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Abstract: Cotton fabrics treated with hybrid materials were developed and prepared. A halogen-free flame retardant and an
aromatic amide were blended and applied to cotton fabrics. Thermal and physical properties of the treated cotton fabrics were
investigated. The surface of the pure and coated cotton fabrics was characterized by Fourier transform infrared spectroscopy.
The elemental composition of the coated surface of the cotton fabric was measured using X-ray photoelectron spectroscopy
and compared with that of pure cotton fabric. After being solved in N,N-dimethylacetamide, m-aramid and triphenylphosphine
oxide (TPP) were applied to cotton fabrics through a dip-pad-coagulation process. The treated cotton fabrics with recycled
m-aramid/TPP resulted in increased limited oxygen index values and thermal resistance.
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Table 1. The solubility of m-aramid in different solvent systems
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Figure 1. FR-IR spectrum of recycled m-aramid.
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Table 3. EDS analysis results of m-aramid fiber and recycled m-aramid

m-aramid fiber

recycled m-aramid

Elements
Weight % Atomic % Weight % Atomic %

Na K 0.63 4.68 0.62 4.43

Cl K 0 0 1.84 8.47

Si K 0.31 1.90 0 0

Ca K 0.52 222 0.79 3.22
Cu K 1.32 3.54 0 0

Zr L 3.89 7.24 3.87 6.92
Au M 93.31 80.43 92.88 76.96

Total 100.00 - 100.00 -
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Figure 3. DTA curve of recycled m-aramid.
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Figure 4. XRD diffraction pattern of recycled m-aramid
film.

we oletml=e] AS 2603 F2o|A =7}
UERE Aol ofn] & delA o,
duHos B ANy BSAH AT S
W olebulEL Eud ARTEI UEtA gn
He Aol Uet: E4o] Gtk ok ATE
ok ofetel=sh ddl BAE AAE HE G
S A9 Pa2F ved S 9ot 83 ¥ 3
o & B9l ARl oFste] 2023 Bef

de Aol Yehts Zow dAL

2o ol

3.2 HIE} of2tO|=/TPP SEEY

kU

= HMY

3.2.1 LM

AZg we ol =gt TPP BEgAoR X3
3 WHRe 240 WA BALRAS wa
Fol8 ATR7] gI5te] LOI 448 Z35to] Figure

oG} A A 25¢ A 4%

Zata - olxiel - x5

rel

Fne

Sol et itk &3 HA-f(sample name; s)9]
LOI A& 17322 SHHUT o]o ubsto] A
28 e olghu|=/TPP(10.5/4.5 wit%) E3goHo
2 A3 "WAF (% AEE HE ofgtu] =/TPP
(3/12 wt%) Aoz A3 HWAHH0Y H¢ LOI
A7 Z42F 199, 20382 4% ARl Bl
242t 108%3} 148% 27150 A wel ofziu)
ETPP Higoloz AW WHRY Ud4e
2908 ¢ 4 Atk

we ofgtu| =} TPPE &7TE Fisteiet=
Axol el Aol tehhiztl ol Hlgt of
Shulsel TPP ol wsd WHSY A4 3
7t =83 9L u]x A9t b g o}ztu]=/TPP
Bggel Fero] Be Badel Z5H Sud
£ 2 Aol7} gk AL & 4 Uk LOL A4 A}
29 BSKE u TPPY WE AMg B& e vjg
oFlE g HFEAL Al A AL
WARel Gadel o 27k He AL I 4 3
©on, E3} triphenylphosphine oxide(MP, 150~157 )
of B LAl e FAAE 8ol Ag}
Ay char A 9 anti-dripping agent 5& A&
stel chavk H% NS BHIES SET 4
ot ek Ak delde ded Ao s
¥ 4 9ok

3.22 E5EEN

Figure 694 = &3 dAfet A8 HE of
2}u] =/TPP hybrid composite®] ZAJH(15/0, 10.5/4.5,
7.5/7.5, 4.5/10.5, 0/15 wt%) TGA #HZ, Figure 79|

A& DTA ABE St Yety it
25
23
21 f
=
=
19 |
17
15 ' ' L 1 ' 1 1 1 1 A1 A1
a b ¢ d e f g h i i k s

Sample Names

Figure 5. LOI values variation of pure cotton and recycled
m-aramid/TPP complex solutions.



IS el or2tol=2} TPP S&tEAMe| M= X HMF 3

100C RZoA tiRE TEA EQA U
U g3y g5 13 FARA7 dojuvtar 9l
o} agla oF 300C~350Co A F&3 A #E
7h dojuts Aem Hob &%t WA FEs|
(To)7h Lojd= AT 4 glon, ASFH(THY 7
< &g Hg ofgtu| =9 Ao FIHEFE 56
0C~611CoA 9 w2zt AL, A (T) EF
S7HS ¢ 5 A 283 RS HE oty
T QA2 =(The oF 611C ool it

Figure 8o A& ZF Al82d FEFH2= <l
=5 Yt dE2EE oF 350CE &
Ao dE=ERE wgE, sty
w5t "ARE 539CE AFe R 612T7HA] A
& "E ofgtn|=9 Jgo] FUHE,E UdR:
B3 7S 2l T £ At

Z+ NEe g0y, EolE, 24 Ag9 ¢
227t FARRE € 5 A, TEAY ¢
0] 2] &= ©3HE(char)9] AP} 2= W3t
2 &< UEhd Figure 99 A3}
W e WARY AT 539C oA zH
FAZL & AARY B 2.96% W wHH,
&g ek ot =/TPP E3H-&H 15/0 wt%2] 7
2 16.42%, 10545 wt%2] ABEE 12.77%, 181
4.5/10.5 wt% A BE 626% $zoz2 wEr ofatu|

s ol FAULE A7 LA AiHos

s}
_/;\__

ot rlo

[e)
RS

3f

ox Mr

2

o] F7MEFE &I FFol Fotde el T
Atk ol WAF WO ZRE AEE vE oft
] =/TPP H3H-&Ho] Af9 &7t ARt 2%
£ Eol= &¥ uY(thermal barrier coating)o 2 Z+

sttt oJAXH, TPP7F H7bEwA 560C ~
610CZ B &olxA =4, ol TPP7}F 7HX&
FAA E4 "o AA F&oxEs 2 axrt
Aoz Z|dqEn. wEhA olg ZAiziE
Aot Hastd Q&g HE ofgm=
€A 39 AHE HARY € AFAES

bl o
FARS FAY 4 ek

it

op

o gt 12

hil
A
N
P
N

1> Ho

3

PP
A
3.2.3 Mol EEA

5% BaRel dage Felsty] sl AT
§ de ofetul=ot TPP BEHgE Aeldt & A

Je
o

W

Jim
X
1

297

1107

Weight loss (%)

0 100 200 300 400 500 600 700 800
Tenperature(C)

Figure 6. TGA curves of pure cotton fabric and recycled

m-aramid/TPP complex solutions.

35
°l |

—~ 25

o

2 2

£

(=]

25t

=

z1f

s

< 05 L n
0 — . e d )

_05 L L L J
0 200 400 600 800

Terrperature (C)

Figure 7. DTA curves of pure cotton fabric and recycled
m-aramid/TPP complex solutions.

700

600 |
T

500

Temperature( )

400 F

so0 f 1@

200
a b ¢ d e f g h i i k s
Sample Names

Figure 8. Thermal analysis data of pure cotton fabric and
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Figure 10. FR-IR spectra of pure cotton fabric and cotton
fabric treated with recycled m-aramid/TPP(15/0, 10.5/4.5,
7.5/1.5, 4.5/10.5, 0/15 wt%).
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Table 4. Comparison in binding energy of various elements
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Figure 13. Phosphorus content of pure cotton fabric and
cotton fabric treated with recycled m-aramid/TPP complex

solution ratios.
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Figure 14. SEM traces of (a) cotton fabric treated with recycled m-aramid/TPP(15/0 wt%),
(b) m-aramid/TPP(12/3 wt%), (c) m-aramid/TPP(1.5/13.5 wt%), and (d) untreated pure cotton fabric.
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Figure 15. Tensile strength of pure cotton fabric and
cotton fabric treated with recycled m-aramid/TPP complex
solutions; (a) 15/0, (d) 10.5/4.5, (g) 6/9, (k) 0/15 wt%,
and (s) pure cotton.
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Figure 16. Elongation of pure cotton fabric and cotton
fabric treated with recycled m-aramid/TPP complex solutions;
(a) 15/0, (d) 10.5/4.5, (g) 6/9, (k) 0/15 wt%, and (s) pure
cotton.
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Figure 17. Phosphorus contents of cotton fabric treated
with recycled m-aramid/TPP complex solutions(10.5/4.5
wt%) after repeat washing.
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