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Dual-curable Flame-Retardant Finish of Silk Fabrics
Using a Water-soluble Cyclophosphazene Derivative
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Abstract Flame-retardant finished silk fabrics could release carcinogenic formaldehyde
resulting from the conventional finishing agents. New water-soluble cyclophosphazene

derivative can be used as a formaldehyde-free flame retardant for the silk protein.

Dichloro tetrakis{/N-[3-dimethylamino)propyl]methacrylamido} cyclophosphazene(DCTDCP)

can be cured by heat or UV irradiation as a durable flame retardant for the silk

fabrics. Treatment conditions were optimized including curing temperature and time,
finishing formulations, and UV energy. At the 30% DCTDCP application, peak HRR
and THR decreased by 42.6% and 49.6% respectively compared to the pristine silk

fabrics. Also char residue increased up to 48% from 11% indicating solid-phase retard-
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ing mechanism. The flame-retardant silk fabrics showed a LOI of 31.1 and the wash-

ed sample maintained a LOI of 26.8 even after ten laundering cycles.
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where,

W; and W;: Indicate the weights of untreated fabric
and the finished fabric after rinsing
respectively
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where,

R¢, Ry: The weights of the residual carbonaceous char
in the finished and pristine fabrics after
pyrolysis at 600°C respectively

F: The weight fraction of the fibers in the fabrics
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Figure 1. Effect of DCTDCP concentration on add-on and LOI.
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Scheme 1. Crosslinked silk fibers with DCTDCP.
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Figure 2. SEM images of FR silk fabrics; (a) untreated, (b) DCTDCP 20%, (c) DCTDCP 30%.
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DCTDCP 30% 2.3 25.0 311 2.8
After ten laundering cycles
DCTDCP 20% 0.6 84 254 1.3
DCTDCP 30% 0.8 20.7 26.8 23
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Table 2. TGA data of FR silk fabrics

Treatment DTGA peak (°C) Char yield at 600°C (%) F Nr
Silk 343 31 1.00 1.0
DCTDCP 20% 319 41 0.85 15
DCTDCP 30% 318 42 0.76 1.8
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Figure 3. TGA themodiagrams of FR silk fabrics.

Table 3. The MCC data of the FR silk fabrics
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Figure 4. HRR curves of the FR silk fabrics.

Peak HR temperature Peak HRR THR Char residue
Treatment
({9 W/9) ()] (%)
Silk 329.1 117.2 6.82 11.1
DCTDCP 20% 321.2 91.0 444 452
DCTDCP 30% 313.2 67.3 344 48.2
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Figure 5. Effect of laundering cycles on the LOI.
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