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Wool fibres have been cleanly descaled and given enhanced lustre by padding at a low concentration
of dichloroisacyanutic acid (0.6—1.0 g available chierine per 100 g wool) and then treating under
exhaust conditions with papain (0.1 g per 100 g wool). The method is most successiul on coarse fibre
tops and also on hank yarn, but does not succeed on woven cloth. The wool is bleached to a level

similar to that obtained in peroxide bleaching.

INTRODUCTION

Several processes have been developed for lustring wool
tops by stripping the scales under oxidative conditions
that do not allow penetration or damage to the fibre cortex
[1-5]. Among the first of these to be commercialised was
the Vantean process which, according to the published
details, involves nickel-catalysed surface degradation by
hypochlorite [4,5]. Before this, degradative treatments
were described which were carried out under non-fibre
swelling conditions, but the most successful, more recent
processes have used ‘second-generation” chlorination
equipment [1,2]. Particularly used is the Kroy Deepim
chlorinator, where the reaction with chlorine is so fast that
it is confined to the surface and there is no time for fibre
swelling to occur [2]. The concentration of chlorine which
is needed for scale stripping, 4-6% on weight of wool fibre
(o.w.f), is three times that used in standard felting-
shrinkage-resist processes. To ensure even treatment
strong cooling is recommended [2]. Though descaling
might be expected to improve the handle of the fibres by
making them smoother, the handle is actually made
harsher, perhaps because the fibres become sized by
degraded protein. The final application of a silicone
microemulsion improves softness {1,3]. These lustring
processes employ special, expensive equipment available
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only to a processor of tops on a large scale. Smaller firms
try to concentrate all their wet processing together at the
dyeing stage, using standard dyeing equipment.

Enzymatic shrink-resist processes

The idea that treatment of wool with a protease enzyme
would enhance resistance to felting shrinkage is by no
means new [6-8]. An early patent described the use of
trypsin, or papain in the presence of a reducing agent [8],
but enzymes applied at levels which provide protection
according to modern standards cause unacceptable fibre
damage and the treatment is not uniform [9,10]. Although
an enzyme has recently been reported which leaves scales
intact and does not cause excessive damage [9,11,12], it is
usually necessary firstly to oxidise the fibre under
conditions which attack only the scaly cuticle before
enzyme treatment. The Chlorzyme process involved
gaseous chlorination, in an autoclave, of wool carefully
dried down to 6-9% muoisture, followed by an aqueous
treatment with papain in the presence of sodium
bisulphite [9,13,14]. The process was intended to impart
shrink resistance only, but also is reported to have caused
scale stripping and to have improved the lustre [6,14],
though at the expense of harsher handle [9,14]. Other
oxidising agents whose use has been described as a



pretreatment in enzymatic shrink-resist procedures
include aqueous chlorine, hydrogen peroxide, peroxy-
monosulphuric acid, peracetic acid [14] and potassium
permanganate. No enzyme-based process is used today.
The most successful enzyme has been papain, of vegetable
origin, a protease which is quite unreactive unless acted
upon by a mild reducing agent, i.e. bisulphite or cysteine,
so as to split disulphide to sulphydryl groups [15,16].
Bisulphite is also considered to make the fibre more
susceptible to enzymatic attack by opening disulphide
bonds within the wool. Other enzymes have been
proposed, including bacterial alkaline proteases of the
type used in washing powders.

Enzymatic descaling

The exocuticle consists of two layers rich in sulphur cross-
links which react readily with oxidising agents,
particularly chlorine [1,17]. Tt is thus possible to limit
chlorination and other mild oxidations to these cuticular
layers. Oxidation of sulphur to electron-withdrawing
sulphonic acid groups will greatly facilitate subsequent
nucleophilic attack [18,19], in this case hydrolysis catalysed
by the protease. Enzymatic attack would then effectively
be directed to the cuticular layer, with reduced general
fibre damage occurring in the cortex. Thus it seems
possible that scales could be removed by using much less
than 5% chlorine, if this is followed by the use of an
enzyme. This would allow the treatment to be carried out
at the dyeing stage in a dyeing machine, with advantage
in cost and versatility. The present article describes an
attempt to develop this, in effect a refinement of the
Chlorzyme process to give clean descaling.

EXPERIMENTAL

Wool samples

The properties of the wool tops used in the descaling
experiments are shown in Table 1. Kroy chlorinated wool
tops, 60s quality (24 pm), treated with 1.8% chlorine o.w.f,
were provided by IWS, Iikley, UK. All the other samples
were from Polgat Industries Ltd, Kiryat Gat, Israel.
Knitting yarn (24/2 Nm) was spun from 21-23 pm fibres.
Woven cloth, 160 g/m?, was plain woven from 52/2 Nm
yarn spun from 22-24 um fibres. Tops from coarse fibres
were scoured before use.

Table 1 Properties of the wool tops used in the descaling
experiments

Diameter  Strength? Whiteness
Type {(um} (cN#tex) (CIE)
Coarse wool (scoured) 28-29 9.15 -2
Fine wool 19 9.29 12
Kroy (1.8% Ci) 24 7.91 -18

a Bundle test

Oxidising agents

These were assayed by iodometric titration, and were as

follows:

(a) Dichloroisocyanuric acid, sodium salt {DCCA); Basolan
(BASF), 58.5% available chlorine

(b) Peroxymonosulphuric acid, potassium salt (PSA); Crosil
salt (CTC), 42.6% peroxymonosulphuric acid (po-
tassium salt) and 4.5% active oxygen

() Magnesium monoperoxyphthalate hexahydrate (80%)
(MMPP); {Aldrich), 5.2% active oxygen

(d) Sodium hypochlorite; commercial bleach, 9.9% or
12.5% available chilorine.

Proteases

(a) Papain: from Carica papaya (Merck), water-soluble,
declared activity 30 000 US Pharmocopea units per mg

(b) Scintillase 240D: water-soluble papain (Rhéne-Poulenc),
declared activity 9600 USP protease units per mg

(c) Esperase 8.0L: from Bacillus subtilis (Novo), declared
activity 8.0 kilo Novo protease units per g (an alkaline
protease used in washing powders)

(d) Neutrase 0.5L: from B. subtilis (Novo), declared activity
(.5 Anson units per g (a neutral protease active at pH 6)

(e) Protease Type 23: from Aspergillus oryzae (Sigma),
declared activity 3.5 Sigma units per mg (of fungal
origin and active at pH7.5)

Softeners

{a) Lanalux (PPT): silicone microemulsion, weakly cationic

(b) Elastogum MEC N (Avco Chem): cationic silicone
microenulsion

(©) Supersoft KPS (Avco Chemy): cationic emulsion mod-
ified with silicone elastomer

Instrumental methods

All the experiments conducted under batchwise conditions
were performed in an Ahiba Turbomat (Datacolor) dyeing
apparatus, using a stirring speed of 10. Whiteness was
measured on a Macbeth 1500 Plus spectrophotometer using
illuminant D, according to CIE 1982 (AATCC 110-1989) and
shade difference according to CMC (2:1). Gloss was
measured on a Hunterlab D16 glossmeter at an angle of 75°
to the perpendicular. Tops were stretched out over the
meter’s window, and yarn was wound in one layer
uniformly on a former prior to measurement. The fibre
bundle strength of tops was determined according to
[WTO 32-82, Appendix C. Yarn strength was measured on
an Uster dynomometer and burst strength of cloth on a
Mullen tester. The measurement of shrinkage of tops
according to length was according to the method of Gan
[20].

DESCALING TREATMENTS
Low-temperature chlorination
With the bath of the Turbomat filled with ice water at 5°C,

a solution of sulphuric acid (10%, 20 ml) in water (300 ml)
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was stirred in a beaker together with coarse fibre tops
(20 g) at pH 2.5. Sodium hypochlorite solution (12.5%
available chlorine, 8.0 ml) was added over 15 min and
stirring continued for 1 h at 5-8°C and then for a further
1 h while the temperature rose to 15-20°C. Titration
showed that all but 2% of the chlorine had reacted. The
wool was washed and then treated for 30 min at 30°C and
PH 3 with sodium metabisulphite (0.4 g) in water (200 ml).
It was washed again and air dried. The descaled fibres
were as shown in Figure 1.

X

{b) bP————————1 100um

(a} Smooth fibres
(b) intermediate descaling

Figure 1 Chlorination (5%) of coarse fibres at low temperature

Oxidative exhaust treatment

At 15°C, water (400 ml), formic acid 85% (2 ml), Triton
Q544 phosphate ester surfactant in acid form, (10%
solution, 2 ml) with coarse wool tops (20 g) were stirred in
a beaker at pH 3. DCCA (0.32 g) dissolved in water was
added over 20 min at 15-20°C. Within a further 20 min
exhaustion was complete, indicated by starch/potassium
iodide paper. In some experiments 0.16 g DCCA was used.
The liquor was replaced by water (350 ml) containing
sodium metabisulphite (0.4 g) which was circulated for 30
min at 25°C and pH 5-6, and then drained.
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(@) ———————— 100 um

A
(b) ————— 100pum

(a) Smooth fibres
(b) Showing damage

Figure 2 Exhaust treatment with DCCA (1.6%) followed by papain
(0.2%)

Enzyme treatment

A solution (360 ml) containing sodium metabisulphite
(2.0 g), sodium sulphite (2.0 g), papain (Merck, 40 meg,
0.2% o.w.f) and anionic surfactant (LABS, 10% solution,
2 ml) was added to the wool. The pH was adjusted to
6.6-6.8 (bicarbonate or acetic acid) and treatment was
continued for 1 h at 50°C. Finally the wool was washed
and air dried. Micrographs of the fibre appearance are
shown in Figure 2. Papain concentration was varied
between 0.1-0.5% o.w.f, but without changing the
concentration of the other components of the treatment
solution. Kroy chlorinated tops were treated identically
using 20 and 40 mg papain. Some experiments were
conducted with the further addition of L-cysteine (0.27 g)
[16].

Instead of DCCA, we tried PSA (1-5% o.w.f) and
MMPP (1-3%) (Figure 3). Exhaustion was complete within
45 min from the end of the addition. The reduction stage
was unchanged.

Scintillase (0.2% o.w.f) was used as for Merck papain.
Three further enzymes were applied in the absence of
sulphite/bisulphite:



(a) Neutrase (5% o.w.t.)at pH 6.5 (acetic acid), the enzyme
from A. oryzae at pH 7.5 (sodium bicarbonate) at 2%
o.wf,

(b) Esperase at pH 8.5 (1% sodium carbonate, 2% sodium
bicarbonate o.w.f) at concentrations between (.2 and
0.5%.

All four enzymes were applied for 1 h at 50°C, after
oxidation with DCCA (1.6% o.w.f.); Esperase was also
applied after MMPP oxidation (2%, 3%) (Table 2).

Chlorination and reduction by impregnation (tops and
yarn)
Tops from both coarse and fine fibres (20 g) were
impregnated with a solution at pH 3 of DCCA (1.1 g) in
water (100 ml) to which was added formic acid (85%, 1.0
ml) and Triton QS44 (10%, 0.5 ml}. Pick-up of the solution
was adjusted by hand squeezing to 150%, so as to give 1%
available chlorine o.w.f. Yarn in the form of hanks was
treated identically. The impregnated samples were held in
a plastic bag compressed by a weight inside a beaker in a
water bath at 30-35°C. After 2 h (end of reaction with
starch/potassium iodide} they were reimpregnated to
150% pick-up with a 5% sodium metabisulphite solution
and held for 30 min at room temperature. The samples,
without washing, were then treated with papain under
exhaust conditions as described above. Results are shown
in Table 3 and in Figures 4a and 5. The concentration of
DCCA was varied between (.5 and 1.1 g per 100 g water.
Experiments using other oxidants were also carried out
(Table 3): PSA (2-5% o.w.f) and MMPP (1-2%). Also
Esperase (0.5%) was tried instead of papain, and the

F——— 100 um

Figure 3 Exhaust treatment with MMPP (1%) followed by papain
(0.3%)

results are shown in Figure 4c and Table 3. Hypochlorite
solution (9.9% available chlorine) was also used as an
alternative to DCCA, either 6.2 ml together with water
(100 ml) and sulphuric acid (10%, 7.5 ml) to pH 2.0-2.5
(0.9% available chlorine o.w.f), or 10.1 ml together with
sulphuric acid (10%, 13 ml) (1.5% available chlorine o.w.f.)
(Figure 4b).

Application of softeners

After the enzyme treatment, and also after low-
temperature chlorination, the wool was washed, drained
and then water (350 ml) acidified with acetic acid to pH
5.0-5.5 was added. The softener (1-2% o.w.f) was added,
diluted by water (25 ml) containing a drop of acetic acid.
Circulation was for 20 min at 25°C.

Table 2 Descaling and bleaching of coarse fibre tops treated under exhaust

conditions (Figures 2 and 3)

Fibre appearance?®

Oxidant Protease Strength  Whiteness®
(% o.w.f.) {% o.w.l) Descaling Damage loss (%)t (GIE)
NaQCi (5)9 Almost full  None —6° 4.9
DCCA (1.8) Papain (0.1) Almost full  Slight 11 19.9
DCCA (1.6) Papain (0.2) Full Some 14 19.9
DCCA (1.6) None None 0 3.4
Papain (0.5) None 5 214
DCCA (0.8) Papain (0.5) Slight Some 12 258
DCCA (1.6) Scintillase (0.2) Almostfull  Slight 13 16.4
DCCA (1.6) Esperase (0.5) Partial Severe 15 1.2
DCCA (1.6) Neutrase (5) None None 9 6.0
DCCA (1.6) Type 23(2) Partial None 6 0.4
PSA (5) Papain (0.5} Fuil Severe 30 24.0
PSA (5) Papain (0.2} None Severe 23 1.5
MMPP (1)  Papain (0.3} Almost full  Severe 13 233
MMPP (2) Papain {0.2) Almost full Some 14 16.8
MMPP (3) Esperase (0.2)  Almost tull Some 13 -1.9
a Microscopic
b Bundie test (IWTO 32-82)
¢ Whiteness before treatment —2 (CIE 1982}
d At5-18°C, pH 2.5, 5% available C!
@ Increase in strength
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Table 3 Descaling of coarse fibre top using padding conditions (Figures 4 and 5)

Fibre appearance®

Oxidant Protease Strength  Whiteness
(% o.w.f.) (% o.w.l) Descaling Damage loss (%)2 (CIE)3
DCCA (1.6) Papain (0.1) Full None 9 22.1
DCCA (1.0} Papain (0.1} Almost full None 8 19.6
DCCA (1.0)  Papain (0.2)  Full Slight 13 23.4
NaOCl (1.5)® Papain (0.1} Almost full  None 5 21.0
NaOCI (0.9)¢ Papain (0.1} Partial None 5 200
PSA (3.0) Papain (0.1} Almost full  Some 30 15.0
MMPP (1.0)  Papain (0.3)  Partial Slight 17 17.1
MMPP (2.0) Papain (0.1}  Almostfull Some 25 20.4
DCCA (1.6) Esperase (0.3) Almost full Slight 14 6.7
DCCA{1.6) Esperase (0.5) Full Severe 14 105

a Forkey see Table 2
b Available chlorine

RESULTS AND DISCUSSION

Low-temperature chlorination

For comparative purposes, we first tried to imitate the IWS
‘soft lustre” process [1-3] in a laboratory dyeing machine in
which the liquor was circulated through the fibres. Tops
from coarse fibres (28 um) were treated at 5°C with
chlorine water (5% chlorine o.w.f) from acidified
hypochlorite, and then with bisulphite at 30°C. Though
the resultant fibres were largely descaled (Figure 1), Figure
1b seems to show an intermediate stage of descaling. Fibre
bundle strength increased by about 6%, similar to that
reported for ‘soft lustre’ fibres [2], and there was an
approximately 25% increase in gloss (see below). The
fibres were compressed and hardened, but became softer
and more voluminous after treatment in a separate bath
with a softening agent.

Exhaust mode oxidation and enzyme treatment

In further experiments we studied the effect of mildly
oxidising the fibres and then applying enzymes. Initially
we fried treatment at 15-20°C with a low level of chlorine
{(about 1% o.w.f.) obtained by acidifying DCCA. This was
followed by a bisulphite reduction stage and then
treatment with papain (0.1-0.2% o.w.f.) at 50°C in the
presence of a mixture of sulphite and bisulphite to give a
pH of 6.7 [14,16]. For descaling to occur requires only 0.2%
o.w.f. papain (Figure 2), but the microscope revealed slight
signs of fibre damage (Figure 2b).

The damage was also manifested in a fall in strength of
11-14% (Table 2). Neither chlorination alone nor treatment
with papain alone, under these conditions, resulted in
descaling. If the levels of either DCCA or papain were
reduced, descaling was only partial. In one experiment, a
papain preparation called Scintillase was used successfully
instead of the Merck product. It is possible to activate
papain using L-cysteine [15,17], which itself is thereby
oxidised to cystine, but the use of bisulphite/sulphite at a
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concentration of 20% o.w.f. (i.e. a 1% solution) was just as
efficient with or without cysteine. We tried a few other
proteases after the oxidation stage, as possible
replacements for papain (Table 1). The alkaline protease
Esperase (0.5% o.w.f) was only partially effective in
descaling and the treated wool showed clear signs of
damage under the microscope. Since papain is active at
neutral pH, two other neutral proteases were tested.
Neutrase was ineffective while protease Type 23 was only
partially effective. None of these enzymes caused any
descaling without the preliminary oxidation.

Thus papain, a product extracted in commercial
quantities from papaya latex or fruit, remains the enzyme
of choice. We presume this to be because of its preference
for attacking the outer layer of the fibre. This is enhanced
by pre-oxidation, without which there is no descaling.

Two oxidants that have been proposed as replacements
for chlorine in shrink-resist treatments are PSA [18,21-23]
and MMPP [21]. Relatively large quantities of PSA (5%)
were required in order to effect descaling by papain, and
this was accompanied by a 30% fall in bundle strength
(Table 2). MMPFP followed by papain also caused de-
scaling, but this was associated with very serious fibre
damage; Figure 3 shows typical proteolytic attack.

Bleaching

Table 2 shows that all those fibres treated with papain
were bleached to a whiteness level of 20 + 4 (CIE), from an
original whiteness of —2. To put this in perspective, the
same wool bleached with hydrogen peroxide under
standard conditions (10% o.wf., 45 h, 45°C, pH 8.5-9.0)
had a CIE whiteness of 20, and further bleaching with
dithionite (combination bleaching) raised the whiteness to
37. Bleaching occurred with papain alone, or when
following oxidation by DCCA, PSA or MMPPT. In contrast,
when other enzymes were used, only marginal or no
whitening occurred. In fact, it was not papain alone that
caused bleaching, but also the 20% o.w{. sulphite/



bisulphite mixture which was used to activate the papain
{this was not used with the other enzymes). However, this
mixture alone, when applied under the same conditions
without papain, bleached the fibres to a whiteness of 8.6
only. This demonstrates that the papain activated the
reductive bleaching action.

The above effect has already been reported for a
different protease, which enhances the bleaching of wool
under both oxidative (hydrogen peroxide) and reductive
{(sodium dithionite) conditions [11,12]. It could be that the
yellow chromophores removed by bleaching lie mainly in
the cuticle, but both Table 2 and 3 record cases of almost
complete descaling with little or no bleaching. Possibly the
protease allows the bleaching agent to come into more
intimate contact with the chromophores bonded to the
wool protein.

Pretreatment under padding conditions

Our conclusion at this stage of the investigation was that it
is possible to descale coarse wool fibres using 0.2% o.w.f.
papain after applying 1.6% o.wf DCCA. Descaling was
not only accompanied by a moderate increase in lustre
{see below), but also by bleaching. Nevertheless, the
treatment caused an undesirable amount of fibre damage
that was revealed, in the case of DCCA chlorination, as a
fall in bundle strength of about 14%, which was visible
microscopically.

When we carried out the first oxidative stage as a
padding operation, improvement was obvious under the
microscope (Figure 4a) and was also evident from fibre
strength measurements (Table 3). Fibres in the form of tops
were impregnated with a solution of DCCA so as to give
0.6-1.0% available chlorine o.wf. They were held for 2 h at
30°C and pH 3, until active chlorine was no longer
detectable by starch/potassium iodide paper, and then
reimpregnated with a 5% solution of sodium bisulphite.
Finally they were treated with papain under exhaust
conditions in a manner identical to that used previously.
The resultant fibres are seen in Figure 4a to be cleanly
descaled or to show a slight residual scale structure. They
showed no microscopic signs of damage and the fall in
strength was less than 10%. The superiority of padding
over the exhaust method was probably because the
former treatment tended to be limited to the cuticle. We
also tried padding with chlorine, obtained by acidifying
sodium hypochlorite solution to pH 2.0-2.5. When using
1.5% available chlorine o.w.f, the descaling results
illustrated in Figure 4b were noticeably inferior to those
obtained using DCCA. It seems unlikely that this was due
to initial rapid loss of chlorine during padding, since free
chlorine was detectable up to near the end of the 2 h
period.

The length of time (about 2 h) for the chlorine to react
was noteworthy, whether it was formed from DCCA or
hypochlorite. In contrast, when PSA or MMPP were used
in padding experiments (Table 3), they reacted within 5-10
min. Under exhaust conditions there was no large
difference in reaction rate between the three oxidants. The

two alternative oxidants (’SA and MMPP) also caused
descaling, but were accompanied by very serious
weakening of the fibres (Table 3).

The oxidative effect at the wool surface of DCCA
treatment has been compared with that of PSA [18,22].

(c) b———— 100um
(a) DCCA (1.8%), papain (0.1%})
(b} Chiorine {1.5%}, papain (0.1%)
(¢) DCCA (1.6%}), Esperase (0.5%)

Figure 4 Padding treatments on coarse fibres followed by exhaust
application of enzyme
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Although in both cases sulphonic acid groups (cysteic
acid) were formed, it is suggested that PSA attack directed
itself to the layers below the exocuticle [22]. This would
explain the severe damage resulting from PSA
pretreatment, observed in both exhaust and padding
treatments, since the papain will then be stimulated to
penetrate the fibre interior. Chlorination, in contrast, can
be limited to the exccuticle.

Esperase at a concentration of 0.5% also caused
descaling, but the resultant damage is clearly discernible
in Figure 4c. Comparing Figures 4a and 4c clearly shows
the superior specificity of papain over Esperase. The latter
is fully active only under alkaline conditions. In this study
it was applied at pH 8.5, at which level damage would be
expected to be greater than under the neutral conditions
used with papain. Thus the original hypothesis, that pre-
oxidation will limit enzymatic attack to the cuticular layer,
is seen to be justified only for papain, applied after
chlorination, of those enzymes tested.

Softening after enzymatic treatment

The success of the “soft lustre’ process depends on the
application of a silicone microemulsion [1,3]. All three
softeners that we applied (the microemulsions Lanalux
and Elastogum and the emulsion Supersoft KPS) softened
the enzyme-treated tops to a similar degree, after both the
exhaust or padding treatments. The tops from the
padding treatment, which were compressed by hand
impregnation and squeezing, were not made more
voluminous by applying softeners, though this did occur
with tops that had been chlorinated at low temperature.
We noted a tendency for Lanalux, applied at 2% o.wf, to
cause an increase in bundle strength, but more data are
required to verify this. Application of the softeners caused
a drop in whiteness of 2-3 units, but we could not discern
an effect on lustre.

Treatment of Kroy chlorinated tops

We also treated with papain a sample of wool tops which
had undergone chlorination by the Kroy method (1.8%
chlorine o.w.f.). A level of 0.2% o.w.f was required for
descaling. The microscopic appearance was very sirmilar to
Figure 2b, with signs of slight fibre damage, and the fall in
bundle strength was 12%. Kroy chlorinated fibres have
lower strength than raw tops [24] (Table 1), which made
the papain-treated fibres unacceptably weak. Whiteness
rose from —18 to 2.

Treatment of fine wool tops, yarn hanks and woven cloth
Fine-fibre tops (about 20 um) were similarly descaled by
DCCA padding (1.0-1.5% o.w.f) and then applying
papain (0.1%). Fine fibres have a greater tendency towards
felting shrinkage than do coarse ones and require a more
stringent treatment for shrinkproofing. However, with
scale stripping the same recipe which succeeded with
coarse fibres was equally successful on fine ones (Figure 5).
Nevertheless, though no damage could be discerned by
microscope, there was on average a 27% fall in strength.
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Figure 5 Padding fine fibres with DCCA (1.0%) followed by exhaust
application of papain (0.1%)

It should be mentioned that the linear shrinkage of the
treated fibres, both fine and coarse, was in all cases less
than 2%. Shrinkage was measured in a Cubex 5L machine
[20]. Mild chlorination alone caused a considerable
improvement in shrink-resistance and this was intensified
by the papain.

Knitting yarn, spun from 21-33 pm fibres, was treated
in the form of hanks exactly as above for tops. The hanks
were first impregnated with DCCA (1.6%) or hypochlorite
{1.5% chlorine o.w.f.), then with metabisulphite and finally
in a basket of the Turbomat, with 0.1% papain. The
treatment caused clean descaling, with no microscopically
visible signs of damage, but with a fall of 16% in yarn
strength.

The above treatment, suitable for tops and hanks, did
not remove scales from the fibres in woven cloth. A
concentration of 2% DCCA (or 3% MMPP) followed by
0.3% papain was required to do this. The above treatments
did not, however, improve lustre, assessed either visually
or instrumentally, and usually had the opposite effect.
Moreover, there was a fall in burst strength: 20% with
DCCA and 30% with MMPP It was concluded that the
method is not suitable for wool in the form of woven
cloth.

Measurement of lustre

Lustre is caused by specular reflection (as in a mirror),
being imposed on a background of diffuse or scattered
reflection [2,25]. A collection of wool fibres (tops, yarn,
cloth) is not expected to show lustre to a degree shown by
synthetic ones, since the fibres are crimped and cannot be
arranged as a flat, parallel array. Thus the fibre polishing
process causes only a moderate increase in the original
natural lustre shown by the wool, though this is sufficient
to be appreciated visually.

The terms ‘lustre’ and “gloss’ are synonymous and a
method for measuring lustre, or gloss, of textiles has yet to
be standardised [26]. In the present investigation lustre
was measured using a Hunterlab glossmeter and
expressed as the percentage increase in specular reflection



(gloss) measured at 75° to the perpendicular. These
measurements were very inexact, particularly with regard
to tops, because of the difficulty in presenting a flat sample
to the instrument. Hairiness interfered also in both tops
and yarn.

Coarse fibres as tops showed a gloss increase of about
25% over untreated fibres. Fine fibre tops had a higher
initial gloss, which was increased by only about 15%. Yarn,
after winding on a former, also showed an approximately
25% increase in gloss. As mentioned, cloth was usually
made less lustrous by our treatment. Commercial samples
of lustred wool were measured for comparison [2,3]. They
showed similar gloss values using this method of
measurement.

Dyeing after descaling

Treated samples of tops (28 pm) and of hank yarn were
dyed grey according to standard procedure using Lanaset
(CGY) dyes: Grey G (0.15%), Yellow 2R (0.1%), Bordeaux B
(0.05%) [22]. Compared with dyeing on untreated
samples, a slightly stronger colour was obtained and a
shade change of AE(CMC) = 1.7 (average of four dyeings).
The shade change, it may be assumed, was largely due to
bleaching of the background. Dyeings were uniform. The
increase in lustre was particularly noticeable against the
neutral grey background, and instrumentally was about
30%.

CONCILUSION

These small-scale experiments show that it is possible to
strip scales from wool fibres and perceptibly increase their
lustre under mild conditions. Papain can be applied in
solution at the remarkably low concentration of 50 mg/l
and shows, after chlorination, a high degree of specificity.
The treatment can be carried out before dyeing,
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