 kgf in warp and 40.2 kgf in weft way direction which found to be higher compared to sample B (54.2 kgf, 39.6 kgf ) and control (53.8 kgf, 33.8 kgf) respectively. Statistical results revealed that both the sample A and sample B exhibited significant increase of strength in weft way whereas, non significant increase in warp way strength was observed in sample B. However, sample A showed significant increase of strength in warp way also at 5 per cent level of significance. 
Increase in strength may be attributed to the higher strength of sunhemp fibre, single yarn strength and lea strength of blended yarns compared to control. 
		Further, elongation per cent of sample A was 16.5 per cent in warp direction and 12 per cent in weft direction, which found to be higher compared to sample B (15.7 %, 10.35 %) and control (13.4 %, 9.4 %) respectively. However, significant difference in elongation per cent was observed only in sample A. 
It is also observed that elongation per cent of blended fabrics was increased over control. However, results of sample A found to  be significant at 5 per cent level.
Cloth tear strength (g)
 Cloth tear strength (g) of Cotton X Sunhemp/Cotton (30/70 and 50/50) blended fabrics
Table 2. Tear strength (g) of Sunhemp/ Cotton blended fabrics
	
	Tear strength (g)

	
	Warp
	Weft

	Control
	2484.8
	2014

	Sample A
	2492NS
	3174**

	Sample B
	2895.2**
	2784.8**

	SEm ±
	61.68
	128.60

	CD (5%)
	190.05
	396.27

	CD (1%)
	266.44
	555.54

	CV (%)
	5.26
	10.82


Sample A- Sunhemp /Cotton 30/70 in weft
Sample B- Sunhemp /Cotton 50/50 in weft

	The data in Table-2 depicts the tear strength of Sunhemp/Cotton blended fabrics. It is observed that tear strength of pure cotton was 2484.8 g in warp and 2014 g in weft direction which found to be lower than sample A (2492 g , 3174 g) and sample B (2895.2 g, 2784.8 g) respectively. Statistical results revealed significant increase in weft way tear strength of both blended fabrics compared to cotton sample. 
This is due to the higher single yarn strength, lea strength and tensile strength of blended fabrics compared to control. Tearing strength of a fabric mainly depends on the fibre, yarn and fabric characteristics along with mechanical and chemical finishing treatments given to the fabric (Dhanija and Chopra, 2007). 
Cloth abrasion resistance (cycles) and pilling (Rating)
 Cloth abrasion resistance (cycles) and pilling (Rating) of Cotton X Sunhemp/Cotton (30/70 and 50/50) blended fabrics
Table 3. Abrasion resistance (cycles) and Pilling resistance (rating) of Sunhemp/Cotton blended fabrics
	Sample
	Weight 
(g)
	Weight loss (%)
	Paired t value
	Thickness  (mm)
	Thickness  loss (%)
	Paired t value
	Pilling resistance
(rating)

	Control
	Before
	3.86
	1.55/108 cycles
	1.17
	41
	5.85
	2.58
	1

	
	After
	3.80
	
	
	38.6
	
	
	

	Sample A
	Before
	4.26
	2.67/148 cycles
	2.87
	45.2
	6.19
	4.80
	2

	
	After
	4.14
	
	
	42.4
	
	
	

	Sample B
	Before
	6.32
	2.78/166 cycles
	2.56
	60.4
	7.61
	4.09
	4

	
	After
	6.15
	
	
	55.8
	
	
	



Sample A- Sunhemp /Cotton 30/70 in weft
Sample B- Sunhemp /Cotton 50/50 in weft

From the Table-3 it is found that sample B had maximum abrasion resistance with weight loss of 2.78 per cent at 166 cycles followed by sample A (2.67 % at 148 cycles) and control (1.55 % at 108 cycles). Correspondingly reduction per cent of thickness was also found to be maximum in sample B (7.61 %) followed by sample A (6.19 %) and control (5.85 %). There was a significant loss in weight and thickness was observed among the tested fabrics. It was also found that severe pilling (4) was observed for sample B compared to Sample A, which possessed slight but tolerable pilling (2). However, control fabric indicated no pilling.
Blended fabrics had maximum weight loss and thickness loss compared to pure cotton but got abraded at greater number of cycles. When number of cycles increased then weight loss also increased (Bharadwaj and Juneja, 2012) indicating that blended fabrics had better resistance to abrasion than cotton. This may be due to the fact that natural fibres offer abrasion resistance (Choudhary et. al., 2009) and blended fabrics are thicker, had better cover factor and stiffer which resists abrasion. Cotton fabric was thinner and woven with finer count of yarn. As the yarn got thinner, abrasion resistance values decrease. These observations on par with the results of Ozguney et al. (2008) and Badr (2013).
Increase in bast fibre proportion in blend ratio increased the rating of pilling. This may be due to the fact that fabrics made from blended fibres often have greater tendency to pill, as it has been found that finer fibre in a blend preferentially migrate towards yarn exterior due to difference in properties.
Comfort properties
Thermal Insulation Value 
Thermal Insulation Value of Cotton X Sunhemp/Cotton (30/70 and 50/50) blended fabrics





Table 4. Thermal Insulation value of Sunhemp/Cotton blended fabrics
	Mean
	Thermal Insulation Value

	
	Cotton
	Sample A
	Sample B

	
	19.51
	19.58NS
	39.53**

	SEm ±
	0.28

	CD (5%)
	0.86

	CD (1%)
	1.21

	CV (%)
	2.39



Sample A- Sunhemp /Cotton 30/70 in weft
Sample B- Sunhemp /Cotton 50/50 in weft
Findings of the Table-4 reveals the Thermal Insulation Values of Sunhemp/Cotton blended fabrics. It is noticed that sample B exhibited higher Thermal Insulation Value (39.53) followed by sample A (19.58) and pure Cotton (19.51), indicating that, sunhemp blended fabrics had better insulation. Statistical results reveal that sample B exhibited significantly higher insulation value at 1 per cent level.
TIV is directly proportional to thickness as well as weight of the fabric. As the thickness increases thermal conductivity reduces, resulting in higher thermal insulation (Debanath and Madhusudhanan, 2010). However, among sunhemp blended fabrics sample A showed non- significant difference whereas, sample B exhibited significant increase in insulation value. Thermal Insulation Value increased with increase in sunhemp proportion in blend ratio thereby demonstrating that sunhemp fabrics provide better insulation. Similar results were obtained instudy conducted by Segwanyi et.al., 2025. This may due to better cover factor and thickness of the sunhemp blended fabric. The thicker a fabric for a given construction, the greater is its insulation value (Manish et al., 2005, Kothari, 2006 and Parmar, 2015). Moreover, Sunhemp fibre is also multicellular in nature with oval and elongated lumen (Ghosh, 2011) which may trap still air. Behera, (2007) also stated that Thermal Insulation Value of linen blended fabrics are higher than those of cotton fabric.

[bookmark: _GoBack]Conclusion
Maximum tensile strength and tear strength was observed in blended fabrics compared to control in both warp and weft way. Higher abrasion resistance and lower pilling resistance was noticed in blended fabrics compared to control. Thermal Insulation Value of blended fabrics was comparatively higher than control. 
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