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STUDIES OF SOME WOOL/ACRYLIC WOVEN FABRICS

PART II: POLYURETHANE AND POLYACRYLATE TREATED
PLAIN AND 2/2 TWILL LIGHTWEIGHT FABRICS FROM WOOL
BLENDED WITH REGULAR ACRYLIC

by §. SMUTS and L. HUNTER

ABSTRACT

Plain weave and 2/2 twill lightweight fabrics (200 g/m* ) made from all-wool,
all-acrylic and a range of intimate blends of these two fibre types were treated with a
polyurethane polymer from a solvent system and a mixture of the bisulphite
adduct of a polyurethane and a polyacrylate polymer from an agueous system.

~ Both polymer treatments reduced the relaxation and felting shrinkage of the
wool-rich blends to levels similar to those of the acrylic-rich blends. The untreated
and treated acrylic-rich blends did not differ much with respect to relaxation and
felting shrinkage. The improvement in the appearance after washing due to the
treatments was disappointingly small,

At the level of polymer application (2 per cent o.m.f. ) used, the effect of the
treatment on the crease recovery angle and wrinkle height was small.

Both treatments effected a similar increase in the fabric stiffness. The fabric
breaking strength, the tear strength and the bursting strength were almost unaffected
by the treatments. The resistance to flat abrasion of the 2/2 twill fabrics was much
improved by the treatments, with the polymer mixture applied from the aqueous
system being superior. The resistance to flat abrasion of the plain weave fabrics was
not greatly affected by the treatments. The results obtained on the wooljacrylic
blends are also compared with results previously obtained on wool/polyester blends.

INTRODUCTION

Felting shrinkage of wool and wool-rich blend fabrics have been found to be
efficiently. controlled by the application of a polyurethane polymer with free
isocyanate groups (BSynthappret LKF)!-3, In addition, such a treatment resulted
in good - appearance after washing 2.4 and improved dry crease (or wrinkle)
resistance® =7 . Small levels of ‘Synthappret LKF add-on were sufficient to control
felting1-4 but larger amounts were required to impart significant improvements in
the wrinkle. recoverys-7. However, at high Synthappret LKF add-on levels the
handle (stiffness). of the fabric was impaired2-5 although De Boos5 has shown how
this problem can be (partially) overcome so that higher polyurethane add-on (and
thus better wrinkle . recovery). was practically feasible. The application of
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Synthappret LKF to woven worsted fabrics has been shown to improve resistance
to mild abrasion8 (i.e. reduce the rate at which the fabrics became worn and shiny).

Scanning electron microscope examination9 has revealed that, when fabrics
were treated with Synthappret LKF, individual fibres may be encapsulated in a
polymer sheath which may or may not be complete. The presence of polymer bonds
between individual fibres (i.e. interfibre bonds or “spotwelding”) has also been
demonstrated9. These effects, singly or collectively, imparted to the fabrics their
antifelting properties. The improvement in wrinkle recovery obtained by Syn-
thappret LKF treatment has been partly ascribed to such interfibre bondsé and
their relationship has been the subject of other papers10-12,

Polyacrylate polymers have been used to improve the abrasion resistance of
cross-linked cellulosic fabrics and also contribute to the improvement in wrinkle
recovery. When applied to wool the softer polyacrylates caused no significant
changes in the wrinkling properties of wool7,

A recent article13 described the application of an ionic water-soluble bi-
sulphite adduct of a polyisocyanate (Synthappret LKF) to wool fabrics. The
adduct provided shrinkage control to a wide range of fabrics and easy-care all-wool
fabrics could be obtained by flat-setting after resin treatment. Fabrics with delayed
cure properties could also be obtained.

Silver and Creed!* applied the water soluble adduct of Synthappret LKF (BAS)
alone, and with the polyacrylate® Primal TR485 to all-wool single jersey structures:
They concluded that the application of resin, from either aqueous or solvent
systems, improved most fabric properties (e.g. pilling and abrasion resistance)
although fabric stiffness (drape coefficient) appeared to increase.

The development of water soluble polyurethane shrink resist polymers
prompted this investigation, the aim of this study being to evaluate and compare
the performance of a solvent soluble polyurethane treatment with that of a polyur-
ethane adduct and soft polyacrylate mixture when these were applied to blends of
wool and regular acrylic. The performance of the untreated fabrics has been the
subject of a previous report® €.

EXPERIMENTAL

Plain and 2/2 twill lightweight fabrics (approximately 200 g/m2) which were
prepared for an earlier study16 were used in this investigation. Regular acrylic
(3,3 dtex) was intimately blended with a 64’s merino wool to produce six blend
levels ranging from all-acrylic to all-wool. The acrylic content of the fabrics was
increased in steps of 20 per cent (absolute). Other details of the fabrics and proces-
sing conditions were given in an earlier publication16. Because of the amount of
work involved in a study of this nature, and the minor differences in fabric proper-
ties observed for the two acrylic fibre linear densities16, it was decided to include
only the blends with the 3,3 dtex acrylic in this investigation.

The polymers used in this experiment were Synthappret LKF (a solvent
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soluble polyurethane containing free isocyanate groups) and an aqueous mixture of
polymers i.e. the water-soluble bisulphite adduct of Synthappret LKF (Synthappret
4694) and Primal TR485, a soft polyacrylate. The Synthappret LKF was applied
(2 per cent on mass of fabnc) in a Permac Béwe LFM 12 machine by the d1p tumble
.method. The dried fabrics were'cured in an autoclave for 2 minutes at 110°C. The
2 per cent (o.m.f.) Synthappret 4694/Primal TR485 aqueous m1xture (1:1ratio) was
padded onto the fabrics which were then dried and cured at 135°C for 3 minutes
and finally decatised (5 minutes steam, 3 minutes cooling).
The mechanical and wrinkling properties of the fabrics were measured in the
same manner as before16,17,

RESULTS AND DISCUSSION

The results of the physical tests are presented in Tables I and II as well as the
various graphs (Figs. 1 to 6).

The effect of the acrylic content on the fabric properties was generally the
same for the treated fabrics as those reported previously16 for the untreated fabrics
and will not be discussed here.

Fabric Mass per Unit Area

The mass per unit area of the treated fabrics was slightly higher than that of
the untreated fabrics. The 2/2 twill showed a slightly larger increase in mass per
unit area than the plain weave. The increase in fabric mass per unit area was due
partly to the resin add-on and partly to relaxation shrinkage which occurred
during the treatment.

Fabric Thickness

The fabric thickness increased slightly upon treatment for both weaves. The
2/2 twill fabrics showed a greater increase in thickness.than the plain weave fabrics.
Both methods used to apply the polymer will assist relaxation and therefore the
development of fabric “bulk”. This is considered to be mainly responsible for the
observed changes.

Air Permeaf)ility
The air permeability of both weaves increased slightly after treatment. The
increase for the 2/2 twill was larger than that for the plain weave.

Tensile Properties

The' tenacity, tear strength and bursting strength of the treated fabrics were
not changed significantly by either treatment. The slight improvements which were
sometimes evident could be due to slight changes in the fabric sett (structure)
which occurred as a result of possible relaxation during the treatments. No con-

SAWTRI Technical Report, No. 352 — June, 1977 5



LLGI ‘dunf — 7S€ "ON 140daY [womuyd3 ] [ IMVS

FABRIC TENACITY (cN/TEX)

20 2/2 TWILL r PLAIN

Resin Treatment

277
,}‘// @®  Untreated

*  Solvent

[0 Aqueous
5 - -
ot ¢ L °® L 1 L I s

0 . 20 40 60 80 100 0 20 40 60 80
ACRYLIC CONTENT (%) ACRYLIC CONTENT (%)

) FIGURE 1
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weaves and the various treatments.
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sistent difference of any significance was observed between the two treatments.
The general trends are illustrated by the fabric tenacity results plotted in Fig. 1.

Stoll Flex Abrasion

A deterioration in the flex abrasion properties of the all-wool fabric was
observed after the treatment, whereas the flex abrasion of the blend and all-acrylic
fabrics improved after the resin treatments. Both treatments gave similar results.

Martindale Abrasion

The same trends observed for wool/polyester fabrics* were also observed for
wool/acrylic 2/2 twill fabrics after the polyurethane treatment, viz. an improve-
ment in their abrasion resistance. This is illustrated in Fig. 2. This result is in agree-
ment with the observed reduction in the development of shine of mildly abraded Syn-
thappret LKF treated fabricss.

Small improvements were realised for the plain weave fabrics but, initially,
these fabrics had good abrasion resistance. The advantage of using these polymers
was more apparent for the 2/2 twill fabrics and also as the wool content increased.
The 2/2 twill fabrics treated with the aqueous mixture of polymers had better
abrasion resistance than the fabrics treated with the solvent soluble polymer and
approached that of the plain weave fabrics.

Fabric Stiffness

Both treatments caused similar increases in the drape coefficient of the fabrics.
The 2/2 twill fabrics had slightly lower drape coefficients before and after treat-
ment than the plain weave fabrics which confirms previous observations4.

In Fig. 3 flexural rigidity has been plotted against acrylic content for the
various treatments. The cantilever flexural rigidity (or bending length) was also
increased by the polyurethane treatments. Both treatments resulted in approxi-
mately the same increases for the 2/2 twill fabrics, but for the plain weave fabrics
the aqueous treatment caused a much smaller increase in the fabric stiffness.

The increase in fabric stiffness is a well-known2-5,18 disadvantage of applying
polyurethane polymers.

Relaxation and Felting Shrinkage

Both polymer treatments resulted in a similar reduction in relaxation
shrinkage for all blend levels (Fig. 4). The reduction in relaxation shrinkage can
probably be ascribed to relaxation during the resin treatment since both processes
(i.e. dip-tumble process for the solvent soluble application and “wet-pad” process
for the aqueous application) promotes fabric relaxation. Spotwelding (interfibre
bonding) may also partially inhibit relaxation. This reduced relaxation shrinkage is
an added advantage since it ensures that very little shrinkage will occur after the
shrinkproofing had been carried out.

8 SAWTRI Technical Report, No. 352 — June, 1977
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The felting shrinkage of all the blend levels, for both the plain ‘and 2/2 twill
weaves, was reduced by both polymer treatments to a low level (approximately 3
per cent area shrinkage) similar to that obtained for the all-acrylic and acrylic-rich
blends (see Fig. 5). A similar low level of area shrinkage was obtained by other
workers when applying polyurethanel-4 at similar levels of application as that used
here.

Appearance after washing (DP rating)

Improvement in DP rating due to the polymer treatments was disappointing-
ly small (see Table II) when compared with the work of others2.4, Since acrylic has
a low softening point care must be taken during washing, otherwise poor durable
press ratings may result. The wash test used in this study for assessing the
durable press performance was also very severe compared with that normally used
for assessing the durable press performance of cotton type fabrics. The level of add-
on therefore appears to have been insufficient for ensuring durable press perform-
ance when using a severe wash test such as the three hour Cubex wash employed
here. Had a less severe wash test been used, this level of application may have given
adequate DP performance. Nevertheless, it appears futile to subject the fabric to
different wash tests for shrinkage and durable press performance, respectively.

It may be noted that wool/polyester blend tabrics given similar tréeatments
and washed together with these fabrics gave superior DP ratings.

Monsanto Crease Recovery

The fabrics were tested in the de-aged state at both 65%RH/20°C and
75% RH/27°C (see Table II). Some improvements in the crease recovery angle was
observed after the respective treatments. Reasons for the improvements effected by
polyurethane have been suggested by Shishoo6. No difference of any consequence
was observed for the two different treatments when creasing at 75%RH/27°C
although the solvent treatment appeared to give superior results when tested at
652 RH/20°C. More consistent and larger improvements in the crease recovery
angles as a result of the polymer treatments were obtained for the acrylic-rich and
all-acrylic fabrics. As would be expected, lower crease recovery angles were obtained
when the fabrics were creased at 75%RH/27°C than when they were creased at
65%RH/20°C.

FRL Wrinkling

The FRL wrinkle height was plotted against the acrylic content for the
various treatments (Fig. 6). The results are contradictory to those obtainéd for the
crease recovery angle in that, while improvements were noticed for the all-wool and
wool-rich fabrics after the treatments, the opposite occurred for the treated acrylic-
rich blends. No consistent differences due to the different treatments were observed,
although the solvent treatment appeared to be inferior to the aqueous treatment in
the case of the plain fabrics.

SAWTRI Technical Report, No. 352 — June, 1977 11
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General

Taking an overall view of the work carried out on wool/acrylic and wool/
polyester blended fabrics (= 200 g/m2) it appears that the wool/polyester blend
fabrics were generally equal or superior to the wool/acrylic fabrics in the measured
properties. It also appears that a blend level of approximately 60/40 wool/polyester
may be the best combination from the point of view of comfort and durability,
although a resin treatment would still be required to reduce felting shrinkage if the
fabric is to be given a severe wash. This can be adequately achieved by applying
about 2 per cent of a polyurethane (from either aqueous or solvent systems) or else
by applying about 5 per cent of a silicone resin (e.g. DC 109). The latter appears to -
be preferable in terms of the fabric properties in general.

SUMMARY AND CONCLUSIONS

The mechanical properties of untreated and polymer treated (polyurethane
and polyurethane/polyacrylate applied from solvent and aqueous systems, respect-
ively) lightweight (200 g/m2) plain and 2/2 twill weave fabrics consisting of blends
of wool and regular acrylic were compared.

In general, the two polymer treatments resulted in approximately the same
changes in the fabric properties when compared with the untreated fabrics, except
for the flat abrasion resistance (Martindale) results where the aqueous polymer
mixture was superior.

The strength characteristics (tensile strength, tear strength, bursting strength
and flex abrasion) were not changed to any significant extent by the treatments.
The felting shrinkage, relaxation shrinkage, flat abrasion resistance, Monsanto
crease recovery angle, air permeability and durable press ratings showed improve-
ments upon treatment. The improvements in the appearance after washing and the
Monsanto crease recovery angle were slight, however. A larger polymer add-on
(i.e. greater than 2 per cent o.m.f.) would probably have effected greater improve-
ments. Of the measured properties, the fabric stiffness was the only one which
deteriorated upon treatment.

For the particular structures used in this investigation, untreated plain weave
fabrics having 20 per cent or more acrylic and 2/2 twill fabrics having 60 per cent
or more acrylic had an area felting shrinkage of less than 5 per cent after the three-
hour wash test. Both polymer treatments, when applied at a 2 per cent (o.m.f.)
level, reduced the felting shrinkage of the all-wool and wool-rich fabrics to less than
5 per cent shrinkage in area.

Untreated plain weave fabrics having 60 per cent or more and 2/2 twill fabrics
having 80 per cent or more acrylic had durable press (DP) ratings of approximately
3. These fabrics, therefore, required resin treatment, not to mention fabrics having
higher percentages of wool. The appearance after washing (i.e. DP level) was not
improved very much by either treatment.

Taking all the technical factors into consideration it seems that wool-rich

14 SAWTRI Technical Report, No. 352 — June, 1977



plain and 2/2 twill fabrics, acceptable in both comfort and mechanical properties
(except perhaps appearance after washing), could be obtained by treating the
fabrics with two per cent (0.m.f.) of a polyurethane (solvent system) or a polyure-
thane/polyacrylate mixture (aqueous system). Perhaps a slight preference should be
given to the aqueous application because it results in better abrasion resistance, and,
possibly, slightly less stiff fabrics (Wwhen compared with the solvent soluble polymer
application). '
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THE USE CF PROPRIETARY NAMES

®Synthap_pret LKF is a registered trade name of Messrs Bayer, and ®Primal is
a registered trade name of Messrs Rohm and Haas.

The fact that products with proprietary names have been used in this inves-
tigation does not imply that there are not others equally good or better.
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