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Abstract Large amount of formaldehyde could be released inevitably during the
flame-retardant (FR) treatments or from the finished fabrics using Provatex reagent and
Proban polymers which have been used as durable FRs for cotton. A water-soluble
cyclophosphazene derivative was synthesized as an ecofriendly phosphorus-based FR
for cotton fibers. Dichloro tetrakis{N-[3-(Dimethylamino)propyl]methacrylamido}
cyclcophosphazene (DCTDCP) was synthesized through the substiutution reaction of
Hexachloro cyclophosphazene and N-[3-(Dimethylamino)propyl] methacrylamide at a
mole ratio of 1 : 4, which can be cured dually by both alkaline treatment and UV
irradiation. More crosslinked networks were produced through the addition of
Triacryloyl hexahydrotriazine and Acrylamide as a UV-curable crosslinker and a
comonomer respectively. Both flame retardancy and washing durability of the FR
cotton were improved synergistically. The durability improvement may be caused by
the covalent bond formation of the FR with cellulose and the high degree of
polymerization of DCTDCP, which can be verified by the pyrolysis and combustion
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behaviors analyzed by LOI, TGA, and microcalorimeter.
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Scheme 1. Synthesis of a water-soluble flame retardant, DCTDCP.
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where,
W, : The weight of the untreated cotton
W, : The weight of the cured fabric after water rinsing
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Ri, R, : The weight percentages of the residual carbonaceous
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F : The weight fraction of the cotton in the treated fabrics
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where,
LOI(F) : The LOI of the fiber alone

LOI(F+FR), LOI(F+A), LOI(F+FR+A) : The LOIs of the fabrics
treated with flame retardant(FR), the additive(A), and both the
flame retardant and additive, respectively
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Scheme 2. Crosslinked cotton fiber treated with DCTDCP, TAHT and AAm.
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Figure 1. Effect of DCTDCP concentration on add-on and LOI.
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Figure 3. Effect of AAm concentration with 30% DCTDCP and

11.4% TAHT on add-on and LOI.

A QENS 083 HAMRS RN HANEB 67

70 40

60 -

L 30
50 "/"_‘—__‘\'\o
e

40

I 20

Add-on (%)
LOI (%)

30
20
L 10

10 4

0 5 10 15 20
TAHT Conc. (%)

Figure 2. Effect of TAHT concentration with 30% DCTDCP on
add-on and LOI.
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Table 1. EA and ICP data of FR-finished cotton fabrics

Fabric Molar ratio P (%) N (%) N+P (%) Add-on (%) LOI EFF SE

Cotton - - - - - 197 - -
D30 - 5.2 39 9.1 15.2 26.1 1.2 -
D30+T11.4 - 6.9 40 109 359 303 1.5 -
D30+T11.4+A184 - 73 5.7 13.0 60.6 34.1 20 1.8
After 10 laundering cycles

D30 - 0.8 08 1.6 1.7 20.2 - -
D30+T11.4 - 1.5 20 35 6.1 219 1.5 -
D30+T11.4+A184 - 38 29 6.7 14.8 289 24 184
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Figure 7. TGA thermodiagrams of FR-finished cotton fabrics.
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Table 2. TGA data of FR-finished cotton fabrics

DTGA Char yield

Treatment peak(Q)  at 600°C(%) F Nr
Cotton 389 6 1.00 10
DCTDCP 343 27 085 53

D+T (1:1.33) 312 36 064 92
D+T+A (1:1.33:7.5) 300 44 039 186
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Table 3. The MCC data of the FR-finished cotton fabrics

Peak HR Peak THR Char

Treatment Temperature HRR W/a) Residue
€0 wg P o
Cotton 336.1 152.6 10.7 40
DCTDCP 2719 782 48 38.7
D+T (1:1.33) 2525 59.9 33 459

D+T+A

(11337.5) 2443 46.6 25 51.8
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Figure 9. Effect of laundering cycle on the LOI of the
FR-finished fabrics.
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