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Abstract Hexachloro-cyclophosphazene(HCCP),
(FR), was steam-cured with tricthanol amine(TEA) to impart durable flame-retardancy

a formaldehyde-free flame retardant

to cotton fabrics. While the HCCP treatment alone showed very limited resistance to

repeated laundering cycles, the addition of TEA substantially improved the laundering

durability of the FR cotton up to twenty laundering cycles. The extended washing

resistance was accomplished by the increased nucleophilic substitution of unreacted
P-Cl groups in HCCP by the TEA resulting in the more densely crosslinked FR
networks. With increasing molar ratio of TEA to the HCCP up to 2, the flame

retarding effectivity and the

synergistic effectiveness improved to 2.8 and 1.8

respectively. TGA and microscale combustion calorimetry verified the pyrolysis and

combustion behaviors of the FR-cotton, which showed lower maximum pyrolysis and

combustion temperatures together with substantially decreased peak pyrolysis and heat

release rate,
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synergistically yielding larger amounts

of carbonaceous chars. The

formaldehyde-free HCCP and TEA can be a durable FR finishing agents for cotton

fabrics acting through a solid-phase flame-retarding mechanism.
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W, : The weight of the untreated cotton
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Scheme 1. Crosslinked cotton fiber treated with HCCP and TEA.
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where,

Ry, Ry : The weight percentages of the residual carbonaceous
char of the treated and untreated fabrics after pyrolysis
respectively

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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Figure 1. Effect of HCCP concentration on add-on and LOI.
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Figure 2. Effect of TEA concentration with 30% HCCP on
add-on and LOI.
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Figure 3. Synergistic effectiveness of HCCP and TEA treatment.
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Figure 4. Infrared spectra of FR-finished cotton fabrics.
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Figure 5. SEM images of FR-cotton; (a) untreated, (b) HCCP 30%, and () HCCP 30%+TEA 25.7%.
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Table 1. EA and ICP data of FR-finished cotton fabrics

Molar

Fabric ratio P (%) N (%) N+P (%) Add-on (%) Lol EFF SE
Cotton - - - - - 197 - -
H 30.0 0.0 7.0 1.4 84 31.0 36.8 24 -
H 300 + T 126 1.0 83 1.6 9.9 352 42.0 2.6 13
H 300 + T 257 2.0 11.0 2.5 13.5 481 50.9 2.8 1.8
After 20 laundering cycle
H 30.0 - 15 0.7 2.2 3.1 21.1 - -
H 300 + T 126 - 2.2 1.2 34 5.4 23.2 1.6 2.5
H 300 + T 257 - 32 14 4.6 14.1 28.1 2.6 6.0
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Figure 6. TGA themodiagrams of FR-finished cotton fabrics.
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Table 2. TGA data of FR-finished cotton fabrics
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Figure 7. HRR curves of the FR-finished cotton fabrics.

(Figure 7)& &dll, 2o ¥IB&H=(peak HRR), F UL
(THR) ¥ 2o} A 2%(Peak HR temperature)= —L5t3ict
(Table 3).

Ojxg] Ho] o dEsie= 384°Colx, AT ¥Wd4Ere
169.5W/gol1l & HWd=zke 7.8k]/go]icth ¥HH 30%HCCP A
2] A2}t 30%HCCP+25.7%TEAZ X|2]=l AE9] x|t E&
) 2z ZiZF 313°Cet 259°Co]9li, Peak HRRES ZHzt
48.1W/gat 24.6W/go|= Ol ol= Ulx|2] tiy] Z2h 72%<2t
85% #Aagh Zojtt. & Udge Fole vjAz] o] Zk2f
56%2} 77% 7xAs5tgct w5 HCCP 2] AE2ut 30%HCCP+
25.7%TEAR A2ld Alg9] FHF Rjo] &2 =t He] 6.5%
oAl 247k 37.0%2t 61.2%= F7M6IAAT:. 1A HEVE-2
Qato] ot 24 @t whgo] ofs) Alrf ga LEot HE
S Z4aNA & ALDLL 2aAL S,

b Wested Alge uilad 2An AR geteol
Fe M BEs) L o d e
g Srlsoe ZaAble Zor SR, w8 JlEA 2
sz e Qo Aat AE o
2 WA daol ofF & AR FUoN WHS 7}

%‘ v aTr
A ESNOR T & ATk AL & 4 UUTh

¢

|

DTGA Char yield
Treatment F Nr
peak (°C) at 600°C (%)
Cotton 377 7 1.00 1.0
HCCP 342 18 0.69 3.7
H+T (1:1) 343 31 0.65 6.8
H+T (1:2) 294 39 0.52 10.7
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Table 3. The MCC data of the FR-finished cotton fabrics

Peak HR temperature Peak HRR THR Char residue
Treatment .
Q) W/g) (k/9) (%)
Cotton 384.1 169.5 7.8 3.6
HCCP 3133 48.1 34 37.0
H+T (1:1) 291.5 435 29 43.0
H+T (1:2) 259.2 24.6 1.8 61.2

3.6 MEN Li+d
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st B2 NEF & 1Ol #isl2 Esf] RAlsFICHFigure 8).
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Figure 8. Effect of laundering cycle on the LOI of the
FR-finished fabrics.
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