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Enhanced Flame Retardancy of Cotton Fabric by Functionalized
Graphene Oxide and Ammonium Polyphosphate

Dongwon Ka*, Seongon Jang*, Hyunsook Jung*, Youngho Jin*'

ABSTRACT: Flame retardant(FR) clothes prohibit additional fire diffusion and make the personnel do their tasks
without a hitch in a flaimmable environment. The existing FR clothes, however, are heavy and give high thermal
fatigue. Therefore, it is strongly demanded to develop a light, convenient, and eco-friendly clothes. Recently, many
works have been reported to make FR fabrics with phosphorus compounds, but their performance could not satisfy
the specified criteria in appraisal standards of domestic and American FR clothes or combat uniforms. In this paper,
two kinds of phosphorus compounds were applied to cotton fabric. Graphene oxide functionalized with a phosphorus-
rich deep eutectic solvent and ammonium polyphosphate were coated on cotton fabric by eco-friendly padding
procedure. The coated fabrics were analyzed with thermogravimetric analysis, vertical flame resistance test(ASTM
D6413), cone calorimeter test(ISO 5660-1), and method of test for limited flame spread(ISO 15025). It was revealed
that the as-made cotton with those two materials simultaneously had better flame resistance than the cottons with
each one. Furthermore, an additional coating for hydrophobicity on the FR cotton was tried for better washing

fastness.
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Fig. 1. Synthesis procedure of functionalized graphene oxide
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Fig. 2. ATR spectra of graphene oxide, functionalized graphene
oxide and ammonium polyphosphate
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Fig. 3. Thermogravimetric analysis for functionalized cotton
fabrics

Fig. 4. Test samples (a) before and (b) after vertical flame resis-
tance test ASTM D6413

Table 1. Results of vertical flame resistance test (ASTM D6413)

Afterflame | Char length | Residual
time (s) (m) weight (%)
Uncoated 18 0.3 0
Cotton -GO 7 0.3 41.36
Cotton APP 7 0.3 56.26
Cotton APP/f-GO 0 0.025 97.16

(b) Uncoated

Burned out

Fig. 5. SEM images of cotton fabrics (a) before and (b) after ver-
tical flame resistance test ASTM D6413, (c) magnified
image of APP/f-GO cotton fabric after the test
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Fig. 6. Heat release rates of cotton fabrics in cone calorimeter
test 1ISO 5660-1

Table 2. Results of cone calorimeter test (ISO 5660-1)

Peak heat
release rate
(kW/m?)

Total heat
release
(MJ/m?)

Time to
flameout (s)

Uncoated 156.0 + 2.1 2.57+0.2 50.3+3.7

Cotton APP 111.8 £ 22.5 1.61+0.1 263+29
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Absorbed

4 sl . il

Fig. 7. Water contact angle of (a) cotton APP/f-GO and (b) cot-
ton ES/APP/f-GO at ambient condition. Cotton ES/APP/f-
GO (c) before and (d) after ISO 15025

Fig. 8. Washed cotton ES/APP/f-GO (a) before and (b) after
ASTM D6413
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