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Abstract For the first time, facile synthesized

ZnCO3 nanoneedles have been integrated into cotton

fabric at around neutral pH as well as alkaline

treatment condition (using NaOH) by following

padding method to obtain fire retardant efficacy of

the fabric. Fire retardant properties of the treated

fabrics were studied by measuring limiting oxygen

index (LOI) and vertical burning test. It was found that

the fabric treated with nano ZnCO3 in alkaline

condition showed LOI value of 30 and a specific char

length of 40 mm with more than 40% char mass

retention at 600 �C. Degradation behavior of the

control and the treated fabrics has also been revealed

in detail by using Thermo-gravimetric and Differential

Scanning Calorimetry analyzer. Char morphology and

the interaction of the nanoneedles with the treated

fabric also have been demonstrated by using SEM and

FTIR analysis, respectively.
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Introduction

Flame retardant textiles are in great demand for not

only home textiles, but apparel and technical sectors as

well. Phosphorous-nitrogen based chemicals and

halogen based synthetic chemicals are most com-

monly available in the market as flame retardant

agents (Horrocks 2011; Alongi et al. 2013c; Basak and

Ali 2016). However, due to the environmental issues,

(for releasing of dioxins and furanes) halogen based

chemicals are strictly banned in the market (Horrocks

2011). From last one decade textile industries are

mainly using pyrovatex (N-methylol dimethyl phos-

phonium chloride) with nitrogen based melamine for

delivering durable fire retardant and toxic smoke

suppressant cotton fabric (Basak et al. 2015; Coquelle

et al. 2015). However, the above treatment process is

not eco-friendly and the larger quantity of costly

synthetic chemicals is being consumed. Moreover,

acidic treatment condition and more add-on% used for

the treatment hamper the hand value and the physical

properties like tensile strength of the treated fabric

(Shukla et al. 2016). Hence, there is increasing

demand for inexpensive, eco-friendly fire retardant

agents which after application to the fabric, would

maintain its physical properties. In this direction,

recently from last 5 years, researchers have invented

various plant and protein based bio-macromolecules

(banana pseudostem sap, coconut shell extract,

pomegranate rind extract, DNA, casein, hydrophobin,

whey protein, etc.) for making sustainable fire retar-

dant textiles (Alongi et al. 2013a, b, 2014; Basak and

Ali 2017; Teli et al. 2018). To this end, continuous

search of the natural fire retardant sources is still going

on all over the globe. Apart from the usage of the waste

bio-macromolecules, plasma polymerization (by

using different polymerizing gases), UV polymeriza-

tion based treatment of the cotton textiles have also

been emerged as different promising areas in the field

of fire retardancy (Gupta and Basak 2010). Both of the

aforementioned sustainable processes have positive

aspect of maintaining the physical property of the

fabric after finish. However, both the technologies are
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not very easy to apply uniformly on the fabric surface.

In addition, durability of the aforementioned treat-

ments after finishing are also not satisfactory (Teli and

Pandit 2017; Basak et al. 2016; Basak and Ali 2018;

Arputharaj et al. 2017). Therefore, from last the

5 years, a very few research groups in the world are

involved to make the textiles fire retardant by using

nano based formulations to obtain fire retardant

efficacy with less add-on%. In this direction, research-

ers have used graphene, nano titanium dioxide, zinc

oxide, silica, etc. for making fire retardant textile

materials (Seshama et al. 2017; Bitnec et al. 2008;

Shamsipur et al. 2013; Arputharaj et al. 2017; Samanta

et al. 2017). Mostashari et al. (2005) have used zinc

carbonate hydroxide for the flame retardant treatment

of cotton and as per their report, in all the cases the

add-on% is higher (more than 25%) and no char length

has been observed. Pan and Wang (2015) has used

nano zinc carbonate (particle) with the combination of

antimony oxide for thermal stability of the synthetic

polymer like polyvinyl chloride (PVC). Wang et al.

(2012) has reported the synthesis mechanism of ZnO

nano structures in a very systematic way. However, no

application or engineering process has been reported

in the concern article. Therefore, a continuous

research is going on in this mostly unexplored

direction to satisfy sustainability in fire retardancy as

well as to fulfill the requirement of the end users of the

textile products.

In this article the potential of nano dimensional zinc

carbonate needles on the flame retardant effect of

cotton fabric has been explored very systematically. In

addition of the thermal degradation property of the

nano zinc carbonate, the article deeply elucidated with

the application of the nano zinc carbonate on the

cotton fabric with detailed analysis of the thermal

stability and the flammability parameters of the

underlying material. Further, it also established the

mechanism behind the fire retardancy action of nano

zinc carbonate on the cellulosic material.

Materials and methods

Textile cotton fabric and chemicals

The chemical reagents used for the experiments are

Zinc Sulphate (ZnSO4), Sodium Carbonate (Na2CO3),

Ammonia (NH3) and Sodium Hydroxide (NaOH)

which were laboratory grade chemicals and are

extremely pure. These chemicals are directly used

without further purification. 100% cotton fabric of

density of 118 g/m2 has been used for the entire study.

Synthesis of ZnCO3 nanoneedles

Preparation of zinc carbonate (ZnCO3) nanoparticles

was done by using direct precipitation reaction between

aqueous solutions of zinc sulphate (ZnSO4) and sodium

carbonate (Na2CO3). The reagents were accurately

weighed and transferred into 100 ml beakers formaking

the stock solution of zinc sulphate (ZnSO4) and sodium

carbonate (Na2CO3), followed by dissolving in 100 ml

deionized water in order to produce homogenous

solutions of 0.01 M zinc sulphate and 0.01 M Na2CO3.

100 ml of 0.01 M solution was added to 0.01 MZnSO4

solution drop wise for around 2 h. The precipitate so-

formed was filtered and washed twice with deionized

water and transferred the precipitate into crucible

followed by drying at 90 �C for 2 h in hot air

oven.Reaction occurred can be represented as:

ZnSO4 aq:ð Þ þ Na2CO3 aq:ð Þ ! ZnCO3 #
þ Na2SO4 aq:ð Þ

Characterization of synthesized nano dimensional

ZnCO3

X-Ray diffraction patterns of synthesized nano zinc

carbonate have been obtained by using Analytical

Xpert Pro. The data was collected in the 2h range from
10� to 80�, with a step size of 0.02� and a scan step size
of 2. Anode material was CuKa1 with k = 0.154 nm.

Nanoparticles were also characterized by using Four-

ier Transform Infrared (FTIR) spectroscopy. Concern-

ing the FTIR, The sample (nano zinc carbonate) was

palletized with Potassium Bromide (KBr) and studied

in the wavelength range of 500–4500 cm-1. Thermo-

gravimetric analysis (TGA) was performed at a

heating rate of 20 �C/min and within a temperature

ranging from 50 to 900 �C under air atmosphere by

using Thermo Gravimetric Analyzer (METTLER

TOLEDO TG-50/MT5). Surface morphology and the

size of the as-synthesized nano dimensional zinc

carbonate were observed under Scanning Electron

Microscope (SEM).
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Treatment of cotton fabric with nano dimensional

needles

Three different formulations (A, B, C) were prepared

for application on to the cotton fabric. Solution A

contained nano ZnCO3 (as it is, at neutral pH), solution

B and C contain mixture of (nano ZnCO3 ? NaOH)

[by adjusting pH-10] and only NaOH, respectively.

Three pieces of cotton fabric were immersed in the

respective solutions at 80 �C for 1 h. Thereafter the

treated fabrics were passed through padding mangle

by maintaining the running speed of 15 m/min with a

mangle pressure of 15 kgf/cm2. The padded samples

were air-dried and then cured for 3 min at 140 �C.

Calculation of the add-on% of the treated fabric

Before testing, all the samples were conditioned in a

standard atmosphere of 65% RH for 24 h, so that they

are identically acclimatized. The percent add-on after

the treatment (i.e., the increase in the sample weight

relative to the original weight) was determined by the

gravimetric method as follows:

Add-on %ð Þ ¼ M2 �M1ð Þ=M1½ � � 100

where M1 and M2 are the oven dried weights of the

control and the treated samples, respectively.

Sample prepared for the flammability test

The burning behavior of the control and the treated

samples were evaluated as per the standard methods.

For determination of Limiting Oxygen Index (LOI), an

ignition time of 30 s was maintained as per the Indian

standard IS 13501 [law resource.org1992]. In vertical

flammability tests, the different parameters were

measured as per the IS 1871 method A [law

resource.org1986]. As per this method, the fabric

sample (250 mm * 40 mm) was ignited with a flame of

38 mm height for 12 s.

Characterization of the treated cotton fabrics

Three different cotton fabrics treated with only nano

ZnCO3 (as it is), nano ZnCO3 plus NaOH and with

only NaOH were characterized by Thermo-gravimet-

ric (TGA) and Differential Scanning Calorimetry

(DSC) analyzer in both the air and nitrogen atmo-

sphere. Thermo-oxidative degradation of the control

and the treated cellulosic materials were drawn on a

Thermo Gravimetric Analyser (METTLER TOLEDO

TG-50/MT5) in air atmosphere at 2 ml/min flow rate

and with a heating rate of 20 �C/min.

The FTIR-ATR analysis of the samples was carried

out in Thermofisher Scientific (Model: Nicolet is50

FTIR) made FTIR analyzer over the wavelength of

500–4500 cm-1. Here an ATR transmittance mode

was used with DLaTGS detector for 49 scans and 4

resolutions.

Changes in the surface morphology of the materials

were studied with the help of a high resolution (up to

3 nm) Scanning Electron Microscope (SEM, ZEISS

EVO 50) using SE detector. The samples were coated

with a thin layer (100 angstroms) of conducting

material (Gold/palladium) by using a sputter coater

and examined under SEMwith an accelerating voltage

of 20 kV. The EDX analysis of the samples was

carried out in a TM3000 tabletop microscope (Made

by: HITACHI, Swift ED3000) to determine the

different elements present on the surface, and was

expressed in weight percent. Transmission Electron

Microscope (TEM) [Made by: JEOL, JEM-1400

electron microscope) analysis of the nanoneedles has

been performed by using a voltage of 120 kV.

Tensile strength of the fabric

Tensile strength of the control and the treated fabrics

were evaluated by following the ASTM D5034, grab

test method using tensile testing machine (Tinius

Olsen, Model: H5KS). As per this process, all the

samples were tested at a speed of 300 mm/min with

the sample dimension of 200 mm * 50 mm.

Results and discussion

Synthesis of nano dimensional zinc carbonate

(ZnCO3)

Zinc Carbonate (ZnCO3) nanoneedles have been

successfully synthesized by direct precipitation reac-

tion of aqueous solutions of zinc sulphate (ZnSO4) and

sodium carbonate (Na2CO3). Another important part

of this method is that along with ZnCO3, certain

hydrated salts like Zn5(CO3)2(OH)6, Zn3CO3(OH)4.2-

H2O, etc. were also formed. These hydrated salts of

nano zinc carbonate were also useful in the fire
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retardant treatment of the cotton fabric. Before

application, precipitate was filtered and dried in hot

air oven at 90 �C for 2 h.

Characterization of nano zinc carbonate (ZnCO3)

XRD analysis of nanoneedles

XRD curve of the synthesized nano dimensional

ZnCO3 has been represented in Fig. 1. The observed

XRD pattern, elucidated in the Fig. 1, matches with

the ICDD-PDF 00-019-1458 and the formation of the

Zinc carbonate hydroxide (Zn5(CO3)2(OH)6 has been

confirmed (Pourmortazavi et al. 2015; Hingorani et al.

1993; Zhang et al. 2004). For further confirmation,

FTIR analysis was also performed and the concern

curve has been reflected in Fig. 2. FTIR spectroscopy

was utilized to confirm the formation of ZnCO3. The

absorption peaks observed between 700 and

1100 cm-1 in the spectrum are devoted to the lattice

vibration of carbonate ion in bending mode. Peaks at

1383 and 1511 cm-1 are corresponding to the stretch-

ing mode of –CO32-peaks in ZnCO3 and thus

confirmed the formation of zinc carbonate. The

absorption peak also has been observed at

3396 cm-1 is due to the presence of hydroxyl group

in the sample, corresponds to the stretching vibration

of the hydrogen bonds and hence confirms the

formation of the zinc carbonate in the basic form

i.e., (Zn5(CO3)2(OH)6.

Surface morphology of nanoneedles

The surface image of the as-synthesized ZnCO3 was

captured by Scanning ElectronMicroscope (SEM) and

is represented in Fig. 1. The SEM analysis shows that

the nanoneedles are having a homogenous size, having

nano needle shape with a homogenous morphology

distribution. However, some larger aggregates are also

found in the images which are usual at the nano-scale

range might be due to the inter-needle interactions.

Application of synthesized nano zinc carbonate

on cotton fabric

Flammability analysis of the treated fabric

The synthesized zinc carbonate nanoneedles were

applied on the cotton fabric in as it is (neutral pH)

condition and at the alkaline pH (pH-10) condition.

After application, the treated fabric was dried and

conditioned by following the standard method. There-

after, the treated fabric was tested for the fire retardant

properties. It was found that like control cotton fabric

(A), nano zinc carbonate (as it is at neutral pH) treated

cotton fabric (B) was also burnt within 1 min with a

flame. However, after burning of the control fabric

afterglow was present but there was no evidence of the

afterglow for the nano zinc carbonate treated cotton

fabric. Nanoneedles were also applied on cotton fabric

from alkaline pH (pH-10) condition and the treated

fabric (D) showed more thermal stability compared to

Fig. 1 XRD and the surface

morphology images of the

zinc carbonate (ZnCO3)

nanoneedles
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the nano zinc carbonate (as it is at neutral pH) treated

cotton fabric as evidenced from high LOI value (30)

and the specific char length (4 cm) after the vertical

flammability test. Only alkali (pH 10) treated cotton

fabric (C) showed the LOI value of 25 and the total

sample was burnt out with a continuous afterglow and

with a burning rate of 0.5 mm/s. Burning behavior of

the control cotton fabric and the alkaline (pH 10) nano

zinc carbonate treated cotton fabric has been depicted

in Fig. 2. It showed that the control cotton fabric has

been burnt with flashing and flame within 1 min and

whitish fragile light weight char mass was remained

after completion of the burning process. On the

contrary, treated cotton fabric (D) showed no flame

catch up and a specific char length has been observed

after the completion of the burning cycle. Another

interesting observation is that the add-on% of the

application is also very less (9%) compared to the

commercial treatment (which is likely 20–30%). Here

add-on% for the (nano zinc carbonate ? alkali)

treated cotton fabric (D) is around 9 whereas only

alkali treated cotton fabric (C) showed comparatively

higher add-on% of 16. However, treated cotton fabric

(D) showed more thermal stability (as observed from

the burning rate, TG curve) compared to the only

alkali treated (C) cotton fabric.

Actually, the prime aim of the present study was to

achieve a fire retardant cotton fabric at low add-on% of

the fire retardant agent (like nano dimensional zinc

carbonate here). Concentration of nano zinc carbonate

used for the experiment is 4% (w/v) only. If the

concentration level of the zinc carbonate is less (i.e.,

2%), the material could not pass the vertical flamma-

bility test because of the very low add-on%. On the

contrary, by using higher dispersion concentration

(i.e., 6%) of zinc carbonate in alkaline condition, add-

on % has been increased slightly (12% add-on).

However, char length has not much improved from

40 mm. Therefore, 9% add-on was found to be

optimized concentration requirement for achieving

adequate fire retardancy action. NaOH concentration

was maintained 2% (w/v) throughout the treatment. It

has been observed from Table 1 that when NaOH

alone has been used for the treatment, the add-on % of

the treated fabric was maintained 16%. However, in

the presence of nano zinc carbonate, the add-on% has

been reduced to 9% after the treatment. It means the

quantity of the alkali deposition on the fabric surface

has been hindered by the presence of nano zinc

Fig. 2 Flammability

analysis of the control and

the (nano ZnCO3 ? NaOH)

treated cotton fabric
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carbonate in the solution. On the contrary, it can be

said that alkali increased the dispersion of the nano

zinc carbonate in water media, facilitating the pick-up

of the same on the fabric surface by creating more

chain accessibility in the compact cellulosic structure.

Indeed, alkali directly attacks the primary hydroxyl

group (–CH2OH) of the cellulose and converts it to the

soda cellulose (–CH2ONa). As a result, amount of the

flammable gas (levoglucosan, furans, pyroglucosan,

etc.) production has been reduced. Some researchers

have also proposed that alkali increases the chain

mobility in the amorphous zone of the cellulosic part

due to the change in the supramolecular orientation

and the disruption of the –H bonds which are

facilitating the more amount of the nano zinc carbon-

ate to penetrate inside the amorphous zone of the

cellulosic structure. In addition of nano zinc carbon-

ate, some amount of alkali also has been deposited on

the fabric surface. As a result combined fire retardancy

effect of alkali and nano zinc carbonate has been

observed (Jordanov et al. 2010).

TGA analysis in air atmosphere

The TGA curve depicts the thermo-oxidative decom-

position of the ZnCO3 as represented in Fig. 3a. The

decomposition is responsible for the thermal degra-

dation which occurs at a temperature range of

240–280 �C. The major mass loss happened at this

temperature range, indicates the release of OH- and

CO2
- from the nano zinc carbonate. In addition to the

releasing of carbon-di-oxide and water, zinc oxide

(ZnO) could also be formed at this temperature range.

From the TGA curve, it has been observed that the

total percentage mass-loss in the thermal degradation

of the zinc carbonate is approximately 23.96%. On the

contrary, a very recent literature reports that the bulk

ZnCO3 starts losing weight at around 240 �C (30%

Table 1 Flammability parameters of the nano zinc carbonate treated cotton fabric

Flammability parameters Control (A) Nano zinc carbonate treated cotton fabric

Nano zinc carbonate treated with alkali and as it is condition

Nano ZnCO3 treated at

neutral pH (B)

Alkali treated-pH

10(C)

Alkali ? nano ZnCO3

treated at pH 10 (D)

Add on (%) – 4.5 16 9

LOI 18 21 25 30

Vertical flammability (250 mm * 40 mm)

Occurring of flashing over

the surface

Yes No No No

Burning with flame time (s) 60 40 Nil Nil

Burning with afterglow time

(s) after the flame

extinguished

30 (As completely

burnt with flame)

Nil 500 5

*Total burning time

(s) (flame

time ? afterglow time)

60 ? 30 40 ?0 500 (0 ? 500) 5 (0 ? 5)

Char length (mm) Nil (white colour

fragile char)

Nil (black colour hard

char)

Nil (black colour

light weight char)

40

Observed burning rate (mm/

s)

2.77 6.25 0.5 No burning rate as

specific char length

observed

State of the fabric in contact

of flame

Completely burnt out

with flame and

afterglow

Completely burnt out

with flame but no

afterglow

Burnt only with

afterglow

Specific char length

was observed

Status of the char mass

remained

Fragile light weight

white char mass

Black colour char mass

remained

Black colour fragile

char mass

remained

Black colour hard char

mass obtained
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weight loss) and the total material decomposes at

350 �C (95% weight loss) (Jordanov et al. 2010). This

phenomenon clearly indicates the more thermal

stability of the nano dimensional ZnCO3 compared

to the bulk ZnCO3.

Zn5 CO3ð Þ2 OHð Þ6�!5ZnO coat on the cotton fabricð Þ
þ 2CO2 non flammableð Þ
þ H2O non flammable gasð Þ

Control cotton fabric (Fig. 3, curve B) showed

sharp weight fall at around 380 �C and as a result

depolymerisation of the cellulosic structure was

occurred with the formation of different flammable

gases (levoglucosan, pyroglucosan, etc.) and a less

amount of char mass has been left at the higher

temperature. Only nano zinc carbonate treated cotton

fabric (curve C) showed 4.5% add-on and the weight

fall peaks at around 400 �C (20 �C higher than the

control cotton fabric). It means that nano zinc

carbonate at neutral pH, cannot restrict the flammable

gas formation. However, from the TGA curves (Fig. 4,

D), it is clear that the degradation temperature

becomes lowest (280 �C) in case of the (nano

ZnCO3 ? NaOH) incorporated sample which is

blocking the formation of the levoglucosan and

showing extensive dehydration of the treated fabric.

TG curve of the only NaOH treated cotton fabric

(Fig. 4, E) showed the major mass loss peak at around

330 �C which is 55 �C higher than the treated cotton

fabric (D). It signifies the more catalyzing dehydration

effect of the (nanoZnCO3 ? NaOH) treated fabric

compared to the only NaOH treated fabric. As a result,

at higher temperature, the extent of char formation is

maximum (40%) for the curve C compared to the only

NaOH incorporated cotton fabric sample (E) which

showed mass retention of only 30% at the same

temperature. Table 2 compiled the data of the major

mass loss peak and the quantity of the char mass

remained at the various temperatures. It was found

from Table 2 that nano ZnCO3 showed constant 70%

mass retention even at higher temperature. Nano

ZnCO3 treated fabric in alkaline condition also

showed more than 40% mass retention at higher

Fig. 3 TG analysis of the nano zinc carbonate (A) and the control (B) the nano ZnCO3 treated (C) (nano zinc carbonate ? alkali)

(D) treated and the only alkali treated (E) cotton fabric

Fig. 4 DSC analysis of the nano zinc carbonate (A), NaOH

(C) and the (nano zinc carbonate ? alkali) treated (D) cotton

fabric

123

6198 Cellulose (2018) 25:6191–6205



temperature (550 �C). In addition, the major mass loss

peak was shifted to 280 �C which is 45 and 95 �C
lower compared to the only alkali treated and the

control cotton fabric, respectively. However, nano

ZnCO3 treated cotton fabric (at neutral pH) showed

only 20%mass retention at higher temperature and the

major mass loss peak is 10 �C higher compared to the

control cotton fabric. Total phenomena clearly indi-

cates the fact that in alkaline condition, nano ZnCO3 is

easily absorbed on the cotton fabric surface and as a

result char mass retention and the fire retardant

efficacy is very satisfactory compared to the only

nano ZnCO3 treated cotton fabric.

DSC analysis

DSC analysis of nano ZnCO3 (Fig. 4A) showed one

exothermic peak, indicates the extent of char mass

formation. In the DSC curves of the only alkali treated

(C) and the (nano ZnCO3 ? NaOH) treated (D) fabric,

the first peak observed at around 80 �C, corresponds to
the removal of water molecules. In case of the curve D,

the exothermic reaction is much higher in comparison

with only NaOH incorporated cotton fabric (C) which

suggest that there is an extensive dehydration in case

of (nano ZnCO3 ? NaOH) incorporated fabric. This

phenomenon confirms the less formation of the

levoglucosan (also concluded from the TG analysis)

and other flammable gases and assists in the char mass

formation. Moreover, the exothermic peak observed at

(nano ZnCO3 ? NaOH) incorporated fabric (at

around 250 �C) is much higher than the only NaOH

incorporated fabric which suggests superior fire retar-

dant property of (nano ZnCO3 ? NaOH) incorporated

fabric compared to the only NaOH treated cotton

fabric. Concerning, the DSC curve of the only nano

ZnCO3 incorporated cotton fabric at neutral pH, there

is no such exothermic peak, may be because of the

very small add-on of the nano zinc carbonate on the

treated fabric. As a result, the DSC curve of the only

nano ZnCO3 treated cotton fabric is almost same like

control cotton fabric. It only showed one clear

endothermic pyrolysis peak which signifies the for-

mation of different flammable gases with the depoly-

merisation of the cellulosic structure.

Hence by performing both the TGA and DSC

analysis, it was confirmed that the nano ZnCO3 in the

presence of alkali showed high dehydration potential

with more amount of the carbonaceous char mass

generation. In addition, the said treatment also restricts

the flammable gas formation during burning.

Interaction of the zinc carbonate with the cotton fabric

Figure 5 represents the FTIR spectra of the nano zinc

carbonate (A), (nano ZnCO3 ? alkali) treated (B) and

the control cotton fabric (C). FTIR curve of the

synthesized nanoneedles showed peaks at around 1384

and 1512 cm-1 may be attributed with the peak of the

zinc carbonate (Wahab et al. 2009; Gashti et al. 2012).

Peak observed in between 700 and 1100 cm-1,

assigned with the presence of the carbonate ion.

Indeed, sharp peaks observed at 1046, 834 and

708 cm-1 are associated with the presence of the

carbonate ion. Another sharp peak observed at

3396 cm-1 may be linked with the stretching vibration

of the hydrogen bond (Hingorani et al. 1993; Jordanov

et al. 2010; Mostashari et al. 2005). Control cotton

fabric showed a clear peak at 1080 cm-1, assigned to

the skeletal vibration of the C–O–C pyranose ring.

Table 2 TGA analysis of the control and the treated fabric

Treatment parameters First major mass loss peak

observed (�C)
Char mass (%)

remained at 400 �C
Char mass (%)

remained at 450 �C
Char mass (%)

remained at 550 �C

Control cotton fabric 375 25 20 1-2

Nano ZnCO3-cotton

(neutral pH)

320 22 20 20

Nano ZnCO3 390 70 70 70

Alkali–cotton (pH-10) 325 40 34 30

Alkali- nano ZnCO3–

cotton (pH-10)

280 48 44 42
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Peaks observed at 1310–1360 cm-1 represents the C–

C and C–O skeletal vibration. Broad peaks present at

3100–3600 and 2800–3000 cm-1 are attributed to the

–OH and –CH stretching vibration, respectively. In

addition to those aforementioned peaks, treated cotton

fabric (B) also showed the band at around 1383 and

1508 cm-1, may be linked with the presence of the

zinc carbonate deposition on the fabric surface. One

sharp peak also was observed at 840 cm-1, attached

with the presence of the carbonate ion. Sharp peak also

observed at around 1600 cm-1, may be assigned with

the Zn(OH)2 produced by the combination of the areal

moisture and the treated ZnCO3 molecule. Another

interesting observation is that one sharp peak has been

observed at 3300 cm-1, in both the control and in the

treated fabric (Curve B and C). However, intensity of

this peak is more in case of the treated fabric (Curve

B), may be assigned with the more stretching vibration

of H-bond formation between zinc carbonate (–OH

group of ZnCO3) and the –OH group of the cotton

fabric.

Surface morphology and the elemental analysis

Surface morphology of the control cotton fabric

(A) showed uniform, smooth and clean surface with

the presence of convolutions as depicted in Fig. 6.

Indeed, there is no sign of the presence of any particles

on the surface of the control cotton fabric. On the

contrary, (nano ZnCO3 ? NaOH) treated cotton fab-

ric showed uniform deposition of the nanoneedles on

the surface of the fabric (Fig. 6B1). At larger magni-

fication (Fig. 6B2), porous needle like nano dimen-

sional deposition was observed on the cotton fabric

surface. From the SEM analysis, depicted in Fig. 7, it

is observed that the sizes of the nanoneedles are

around (length: 90–100 lm, diameter: 100–300 nm).

TEM image (Fig. 7b–d) substantiated the presence of

the nano dimensional needles. Char morphology of the

control and the (nano ZnCO3 ?NaOH) treated cotton

fabric are represented in Fig. 8. The char of the control

cotton fabric (C) showed net like structure with the

prominent capillary channels, observed throughout the

structure. These channels usually assist to the heat

propagation during burning. On the contrary, char

morphology of the treated cotton fabric showed honey

comb like coated intact fibrous structure with the

presence of small cells throughout the body, depicted

in Fig D1. At higher magnification (D2 and D3), a

foamy, expanding coated structure of the cotton fabric

surface (after complete combustion) is clearly visible.

It means, at higher temperature, nanoneedles of zinc

carbonate are dissociated into zinc oxide, which acts

as an intumescent coating (foamy, voluminous insu-

lated) on the fabric surface with the liberation of non

flammable carbon dioxide and water.

Non flammable carbon dioxide and water formed

during burning of the treated cotton fabric, restricts the

Fig. 5 FTIR analysis of the

nano ZnCO3 (a), (nano
ZnCO3 ? NaOH) treated

(b) and the control cotton

fabric (c)
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flow of the flammable gases. EDX analysis of the

control and the (nano ZnCO3 ? NaOH) treated cotton

fabric is represented in Fig. 9 and the concerning data

has been shown in Table 3. It was found that the

treated cotton fabric showed the presence of sodium,

aluminum and zinc in addition to the presence of

carbon and oxygen. The amount of carbon element

presents in the treated fabric is around 41.36%.

However, char mass of the same fabric showed the

presence of carbon is around 58.8%. It means that the

said treatment helps to dehydrate the structure and

increase the amount of carbon containing char mass

Fig. 6 Surface morphology of the control cotton (a) and the (nano zinc carbonate ? alkali) treated cotton fabric at different

magnifications [B1 (1009), B2 (1.5 KX)]

Fig. 7 Dimension of the nano needle from SEM analysis (a) and the TEM images of the nano zinc carbonate needle (b, c, d) at different
magnification
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formation. The same phenomenon is also substanti-

ated by DSC and TG analysis of the treated fabric as

discussed earlier.

Mechanical strength of the treated fabric

Tensile strength of the control and the treated fabric

has been measured and is represented in Fig. 10. From

the figure, it is clear that the control cotton fabric

showed the tensile strength of around 635 N whereas

nano zinc carbonate treated cotton fabric showed the

tensile strength of around 720 N. This phenomenon

implies the fact that nano zinc carbonate treatment has

no adverse effect on the strength of the treated fabric.

It also clears the fact that the nano zinc carbonate is

mainly deposited on the surface of cotton fabric might

be with some accumulation in the amorphous zone of

the fibre structure.

Conclusions

A newly conceived method has been demonstrated

successfully for imparting fire retardancy to the cotton

fabric (with less add-on% of 9) by exploring facile

synthesized zinc carbonate nanoneedles. Needle like

zinc carbonate has high surface area and aspect ratio

compared to the nano particles and as a result it can

provide fire retardancy at comparatively lower add-

on % compared to the fire retardancy of nano particles

embedded fabric. Nano zinc carbonate in presence of

alkali showed sufficient pick up on the cotton fabric

and as a result, treated fabric showed self-extinguish-

ing behavior with a LOI value of 30 and specific char

length of 40 mm. TG analysis of the (nano ZnCO3-

? alkali) treated fabric revealed major mass loss peak

at lower temperature and more amount of insulating

char mass formation at higher temperature (500 �C)

Fig. 8 Surface morphology of the char of the control cotton [c (1.5 KX)] and the (nano zinc carbonate ? alkali) treated cotton fabric at

different magnifications [D1 (1009), D2 (1.5 KX) and D3 (5 KX)]
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compared to the control cotton fabric. Char morphol-

ogy of the treated cotton fabric illustrated foamy

expand structure which is one common sign of the

intumescent based fire retardant mechanism of the

coated substrate. As the add-on% of the treated fabric

is quite low, the technology can easily be used for

making home textile, apparel fabric and for making

non-permanent structures for outdoor applications.

Fig. 9 EDX analysis of the control, (nano zinc carbonate ? NaOH) treated and the char of the control and the (nano zinc

carbonate ? NaOH) treated cotton fabric

Table 3 Elemental analysis of the control and the treated fabric with their char

Elements Control

cotton

(nano ZnCO3 ? NaOH)-

cotton

Char of control cotton fabric Char of (nano ZnCO3 ? NaOH)-

cotton

Weight (%) Weight (%) Weight (%) Weight (%)

C 46.1 41.36 49.8 58.88

O 53.9 49.9 32.43 30.78

Na 0 .0 5.39 3.00 5.90

Al 0.0 1.39 0.48 3.58

P 0.0 0.0 0.40 0.0

Cl 0.0 0.0 0.16 0.0

Ca 0 0.0 0.0 0.525

S 0.2 0.0 0.2 0.0

Zn – 1.85 0.0 0.314
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