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The use of the f.m.i.r. technique in i.r. spectroscopy is
proposed for the determination of the finish in
flame-retarded acrylic fabrics. The spectrum band
occurring at 2250 cm™', which corresponds to the nitrile
group, is used as an internal standard in the fabric/finish
absarbance relationship and this enables the
concentration of finish on different flame-retarded
specimens to be measured.,

INTRODUCTION

Research carried out by us [1,2] has shown that the frus-
trated multiple internal reflection (f.m.i.r) technique is very
useful for analysis in paper and textile chemistry. We have
already successfully applied this technique to the determi-
nation of flame-retardant finishes on cotton/polyester fab-
rics [3]. Results corresponded to the known properties of
the flame-retardant products tested, which covered most of
the commercizl products used in industry. It has been
shown [3] that one of the main advantages of the f.m.i.r.
technique is that it can be used for the determination of a
flame-retardant finish on a fabric without it being necessary
to remove the finish by solvent extraction. Spectra were
taken from samples of the finished fabric and satisfactory
results were readily achieved.

This paper, taking advantage of the results obtained in
the above-mentioned investigation, reports a study on the
determination of flame-retardant finishes on acrylic fabrics.
The same products tested previously [3] were used (see
Table 1).

Full details on the use of the f.m.i.r. technique in infra-red
{i.r.) spectroscopy (fundamentals, literature, textile applica-
tions, etc.) have been published [1-3].

EXPERIMENTAL

Materials
—Unblended acrylic fabric (270 g/m?)
- Flame-retardant finishes, as listed in Table 1.

Equipment
— Acculab 6 (Beckman) i.r. spectrophotometer
- F.m.i.r. accessory, Model 10 (Wilks Scientific Co.).

Methods

Flame-retardant Treatment

Small portions of acrylic fabric were treated at four different
concentrations with the ten flame-retardant finishes named
in Table 1. These portions, with an approximate size of
10x10 cm, were conditioned {20°C, 65% r.h. for 48 h),
weighed and then impregnated in a small padding machine
with each of the flame-retardant finishes. Then they were
pressed by the rolls to reach a predetermined level of
impregnation and, finally, they were treated at 120°C for
4 min in a Benz laboratory stenter. They were again con-
ditioned and weighed. The weight increase shows the
amount of active finish retained by each specimen, as indi-
cated in Table 2,

Recording of f.m.i.r. Spectra

An Acculab 6 i.r. spectrophatometer was adjusted to give
100% transmittance at 2050 cm™'. The reference beam was
then attenuated to 70% by means of a grid-constant
attenuator. The Model 10 reflection accessory was used

TABLE 1

Flame-retardant Products Used and Percentage of Flame-
retardant Product Contained

Finish on

Product No. Commercial name fabric (%)
1 Flovan 4144 27.25
2 Pyrovatex CP 40.81
3 Almid L-7 32.27
4 Impralit-T 7.98
5 Akaustan 56.14
6 Ignitor 23.25
7 Phosgard 76.95
8 Ign—Intumes 18.23
9 Firemaster T23P 51.05
10 Tetrabromobisphenol A 37.63

*Full details of the manufacturers of these products are available from the
authors
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TABLE 2

Prepared Specimens, Indicating the Content of Active
Flame-retardant Product Present

Add-on (%)

Product No. C, C, c, c,
1 52 42 23 14
2 95 52 23 23
3 71 33 14 4
4 25 6 3 2
5 20 7 34 28
6 71 33 14 12
7 185 90 42 14
8 62 33 23 5
9 400 80 42 23

10 110 42 14 10

with a KRS—5 crystal and an incidence angle of 45°. Before
placing the two flame-retarded acrylic specimens on both
sides of the crystal, their surfaces were smoothed at a
pressure of 32.3 MPa (330 kgf/cm?), exerted by a hydraulic
press, between two flat polished metal surfaces, the two
specimens being protected by sheets of paper. The pres-
sure indicated refers to the surfaces of the specimens,
which were 50x20 mm rectangles. Spectrum recordings
were made at a slow scan speed. The smoothing treatment
was only given to specimens with an active flame-retardant
content below 30%. Spectra of the 40 specimens listed in
Table 2 and of the unfinished acrylic fabric were recorded
by this method.

Spectra of Flame-retardant Products

After the evaporation of solvents, spectra were cbtained
using a sodium chloride single crystal (for liquids) or a
potassium bromide pellet. In the former instance {with pro-
ducts 2, 5, 7 and 9) the spectrophotometer was previously
adjusted, a small amount of the liquid specimen placed on
the NaCl crystal and the recording carried out at normal
scan speed. With the solid products (1, 3, 4, 6, 8 and 10) the
specimen was mixed with KBr at a ratio of 1:300, grinding
both in an agate mortar; the pellet was obtained by apply-
ing a pressure of 167 MPa (1700 kgf/cm?). Recording of the
spectrum was carried out at normal scan speed.

RESULTS
On examining the spectra recorded, it was observed that
the band occurring at 2250 cm™ on the spectrum of

TABLE 3

unfinished acrylic fibre (which corresponds to the stretch
vibrations of the nitrile group) is present in the spectra of all
the finished acrylic specimens (Table 2); on the other hand,
the spectra of the flame-retarded products do not show any
absorption in this zone. Hence the band at 2250 cm™' is
particularly suitable as an internal standard in the evalua-
tion of the finish/fabric relationship of absorbances.
Characteristic bands of applied finishes not coinciding
with those in the spectrum of the acrylic fibre were selected
from the spectra of the flame-retarded products; the absor-
bance of the latter is proportional to the concentration of
the finish applied to the fabric. Figure 1 shows of an f.m.i.r.
spectrum of a finished fabric, indicating the bands selected
for both finish and fabric, and plotting of the base line.
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Figure 1 — Spectrum of finished acrylic fabric

Table 3 shows the selected bands for each product and
the relationship of their absorbances with that of the band
at 2250 ¢m™"; this parameter is proportional to the amount
of active flame-retardant product applied to the fabric, and
is represented by R, This proportionality is maintained
throughout, except in the values marked with an asterisk,
which are lower than expected because of a loss of the
flame-retardant product occurring at high add-on levels.
However, the proportionality is maintained with those
samples having the add-on levels used in industry, the
percentage of flame-retardant finish usually applied com-
mercially being 10-15%.

Absorption Bands of the Flame-retardant Products Selected for the Evaluation of their Absorbances Showing the Values
Found from the Absorbance Relationships and from the Concentrations of the Corresponding Active Finishes

Percentage of active fire-retardant finish and absorbance relaticnship between finish band and

fabric band {R;=A a/Azzso)

Product Absorption

No. band {em™) c, R, C, R, C, A, C, R,
1 1460 52 4.07 42 3.43 23 3.20 14 2.54
2 1540 a5 6.20* 52 6.09 23 5.45 23 5.41
3 1460 71 1.08 33 0.79 14 0.74 4 0.63
4 1110 25 2.55 6 2.15 3 2.12 2 2.12
5 1420 ag 10.76 71 9.21 34 7.07 28 6.09
6 1420 71 2.63 33 1.30 14 0.81 12 0.79
7 1375 185 8.32 90 5.03 42 1.50 14 0.51
8 1420 62 5.94*% 33 5.15 23 3.04 5 0.32
g 1460 400 13.81* 80 6.08 42 4,11 23 2.58

10 1490 10 1.66 42 0.79 14 0.49 10 0.48

* See text for explanation
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CONCLUSIONS

The suggested analyticai technique proved satisfactory for
the detection of the percentage of finish applied to an
acrylic fibre over the whole range of products used, which
includes typical commercial flame-retardant finishes.

The technique is applicable when the percentage of the
flame-retardant product applied is either much higher or
much lower than the one industrially recommended to
achieve a good flame-retarded product. Its use enables the
amount of finish deposited on a fabric to be simply and
quickly controlled. This is most important in those manu-
facturing processes requiring the use of materials finished
in a very similar manner.

To determine the percentage of product on an acrylic
fabric, a calibration line should be traced and the spectrum
of the fabric recorded. The percentage of flame-retardant
product can be directly obtained from that line by a simple
calculation using the absorbance relation:

Ri = AE
AZZSO

where R, = amount of flame-retardant product on the
fabric
A, = maximum absorbance of the flame-
retarded product
A 20 = absorbance at 2250 cm™.
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