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SYNOPSIS

Two contrasting infrared spectroscopic techniques, Attenuated Total Reflectance (ATR)
and PhotoAcoustic Spectroscopy (PAS), have been investigated as means for the deter-
mination of fluorocarbon polymer finishes on wool fabric. Based on the experimental con-
ditions used, the results of the PAS method are more characteristic of the bulk sample,
while the ATR results are more surface specific. Linear calibrations between polymer add-
on, as determined by total fluorine analysis, and the absorbance of the C—F stretching
bands of the normalized spectral data were obtained for a typical commercial fluorocarbon
polymer. The correlation obtained for the PAS method was found to be significantly better
than that of the ATR method. The lower limit of detection of fluorocarbon polymers on
wool using the PAS technique was 0.25% on the weight of the wool (oww). In contrast,
fluorocarbon polymer add-ons as low as 0.125% oww (approximating monolayer coverage)
could be analyzed using the ATR method. At high levels of add-on, the ATR calibration
deviated from linearity. This can be attributed to the distribution of fluorocarbon polymer
on the surface of the fiber, in particular, the build up of polymer on the cuticle cell edge
regions. The quantitative methods developed are used to help access the effects of wear
and the subsequent heating of fluorocarbon polymer-treated fabric samples. © 1995 John

Wiley & Sons, Inc.

INTRODUCTION

Stain repellent treatments that impart oil and water
repellency to fabrics have become important finishes
for textiles in recent years."? These finishes consist
of coating the surface of the fiber with a thin layer
of polymer containing perfluoroalkyl side chains.
The pendant fluoroalkyl chains orientate at the fi-
ber-air interface and, after curing, yield a surface
that resembles a perfluorocarbon polymer. This
confers on the fiber surface the low attractive force
characteristic of these polymers that is responsible
for high oil and water repellency. The use of fluo-
rocarbon polymer based stain repellent finishes for
wool has been reviewed by Lewis.? Wool goods suit-
able for application of fluorocarbon polymers include
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career apparel, protective clothing, upholstery, and
carpets.®*

A number of techniques have been used to char-
acterize fluorocarbon polymers on the surfaces of
textiles. These include wetting measurements,>® in-
frared spectroscopy,’ and x-ray photoelectron spec-
troscopy.>® Total fluorine analysis by wet chemical
analysis is generally used for quantitative analysis
of fluorocarbon polymers on textiles.® Combustion
of the samples in an oxygen atmosphere followed by
analysis of total fluorine, measured in solution as
fluoride, is required because of the resistance of the
C—F bond to chemical attack. Due to the nature of
this type of analysis, no specific information is ob-
tained regarding the component of the fluorocarbon
polymer that is actually on the surface of the fiber.

The surface-sensitive technique of Attenuated
Total Reflectance (ATR) infrared spectroscopy has
previously been used for the detection of fluorocar-
bon polymers on rayon-ramie blends” but has not
been investigated as a tool for quantitative analysis.
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The application of PhotoAcoustic (PA) spectros-
copy to the analysis of polymer finishes on textiles
was first reported by Yang and co-workers.® Their
work on cotton yarns treated with various sizing
agents demonstrated that the PA technique was an
ideal method for obtaining information on the
chemical nature of the near surface. The ATR and
PA techniques differ significantly in their sampling
characteristics. The ATR technique provides chem-
ical information only from the surface area in inti-
mate contact with the Internal Reflecting Element
(IRE). In contrast, the PA signal generally origi-
nates from much deeper within the sample and is
not influenced by the texture of the sample.

In order to chemically access the changes in the
fluorocarbon polymer following wear and subsequent
heating of treated fabric samples, it was important
to establish quantitative methods for both the sur-
face and bulk polymer. This article describes the
application of ATR and PA FT-IR spectroscopies
coupled with total fluorine analysis to the quanti-
tative determination of fluorocarbon polymer fin-
ishes on treated wool fabric samples.

EXPERIMENTAL

Materials

A light weight (190 gm™2) plain-weave fabric of 21
um wool was used for all experiments. Prior to use
the fabric was scoured with a nonionic surfactant
(Lissapol TN450, ICI), adjusted to pH 4-5 with
acetic acid and then rinsed thoroughly with distilled
water.

The fluorocarbon polymer, Oleophobol S (Ciba
Geigy), is a proprietary product described as a per-
fluoroalkyl polymer emulsion with a slightly cationic
nature and was used as received from the supplier.

Treatment of Wool with Fluorocarbon Polymer

Samples of wool fabric containing a known amount
of fluorocarbon polymer on the mass of wool were
prepared as follows. An aliquot of fluorocarbon
polymer emulsion sufficient to just wet out the fabric
sample was dispersed in aqueous acetone (1 : 1).
The solution was then spread over the fabric with
the aid of a spatula to give an even application of
polymer on the surface. The sample was then fixed
to a metal frame and turned end over end until dry.
Wool samples were then cured at 140°C for 5 min
and conditioned at 65% RH and 20°C before anal-
ysis. All application levels of fluorocarbon polymer

discussed in this work are for solid polymer on the
weight of wool (oww).

Oil Repellency

The AATCC hydrocarbon resistance test method
118-1992,° with a scale from 0 (no oil repellency)
to 8 (extremely high oil repellency), was used.

Water Repellency

Water repellency is normally accessed by the
AATCC spray test method,!! but due to the small
size of the abraded samples and in order to maintain
consistency, a static water drop test was used. This
test is analogous to the oil repellency test and de-
termines the resistance of the treated fabric to wet-
ting by aqueous liquids. Drops of eight different wa-
ter—isopropanol mixtures varying from 10% isopro-
panol (water repellency rating 1) to 80% isopropanol
(rating 8) in increments of 10% isopropanol are
placed on the fabric’s surface. The extent of surface
wetting using this range of liquids is then determined
visually. This test provides a rough guide of the
aqueous stain resistance in that generally the higher
the water repellency rating, the better the finished
fabric’s resistance to staining by aqueous-based
substances.

Abrasion

Abrasion tests were carried out with a Martindale
abrasion tester.!? Test specimens of both the treated
and untreated fabrics were subjected to 500 abrasion
rubs.

Fluorine Analysis of Fluorocarbon Polymer-
Treated Wool

The fluorine content of fluorocarbon polymer-
treated wool was determined by combustion analysis
(Schéniger oxidation) of 10 to 20 mg samples cut
from different areas of the treated fabric. Combus-
tion was performed in a 500 mL quartz oxidation
flask (Heraeus) fitted with a quartz stopper and a
platinum wire carrier (PSP Industries model No.
CO 11). The flask was flushed with ultrahigh purity
oxygen (CIG) immediately before the burning of the
sample. Deionized water (< 18 M c¢m, 10.00 mL)
was used as the absorbing solution. The solution
was analyzed for fluoride using a Dionex 4500i ion
chromatograph equipped with a Dionex IonPac
AS4A column. The mobile phase was 5.0 mM so-
dium tetraborate at a flow rate of 2 mL /min.



Strongly retained ions such as sulfate were flushed
from the column by using a step gradient to 50 m M
sodium tetraborate after 2 min. The method was
linear over the range 0.01 to 10 ppm of fluoride. Re-
covery of fluoride from combustion of a sample of
2,4 dinitro-5-fluoroaniline was 99%. Analyses were
performed in duplicate.

Secondary Electron Imaging and Elemental
Analysis

Secondary electron imaging and Energy Dispersive
X-ray (EDX) analysis were carried out using a Hi-
tachi model S-4100 cold field emission scanning
electron microscope fitted with a Noran Voyager
EDX spectrometer. Prior to imaging, the samples
were coated with 2 nm of chromium using a Dynavac
Xenosput 2000. Images were obtained using a 1.0
kV accelerating voltage and 5 mm working distance.
EDX analyses were carried out using a 15 kV ac-
celerating voltage on samples that were coated with
150-200 A of carbon. Elemental maps for carbon,
oxygen, fluorine, and sulfur were collected from areas
typically of 20 X 20 um at a 128 pixel X 128 pixel
resolution using a dwell time of 0.1 s.

Spectroscopic Analysis

Infrared spectra were recorded using a Perkin-Elmer
System 2000 Fourier transform infrared spectrom-
eter equipped with a narrow-band MCT detector.
Data acquisition and manipulation was carried out
with PE-Grams /2000 version 2.0 ( Galactic Indus-
tries Corp., Salem, NH). Interferograms were col-
lected as double sided, unidirectional, and a medium
apodization function was applied.

The ATR spectra were collected at a resolution
of 4 cm™! using a SPECAC model 11900 variable
angle accessory fitted with a ZnSe IRE held at 45°
to the incident beam. Each spectrum was the result
of co-adding 32 scans collected at an optical velocity
0f 2.0 cm/s. Two 10 X 40 mm coupons were cut from
each of the fabric samples to be analyzed. The quan-
titative results reported are based on the spectral
average of all four sides of the two sample coupons.

The PA spectra were recorded at a resolution of
8 cm ! using a MTEC model 200 accessory. Ultra-
high purity helium (CIG) was used as the coupling
gas, and a carbon black film (MTEC) was used as
a reference sample. Photoacoustic spectra with the
optimum signal-to-noise ratio were obtained by co-
adding 512 scans collected at an optical velocity of
0.05 cm/s. Samples for analysis by PA spectroscopy
were cut from the fabric using a 6 mm diameter
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punch. By stacking four fabric disks in the sample
holder, sufficient space was left between the sample
and the cell window for the generation of the pho-
toacoustic signal.

RESULTS AND DISCUSSION

Prior to the development of a quantitative method
it is best to characterize the individual components
comprising the system to be analyzed. This is par-
ticularly important when the analyte is a commercial
product of which little is known and the substrate
is a complex material. Aside from identifying specific
spectral features that will allow for the identification
and subsequent quantification of the components of
interest, the information obtained should help pro-
vide a clear understanding of the limitations of the
analytical methods developed.

Characterization of the Fluorocarbon Polymer

The infrared transmission spectrum obtained from
a thin film of the fluorocarbon is shown as Figure
1(A). The most intense bands in this spectrum are
observed at 1202 and 1150 cm™! and can be assigned
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Figure 1 The infrared spectra obtained from a cured
sample of Oleophobol S by (A) transmission, (B) PAS,
(C) ATR, and (D) ATR after correction for variations in
effective sample thickness.
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to the CF,; symmetric and asymmetric stretching vi-
brations.!® Weaker shoulders associated with the CF;
symmetric and degenerate asymmetric stretching
modes are observed at 1135 and 1236 cm ™, respec-
tively.’* The spectrum also exhibits a strong car-
bonyl absorption at 1738 cm™!. The intense sym-
metric and asymmetric stretching vibrations of the
CH, groups are observed at 2926 and 2855 cm™,
respectively, while the corresponding deformational
modes appear as a much weaker absorption at 1468
cm 1.2 It is most probable that these CH, groups
form part of the backbone of the polymer and that
the carbonyl group is part of an ester linkage con-
necting the CF, chains to the backbone. The weak
absorption at 1346 cm™! can be assigned to a C—H
bending vibration also associated with the polymer
backbone.’®* A weak broad hydrogen-bonded hy-
droxyl stretching vibration is observed centred near
3367 cm™!.1® This hydroxyl stretching vibration can
most probably be associated with the glycol type
surfactant that can be isolated from the commercial
product by centrifugation (12,000 X g for 3h). Also,
this absorption band is not observed in spectra ob-
tained from the most dense polymer fractions iso-
lated in this manner. Based on the analysis of the
infrared data, the repeat unit of the polymer most
likely consists of a perfluoroalkyl chain connected
to a polyvinyl acetate backbone through an ester
linkage. Commercial polymers of this type have been
disclosed.!

Application of ATR and PAS to Fluorocarbon
Polymer Analysis

The ATR signal strength is related to the depth
of penetration, d,, of the incident radiation into the
sample. The sampling depth varies with wavelength,
A, according to the equation:

dp = A/n127l' (Sin20 - n%l)l/z

where d, is defined as the depth into the sample at
which the electric field amplitude decreases to a
value of 1 /e of that at the surface, 6 is the angle of
incidence, and n,, is the ratio of the refractive in-
dices of the rarer, n,, to the denser, n;, medium.!®
Using this equation, values of 1.55 and 2.42 for the
refractive indices of wool'® and ZnSe, respectively,
and an angle of incidence of 45°, the d,, at 1200 cm™!
(C—F stretching region) is calculated to be on the
order of 1.8 um.

The ATR spectrum obtained from a film of the
fluorocarbon polymer cured on an aluminium foil
substrate is shown as Figure 1(C). By comparison,

the relative intensities of the peaks of the ATR
spectrum are significantly different from those of
the transmission spectrum obtained from the same
material. These differences are partially due to the
wavelength dependence of the depth of penetration
of the incident radiation into the sample as men-
tioned above. ATR spectra can be corrected for this
variance in effective pathlength by applying the
equation:

Abscorrected = Absmeasured/()\ - C) s

where ¢ is a scale factor chosen such that the resul-
tant ATR spectrum is in the best agreement with
the transmission spectra obtained from the sample.
The corrected spectrum obtained by using the max-
imum possible value for ¢ is shown as Figure 1 (D).
This spectrum more closely resembles the trans-
mission spectrum [1(A)] than the uncorrected
spectrum [1(C)]; however, significant intensity dif-
ferences are still apparent. These differences are
most likely due to the fact that the optical constants
of the sample and IRE are not true constants, but
vary with wavelength.

The intensity of the PA signal generated by a
sample is related to its optical and thermal prop-
erties. Rosencwaig!” has classified materials as either
optically opaque or transparent and thermally thick
or thin, depending on the relationship between their
absorption coefficients and thermal diffusion
lengths. Textile materials such as wool and cotton
are generally thermally thick and optically thin;
thus, a major contribution to their PA spectra is
obtained from the first thermal diffusion length, g,.
The thermal diffusion length of a material is related
to the modulation frequency of the incident radia-
tion, w, by the following equation:

pn = (2k/pew)?/?

where k& is thermal conductivity, p is density, and ¢
is heat capacity. The angular modulation frequency
for a rapid scanning interferometer of the type used
in this experiment is related to optical velocity, V,
by the relationship:

w = 2mV

where v is the frequency in wave numbers of the
incident radiation. Based on these equations, and
valuesof k = 54 X 102 W /mK,® ¢ = 1.36 J /gK, 16
and p = 1.32 kg/m>'%, a uy, of 10.5 um at 1200 cm™!
can be calculated for an interferometer operating at
an optical velocity of 0.05 cm/s. Considering the 21



wm average diameter of the wool fibers used in this
work, PAS data collected under these conditions
should be representative of the bulk of the sample.
For a scan speed of 0.5 cm/s, the value for uy, cal-
culated is 3.3 um, which is nearly twice the depth
of penetration of the ATR experiment.

The photoacoustic spectrum obtained at an op-
tical velocity of 0.05 cm/s from a bulk sample of the
cured polymer is shown as Figure 1(B). By com-
parison, this spectrum can be seen to be very similar
to the transmission spectrum. This similarity con-
firms the validity of the long thermal diffusion length
calculated at very low modulation frequency, which
in turn, results in a spectrum that is typical of the
bulk.

Characterization of Fluorocarbon Polymer-
Treated Wool

The secondary electron images obtained from typical
fibers in the fabric sample before and after treatment
with 1% oww fluorocarbon polymer are shown as
Figure 2(A) and (B), respectively. The image ob-
tained from the untreated sample clearly exhibits
the sharp-edged cuticle structure typical of a-keratin
fibers. In the image obtained from the fluorocarbon
polymer-treated sample, the fiber appears to be
completely covered with the polymer, with thicker
deposition at the scale edges.

EDX maps obtained from the treated fibers re-
vealed that the cuticle surface was composed mainly
of carbon, with minor amounts of evenly distributed
oxygen and sulfur. The absence of fluorine reflects
the thinness of the fluorocarbon polymer coating in
this area. In contrast, the areas at the cuticle edges
were found to be composed mostly of fluorine, with
a minor amount of carbon being detected. No sulfur
or oxygen could be detected in this area. Considering
the sample density and data collection parameters,
it can be approximated that the EDX signal is being
generated from an onion-shaped volume extending
1.5 to 2 um below the surface. These results are in
agreement with the polymer distribution implied
from the secondary electron images. The film thick-
ness and uniform coverage of the cuticle surfaces
suggested by these results indicate that the polymer
film would be quite suitable for near surface FT-IR
techniques such as ATR and PA spectroscopies.

The 1800 to 1000 cm ! region of the ATR spectra
obtained from wool fabric treated with 1% oww
fluorocarbon polymer and untreated wool fabric are
shown as Figure 3(A) and (B), respectively. From
a comparison of these spectra, it is apparent that
the quantitation of the fluorocarbon polymer could
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Figure 2 The secondary electron image obtained using
a 1 kV accelerating voltage from a typical wool fiber in
(A) an untreated wool fabric sample (bar, 4.50 um) and
(B) a wool fabric sample treated with 1% oww Oleophobol
S (bar, 6.00 um).

be possible using the C==0 stretching vibration of
the fluorocarbon polymer observed at 1741 cm™!.
This vibrational mode appears to be an ideal can-
didate, as it is well resolved from spectral features
arising from the wool substrate. Alternatively, the
strong C—F stretching vibrations (1202 and 1150
cm 1) could be used; however, these bands overlap

with the amide III region of the wool spectrum.

Preparation of Fluorocarbon Polymer Standards

As add-ons for fluorocarbon polymer treatments are
typically less than 1.0% oww, a series of standard
samples were prepared comprising 0.125, 0.25, 0.5,
0.75, and 1.0% oww Oleophobol S. Initially, treated
fabric samples were prepared by padding the fabrics
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Figure 3 The ATR spectra of the 1800 to 1000 ¢cm™*
region of (A) wool treated with 1% oww Oleophobol S and
(B) untreated wool.

with an isopropanol/water mixture of the fluoro-
carbon polymer using a laboratory pad mangle and
drying at room temperature. However, as previously
observed by McNeil,!? the correlation of the total
fluorine content with the nominal add-on was found
to be poor. In general, the fluorine content found by
Schoniger analysis was found to be greater than the
theoretical value, and subsequent work showed that
this was due to rapid adsorption of fluorocarbon
polymer onto the surface of the fabric at ambient
temperature.?

A second method for preparing fabric samples
with known amounts of fluorocarbon polymer was
developed in which the desired weight of fluorocar-
bon polymer was dispersed in a volume of isopro-
panol /water just sufficient to wet out the fabric
sample. The fabric samples prepared in this manner
were then allowed to dry laying flat in a Petri dish
before curing. The total fluorine content determined
for the samples prepared in this manner were found
to be in excellent agreement with the theoretical.
For example, the total fluorine content of the 1%
oww fluorocarbon polymer-treated fabric was deter-
mined to be 2.89 + 0.3 mg fluorine /g wool, which is
in very good agreement with the theoretical value
of 2.97 mg fluorine/g wool based on the fluorine
content of the polymer.

The ATR analysis of these samples revealed large
face-to-back deviations in the intensities of both the
1741 and 1202 cm™! peaks relative to the Amide 1I
peak. In contrast, the analysis of the same face of
two adjacently sampled ATR coupons were very re-
producible. These variations are probably due to the
wicking of the polymer dispersion to the upper face
of the fabric during drying. The face to back differ-
ences in the polymer surface distribution were min-
imized (reduced by a factor of 4) by using the tumble
drying technique described in the experimental sec-
tion of this article.

Oil and water repellency measurements were used
to determine if the fabric treatments were satisfac-
tory. Oil repellency ratings of 0 and 8 were obtained
for untreated and treated fabric samples, respec-
tively. The static water drop method gave ratings of
1 and 8 for untreated and treated fabric samples,
respectively. The results of the static water drop
method may appear misleading, as they tend to in-
dicate that the natural water repellency of untreated
wool is relatively poor. However, it has been shown
that the observed critical surface tension of un-
treated wool when measured against water /alcohol
mixtures gives much lower values than when mea-
sured with nonpolar liquids. It has been suggested
that this is due to adsorption of alcohol on the sur-
face of the fiber.?! The water repellencies determined
using this test can, therefore, only be used as a rel-
ative guide of a fabric’s ability to resist wetting by
polar liquids.

Quantitative Analysis

As discussed above, the carbonyl stretching vibra-
tion of the fluorocarbon polymer observed at 1741
cm™! appears to be the best choice for the develop-
ment of a quantitative method. Initial attempts to
quantitate the fluorocarbon polymer were made us-
ing this peak. After normalising the ATR spectra
on the amide II band at 1511 cm™, the intensity of
the 1741 cm™ absorption was plotted as a function
of fluorocarbon polymer as determined by total flu-
orine analysis. The resulting plot was nonlinear, and
exhibited a very large degree of scatter, making it
unuseable for quantitation. A similar plot using the
integrated area of the carbonyl absorption was also
found to be unacceptable. Several reasons could be
put forth for this lack of correlation, including in-
terference from water vapor lines in this spectral
region and contamination with typical lipid matter
picked up during handling of the samples. It is also
worthwhile noting that the intensity of the carbonyl
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Figure 4 The 1275 to 1100 cm™ region of the spectra
resulting from the subtraction of the ATR spectra obtained
from (A) a 1% oww, (B) 0.75%, (C) 0.5%, and (D) 0.25%
Oleophobol S-treated fabric samples and the untreated
fabric sample.

band in the uncorrected ATR spectrum [Fig. 1(C)]
1s very weak.

The other spectral feature identified that could
be used for the analysis was the strong C—F
stretching fundamentals observed at 1202 and 1150
cm™!. As depicted in Figure 3(A), the 1150 cm™!
band is the only feature in this region of the raw
data that could possibly be used. Due to its weak
intensity at low levels of add-on and its overlap with
the amide III region of the wool spectrum, the cali-
bration plot obtained was also not acceptable.

An alternative technique for producing a viable
calibration plot that involved the isolation of the
C—TF stretching region of the fluorocarbon polymer
from the wool spectrum by spectral subtraction was
developed. After normalization, the spectra obtained
from the treated fabric samples were subtracted from
the spectrum obtained from a sample of the parent
fabric using a scale factor of unity. A series of spectra
resembling that of the fluorocarbon polymer were
obtained. The 1275 to 1100 cm ™ region of this series
of spectra are shown as Figure 4.

Linear correlation plots using either the intensity
(1150 or 1202 cm™) or area (1275-1100 cm™) of
this absorption data were successful with the inte-
grated area of the C—F stretching vibration pro-
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ducing slightly better results. A plot of the average
integrated C—F stretching absorption area deter-
mined by ATR as a function of fluorocarbon polymer
determined by total fluorine analysis for the series
of standard samples is shown as Figure 5. If a ]least
squares regression is carried out with all of the data
points, a linear correlation with an r2 value of 0.91
is obtained. The equation for this line, labeled A in
Figure 5, is Absc_p = 2.52 X Conc[F] + 1.03. The
major problem with this line of fit is the very high
Y-intercept value of 1.03 Abs units. A much better
fit as well as a more meaningful calibration can be
obtained if the data point corresponding to the 1%
add-on is removed from the data set. If this is done,
the line labeled B in Figure 5 is obtained. The equa-
tion for this line is Absc_r = 3.67 X Conc[F] + 0.07
and the r2 value is 0.95. These results indicate that
the ATR method is not linear at add-ons above
0.75% oww. This is most likely due to the build up
of fluorocarbon polymer in the cuticle cell edge re-
gion at high levels of add-on, as observed from the
secondary electron images obtained from the sample
[Fig. 2(B)]. Polymer build-up in this area would
not be as readily detected by the ATR technique,
because it is not in intimate contact with the IRE.

The carbonyl absorption of the fluorocarbon
polymer was not observed as a resolved feature in
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Figure 5 A plot of integrated C—F stretching area as
determined by ATR spectroscopy as a function of fluo-
rocarbon polymer determined by total fluorine analysis
for a series of Oleophobol S-treated fabric samples: (A)
least squares fit for add-ons from 0.125 to 1.0% Oleophobol
S, (B) least squares fit for add-ons from 0.125 to 0.75%
Oleophobol S.
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the PA spectra obtained from the treated samples
at the slow scan speeds. This is due to the photoa-
coustic saturation of the amide I and II regions.
Furthermore, this saturation prevented the use of
the amide II band for normalization. Use of the
amide A band centred near 3300 cm™! was also not
desirable, as possible differences in fiber regain could
cause intensity differences in this spectral region.
However, due to the high level of uniformity in the
sample preparation, and data acquisition, the spectra
obtained were found to be of very consistent inten-
sity in the amide III region. A method of spectral
subtraction was adopted that involved the adjust-
ment of the scale factor until a spectrum in excellent
agreement with that obtained from the neat cured
polymer was obtained. In all cases, the final resulting
scale factors were close to unity. The resulting spec-
tra were carefully analyzed to insure that there were
no artefacts in the spectral regions of interest due
to saturation or subtraction effects. The 1275 to 1100
cm ! region of the series of spectra generated in this
manner from the standard samples are shown as
Figure 6.

A calibration plot based on the average integrated
C—F stretching absorption area determined by PAS
for the series of standard samples is shown as Figure

2
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Figure 6 The 1275 to 1100 cm™ region of the spectra
resulting from the subtraction of the PA spectra obtained
from (A) a 1% oww, (B) 0.75%, (C) 0.5%, and (D) 0.25%
Oleophobol S-treated fabric samples and the untreated
fabric sample.
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Figure 7 A plot of integrated C—F stretching area as
determined by PAS as a function of fluorocarbon polymer
determined by total fluorine analysis for a series of Oleo-
phobol S-treated fabric samples.

7. The equation obtained for the line of best fit for
this data is Absc_x = 0.18 X Conc[F] — 0.02. The
r? value obtained for this linear correlation is 0.99.
No fluorocarbon polymer could be detected on the
0.125% oww-treated sample by PA spectroscopy. An
attempt to improve the sensitivity of the PA method
was made by collecting the data at faster optical
velocities. As the PA signal would originate from a
shallower depth within the sample, the contribution
from the surface fluorocarbon polymer would be
greater. It was found, however, that even at surface
penetrations as shallow as 2 um, any gains derived
from an increased fluorocarbon polymer signal
component were out weighed by loss in signal to
noise ratio.

Quantitation of Unknown Samples

In order to access the usefulness of these quanti-
tative methods, they were used in combination with
repellency and total fluorine measurements to mon-
itor the treatment and wear of an actual sample. As
can be seen from the results given in Table I, the
initial measurements made on a fabric sample
treated with 1% oww Oleophobol S are very consis-
tent with those expected.

After abrasion with 500 rubs, both the oil and
water repellencies of the sample drop to the level of
the untreated fabric. The examination of the
abraded sample in the scanning electron microscope
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Table I The Results of the Analysis of a 1% oww Oleophobol S-Treated
Sample before and after Abrasion and Subsequent Heat Treatment

mg [F]/g Wool

Repellency (+0.3)

Sample Treatment QOil {1} Water® Total® ATR PAS
Untreated 0 1 0 — —
1% Oleophobol S 8 8 2.9 2.9° 3.0
Abraded 500 rubs 0 1 2.9 < 0.1 2.7
Abraded 500 rubs, heated 8 8 2.9 0.2 2.7

* Static water drop test method.
b As determined by Schéniger oxidation.

¢ Calculated using ATR calibration line “A,” all other values calculated using line “B.”

revealed that the fluorocarbon polymer as well as
most of the cuticles in the contact area of the fabric
were removed, exposing untreated wool. Significant
amounts of this debris was observed embedded
within the bulk of the fibrous structure of the fabric.
This is why the fluorocarbon polymer is virtually
undetectable by the ATR method. The total fluorine
content of the abraded sample as determined by
Schoniger oxidation was identical to that of the un-
abraded-treated sample and, correspondingly, the
value determined by the PA method was only
slightly less.

It is well known that heat treatment of worn fluo-
rocarbon polymer-treated fabric samples restores
both water and oil repellencies.® As evident from
Table II, this is what is observed for the abraded
sample after heat treatment at 105°C for 5 min. The
ATR results indicate that a film significantly greater
than a monolayer has been reformed over the contact
surface even though no such film could be detected
from the secondary electron images or EDX spectra
obtained from the sample. As expected, the heat
treatment did not effect the fluorine content, as de-
termined by the Schoniger oxidation and PA meth-
ods. It is worthwhile noting, however, that the C—
F stretching absorptions observed in the PA spectra
obtained from the heat-treated sample were much
sharper and well defined compared to those observed
in the spectra obtained from the sample after abra-
sion. This probably indicates an improvement in the
uniformity of the polymer coating of the fibers.

CONCLUSIONS

Fluorocarbon polymer finishes on wool fabric can
be quantitated using the FT-IR techniques of ATR
and PA spectroscopies. Linear correlation between

polymer add-on and infrared signal were obtained
for both techniques with the fit being significantly
better for the PA data. The interpretation of the
results as well as the limitations of the two methods
can be understood in terms of the differences in the
sampling characteristics of the two techniques.

The application of these new quantitative meth-
ods to an abraded and subsequently heat-treated
sample has demonstrated their usefulness as well as
their contrasting nature. Total fluorine analysis and
PA data do not correlate with oil or water repellency,
as they are bulk measurements. The ATR data does
correlate because of its surface specificity. A com-
bination of techniques is, therefore, required to fully
understand the effect of abrasion on fluorocarbon
polymer-treated fabric and the mechanism whereby
a heat treatment restores the repellency.
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