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The uniformity of chlorination and/or polymer deposition
in continuously shrink-resist-treated woo! was assessed
by using selected dyes and a fluorochrome, and
examining stained fibres in cross-section under a
tungsten/u.v. light microscope. The differing levels of
staining between fibre sections within a sample provide
an indication of the uniformity of treatment.

INTRODUCTION

The effectiveness of a continuows shrink-resist treatment
applied to wool top is critically influenced by the uniformity
of the treatment. Apart from the expected differences in dye
uptake, variation in degree of chlorination or polymer
deposition between fibres within a top may produce severe
cockling and ‘spot-felting’ effects when fabrics produced
from the top are washed [1].

It is therefore extremely important to have some means
of assessing the uniformity of a shrink-resist treatment. The
usuat way of doing this is to stain a sample of treated sliver
with a dye sensitive to chlorination or polymer, and then
compare the uniformity of staining with that of reference
samples or standard photographs [2,3]. Although this
macroscopic method may reveal severe variations within a
sample, it makes differences between individual fibres
difficult to detect.

Another method of assessing the uniformity of treat-
ments is to use the scanning electron microscope. How-
ever, this is complex, expensive and time-consuming, and
cannot positively distinguish between surface modification
caused by oxidation {scale erosion) or by polymer deposi-
tion (scale masking).

The distribution of polymer on fibres has been studied by
staining with selective fluorochromes and examining
under a fluorescence microscope [4,5], and this has pro-
vided a great deal of information about the spreading of
polymers, particularly Hercosett 57 (Hercules), on indi-
vidual fibres. Only one group of workers, however, appears
to have used the technigue specifically to study the unifor-
mity of polymer distribution between fibres in a sliver: by
examining a sample of stained sliver macroscopically
under u.v. light [8].

This paper describes how the uniformity of chlorination
and/or polymer deposition in a sliver may be assessed in
cross-section by studying the depth of staining in a large
number of fibres simultaneously.

MATERIALS

A batch of 70s quality dry combed top was divided into four

fots, which were treated as follows:

(a) Untreated control

{b) Chlorine~polymer treated: a polyamide—epichloro-
hydrin resin applied by suction drum to nominally 2%
on weight of pre-chlorinated wool

(c) Experimental chlorination+polymer: chlorination by
an experimentat technique designed to produce a
sliver of ‘barderline’ uniformity and therefore sensitive
performance; the chlorinated sliver was then treated
with the same shrinkproofing polymer used in sample
{b)

(d) Oxidatively treated: a non-polymer oxidative process
using sodium hypochlorite at pH 7.5, inthe presence of
potassium permanganate.

The polymer content of samples (b) and (c) was con-
firmed by gas—liquid chromatography (8], which gave a
result of 2.0% for the chlorine—polymertop and 1.9% for the
experimental chlorination+polymer top.

In order to evaluate the suitability of test methods applied
to shrink-resist-treated wool, and to compare the overall
effects of the treatments themselves, each of the above lots
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TABLE 1

Shrinkage Behaviour of Knitted Fabrics

Fabric

Area shrinkage (DIS 6330) (%)

After 50 cycles
of programme 7A

After 5 cycles
of programme 5A

Untreated

Chlorine=polymer treated
Experimentai chiorination+ polymer treated
Oxidatively treated

62.4 Test discontinued
after first cycle
0 1.3
15.1 25.8
1.5 6.2

was processed into knitted fabric of cover factor 1.1. A
range of physical and chemical tests was carried out ateach
successive stage of processing, i.e. regilled sliver, singles
yarn, two-fold yarn and knitted fabric.

The resistance to shrinkage of the knitted fabrics was
tested according to DIS 6330 [7], and the resuits aobtained
are summarised in Table 1.

EXPERIMENTAL

Staining

After a series of preliminary experiments, the following
stains were selected as being most sensitive to chlorination
or polymer deposition. All stainings were carried out at a
liquor ratio of 150:1.

Chiorination

Two reagents were chosen: a 0.1% solution of C.I. Acid Red
1 {best known in this context as Kiton Red G (CGY)) in 0.0
mol/| HCI for 10 min at 20°C, and a 50% solution of Shirla-
stain A (Shirley Institute), used as supplied and diluted in
deionised water {(pH 5.5—6.5) for 5 min at 956°C.

Polymer

A 0.3% solution of the fluorochrome Blankophor BA (BAY,
C.l. Fluorescent Brightener 113) was applied from deion-
ised water {pH 5.5-6.5} for 5 min at 20°C.

To ensure that the uptake of fluorescent brighteners
could be attributed to the presence and distribution of
shrinkproofing polymer, the oxidatively treated wool was
also examined after staining with this technigue. As may be
seen from the photomicrographs, noteventhe more severe
surface erosion caused by this treatment would bind the
(anionic) fluorescent brightener in the same way as a
{cationic) layer of polymer.

Cross-section Cutting

From each stained sample sufficient fibres tofill the slotof a
Hardy microtome were randomly selected. These were
then embedded in 6% solution of cellulose acetate in
acetone. When dry, a section of the fibre bundle was cutto a
thickness of between 12 and 14 um. Any sections found to
be outside these limits were rejected.

Microscopy
All sections were examined using a Vickers M17 incident
fluorescence/transmitted light microscope.

Sections stained for assessment of chlorination were
illuminated by a 12V 100 W tungsten halogen lamp of
colour temperature approx. 3000 K,

Sections stained with the fluorochrome for the assess-
ment of polymer deposition were examined with the light
from an HBO 200 high-pressure mercury vapour lamp, with
the following filters:

1. Primary: 4 mm BG38, suppresses red emission and
absorbs heat
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2. Exciter: 2 mm UG2, transmits between 300 and 400 nm
with peak at 365 nm coincident with source

3. Barrier: GG 475 with dichroic reflector, abserbs any
stray u.v. light.

Blankophar BA achieves high excitation at 365 nm, which
produces fluorescence at a peak wavelength of 429 nm.

PHOTOMICROGRAPHY
All photomicrographs were taken using an Olympus OM2
35 mm SLR camera, and recorded on Kodak Ektachrome
160 colour transparency fiim. Both manual and automatic
exposures were made.

Assessment of Uniformity of Chlorination

Fibres Stained with Kiton Red G

{a) Untreated: virtually no absorption of stain into fibre
cuticles (Figure 1).

{b) Chlorine—polymer treated: stain penetration into
cuticle of virtually all fibres {Figure 2).

(c} Experimental chlorination+polymer treated: unifor-
mity of penetration between fibres is poor; some
cuticles appear almost unstained (Figure 3).

(d) Oxidatively treated: majority of cuticles stained (Fig-
ure 4), although treatment appears less uniform than
chlorine—polymer treated fibres (Figure 2).

Fibres Stained with Shirlastain A

{a) Untreated: vastmajority of fibres stained yellow; some
dark brown staining (Figure 5).

(b} Chlorine—polymer treated: virtually all fibres stained
dark brown, particularly in cuticles (Figure 6).

{c} Experimental chiorination+polymer treated: majority
of fibres stained (Figure 7), but level of cuticle staining
much less uniform than in chlorine—polymer-treated
sample (Figure 6).

(d) Oxidatively treated: again, majority of fibres stained
dark brown (Figure 8); effect appears more uniform
than experimental chlorination+polymer sample (Fig-
ure 7), but less so than chlorine—polymer-treated
sample {Figure 6).

Assessment of Uniformity of Polymer Deposition

Fibres Stained with Blankophor BA and Viewed Under U.v.

Light

{a) Untreated: very low overall fluorescence; occasional
fibres appear dull blue, assumed to be because of the
natural fluorescence of the fibre {Figure 9).

{(b) Chlorine—polymer treated: brightly flucrescing ring of
polymer clearly visible around all fibres; effectappears
very uniform between fibres {Figure 10).

{c) Experimental chlorination+polymer treated: some
fibres show fluorescing ring of polymer, though many
incompletely encircled; coarser fibres appear to be
poorly treated; very irregular polymer distribution
{Figure 11).



Assessment of Uniformity of Chlorination {Using Kiton Red G)

Figure 2 — Fibres stained with Kiton Red G (chiorine —

polymer treated)

Figure 3— Fibres stained with Kiton Red G (experimental Figure 4 — Fibres stained with Kiton Red G (oxidatively treated)
chiorination + polymer treated)

Assessment of Uniformity of Chlorination {Using Shirlastain A)

Figure 5— Fibres stained with Shirlastain A funtreated) Figure 6 — Fibres stained with Shirlastain A (chlorine — polymer
treated)




Figure 7— Fibres stained with Shirlastain A (experimental Figure 8 — Fibres stained with Shirlastain A (oxidatively
chiorination + polymer treated) treated)

Assessment of Uniformity of Polymer Deposition {Under U.v Radiation)

Figure 89— Fibres stained with Blankophor BA (untreated) Figure 10— Fibres stained with Blankophor BA (chiorine -
polymer treated)

Figure 11— Fibres stained with Blankophor BA (experimental Figure 12— Fibres stained with Blankophor BA (oxidatively
chiorination + polymer treated) treated/



(d) Oxidatively treated: As no polymer is present no fluo-
rescing rings encircling fibres are visible, but particles
of fluorescent brightener are apparent (Figure 12}; itis
assumed that the stain became attached to the chemi-
cally modified fibre surfaces and resisted rinsing off,
but was then dispersed in the embedding/mounting
medium.

CONCLUSIONS
By using selective staining procedures and examining
treated fibre bundles microscopically in cross-section, the
uniformity of a continuous shrink-resist treatment applied
to wool top can be assessed. The degree of variation in
depth of staining between fibres within a sample appears to
correlate well with the shrinkage behaviour of the respec-
tive knitted fabrics.

Previous work has concentrated on using fluorescent
brighteners to show the spreading of polymer over single
fibres to assess the overall level of shrink-resist treatment.

The method described here can provide a qualitative
measure of the degree of uniformity of chlorination and
polymer deposition within a given sample, independently
of the overall level of treatment.

The technique may be applied immediately after shrink-
resist treatment has been carried out before further proces-
sing takes place, and could therefore be used to detect
unsatisfactory treatments much earlier than is possible at
present.
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