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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

VSRS 293

REHQ 45 goiet §oHY SHL o)) Sis
5713499 CaChs} LiCIE o] gste] 2+ gojo]
NFEEe Gl W ek ofetul=el g3y
AU S A gl 220 cu

3§38 gstel g A BT Py
B4 3 10Ce| A 247F Azste] ARGk
gl 100mLe] ol oleul= 15x% Aoy, &

we] Gl e olet ofetul= o] §aAL Table |

of Uitk DMAcoAe] CaCl Ht) Salme
oF 6%, vbeix gulo] tha Hohel A el

g-12%g o0, vie ofetul= $of ¥ Hu RAT

A7t E g7bx] 90T L8 x5}

2.3 MEE HEl Ol2OIE M=

Ngg v o= §HS Az AT &
] 2 = Daejung Reagent ChemicalsA}2] DMAcE A}
gotgon, deolns gae AT ZA=
Daejung Reagent ChemicalsA}l2] LiCl &= CaCLE
gk

60C o] Z5aol 23] 44
S Ee] 77t 2318 F43]
Ao DzsIE BRE AX AAW de ofeu=
158 DMAc 100mLo] €& % CaCl, 6g& H7}3t
o 130CoA 4AIZF F3F wytsta, o|FA Az
&g HE otgn|=EE fE T
Faol 6027 YA, a3t &
&35ttt

g eol Al olergt
Alsted 2447F Et

4olv oﬁ P

2.4 H|EL OI2IO|=/TPP B H TE HHRF M=

A # % Yantai Spandex(China)®] W€} ofgtu| =&
o]-&3t A&E &N A=A wWE oftu|== 15, 3,
45, 75,9, 10.5, 12, 13.5, 15g/100mLe] HHZ &
Y3t FujARE CaChE 6g H7F 130T oA 44]
b Fet wRkste] &g v e of2tw| =/TPP &

2, 4, 8 2, 4, 8 2, 4, 8 2, 4, 8

iCl (wt% L (o o )0}
LiCl (wt%) (0),(0),(0) (2),(0),(0) (2),(0),(0) (0),(0),(0)
. 2, 4, 6 2, 4, 8 2, 4, 8 2, 4.8
CaCly (wt%) (2),(0),(0) CO(D)(D) (X),(2),(0) (0),(0),(0)

o : soluble, x : insoluble, and A : swelling

Textile Coloration and Finishing(J. Korean Soc. Dye. and Finish.), Vol. 25, No. 4



294

=z
= &l oAmet 1A 9 ExEol e o
e AEHY & HEE AxsIHeH, AzH
W g}l ofgtu|= KMo TPPE 2z} 1.5, 3, 4.5, 6, 7.
9, 10.5, 12, 13.5, 15g/100mL2] H{Z H7lste] A
Z& e oiHm=/TPP E3EHS A =53
TEHE Az ALE dE ofetw|=/TPP &
of WARF ANEE A7 s&T MAFT FH 2-Roll
padder(Mathis, HVF 500MM, Swiss)& A2-3}¢] 2bar,
1.5m/min, 2Dip®] ZAo2 WAL ZEdo| st
$ SRl 1242 JAste 154X 7], AATCC
AAZ 127 AAst m 72 dE& AAsta 24
AlZE e Az

Table 20 A&-& wel offn|=/TPP HHE H]
22 22 Hstac

1o e o

A z3tg . wlgk ofgtu| =7t g8 Abe)7F H Q)
5,

2.5 H A

==

A=z W ofetu| =9} o] & ARG AHEE
el ofgtu]=o] FAHPL A FlS 9l EDS
(6853-H, Horiba, Japan)E ©o]-&3}o] Z} A|29] ¥4
5 EA35F 3, XRD(D/Max, Rigaku Co., Japan)&
AHgstel AzE Aee wek ofgtusel mHo|
XHE ZAstel Gehti slduae olgstel 2
Y7z oS

AzE HLe o ofu=el HTE W
ofgtm|=/TPP EH-g ool FxE4 9 33h3 ©
3t &lstr] ¢3te] FT-IR(Spectrum 100, Perkin-
Elmer Co., Waltham, MA, USA)EAS, IFEA
2 otV Yste] TGA(Q500, TA Instruments,
USAYS Abgate] 204 600C7HA = Aar]R
Shol A, 600C~800CAHA = Abar]Rotel A S&
252 30C/mne2 800C7Hx] &8 Z4s91,
gl 2R FANEASEY7)(Yasuda Seiki
Seisakusho, Japan)E A}&3lo] LOI =38 243}
o aew WHe Ede 3y SRS sl
A3ty XA FARE E3Z7|(Theta Probe AR-XPS

Table 2. Abbrebiation of recycled m-aramid/TPP blend ratios

dads - oxel - =3

rel

- RHE

System, Thermo Fisher Scientific, UK)E A}F&3}]
ANa #H9o sty 2AHIE BASIGeH, &
A F2 F5E &shy] fste] TPPe] E4 4
Q1 QA(P)Y =F E4S XRF(ZSX Primus II, Rigaku,
Japan)E ©]-&StH, ®H FEHE WEsP] st
FAFA A 1] Z(Scanning Electron Microscope, S-4300,
Hitachi Co., Japan) £4-& 1.0kVe] 7} ¢s}of A
<3.50Ke] &R Wejst oz TSt

AA7= AlE7](INSTRON, Model 3345, Instron
Co., USA)Z o|&3}o] KS K 0521 : 20069 A&
Hom 7} AR A=Y A=E SHsHe
™, KS K ISO 105-CO1 : 2007¢] A&HA=E A|F
Woz X2S uhE st TPPE Ql(P)ARe)
e olng wUgeRA A YTAL 1 ¥
skt

3. ZW Y N

3.1 ZHEE HEL of2to|=

3.1.1 HelM BmEy

- o

5CeA 2412 Ax3}t
A FFEAS T &
of Yerl A

A&E HEer ofgtu|E Hf= amide”| S -R-5HaL
71 ol o Az o=l EAZAQ F4
Bl 1651cm ol A amide C=O peak®} amine peak7}
1530-1540cm™ W ¢]ol| A Uehubz glod, 3253cm’
o A& N-H(-NH) peak o] Z}tA Uehbar gl

10)
T o 5 A

T A
3.1.2 A XM 2oy

EDS(Energy Dispersive X-ray Spectroscopy) =4S
o] &35t A= HE oftmlE Hfot AHEFE

a b c d f g h i j k
m-aramid 15 13.5 12 10.5 7.5 6 4.5 3 1.5 0
TPP 0 1.5 3 4.5 7.5 9 10.5 12 13.5 15

BFHYFG3A A 257 A 45



2t flet ofztol =9t TPP 22| MIX U HMe FE £
|
; N
s
: |
2 |
4000 3500 3000 2500 2000 1500 1000 500
Wavenurrber (cm=1)

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.
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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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