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Abstract— With the increasing widespread vector- borne 

diseases like malaria, dengue etc., People generally use 

chemical repellents to protect themselves. However these 

chemical repellents are very harmful in nature leading to 

some serious ailments like allergic reactions, cardiovascular 

toxicities like seizures etc. Therefore there is an urgent need 

for the natural mosquito repellents. As textile has gone 

beyond clothing, clothes finished with natural mosquito 

repellents are a feasible solution. In this paper, Eucalyptus oil 

and sodium alginate were used as natural mosquito repellents 

to produce the natural mosquito repellent fabrics.  
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I. INTRODUCTION 

The textile is moving ahead of fashion and comfort and with 

this functional characteristics of the textiles are taken into 

consideration and given more importance than the aesthetic 

properties. Mosquito repellent textile is one such 

revolutionary functional textile. 

As per WHO, vector borne diseases account for 

more than 17% of all infectious diseases, causing more than 

700000 deaths annually [1]. This huge number draws our 

attention. However these diseases can be prevented through 

informed protective measures. 

 
Fig. 1: 

With the increasing threat of vector borne diseases, 

the use of chemical repellents to keep away the mosquitoes 

and thereby diseases is also increasing, DEET (Di- Ethylmeta 

Toluamide) was the first mosquito repellent used by the 

soldiers to protect themselves [2-8]. Now many other 

repellents are available in the market. The various mosquito 

repellent textiles currently available in the market are as 

shown in the figure 1[9]. However it has been realised that 

these toxic chemical repellents become the source of allergic 

reactions, cardiovascular toxicities like seizures etc. 

 
Mosquito repellents are classified into two types: 1) 

On the basis of their nature 2) On the basis of their action. As 

shown in figure 2, on the basis of their nature, mosquito 

repellents are classified as chemical repellent and 

natural/herbal repellents [9]. Chemical repellents include 

chemicals like DEET, Picardin, Allethrin and Permethrin.  On 

the basis of their action, these are classified as repellent 

insecticides and contact insecticides. Repellent insecticides 

repel the insects rather than killing them whereas contact 

insecticides contain neuro-toxins which disturb the nervous 

system and make the mosquitoes unconscious when they 

come in their contact [9]. 

Natural mosquito repellent finishes have an extra 

edge over the synthetic repellents like natural mosquito 

repellents are eco-friendly, nontoxic and non-allergic. They 

are bio-degradable. They have better affinity towards cotton 

and other synthetic fibres. They do not get absorbed by the 

skin and active compounds are not removed on sweating [10]. 

Thus due to the disadvantages and the harmful 

effects of the synthetic mosquito repellents, there is a need to 

develop natural mosquito repellent fabric. Therefore an effort 

has been made to develop mosquito repellent fabric using 

only natural repellents and the performance of the produced 

fabric has been studied. 

II. MATERIALS AND METHOD 

A. Materials and equipment 

1) Eucalyptus Oil: 

Eucalyptus oil was extracted from the eucalyptus leaves. The 

eucalyptus leaves were procured from the market. They were 

washed and dried before use to remove dirt and pesticides. 

The leaves were then crushed. Then against 4 ml of olive oil, 

1 ml of eucalyptus oil was mixed. The entire mixture was then 
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mixed with the eucalyptus leaves and set on crock-pot for 6 

hours. 

2) Textile Materials: 

Three types of fabrics were procured for the experiment. 

They are 100% cotton, 100% polyester and Polyester cotton 

blended fabric (48% cotton and 52% polyester) with below 

specifications: 

Material Warp Weft GSM 

100% cotton 80 60 142 

100% Polyester 75 40 132 

PC Blend 80 45 140 

Table 1: Material Specifications 

3) Chemicals: 

Sodium Alginate was used as microencapsulation agent. 

B. Finish Application of the Fabric 

1) Pre-treatment 

Before applying the finish, the fabric was treated with 5g/l 

soap at 60°C for 30 minutes in order to remove the dirt and 

the size from the fabric. 

2) Application 

a) Direct Application 

(1) Exhaust Method 

First the 1%, 3% and 5% solution of eucalyptus oil and water 

was prepared. The samples were cut in the size of 12” x 12” 

as required for the testing. The samples along with the 1% 

solution of eucalyptus oil and water were heated for 1 hour. 

The fabrics were dried and then sent for testing. The same 

was repeated for 3% and 5% solutions. 

 

(2) Cold Pad Batch Method 

The samples were kept in the 1% solution for 1 hour. Then 

the samples were wound around a rod covered with plastic 

material and stored for 24 hours. The samples were then dried 

and sent for testing. The same method was repeated for 3% 

and 5% solutions. 

 
Fig. : Padding by 2-dip 2 – nip and batching 

b) Microencapsulation Method 

(1) Exhaust Method 

The samples were heated along with the 1% solution of the 

mixture of eucalyptus oil and sodium alginate and water. The 

samples were then dried and sent for testing. The same was 

repeated for 3% and 5% solution of the mixture of sodium 

alginate and eucalyptus oil. 

(2) Cold Pad Batch Method 

The samples were kept in the 1% solution of mixture of 

eucalyptus oil and sodium alginate and water for 1 hour. After 

removing the samples, they were wound on a rod. The 

samples were then covered with plastic and stored for 24 

hours. The same process was repeated for 3% and 5% 

solutions. 

C. Mosquito Repellency Test 

1) Cone Test: 

In Cone test, the standard WHO plastic cones were attached 

to the treated samples. Then 20 mosquitoes were transferred 

to the cone with the help of an aspirator and exposed to the 

treated fabric for 3 minutes. After exposure, the test 

mosquitoes were removed and kept in the cage. The number 

of knocked down mosquitoes were noted after 1 hour of 

exposure and the knock dead were determined after 24 hours. 

Each sample was tested in four repetitions on a total of 80 

mosquitoes.  Also the natural knocked dead rate was 

determined on untreated fabric. 

III. WASHING OF THE SAMPLES 

The samples made by the above method were given the 

washing treatment. For producing samples with 1 wash, the 

samples were treated with 5 g/l soap at 60°C for 30 minutes. 

For 3 wash samples, the samples were subjected to the above 

mentioned treatment thrice and for the 5 wash samples, the 

treatment was repeated 5 times. 

IV. RESULTS AND DISCUSSION 

A. RESULTS 

Below are the test reports of the samples being tested 

Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 10% 9% 5% 3% 

Exhaust Method 85% 82% 80% 75% 

Cold Pad Batch 75% 68% 60% 58% 

Table 2: For 100% Cotton; Direct Application 

Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 15 % 12% 10% 8% 

Exhaust Method 88% 85% 81% 78% 

Cold Pad Batch 81% 75% 72% 69% 

Table 3: For 100% Cotton; Microencapsulation Method 

Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 12% 10% 8% 3% 

Exhaust Method 90% 86% 82% 78% 

Cold Pad Batch 72% 65% 61% 58% 

Table 4: For 100% Polyester; Direct Application 
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Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 18% 12% 9% 5% 

Exhaust Method 95% 90% 88% 82% 

Cold Pad Batch 80% 75% 72% 67% 

Table 5: For 100% Polyester; Microencapsulation Method 

Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 14% 10% 6% 4% 

Exhaust Method 82% 76% 72% 68% 

Cold Pad Batch 76% 70% 68% 64% 

Table 6: For Pc Blend; Direct Application 

Method 
Before 

washing 

After 

1 

wash 

After 3 

washes 

After 5 

washes 

Control Sample 8% 6% 4% 3% 

Exhaust Method 92% 88% 82% 77% 

Cold Pad Batch 76% 72% 66% 60% 

Table 7: For Pc Blend; Microencapsulation Method 

B. Discussion 

The repellency of the natural mosquito repellent applied 

directly on the fabric using exhaust method is lower than the 

repellency of the fabric treated using exhaust method but 

using microencapsulation method. For example, before 

washing the repellency of the cotton fabric is 85% (Table 2; 

using exhaust method and applying directly) and 88% (Table 

3), using exhaust method but microencapsulation technique. 

This trend also continues for 1, 3 and 5 washes (Table 2 & 3). 

Also it is true for 100% polyester and PC blend fabrics (Table 

4 to 7). This is also true for cold pad batch method. So it can 

be said that microencapsulation treated fabric shows better 

repellency as compared to fabric treated directly as in case of 

microencapsulation, the repellent gets deeply embedded in 

the fabric whereas in case of direct application, the coating is 

done just on the surface of the fabric. 

The fabrics treated using exhaust method show 

higher repellency as compared to those treated using cold pad 

batch method. This is true for both the methods i.e. direct 

application and microencapsulation method and all the types 

of fabrics. For example, the repellency of the cotton fabric 

applied directly using exhaust method is 85% (Table 2) and 

the same fabric using cold pad batch method has 75% (Table 

2) repellency. 

The repellency of the fabrics before any wash, after 

1 wash, after 3 washes and after 5 washes vary.  For example, 

the repellency of the cotton fabric made using exhaust method 

before wash was 85% (Table 2) for direct application and 

88% (Table 3) for microencapsulation method, which has 

been reduced subsequently after 1 wash, 3 washes and 5 

washes down to 75% (Table 2) and 78% (Table 3) 

respectively.  This is true for cold pad batch method (Table 2 

& 3) and for other fabrics i.e. 100% polyester and PC Blend 

also (Table 4 to 7). This is because with every wash the 

coating of the mosquito repellent from the fabric washes 

away thereby reducing the repellency with increase in the 

number of washes. 

V. CONCLUSION 

Fabrics treated with eucalyptus oil and sodium alginate using 

microencapsulation method can protect human beings from 

mosquitoes’ bites and thereby the deadly diseases. It is safe, 

eco-friendly, nontoxic, non-allergic to skin, bio degradable 

and cheap. Out of these fabrics, apparels, home curtains, 

mosquito nets can also be made. 
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