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Evaluation of Security from Heat of Combustion of Textiles

with and without Flame Retardant Finishes

Fumiko OnkoucHI and Shigeko NAKANIsHI

Faculty of Home Economics, Japan Women’s University, Bunkyo-ku, Tokyo 112

The heats of combustion of fiber assemblies and fabrics used for clothing and bedding were
investigated as the measure of security necessary for human daily life, in which the inorganic and
organic flame retardant finishes were used. The results were as follows:

(1) Inorganic undurable flame retardant finishes to both of fiber assemblies and fabrics reduced
the heat of combustion. On the other hand, washable flame finishing showed some increase.

(2) A miniature “Futon” made of both flame retardant finished ticking and fiber assemnlies
showed the heat of combustion much less than that made of both unfinished materials.

(3) The higher the composition of cotton, the larger the effect of flame retardant finishing on
the reduction of the heat of combustion of cotton/polyester blended fiber assemblies.

(4) As to the widely used commercial fabric, the heat of combustion of the synthetic fiber was
higher than that of the natural fiber, and also that of nitrogen-containing fiber was higher than
that of nitrogen-free fiber. However, the introduction of flame retardants into all these fiber
materials showed a lowering tendency of the heat of combustion.

(5) The security will be more improved by reducing the heat of combustion of flammable textile

products through the flame retardant finish.
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Table 1.

Composition of two series of durable retardant finishes with

each main component being Pyrovatex and THPS monomer

Pyrovatex series (%)

THPS series (%)

THPS monomer 25

Py(1) Py 32
Py 32
Py(2) Mg+ catalyst 8
Py 32
Py (3) H3PO . 2
Py 32
Py(4) Mg-+catalyst 8
H;3PO, 2
Py 32
Py(5) CO(NH,)e 1
NH,Cl 0.5
Py 32
Mg+-catalyst 8
Py(6) H3;PO, 2
CO(NH,), 1
NH,CL 0.5

THPS(1)
TEA 5
THPS monomer 25
THPS (2) TEA 5
CO(NH,), 10
THPS monomer 25
TEA 5

THPS(3)
3 5
Calatyst 3
THPS monomer 25
TEA 5
THPS(4) CO(NHy), 10
M; 5
Catalyst 3

Py, Pyrovatex (N-methylol dialkyl phosphonopropion amide); THPS, tetrakis
(hydroxymethyl) phosphonium sulfate; TEA, triethanolamine; M3, trimethylol-
melamine; Mg, hexamethylolmelamine. The numbers without parenthesis
correspond to the percentages of each component.

Heat of combustion (kcal)

° 04 08 12 16
Mass of cellulose (g)

Calibration for the heat of combustion observ-

ed as a function of the mass of cellulose fiber

assemblies

Fig. 1.
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Fig. 2. Effects of different flame retardent finishes on the heat of combustion of cotton fabric

The treating materials are indicated within each bar. Numbers along abscissa show the sample
numbers. LOI values are corresponded to the heat of combustion of individual samples.
Abbreviations were referred to Table 1. The values were the mean + S.D. with n=5.
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Fig. 3. Observed heat of combustion for the different
shape and filling condition
Observed values of these blended materials are well

agreed with those calculated from the heats of combus-
tion and blended ratios of cotton and PET.
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Fig. 4. The heats of combustion among miniature Fu-
tons composed of ticking and fiber assemblies
with both or each of which in turn finished or
not

The composition of miniature Futon was shown in the
figure. Each mass of Futon was equal.
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Fig. 5. Change in the heat of combustion of cotton
fiber assemblies and fabric with progress of
charing
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Fig. 6. Effects of blending PET with cotton fiber as-
semblies with and without flame retardant finish
on the heat of combustion

The curves for unfinished cotton 100% and cotton 80/
PET 20 blended fabric show an inversion each other
(see text).
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Fig. 7. Comparison of heats of combustion among

different kirds of commercial fabrics and effects
of flame retardant finishes on the heat of com-
bustion

Modacrylic material used here consists of acrylonitril
and vinyl (or vinylidene) chloride with the former
weight fraction, 409 or more but less than 509%,.
Aromatic polyamide shown here is poly-metaphenylene
iso-phthalamide. The numbers in each bar show the
percentage of each constitutional fiber.
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