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Direct Quantitative Analysis on Detergency of Soil Components Using ATR-FT/IR
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Abstract: To develop a novel spectroscopic method for quantitative evaluation of detergency, attenuated total
reflection (ATR)-FT/IR spectroscopy was applied for quantitative analysis of oil- and protein-based soil
components adhering to cotton fibres without precedent extraction procedure. In addition, influence of
washing time and mechanical action on the detergency of soap (sodium salt of fatty acid) for soils on clothing
was examined by using this method. In particular, oil- and protein-based soil contents can be separately
estimated using relative intensities of their characteristic IR bands of CH, and CHs stretching (2930 and
2850 cm ') and Amide I (1650 cm ™), respectively. In case of washing at a rotation rate of 60 rpm, no change was
observed for the detergency of oil-based component between 1 and 15 min, whereas the detergency of protein-
based component slightly increased over 10 min. By contrast, in case of washing at 120 rpm, the detergency of
two soil components remarkably increased with an increase of washing time. By using ATR-FT/IR method,
oil- and protein-based soil components attached to the same surface of a wet-type artificially soiled fabric can
be directly and separately quantified at the same time.
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Table 1 Soil components of wet-type artificially soiled

fabric.
Composition
Component %)
Oleic acid 28.3
Triolein 156
Oily soil |Cholesterololeate 122
Organic components| Liquid paraffin 25
components Squalene 25
Cholesterol 16
Protein Gelatin 70
component

Inorganic dirt 29.8
Inorganic components (clay) 0'5

Carbon black ’
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Fig. 1 Photomicrograph (Xx200) of the artificially
soiled fabrics.
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Fig. 2 Relationship between detergency of inorganic
components and washing time at 60 and 120
rpm for 1-15 min (using surface reflectance).
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Fig. 3 ATR-FT/IR spectra of the original cotton
fabric and the artificially soiled fabrics washed
at 60 rpm for 1-15 min.
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Table 2 Oil-based soil content estimated from the GC-FID analysis and relative intensities
of oil-based soil led from ATR-FT/IR analysis for the original cotton fabrics, and
the artificially soiled fabrics washed at 120 rpm for 0-15 min.

Washing GC-FID Analysis ~ ATR-FT/IR Analysis
Cotton Fabrics time Oil-based soil Relative intensity
. content . .
(min) (mg/a sheet) of oil-based soil
Wet-type 0 2960 1.00
artificially 1 1430 053
soiled fabrics 15 780 0.13
Original fabric — 0 0
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Fig. 4 Oil-based soil band region (2700~3100 cm™) of
the ATR-FT/IR spectra of the original cotton
fabric and the artificially soiled fabrics washed
at 60 rpm for 1-15 min.

3100 3000

0.015 T T T T T
I — Orginal cotton fabric
| — Artificially soiled fabric
| ——1 min. ]
0.010 | — 5 min. .
S Il ——10 min. E
< I ——15 min
s 3
S8 L
B E
2 0.005
< L
0.000

3100 3000 2900 2800 2700
Wavenumber / cm™’!

Fig. 5 Oil-based soil band region (2700~3100 cm™) of
the ATR-FT/IR spectra of the original cotton
fabric and the artificially soiled fabrics washed
at 120 rpm for 1-15 min.
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Table 3 Relative intensities of the oil-based soil band

region of the artificially soiled fabrics washed
at 60 and 120 rpm for 0-15 min.

Washing time (min) 60 rpm 120 rpm
0 1.00 1.00
1 0.35 0.34
5 0.36 0.28
10 0.34 0.14
15 0.34 0.076
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Fig. 6 Protein-based soil band region (1550~
1850 cm™) of the ATR-FT/IR spectra of the
original cotton fabric and the artificially soiled
fabrics washed at 60 rpm for 1-15 min.
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Fig. 7 Protein-based soil band region (1550~
1850 cm™) of the ATR-FT/IR spectra of the
original cotton fabric and the artificially soiled
fabrics washed at 120 rpm for 1-15 min.
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Fig. 8 Curve-itting of the protein-based soil band
region (1440~1850 cm™) of the ATR-FT/IR
spectrum of the artificially soiled fabrics.
Experimental: experimental ATR-FT/IR
spectrum; Fitting curve: Calculated spectrum
consisting of four absorption components.

Table 4 Relative intensities of Amide I band of the
artificially soiled fabrics washed at 60 and
120 rpm for 0-15 min.

Washing time (min) 60 rpm 120 rpm
0 1.00 1.00
1 043 0.51
5 042 0.28
10 042 0.28
15 0.30 0.20
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Fig. 9 Relationship between detergency and
washing time for three soil components on the
artificially soiled fabrics washed at 60 rpm for
1-15 min.
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Fig. 10 Relationship between detergency and
washing time for three soil components on
the artificially soiled fabrics washed at 120
rpm for 1-15 min.
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