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Wool! fibre and fabric have been treated with liquid ammonia and their surface characteristics
investigated by means of SEM and ESCA techniques. The treated specimens were dyed with
levelling and milling acid dyes. Although no changes in nitrogen content and fibre surface
properties were detected, their dyeing rate was increased considerably as was saturation dye
exhaustion. Dyeing properties were similar to those of wool treated with low-temperature plasmas
by glow discharge. Fabrics treated with liquid ammonia were dyed at various temperatures in the

range 30-80°C, and dye uptake was similarly increased.

INTRODUCTION

Liquid ammonia treatments are carried out industrially
to improve the softness of the handle of cotton fabric
[1]. The effects of such treatment on the fine structure
of the fibre [2-6] and on the mechanical behaviour of
the cotton fabrics [1] have been studied. Despite the
amorphous region being increased by the dry-steam-
liquid ammonia treatment, the dyeing properties of the
fibre were adversely affected. It is clear that the dyeing
behaviour of cotton following liquid ammonia
treatment reflects changes in the fine structure of the
fibre [7].

The effects of ammonia, amines and liquid ammonia
treatment on chemical composition [8,9], surface
characteristics [10] and mechanical properties [11] of
the wool have been studied, and it has been shown that
liquid ammenia and aqueous ammonia solution have
different effects on wool [9]. It has also been reported
that ammonia and amine pretreatments improve the
dyeing properties of wool (e.g. rate of dyeing and
saturation dye exhaustion) [12].

In this study, merino wool top and fabric were
treated with liquid ammonia. The surface
characteristics of the wool were evaluated by scanning
electron microscopy (SEM) and electron spectroscopy
for chemical analysis (ESCA). The wool was dyed with
two kinds of acid dyes, levelling and milling. Rate of
dyeing and saturation dye exhaustion were
investigated. The effect of dyeing temperature on
colour value of liquid ammonia-treated wool fabric was
investigated in relation to low-temperature dyeing.
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EXPERIMENTAL

Materials

Merino wool top and plain-weave worsted fabric were
scoured for 5 h with toluene and ethanol by Soxhlet
extraction and then repeatedly washed with distilled
water. The fibre and fabric were treated with liquid
ammonia at -33.4°C using a processing apparatus, now
operating at Nisshinbo Co., as shown in Figure 1. After
scouring, the specimens were dipped in liquid
ammonia for 2 s and subsequently dried in air for 15 s
and subsequently heat treated at 120°C with a hot
cylinder. This process was repeated twice.

Dyes and dyeing conditions

The dyes used are shown in Figure 2. Pure samples of
two levelling acid dyes, CI Acid Orange 7 and CI Acid
Red 18, and two milling acid dyes, CI Acid Blue 113 and
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Figure 1 Schematic diagram of liquid ammonia treatment
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Figure 2 Dyes used in the present study

CI Acid Blue 83, were used. Dyeing conditions were
similar to those described previously [13]. The dyebath
was adjusted to pH 4.5 for CI Acid Orange 7 and CI
Acid Red 18, and pH 5.5 for CI Acid Blue 113 and (I
Acid Blue 83 with potassium dihydrogen phosphate
and disodium hydrogen phosphate butfers. Dyeing
was carried out at 60°C with initial dye concentration of
2.5 x 10~* mol/l. The liquor ratio was kept at 1000:1.
Saturation dye exhaustion was obtained in 120 h for
levelling dyes and in 480 h for milling dyes at 60°C.
After dyeing, the fibre was extracted with 25% aqueous
pyridine solution and the concentration was
determined photometrically. Saturation dye sites were
determined from Langmuir plots. Dyeing of the fabric
treated with liquid ammonia was carried out at an
initial dye concentration of 2% o.w.f. varying the
temperature from 30 to 80°C. The dyeing times were 30
min for CI Acid Red 18 and 60 min for CI Acid Blue 83.

Nitrogen content

The nitrogen content of wool treated with liquid
ammonia was determined using a Yanaco MT-3
analyser.

Surface characterisation

The fibre surface was observed using a Hitachi SEM-
800 at a magnification of x5000. The surface chemical
component was measured using a Shimadzu ESCA-850
machine. The relative intensities of Cy5, Oy, Ny, and 5y,
in wide-scanning ESCA spectra and curve fittings of
waveform separation of the C;; spectra were
investigated.

Colour measurement

Wool fabric treated with liquid ammonia was dyed with
the same acid dyes as before by varying the dyeing
temperature from 30 to 80°C. Reflectance of the fabric

394 JSDC Vourume 109 DecemBER 1993

Ci Acid Blue 113

N W
~ )

SO3Na ' SOsNa
Cl Acid Blue 83
.
oo OOy
CoH
NaQsS CaHs 2s S04~
NH
OCHs

was measured on a Macbeth Color Eye MS 2020 device
under illuminant Dg; using a 10° observer, and K/S
values were calculated from the measured reflectance.

RESULTS AND DISCUSSION

Nitrogen content

It has been reported that the cystine linkage in wool is
hydrolysed by alkali, forming lanthionine, lysino-
alanine, and B-aminoalanine [14]. B-Aminoalanine,
which acts as a dyeing site for acid dyes, is obtained by
treating dehydroalanine with ammonia, and it
contributes to an increase in dyeing rate and dyebath
exhaustion. If B-aminoalanine is formed by the liquid
ammonia treatment, the nitrogen content in the wool
must be increased (Scheme 1).

The nitrogen content of wool treated with liquid
ammonia at -33.4°C was 15.2%, whereas that of
untreated wool was 15.1%. Thus, it seems that the
nitrogen content in wool was, in fact, unchanged by the
liquid ammonia pretreatment. In the dyeing of wool
with an acid dye, the dye molecules are attached to
amino groups by ionic bonds. Therefore it would be
anticipated that liquid ammonia pretreatment would
scarcely affect the dyeing properties, as there is no
change in the nitrogen content of the wool.
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Dehydroalanine B-Aminoalanine
Scheme 1



ESCA analysis

Relative intensities of Cy,, Oy, Ni,, and S3p in wide-
scanning ESCA spectra are shown in Table 1. The
intensities of the wool treated with liquid ammonia
were almost the same as those of untreated wool. It
therefore seems that liquid ammonia treatment of wool
did not induce a change in chemical composition of the
fibre surface. The results of ESCA and nitrogen analysis
would imply that no improvement in dyeing properties
could be expected. Nevertheless, as explained later,
dyeing properties such as the rate of dyeing and
saturation dye exhaustion were increased considerably
by liquid ammonia treatment.

SEM observation

SEM photographs of liquid ammonia-treated wool are
shown in Figure 3. There was no physical change in the
epicuticle or scale structure between the untreated and
the liquid ammonia-treated wool.

Rate of dyeing

Liquid ammonia treatment had a notable effect on rate
of dyeing, as shown by the curves for CI Acid Red 18
and CI Acid Blue 113 in Figure 4. The linear relationship
between C,/C., and t2 is illustrated in Figure 5, and the

Table 1 ESCA analysis of wool treated with liguid ammonia

Relative intensities of chemical component (%)

Treatment Ci Oy Nig Sgp
Untreated 728 145 9.2 3.5
Liquid ammonia  74.1 15.8 7.2 2.9

(2)

Figure 3 SEM photographs {x3350) of wool treated with liquid
ammonia: (1) untreated, (2) treated with liquid ammonia
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Figure 4 Relationship between dye exhaustion and time of dyeing of wool treated with liquid ammonia
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Figure 5 Relationship between C,/C.. and 1''2 of wool treated with liquid ammonia (for key see Figure 4)
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apparent diffusion coefficients obtained from the
slopes were clearly increased by the pretreatment. Also,
the barrier effect at the beginning of dyeing was
diminished. Therefore, despite little or no changes in
nitrogen content and surface characteristics of the fibre,
liquid ammonia pretreatment of wool did accelerate the
rate of dyeing. Times of half dyeing, as a function of
dyeing rate, decreased by half compared with those on
untreated fibres (Table 2). The dyeing behaviour was
essential the same as that of wool treated with low-
temperature plasmas by glow discharge of oxygen and
carbon tetrafluoride gases.

The effect of dyeing temperature on the resultant
colour of liquid ammonia-pretreated wool fabric is
shown in Figure 6. K/S values of the fabrics dyed with
the levelling acid dye CI Acid Red 18 were increased by
the liquid ammonia pretreatment over a range of
temperatures from 30 to 80°C. In effect, the liquid
ammonia pretreatment lowered the dyeing temper-
ature by about 10 degC.

Dyeing equilibrium

Values for dye adsorption, [D];, and residual dye
concentration, [D],, at dyeing equilibrium were
obtained at various initial dye concentrations. A typical
Langmuir plot of V[D]; versus I/[D]; for CI Acid Blue 113
on treated and untreated fibres is shown in Figure 7,
while Table 3 shows saturation dye exhaustion,
determined from reciprocal values of the intercepts of
Langmuir plots. Saturation dye exhaustion was

Table 2 Time of haif dyeing of wool treated with
liquid ammonia

Time of half dyeing (min})

Liquid
Cl Acid Untreated ammonia treated
Orange 7 42 17
Red 18 117 68
Blue 113 4 440 2949
Blue 83 22 245 15 281

Table 3 Saturation dye exhaustion of wool treated with liquid
ammonia

Dye exhaustion (mol dye/g fibre x 105)

Liquid Increase
Cl Acid Untreated  ammonia treated (%)
Orange 7 41.95 45.64 8.8
Red 18 8.71 9.09 4.4
Blue 113 12.72 15.50 21.9
Blue 83 4.35 6.61 52.0
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Figure 6 Relationship between K/S and dyeing temperature of wool
treated with liquid ammonia (for key see Figure 4)
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Figure 7 Reciprocal plots (1/[D]; and 1/[D];) of wool treated with
liquid ammonia (for key see Figure 4)

increased by liquid ammonia pretreatment for both
levelling (by 5-9%) and milling (by 21-52%) acid dyes.
Similar increases had previously been observed in the
dyeing of low-temperature plasma-treated wool.

It is clear from SEM and ESCA observations that the
liquid ammonia pretreatment of wool did not change
its physical or chemical structure. Therefore it seems
likely that the treatment induced a slight relaxation in
the surfaces of the endocuticle or the cell membrane
complex, which resulted in the improvement in dyeing
properties. As suggested by Bradbury [15], it seems that
a change in fine structure of the cell membrane
complex can play a significant role in wool dyeing.

CONCLUSIONS

Wool fibre and fabric were treated with liquid ammonia
for about 4 s. Although the nitrogen content and
surface characteristics as determined by SEM and ESCA



analysis were not changed by the pretreatment, dyeing
properties (e.g. rate of dyeing and saturation dye
exhaustion) were increased considerably. The barrier
effect at the beginning of dyeing was diminished.
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