Degumming of silk fabrics with tartaric acid
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The effectiveness of the tartaric acid degumming process for silk has been evaluated as a function of
temperature, time and acid concentration in the degumming bath. The degummed samples were
characterised as regards physico-mechanical properties (tenacity, elongation at break, modulus of
elasticity) and intrinsic viscosity. Dyeability with acid, metal-complex and reactive dyes has been
determined spectrophotometrically. The possibility of carrying out subsequent degummings with the
same bath was investigated. The effect of centrifuging and replenishing the bath with fresh
degumming solution was also considered in relation to degumming efficiency. The resuits obtained
are quite promising as a basis for possible future industriat application.

INTRODUCTION

Degumming of silk has traditionally been carried out in
boiling alkaline baths, containing 6-10 g/l soap [1].
Nowadays this method is still considered the best. Soap-
degummed silk shows good brightness, and it also offers
good strength and elasticity, because of the low
degradative action of soap on the fibre.

In recent years continuous degumming systems have
been developed, and newly formulated synthetic
detergents have been adopted as alternatives or adjuncts
to soap [2,3]. Soap does not allow the degumming bath to
be repeatedly reused, since its alkalinity cannot
compensate for the acidity introduced by sericin
hydrolysis preducts accumulating in the bath.

Other methods have been used to remove sericin, such
as enzyme treatment [4,5], widely utilised nowadays in
Japan, particularly for kimono fabric degumming.
Treatment with organic acids has also been extensively
studied [6-8]. Recent studies show that the action of these
acids is generally less aggressive than the action of alkali.
Furthermore, acid-degummed fabrics seem to have better
aesthetic characteristics, better comfort properties and
better dyeability with acid dyes.

Among the different acids considered, tartaric and
succinic acids have given good results, both in terms of
sericin removal efficiency and of intrinsic physico-
mechanical properties of the fibre. The purpose of the
present work was to define the optimum conditions for
fabric degumming with tartaric acid, with reference to the
possibility of reusing the degumming bath many times.
Process parameters were evaluated with a view to
developing a future industrial application.

* To whom all correspondence should be addressed

Paper presented at the dyeing, printing and finishing section of the
20th Congress of the International Silk Association, Brighton, May 1995

EXPERIMENTAL

Materials

Degumming tests on yarn were carried out on 20/22
denier Chinese raw silk samples, 500 m in length. Similar
tests on fabric were carried out on 100 g/m? twill fabric
samples, 15 x 15 cm (4.5 x 50 em for physico-mechanical
characterisation), having the following specifications: weft
count 75 dtex (3 x 20/22 den), warp count 72 dtex (3 x 20/22
den).

Marseilles soap (Mira Lanza) was utilised for
degumming tests under alkaline conditions. Tartaric acid
RPE-ACS 99.5% (Carlo Erba) and nonionic wetting agent
Diadavin EW200 (BAY) were used for degumming tests
under acidic conditions.

The following dyes were used:

(a) Levelling acid dye: Nailamide Blue E-BA (Acna, CI
Acid Blue 25), 3%

{b) Milling acid dye: Nailamide Blue J-R {(Acna, CI Acid
Blue 62), 1.5%

(c) 1:2 Metal-complex dye: Acidol Dark Blue M-TR (BASE
Cl Acid Blue 193), 3%

(d) Reactive dye: Primazin Blue Brilliant BL (BASE CI
Reactive Blue 27), 2%.

Methods
Alkaline degumming was performed with 7 g/l Marseilles
soap, over 60 min at 98°C, liquor ratio 100:1. Acid
degumming was performed under different conditions of
time, temperature and acid concentration, with 3 g/l
nonionic wetting agent, liquor ratio 100:1. Degummed
samples were washed with cold and warm water, and
then dried at room temperature. Weight loss was
measured after conditioning the samples at 20 +2°C and
65+ 2% RH.

Centrifuging of the degumming bath was carried out at
31 000g for 15 min using a Beckman J2-21 centrifuge (fixed
angle rotor JA-20).
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Dyeing tests were performed according to the methods
provided by the dye manufacturers. Dye uptake was
measured spectrophotometrically using a Perkin-Elmer
Lambda 19 UV/VIS/NIR spectrometer and assessed in
terms of standard K/5 values.

The concentration of tartaric acid in the degumming
bath was determined by 0.1 M sodium hydroxide titration,
with a Mettler DL-G40-GP automatic titrator. Tenacity,
elongation and modulus of elasticity were determined
according to the UNI 1932 standard using an Instron 4501
tester. The intrinsic viscosity of silk was determined
according to the SNV 195595 standard.

RESULTS AND DISCUSSION

Degumming tests
Table 1 shows the results of tartaric acid degumming tests
on silk yarn, compared with traditional scap degumming.
Weight loss values confirm the effectiveness of tartaric acid
as a degumming agent. Tenacity and elongation values of
acid-degummed samples were slightly higher than with
conventionally treated silk, as with previous results [8,9].
The difference between the modulus of elasticity values,
which represents the initial resistance to elongation, was
particularly significant. This characteristic was also
verified in the case of fabric degumming tests, and it
seemed to be closely connected to the use of tartaric acid.
Degumming conditions for twill silk fabric were
studied by evaluating the influence of parameters such as

Table 1 Degumming loss and tensile properties of
silk yarn degummed with soap and tartaric acid

Soap Tartaric acid
Degumming loss (%) 21.5 23.0
Tenacity (g/denier) 3.3 3.7
Strain (%) 12.5 13.0
Modulus {g/denier) 71.1 90.8

acid concentration (4, 6, 8, 10 g/1), time (30, 60, 90 min) and
temperature (90, 95, 98°C) on degumming efficiency,
expressed in terms of weight loss. The results reported in
Figure 1 show that a temperature of 98°C was required in
order to obtain a weight loss comparable to the one
obtained with soap degumming (approx. 25%). At lower
temperatures removal of sericin was not complete,
irrespective of tartaric acid concentration and duration of
the process, at least over the range considered. It is
interesting to note that at 98°C the treatment efficiency
was also good at relatively low acid concentrations (4 g/l
for 60 min).

Tenacity, elongation at break, modulus of elasticity and
intrinsic viscosity values of silk fabrics degummed at 98°C
are presented in Table 2. A sample of the same fabric
degummed with soap was included for comparison.
Values obtained for acid-degummed fabrics were fairly
homogeneous. In general, the experimental conditions
adopted permitted efficient degumming and preserved
the intrinsic properties of the fibre.
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Figure 1 Degumming loss as a function of degumming temperature and time, and of tartaric acid concentration
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When comparing acid-degummed fabric with the soap-
degummed sample, the tenacity and elongation values
were found to be similar, while acid-degummed samples
showed significantly higher modulus of elasticity values,
as previously observed with silk yarn. The elasticity
parameter can be correlated with the fabric handle, and
indeed it was noticed that the acid-degummed samples
had a more “scroopy” handle when compared with soap-
degummed ones.

The intrinsic viscosity values of acid-degummed
samples were quite high, and confirmed that the
experimental conditions adopted did not cause hydrolytic
degradation of silk fibre. The average viscosity was lower
than that of the reference sample, probably due to the
higher susceptibility of silk to wet, high-temperature
treatments in acid baths [10].

Dyeing tests

The influence of the degumming process on the dyeing
behaviour of silk fabric is very important from an
industrial point of view, as it affects the final quality of
dyed fabrics, as well as the consumption of both chemicals
and energy during the dyeing process, and the duration
of the process itself.

Results of dyeing tests are reported in Table 3. The dye
uptake of acid-degummed fabric with acid and metal-
complex dyes was noticeably higher when compared to
that of soap-degummed fabric. The increase in dyeability
was probably due to the residual tartaric acid held by the
fibre [8], which would promote the formation of salt
bonds between acid dye molecules and fibroin. In the case
of levelling acid dyes, the K/S value of tartaric acid-
degummed fabric was approx. 30% higher than that of
soap-degummed fabric. With milling acid dyes, other
kinds of interactions play an important role during the
dyeing process, and therefore the increase in K/S value
noted was lower (10%). The effect of the higher dye
uptake on the colour fastness of acid-degummed silk
fabrics is the subject of a later study.

The uptake of vinyl sulphone reactive dyes was lower
with acid-degummed fabrics than in conventional
degumming. In this case the presence of residual tartaric
acid on the fabric could either inhibit the dissociation
reaction of the nucleophilic groups of fibroin, thus
reducing their capability to react with dye’s vinyl group,
or induce hydrolysis of the latter.

Reuse of the degumming bath

The possibility of reusing the same bath for further
degummings needed to be verified in view of possible
industrial application of the process. The efficiency of
degumming baths containing tartaric acid at different
concentrations was investigated during eight subsequent
degummings, with a soap bath being included as a
reference. Figure 2 shows the trend in weight loss values.
The soap bath maintained a good degumming efficiency
until the fourth degumming; after this a sharp decrease of
weight loss was observed. Acid baths showed a more

gradual decrease of degumming efficiency, the decrease
being higher when the initial concentration of acid was
lower.

These results seem to demonstrate that the behaviour
of acid baths can be strictly correlated to the quantity of
sericin in the bath. Interaction between tartaric acid and
sericin in the bath led to a decrease of the quantity of acid
available for the degumming. This was probably due to
the increased amount of substrate on which tartaric acid
had to exert its hydrolytic action.

Table 2 Tensile properties of sitk fabrics degummed with soap and
tartaric acid at various concentrations and for different times

Waeit Warp
30 60 90 30 60 90
min min - min min min  min
Soap 7 g/
Tenacity {g/denier) 4.0 3.9
Strain {%) 17.9 17.0
Modulus (g/denier) 65.5 58.7
[? 0.72
Tanaric acid 4 g/l
Tenacity (g/denier) 40 40 40 39
Strain (%) 17.6 17.6 16.7 16.0
Modulus (g/denier) 705 722 647 ©4.0
[n? 0.62
Tantaric acid 6 g/!
Tenacity (g/denier) 4.3 41 41 4.0 38 40
Strain (%) 180 179 182 169 162 16.9

Modulus (g/denier) 752 700 696 618 636 616
[ 0.61

Tantaric acid 8 g/1
Tenacity (g/denier) 4.1 41 40 3.8 40 39
Strain (%) 179 179 177 155 167 165

Modulus (g/denier) 722 71.0 69.2 844 638 62.2
{n 0.60

Tartaric acid 10 g/
Tenacity {g/denier) 41 41 4.2 3.6 39 41
17.3 17.7 155 159 169

Strain (%) 17.4
Modulus (g/denier} 732 733 720 616 632 64.0
[n)2 0.59
a [n] = intrinsic viscosity in decilitres per gram, referring to the fabric

degummed for 60 min

Table 3 K/S values of silk fabrics degummed with
tartaric acid and soap and dyed with different dyes

K/S
Soap Tartaric acid
Cl Acid Blue 25 1.96 2.52
Cl Acid Blue 62 8.72 9.66
Cl Acid Blue 193 2.30 3.086
Cl Reactive Blue 27 377 3.38
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Degumming bath centrifuging tests

In order to reduce the quantity of sericin in the bath, a
centrifuging cycle was carried out after each degumming,
The purpose was not only to improve process efficiency, but
also to reduce the organic load discharged to waste and to
investigate the possibility of recovering sericin for reuse in
other fields [11].

The results obtained with a bath containing 8 g/l tartaric
acid showed that the decrease in degumming efficiency
occurred more quickly when the bath was centrifuged
(Figure 3). A possible explanation is that sericin removed by
centrifuging might take with it a certain amount of tartaric
acid, thus reducing the latter’s concentration in the bath.
Furthermore, peptides of low rm.m. present in sericin were
not removed from the solution. This could explain why the
degumming activity was not enhanced by the removal of
part of the accumulated sericin.

When part of the bath (15% vol.) was substituted with an
equal volume of fresh solution, degumming efficiency was
restored to the same level as when the bath had not been
subjected to centrifuging. It was therefore concluded that
the degumming efficiency of the bath can not be improved
through a centrifuging cycle. However, centrifugation still
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represents, in our opinion, an interesting approach to a
possible recovery and reuse of sericin.

Restoring degumming efficiency

Reuse of any degumming bath would require the addition
of a certain amount of tartaric acid in order to compensate
for the accumulation of sericin in the bath and to restore its
initial degumming efficiency. Starting from a bath
containing 8 g/ tartaric acid, we carried out eight
subsequent degummings. After every degumming, we
substituted part of the bath (15% vol.) with fresh tartaric
acid solutions at different concentrations. The results
obtained show that a 16 g/l solution was sufficient to
maintain an unchanged degumming efficiency (Figure 4).

The relationship between weight loss, amount of sericin
and concentration of tartaric acid in baths refilled with 8, 12
and 16 g/ tartaric acid solutions {15% vol ) is shown in
Figure 5. Results demonstrate that acid concentration must
be higher than sericin concentration in order to maintain
the degumming efficiency. When the two values become
similar, as in the case of the fourth and the sixth
degummings in Figure 5a and 5b, a decrease of the
degumming efficiency was noticed. These results seem to
confirm that a stoichiometric reaction occurred between
sericin and acid, which led to hydrolysis of sericin and
inactivation of the acid.

The mechanism of acid hydrolysis has not yet been fully
clarified. Some authors suggest that the diluted acids attack
the peptide bonds adjacent to aspartic and glutamic acid
residues [8,12]. The rate at which these bonds cleave would
be 100 times higher than the cleavage of other bonds. This
could explain the preferential action of the acid on sericin
(which contains about 22 mol% of aspartic and glutamic
acid, whereas fibroin contains only 2.5 mol%). It could also
explain the ‘inhibitive’ action of sericin accumulating in the
bath.

The need to strengthen the baths during subsequent
degummings did not affect the amount of tartaric acid
absorbed by silk. The results obtained by titrating the
degumming baths before and after each degumming step
showed that the amount of acid absorbed was independent
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of the initial bath concentration. The average amount of
tartaric acid retained by silk was about 2%, a value close to
saturation [8].

Table 4 reports the physico-mechanical characteristics of
the samples obtained during the subsequent degumming
tests with bath substitution. There was a tendency towards
a gradual decrease of tenacity and elongation values with
increasing tartaric acid in the bath. This decrease was
particularly evident in the sixth and the eighth degumming
of the series carried out using a high acid concentration for
refilling (36 and 64 g/1). But it should be stressed that, in
these cases also, the level of degradation of the samples was
low, and the physico-mechanical and functional
characteristics of silk were substantially unaffected.

CONCLUSIONS

Results obtained in this study reveal the good
performances of tartaric acid as a degumming agent for silk,
as well as the good physico-chemical characteristics of the
degummed fibre. The hydrolytic action of tartaric acid on
silk is limited, and can be easily controlled by careful
evaluation of the process parameters. The degummed
fabric shows a good lustre and a ‘scroopier’ handle when
compared with soap-degummed fabric. Considering that
dyeability with acid dyes and comfort properties (such as
wicking, wettability, water retention and permeability) are
also enhanced [7], we can conclude that the acid
degumming process shows potential for possible industrial
application.

The laboratory tests led to a definition of the conditions
for the development of a possible industrial application, on
discontinuous equipment (star frames), with reuse of the
bath for at least eight to ten subsequent degummings.
Industrial degumming tests on star frames are being carried
out, with particular attention to the following aspects:
definition of the degumming time as a function of the fabric
weight and texture, removal of fugitive dyes and of soaking
oil from the fabric in acidic conditions, shrinkage of the
fabric, etc.

Finally, the importance of recovering sericin from the
degumming baths should not be overlooked, with
noticeable advantages from the environmental point of
view, due to the reduction of the pollution load. Further

Table 4 Tensile properties of siik fabrics obtained from
successive degummings, reptenishing with tartaric acid
solutions of increasing concentration

Successive degummings

2nd 4th 6th 8th

12 g/l tantaric acid
Tenacity {g/denier) 4.02 4.04 3.85 4.03

Strain (%) 19.63 1910 18.46 18.92
Modulus (g/denier) 65.16 68.78 66.84 67.14
16 g/l tartaric acid

Tenacity {(g/denier) 4.00 4.02 3.96 3.86
Strain (%) 18.93 19.03 18.51 19.16
Modulus (g/denier) 63.30 6098 64.79 64.81
25 g/ tartaric acid

Tenacity (g/denier) 3.98 4.04 4.02 412
Strain (%) 1877 18.35 18.50 18.75
Modulus (g/denier) 66.45 70.85 68.80 71.01
36 g/ tartaric acid

Tenacity (g/denier) 3.98 4.08 3.79 3.90
Strain (%) 18.87 1823 17.74 18.78
Medulus (g/denier) 66.81 71.06 68.48 67.58
64 g/l tartaric acid

Tenacity (g/denier) 4.03 4.05 3.97 377
Strain (%) 19.31 18,97 1784 18.35
Modulus (g/denier) 63.82 66.10 69.34 65.48

studies will be carried out for the development of an ‘on-
line’ recovery process, as well as for the chemical
characterisation of this important protein fraction.
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