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1. Introduction

A class of compounds based on polydimethyl siloxanes, which have reactive hydroxyl groups
at each end of the polymer chain, was first introduced into the UK textile auxiliary market by
Ciba-Geigy in 1973.

These compounds go under the generic name of silicone elastomers and were first introduced
for application to fabrics made from acrylic yarns in an attempt to improve the resistance to
pilling.

The early products were solvent based and their application was carried out in batch solvent
scouring equipment. A later development was the introduction of aqueous emulsions of these
products which could be applied on conventional padding equipment. When applied to
cellulosic fabrics they are claimed to:

- improve garment shape retention,

- improve dimensional stability,

- improve stitch lubrication,

- improve stretch and recovery properties, amongst others.

After application and curing, three-dimensional, structured elastomeric lattices of very high
molecular weight are formed on the fibre surfaces. These elastomer films are very stable and
have a high resistance to washing and dry cleaning.

Although relatively expensive, their use in the finishing of knitted fabrics made from cotton
yarns appears to be on the increase. They are usually applied in conjunction with a
crosslinking agent, mainly because they counteract the dry handle which is usually associated
with crosslinked knitted cotton fabrics and also because it is claimed they contribute to
dimensional stability, and therefore can replace part of the crosslinking agent, and hence
reduce bursting strength losses.

An on-going part of the STARFISH programme is an evaluation of crosslinking treatments on
Interlock, 1x1 rib, and eventually single jersey fabrics. It was therefore felt that the effects of
the inclusion of a silicone elastomer into a crosslinker formulation ought to be investigated to
determine whether or not the Reference State of the fabric is affected. If this were the case,
then the STARFISH predictive model would have to take into account any change directly
attributable to the inclusion of an elastomer in the crosslinker formulation.

2. Procedure

Research Record No. 126 describes the practical details of the application of a 2½% o.w.f.
crosslinker level to the full range of Central Project fabrics, both mercerised and
unmercerised. Since then a further set has been treated at a level of 1% o.w.f. and Research
Record No. 159 describes the mathematical analysis of both sets of data.

In the current evaluation a full set of fabrics was treated with a crosslinker level of 1¾%
o.w.f. A second set was also treated at a level of 1¾% but the usual softener & lubricants
were replaced with the three components of the silicone elastomer. The concentration of
elastomer used was that recommended by Ciba-Geigy technical personnel. The actual baths
used were as follows.
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1¾% o.w.f. crosslinker

40 g/l Fixapret CPN

6 g/l MgC12 6H20

25 g/l Siligen E

25 g/l Perapret PE40

1 g/l Synperonic

1 cc/l Acetic Acid

1¾% o.w.f. crosslinker and elastomer

40 g/l Fixapret CPN

6 g/l MgC12 6H20

30 g/l Dicrylan WK*

6 g/l Phobotone WS*

3g/l Phobotone Catalyst ZF*

1 cc/l Acetic Acid

* Elastomer components

The two pre-assembled sets of fabrics (62 constructions in each) were each padded through
one of the above formulations at a wet pick-up of 99% and dried on the Shirley Artos stenter
at 120°C to a width of 80-81 cm.

Maximum overfeed possible was applied commensurate with crease free running. It was
noted that the fabric which had been treated with the elastomer-containing formulation had a
tendency to crease at the overfeed wheel and the amount of overfeed applied had to be
reduced slightly. This was due to slippage between the rubber wheel and the fabric due,
presumably, to a coating of silicone on the rubber wheel.

After drying, the fabrics were cured by re-running them down the stenter at a temperature of
170°C with a delay of 45 seconds. All fabrics were submitted to the testing laboratory for
comprehensive testing.

3. The Analytical Procedure

All the test data were entered onto the Central Project data base with the following identifiers.

JDX3 Crosslinked 1¾% level

MJDX3 Mercerised, crosslinked 1¾% level

JDX3E Crosslinked 1¾% + elastomer

MJDX3E Mercerised, crosslinked 1¾% + elastomer

The fabric properties considered to be of particular interest, especially after applying a
chemical crosslinking treatment, are length shrinkage, courses /cm, wales /cm, weight gsm,
stitch density \cm2, bursting strength.
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The following mathematical relationships were taken and tested with the data from these
latest treatments, where L is the Stitch Length and T is the average yarn Tex, both measured
in the Starfish Reference State, whilst SES is the average single-end yarn strength.

Output Parameter Equation Form

1 Courses /cm Y = a + b/L + c.√T

2 Wales /cm Y = a + b/L + c.√T

3 Weight, gsm Y = a + b.T/L

4 Stitch Density, \cm2 Y = a + b/L2 + c.T

5 Burst Strength Y = a + b/L2 + c.T + d.SES

In each case the equations predict the property in the fully-relaxed or Reference state. For
each property in turn the regression coefficients and the correlation coefficients were obtained
using the Tektronix statistical software package.

4. Presentation Of Results

The results are presented and illustrated in the following Tables and Figures.

1x1 Rib Interlock

Test Data

JDX3 Table 1 Table 5

JDX3E Table 2 Table 6

MJDX3 Table 3 Table 7

MJDX3E Table 4 Table 8

Regression & Correlation Coefficients

Courses /cm Table 9

Wales /cm Table 10

Stitch Density Table 11

Weight Table 12

Bursting Strength Table 13

Tex Table 14

Stitch Length Table 15
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Graphs: Measured Data & Calculated Regression Curves

Courses /cm Figures 22-24 Figures 1-3

Wales /cm Figures 25-27 Figures 4-6

Stitch Density Figures 28-30 Figures 7-9

Weight Figures 31-33 Figures 10-12

Bursting Strength Figures 34-36 Figures 13-15

Tex Figures 37-39 Figures 16-18

Stitch Length Figures 40-42 Figures 19-21

5. Discussion Of Results

5.1. Interlock

Relaxed courses /cm

Figures 1-3 show the effect of including elastomer in a crosslinking bath on the fully-relaxed
courses of unmercerised and mercerised interlock fabric. There is no evidence to suggest that
there is any additional effect other than that of the crosslinking agent itself.

Relaxed wales /cm

Figures 4-6 show the effect of elastomer inclusion on the fully relaxed wales. Although the
correlation coefficients are rather on the low side due to scatter of points, over the three yarn
counts there is no concrete evidence to suggest that the fully relaxed wales will be influenced
by the inclusion of elastomer in the formulation.

Relaxed Stitch Density

Figures 7-9 confirm the conclusions of the previous two paragraphs in that, since relaxed
courses and wales are unaffected by the inclusion of elastomer, then stitch density is also
unaffected.

Relaxed Weight

Figures 10-12 show the effect of elastomer inclusion on the fully relaxed weight. Over the
three yarn counts there is the suggestion that the elastomer-treated fabrics have a slightly
lower fully relaxed weight than the non elastomer-treated fabrics but the differences are so
small that they are probably insignificant and can probably be ignored.

Relaxed Bursting Strength

Figures 13-15 show the effect of elastomer inclusion on the fully-relaxed bursting strength of
both unmercerised and mercerised interlock fabrics.
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With the unmercerised fabrics there appears to be no effect on bursting strength but with the
mercerised fabrics the inclusion of elastomer appears to result in a slight reduction in the
bursting strength values. The reduction is of the order of 7%.

There is however a fair degree of scatter in the results and the correlation coefficients of the
elastomer-treated fabrics are rather on the low side (0.90 and 0.92).

Relaxed Distension at Burst

Figures 16-18 show the distension measured on the fabrics at burst. The unmercerised
fabrics do not exhibit any systematic differences whereas the mercerised fabrics treated with
elastomer almost always show a lower distension figure than the corresponding non
elastomer-treated fabrics. The differences, however, are very small and are of the order of 1-
l2 millimetres or 10% of total distension. The effect can, therefore, probably be considered to
be insignificant.

Length Shrinkage

Since it has already been established that elastomer has no effect on the fully-relaxed courses
and wales of interlock fabric, any differences in residual length shrinkage can be directly
attributable to fabric handling characteristics. Figures 19-21 show the effect of elastomer
inclusion on the residual length shrinkage values. It has already been reported in the text that
the fabrics behaved differently in the feeding section of the stenter and that the elastomer
treated fabrics tended to cause some slippage of the feeding wheels resulting in some
creasing.

From the length shrinkage figures, however, the elastomer-treated mercerised fabrics tend to
exhibit marginally higher length shrinkages whereas the elastomer-treated unmercerised
fabrics tend to show marginally lower length shrinkages.

Since the mercerised and unmercerised fabrics were treated together these differences can not
be attributable to the changes in stenter settings which had to be made to prevent creasing.

5.2. 1x1 Rib

Relaxed Courses /cm

Figures 22-24 show the effect of the inclusion of an elastomer in the finishing bath on the
fully-relaxed courses of unmercerised and mercerised 1x1 Rib fabrics. Unlike the interlock
fabrics there are very slight consistent differences between the elastomer and non-elastomer
treatments. The elastomer-treated fabrics tend to show an additional 2 courses per cm in the
reference state over their non elastomer-treated counterparts.

Relaxed Wales /cm

Figures 25-27 show the effect of elastomer inclusion on the fully relaxed wales. Although, as
with the interlock fabrics, there is some scatter in the elastomer treatments, there does not
appear to be a systematic effect on the fully-relaxed wales directly attributable to the
elastomer component.
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Relaxed Stitch Density

Figures 28-30 show the effect of the inclusion of elastomer on the fully-relaxed stitch density
of 1x1 rib fabrics.

In keeping with the observations of relaxed courses and wales, there does appear to be a very
slight increase in the stitch density across the three yarn counts. The differences are rather
small but nevertheless consistent and are higher for the elastomer treated fabrics.

Relaxed Weight

Figures 31-33 illustrate the effect of elastomer inclusion on the fully-relaxed weight of
unmercerised and mercerised 1x1 rib fabrics.

Unlike the interlock fabrics, a systematic difference, although small, is observed. The
elastomer-treated fabrics are nearly always slightly heavier by about 10-15 gsm which is
approximately 5% of the total weight.

Relaxed Bursting Strength

Figures 34-36 show the effect of elastomer on bursting strength. Although very slight, there
is a systematic difference between the non elastomer-treated and elastomer-treated fabrics.
This difference, however, shows a reverse to that observed with the interlock fabrics. With
the rib fabrics the bursting strength is nearly always slightly higher in the case of the
elastomer treatment, whereas with the interlock fabrics it was nearly always slightly lower.

Distension at Burst

Figures 37-39 show the distensions at burst measured on the rib fabrics and over the three
yarn counts. There is no concrete evidence to suggest that elastomer is having any systematic
effect on this property.

Length Shrinkage

The effect on length shrinkage caused by the inclusion of an elastomer is shown in Figures
40-42. There is some evidence to suggest that the elastomer-treated fabrics have lower
residual shrinkage (length) figures even though the overfeed settings of the stenter had to be
reduced to avoid creasing. This could be due to the effect of reduced yarn friction which
allows the fabrics to relax easier as they "flutter" during the passage through the stenter
and/or to the effect of the elastomer on recovery from stretching, mentioned below.

6. Conclusions

The main reason why a finisher is likely to use an expensive chemical such as an elastomer in
the finishing formulation is if the benefits conferred by such a product are very considerable.

In terms of handle the elastomer certainly does confer a much better feel to the fabric when
compared with the relatively dry handle of the conventionally softened fabrics (crosslinked).
The other major benefit which is conferred by the elastomer is that of superior stretch-and-
recovery behaviour. Although not systematically tested here, due to lack of a suitable test
method, it is very evident by handling the fabrics that this improvement is, in fact,
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considerable and could certainly help with many of the garment bagging problems which can
occur.

As far as an effect on fabric Reference State is concerned, however, the inclusion of elastomer
does not have any dramatic effect. Slight changes in the Reference State have been observed
which differ somewhat between interlock and 1x1 rib.

These can be summarised as follows.

Interlock Mercerised
Interlock

Rib Mercerised
Rib

Courses No effect No effect Slight Increase Slight Increase

Wales No effect No effect No effect No effect

Stitch Density No effect No effect Slight Increase Slight Increase

Weight Slight Reduction Slight Reduction Slight Increase Slight Increase

Burst No effect Slight Reduction Very Slight
Increase

Very Slight
Increase

Distension No effect Slight Reduction No effect No effect

Length
Shrinkage

Slight Reduction Slight Increase Slight Reduction Slight Reduction

When compared with the effect that would be experienced if the concentration of crosslinking
agent were to be varied by, for example, ± 1% o.w.f., then the changes brought about by the
inclusion of elastomer (if they are in fact real) are rather insignificant.

Until such time as we have case studies where elastomer has been used and the STARFISH
model can be tested, it would seem that there is sufficient evidence at this stage to ignore the
presence of elastomer and predict on the basis of crosslinking agent level only.
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