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Abstract

The paper focuses on developing an eco-friendly sanitary napkin, with multilayer construction by using biodegradable resources.
Hybrid top sheet was developed by needle punching wool fibre over cotton non-woven fabric to keep the top sheet dry. Three
different combinations of core layer were tried by sandwiching SAP (Super Absorbent Polymer) sheet between cotton, bamboo
and a blend of cotton/bamboo (50/50). Biodegradable polyethylene plastic was used as barrier layer. The performance of sanitary
napkin was assessed by absorption capacity, strike through, wet back test. Two natural herbal extract (Curcuma longa and
Aczadirachta indica) were used as antimicrobial agents. It is revealed from the results that sanitary pad made of bamboo core with
Aczadirachta indica finished top sheet shows best menstrual hygiene performance.
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I. INTRODUCTION

Menstruation is a process in which woman discharge blood and other material from the lining of the uterus at an interval of about
28 to 35 days from puberty until menopause. It causes serious problems to the women if not managed properly. This menstrual
discharge can be absorbed by some absorbent material. The functional requirement of a feminine hygiene product is to absorb and
retain the menstrual fluid so that back tracking of fluid does not happen and at the same time it should be odor free. Commercially
available menstrual hygiene pads are made up of material which may seem innocuous but they are laced with dioxins,
petrochemicals, artificial fragrances etc. When these chemicals come in contact with sensitive skin tissue, which can lead to skin
irritation. Cellulosic chlorine bleached pulp; rayon which is used to increase absorbency of pad contains dioxin leads to cervical
cancer irregular growth in reproductive organs. Deodorants and synthetic material used in sanitary pads blocks dampness and heat
which encourages yeast and bacterial growth.

One of the major concerns of disposable pads is its hon-biodegradability which increases generation of menstrual waste which
ends up in leaking into nature and polluting rivers .Also it causes occupational hazard as the used pads are to be picked up by waste
pickers by their bare hand. This problem can be elevated by developing the biodegradable menstrual pad. In this study an attempt
has been made to develop the biodegradable pad with wool and cotton as top layer , SAP+cotton/SAP+bamboo and SAP+blend of
Cotton and bamboo as absorbent layer and biodegradable plastic as barrier layer.

Il. MATERIALS & METHOD

The sanitary napkin design is based on the conventional three layered design with top fluid transferable layer, and absorbent core
and a barrier sheet. For insert SAP is sandwiched between natural fibre such as cotton, bamboo, and blend of cotton/bamboo in
equal proportions was used. For top sheet, a thin layered web of wool fibre was needled punched onto 100% cotton nonwoven
fabric. And as a barrier layer, biodegradable low density Polyethylene film was used, this makes the entire sanitary napkin eco-
friendly. Antimicrobial Herbs such as Azadiracta indica commonly known as neem and Curcuma longa (turmeric) extract was
applied on to the top layer. Following experimental steps was adopted for the fulfillment of the objective.

A Stagel

A 75 GSM hybrid top sheet with a thickness of 1.32mm was developed by needle punching 7Denier wool fibre over 100% cotton
50 GSM nonwoven fabric which does the dual role of passing fluid through it quickly into the absorbent structure and keeps the
top surface dry.
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H. Stage 2

Absorbent core was developed by sandwiching SAP sheet, with carded web of natural fibres such as cotton, bamboo and a blend
of cotton and bamboo in the ratio (1:1), the SAP polymer is located in a centralized layer in the absorbent structure. The developed
absorbent core was integrated between the top layer and barrier layer.
Table -1
Properties of components used for making sanitary pad

Properties of Wool Fibre
Length(cm) Fineness(D) Strength(gf/D)
7.621 7.082 4.58
Properties of Top Sheet
Properties C-W -0 C-W-T C-W -N
Thickness 1.103 1.321 1.376
GSM 79.208 83.904 82.29
Properties of Absorbent Fibre
Fibre Type Fineness (mTex) Fibre imbibitions/1gm
Cotton 152 10.9
Bamboo 185 8.71
Cotton/Bamboo(50/50) 168 10.2
Properties of Cotton 100% Nonwoven Fabric Properties of Barrier Sheet
GSM Thickness(mm) GSM Thickness(mm)
50 0.97 34.9 0.05

(. Stage3

Herbal antimicrobial treatment is given to the top layer with Curcuma longa (local name turmeric) and Azadirachta indica (locally
known as neem).
1) Preparation of Herbal Extract
Neem leaves and turmeric rhizome were collected from the local market of Ichalkaranji. Shadow dried neem leaves were made
into fine powder. This neem powder was mixed with methanol at room temperature in the ratio of 1:5 for 3days. After 3 days
methanol was filtered and the solution is extracted. Same procedure is followed for turmeric.
1) Treatment of extract on fabric sample
— Method: The hybrid top sheet of sanitary pad was padded into the extract with 5% citric acid as a cross linking agent. The
sample is then left in a close condition for 24hrs after that methanol is allowed to evaporate.

The treated samples were then compared with the controlled sample. Nine different combinations were prepared which are given

in Table 2.
Table - 2
Sample specifications

Coding | Top Layer | Absorbent Core | Barrier Sheet
Al C-W-0 C+SAP B.P
A2 C-W-T C+SAP B.P
A3 C-W -N C+SAP B.P
Bl C-W-0 B+SAP B.P
B2 C-W-T B+SAP B.P
B3 C-W -N B+SAP B.P
Cl C-W-0 C-B+SAP B.P
C2 C-W-T C-B+SAP B.P
C3 C-W -N C-B+SAP B.P

C-Cotton; B-Bamboo; W-Wool; SAP-Super absorbent Polymer; 0-Control Sample; T- Curcuma longa finish; N- Azadirachta
indica finish; B.P-Biodegradable Plastic.

Barrier layer selected for sanitary pad was 100% biodegradable plastic manufactured using BIOPLAST Enzyme based Chain-
end-Bio-degradation technology with LLPE as base polymer. It was designed to biodegrade within 6-12 months in open
atmosphere and landfills.

Table - 3
Composition of sanitary napkin

Code Dimension (cms) | Top Sheet | Cotton | Bamboo | SAP | Bio Plastic | Total Weight
L w (gms) (gms) | (gms) | (gms) (gms) (gms)
A 15 8 0.96 4.2 - 2 0.418 7.578
B 15 8.3 1.03 - 4.07 2 0.434 7.534
C 15 7.8 0.962 2.13 2.2 2 0.408 7.700
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Top sheet Absorbent Barrier sheet
Fibre SAP sheet

Fig. 1: Cross sectional view of sanitary napkin

I1l. TEST METHOD

Testing was conducted on nine different samples with newly developed absorbent core and top layer as given in the tablel, to
evaluate the performance of developed sanitary napkin.

The synthetic blood is prepared to simulate menstrual blood to evaluate actual performance sanitary pad. Following ingredients
were used to prepare synthetic blood:
— Plain Flour-10grams
— Distilled Water-200ml
— Food colour-2ml

Following were the test carried out on treated samples:

A.  Absorbency Capacity

The absorbency capacity was measured according to EAS 96:2008-Annex C standard, using artificial blood as test fluid. Initially
dry weight of sample was taken and then fluid poured on it until saturation is reached. On reaching saturation 3.4 kg weight was
placed over it and blotted with filter paper to remove the excess fluid and pad weighted. Absorption capacity is calculated by the
following formula:

Absorption capacity = (X-W) gms

X=dry weight of pad expressed in grams

W-=final weight of pad after saturation underweight expressed in grams.

H. Vertical Wicking

Test was carried out according to AATCC TM 197-2011 standard. It determines the ability of pad to take up fluid against gravity
at a given time. One end of test sample (25mm x170mm) was clamped vertically and the other end was immersed in test fluid to
about 2mm height. The rate of fluid (distance per unit time) traveled along the specimen was visually observed and recorded at
interval of 1, 2,5,10,15,20,25 and 30 mins.

. Strike Through

A drop of test solution was allowed to fall on the sample (125mmX125mm) and the time taken for the solution to transport from
the upper layer of the napkin to the inner layers of the sample was measured. The instrument is so designed that it releases a
standard 5cc saline solution into cavity through a (star-shaped) opening in the bottom of the well that rests on the test piece, liquid
drains through the test piece into an absorbent pad. The strike through time was measured in seconds.

£2.  Wet back

Test method to examine the ability of pad to resist the transport back onto skin of a liquid which has already penetrated the cover
stock. 20ml of test fluid was poured onto the sample, a pre-weighted filter paper was placed over the sample and a weight of 3.4kgs
was placed over it for 3 mins and the filter paper reweighted. The difference in the weight of filter paper expressed in grams is
known as wet back.

E. Leakage Proof Experiment

The test was carried out according to EAS 96:2008-Annex B standard. It determines the efficiency of barrier layer. A specimen
size of 6.5cm X 6.5cm barrier sheet was cut and folded into a cone and place in a funnel. The funnel filled with test fluid was kept
for 48hrs, and then checked for any leakage.

F. Antimicrobial Activity Test

Antimicrobial test was carried out using Agar Diffusion test. Test was carried against gram positive(Staphlococcus Asreus
bacterial) and gram negative (Pseudomonas Aeruginosa) bacteria. The treated samples were placed on the incubated agar plate
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with test bacteria for 24hrs at 37°C.After incubation the samples was assessed visually; the area of inhibition was the measure of
antimicrobial efficiency.

IV. RESULT AND DISCUSSION

. Absorption Capacity of Sanitary Napkin

Absorbency of napkin depends more on the core material than the surface layer. It can be seen from fig.2 that there is significant
difference between the samples. The sample (A) shows higher absorption capacity whereas Sample B least while in case of Sample
C intermediate absorbency is observed. Cotton being highly cellulosic compared to bamboo, absorbs more moisture.

H. Vertical Wicking

The wickability of samples is shown in fig 3. The statistical analysis reveals that there is significant difference in wickability
between the samples. Sample a shows lower wicking time in comparison with that of sample B while sample C shows moderate
wickability. The wickability characteristic of Sample A can be attributed to internal structure of bamboo fibre which contains
micro-gaps and micro-holes. Another factor which contributes the high wickability is the compactness of bamboo core pad. The
compact structure enhances the capillaries which consequently increases the wickability.
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Fig. 2: Shows the absorption capacity of sanitray pad with different core
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Fig. 3: Shows vertical wicking curve

. Strike Through

Strike through test depends on the top sheet of the pad. The strike through of samples which is measured in terms of time is shown
in fig.4. The statistical analysis reveals that there is no significant difference between the samples. It is mainly because the top
sheet is made up of same material. It can be also inferred that antimicrobial finish doesn’t affect the strike through rate. Wool fibre
being moisture absorbent material absorbs fluid readily and can transfer to the middle layer. The surface of wool is waxy which
keeps the top layer water repellent and reduces the staining. The dual nature of wool fibre keeps the top surface dry. The cotton
nonwoven intermediate layer draws the fluid rapidly and transfers it to the core structure.
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Fig. 4: Shows the Strike through of sanitray pad with different core

Table - 4
Wicking height and thickness of pad
Sample Al | A2 |A3|B1| B2 | B3 |[Cl|C2]|C3

Wicking height(cm) | 8 | 84 | 93| 11 | 114|116 ]| 96| 9.8 | 10
Thickness (mm) 53584 |56 |42| 43 | 47 | 51|46 |45

. Wet back

The results of the Wet back characteristics of samples are shown in fig 5.The Sample A shows high wet back values while the
sample C the least. All the sample shows satisfactory values of wet back test. These are mainly because of SAP which absorbs the
fluid 200 times its original weight. Lower the wetback value better is the performance of sanitary pad.

Core with blend of cotton/bamboo shows the least wetback as it takes less time to spread fluid from top surface to the core.
Bamboo fibre helps in transporting the fluid rapidly and cotton helps in retaining the fluid.
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Fig. 5: Shows the wetback of sanitray pad with different core

E. Leakage Proof

Barrier layer selected for sanitary pad is a LDPE biodegradable plastic which is tested to determine its ability to prevent leakage.
It is observed that there was no sign of leakage when the barrier sheet was folded into a cone and place with fluid for 48hrs.The
test confirms that the barrier film is liquid proof.

F.  Assessment of Antimicrobial Activity

The antimicrobial activity of Curcuma longa and Azadirachta Indica is evaluated using qualitative agar diffusion method as shown
in the fig 6. The results clearly shows that the treated sample with extract of Curcuma longa show good antimicrobial activity with
Gram negative organism, the inhibition region was found to be 19mm and for Gram positive organism it shows no inhibition
region. Sample C treated with Azadirachta indica shows an inhibition zone of 22mm with Gram negative organism and no
inhibition zone was observed with Gram positive organism. The control specimen shows no zone of inhibition for both Gram
positive organism and Gram negative organism.
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Fig.

6: (2)1,(b)1,(c)1- shows antimicrobial test against Gram positive organism (Staphlococcus Asreus) (a)2,(b)2,(c)2- shows antimicrobial test
against Gram negative organism(Pseudomonas Aerudomona)

V. CONCLUSION

The absorption capacity of cotton core was found to be high in comparison with bamboo fibre core and blend of cotton/bamboo
of 50/50 proportion.

Pad made of Bamboo core demonstrate high wicking rate than core with blend of cotton/bamboo (50/50) and cotton.

Strike through test shows no significant difference with respect to antimicrobial treatment.

As far as wet back is concerned core with Cotton/Bamboo (50/50) shows lowest wet back followed by cotton and bamboo.
Low Density Polyethylene, biodegradable plastic manufactured by using green technology offers good fluid impermeability
and act as excellent barrier layer.

Both the antimicrobial finish Curcuma longa and Azadirachta indica shows good antimicrobial activity against Gram negative
bacterial.

In general it is observed that the sanitary pad with Cotton/Bamboo(50/50) core with Azadirachta indica finished top sheet shows
good sanitary performance followed by bamboo core with Curcuma longa treated top sheet.
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