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STUDIES OF SOME WOOL/POLYESTER WOVEN FABRICS:

PART I: BLENDS OF UNTREATED WOOL AND POLYESTER
FIBRES IN PLAIN WEAVES

-by MIRIAM SHILOH and R.I. SLINGER*
ABSTRACT

Plain weave, light weight suiting fabrics were constructed from blends of wool
and three types of polyester fibres at various levels of composition. The fabrics
were_ finished by four different procedures. The mechanical properties, and in
particular, the wrinkle resistance of these fabrics, were measured and compared.
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- INTRODUCTION

The purpose of the present study was to establish the effect of the polyester
fibre compenent in wool/polyester blends on some mechanical properties with
special emphasis on the wrinkle resistance of wool-rich blends. In the first part of this
study the effect of yarn and fabric structural variables on the properties tested was
eliminated by producing plain weave fabrics of similar structure. In the second part
of this study structural variables were also investigated.

The first factor which had to be analysed was the effect of the percentage of
the polyester component. The utilization of polyester fibres as blend components
with wool is widely known to be advantageous in respect of a number of properties,
particularly the wash-and-wear performance of such fabrics. In practice the per-
centage of polyester used in wool/polyester fabrics is very often based on previous
experience and economic considerations rather than on the outcome of systematic
laboratory tests. In some cases, therefore, the particular blend ratio chosen may not
be the best one for utilizing the beneficial properties of each fibre component.

It is very difficult to predict the percentage of polyester required for en-
suring successful performance and whether, by exceeding this percentage, it would
be possible to obtain further improvements or whether at higher percentages
certain properties may begin to deteriorate. A knowledge of the behaviour of each
fibre component is not sufficient for predicting the behaviour of the blend. Even

* Deceased.
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though theoretical values can be calculated for average properties of the two com-
ponent blends, actual experimental results very often deviate in a positive or
negative direction from such predicted values. The deviations are due to fibre, yarn,
and fabric structural parameters interacting with the mechanical properties. By
testing blends containing various amounts of polyester fibre, therefore, some
further information can be obtained which facilitates the selection of fabrics, the
properties of which reflect the better characteristic features of both wool and
polyester.

Another object of the present study was to compare different polyester types
in respect of their contribution towards the properties of the blend fabrics. The
first type of polyester used was a ‘normal’ type, the second was a ‘low pilling’
type and the third a ‘high-bulk’ type. The latter two types were recently introduced
as they had been found to have beneficial effects on certain end commodities. Multi-
lobal filaments and staple fibres with reduced pilling propensities have been deve-
loped(!) and introduced to the market as low pilling’ fibres. These fibres are
physically modified with built-in ‘weak-spots’ which are responsible for the break-
age of the fibres once they are pulled out of the fabric. Normal fibres, on the other
hand, usually produce pills when they migrate to the surface of the fabric.

‘High bulk’ polyester fibres shrink more rapidly than do normal polyester
fibres, both in hot air and in boiling water. Their shrinkage is due to a more
moderate and controlled crystallinity in the fibres which make them particularly
suitable for fabrics which are bulked during finishing. The ‘high-bulk’ polyester
fibres offer increasing possibilities for styling and colour effects in light weight
apparel fabrics.

Finally, it seemed of interest to study the response of wool/polyester blend
fabrics to heat setting, decatising and autoclave-decatising under various conditions.
The poor wet wrinkle resistance which is usually associated with the lighter weight
fabrics, especially with the pure wool fabrics, makes them more sensitive to the
effect of the introduction of polyester fibres which serve to improve their wrinkle
resistance. It is claimed by Looney and Handy(2) that the better wrinkle resistance
of the heavier fabrics can be attributed to the use of coarse yarns rather than to their
increased mass and fabric tightness.

EXPERIMENTAL

1. MATERIALS

Fibres:

Wool tops of 64’s quality were blended with 75 mm undyed fibres of
Trevira type 220 (N = normal), Trevira type 350 (LP = low pilling) and Trevira
type 550 (HB = high bulk) respectively. Specifications for these appear in Table I.

2 " SAWTRI Technical Report, No. 181 — December, 1972
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Yarns:

Blends of 80, 60 and 40 per cent (by mass) of wool with the three types of
polyester fibres were prepared. Yarns of approximately R42 tex S400/2 Z 650
were produced. After twist setting, the actual counts and properties of the
yarns were determined (Table II).

Fabrics and Finishing: _
Plain weave fabrics of about 22 ends and picks per cm were woven, with a
density of approximately 200 g/m? (6 oz/sq.yd.).

Each fabric was subdivided into two pieces to obtain two lots. Both lots
were two-way crabbed for 20 min with a top roller pressure of 1 kg/cm2. Sub-
sequently one lot was quenched in cold water immediately after crabbing where-
as the other lot was cooled on a roller for 16 hours. All fabrics were then scoured
on a winch with 0,5-ml/! Eriopon HD (Ciba-Geigy A.G.) and 1 ml// ammonia
(25%) at 60°C for 30 min. This was followed by a hot (45°C) rinse and a cold
rinse, during which the material was treated with 1% acetic acid, and by hydro-
extraction and tenter drying at 120°C for 1 min. The fabrics were then left
overnight to achieve normal regain.

Except for the pure wool fabrics, all the other fabrics were heatset on a tenter
at 180°C for 30 sec, allowing for different overfeeds for the different blends —
from 8% overfeed (in length) for the 80/20 wool/N and wool/LP blends, to 16%
for the 60/40 wool/HB blend.

All the fabrics were subsequently scoured, at 40°C for 15 min, in a Dolly
with no top roller pressure, followed by a hot and cold rinse. This scouring
procedure was incorporated to soften the harsh handle of the fabric after heat-
setting. After hydro-extraction and tenter drying, the fabrics were steamed,
brushed and cropped. -

The fabrics were once again subdivided into two — the one lot was decatised
“twice (3 min steaming and 2 min cooling) and is referred to as the “D’-series.
The second lot was autoclave-decatised for 4 min employing a pressure of 2 kgf/
cm? and is referred to as the “K”-series. Altogether four series were prepared
of the 9 different fabric blends: the D series, cooled overnight or cooled in water,
and the K series, cooled overnight or cooled in water.

The dimensions and properties of the fabrics are presented in Table IIL
Since it was later established that for most properties no significant differences
were found between the “cooled overnight” or “cooled in water” series, the
results of the “cooled overnight” D and K series only are reported on.
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2. TEST PROCEDURES

Fibre Properties:

The fibre diameters and the tensile properties were measured according to the
usual test procedures (IWT0-8-61 test for fibre diameter and 2 cm gauge length
tests at a cross-head speed of 2 cm/min on the Instron Tester for the tensile
properties).

Yarn Properties:

The breaking strength and elongation of the yarns were measured on the
Instron Tester with a test length of 25 cm and a cross-head speed of 10 cm/min.
Yarn strength efficiency was calculated as the ratio of the yarn tenacity to the
average tenacity of the fibres in each yarn. The latter values were calculated
from the percentage of each fibre component as shown in Figure 1.

Fabric Properties:

The thickness of the fabrics was measured (in mm) by the Reynolds and
Branson tester under a pressure of a 5 gf/cm2, and the results represent the
means of five determinations. The mass per unit area and the thread counts
were determined by standard procedures. Cloth cover factors were calculated(3)
thus: '

Kc = 004126 /Tex (W + F — 0,00147 WF. +/Tex)

where W and F are the number of ends and picks per inch respectively, the
tex counts of warp and weft yarns being equal priqr to the finishing.

The breaking strength and elongation tests were carried out on 27 wide
samples which were extended on the Instron tester at 10 cm/min with a gauge
length of 20 cm. The results of the breaking strengths were divided by the
corresponding number of yarns in the 2” sample and the yarn counts inorder
that they might be expressed in gf/tex. The fabric-to-fibre strength efficiency
was then calculated.

The bursting strength of the fabrics was determined on a standard Mullen
tester. The air-permeability of the fabrics at 5 cm water pressure was determined
on a WIRA Air Permeameter, in litres per min. The results were then calculated
as the air flow in cm3 per second per cm? of fabric, per 1 cm of water pressure,
and they represent the mean of ten determinations. '

Attempts were made to assess the pilling propensity of the fabrics. Each
fabric was abraded in the Martindale Tester against a base covered with the
same fabric, and using a head weight of about 800 gf. No pills were formed on the
fabrics after the initial 100 cycles nor were they formed after subsequent

8 SAWTRI Technical Report, No. 181 — December, 1972



$T 90 | 0T |vLz|19T|¥0E| TIZO| €¥9 | s‘€1| ocCII .|
LT, 90 ST |8vz|ssc|86T| z6c0| 6°LL L'6T | 86bl a qd ob 09
£'c S0 | sz |sLz |09z |80c| 1L1°0| €£'sS ¥'6 9°68 |
9°C 61 s‘c [T | 99T | 60| 6820 89L T | 1t a a4 0z 08
1T ¥0 | 01 [98z|9Lz|01E| vIZO| S‘69 0'sT | +OII b |
1T 60 0'c (797|897 |60€| 8€T0| LO8 Lot | seb1 a d1 09 ov
1T $0 0 |s8z |78t |e0E| z8I‘0| T'€9 STI | €01 b |
T S0 | 0T |TLT|08T|vIE| SSTO| 9'9L L'61 | €1€1 a d1 ob 09
ST Y0 | 0T |¥8z|cLT|siE| vvI'O| TH9 6 £€0I |
I‘e S1 ST |est |89z |o1E| O1T0| 9CTL ST | 6011 a d1 0z 08
8C $0 S0 |9Lz 9Lz |oiE| T9ZO| T1°S9 LT | 0°L6 b |
6'C 9°0 ST |zsT|s9t €0 | 1HE0| 6°C8 s6c | €ogl | d N 09 ov
6C ¥0 ST |¥8T |TLT |€1€ | #0OTO £6S %! w”mm b |
9°C s0 ST 1992 |zLz |01€ | €820 SLL 0Ce | TSzl a N oy 09
€T xﬁ mu $8T |L9T | T1€ o:”o a“om o“m o”ow b |
¥ 01 9T |IST|OLT |TIE| LYCO| TOL €Ll 1001 a N 0c 08
¥'e 8L €6 |T8C |vLT |61€ | TLIO| t6b €8 I‘€8 X ,
'L 0‘6 12T |L9Z |6ST |2og | vpI‘O | 8°8S ] ¥'8L a - - 001
P | P %001| %L | %S9 o/ pusa| - quro - wwwb_m._ EMzo,_ _Mi
(unu g) A&E& W | wo S| (o ua%mw g
g aeuLIg ; O q O o J8ux g
m.«m_mu_w_...w. eIV 9, ﬁoﬁaﬁpﬁﬂm’v _muﬂﬁ__w g uonsodwo)
Aua40g SpuLIM sear) Aopys 1501, Surpuog s uamQ
ONI'TINIIM ANV ONIANAG

A THVL

SAWTRI Technical Report, No, 181 — December, 1972



abrasion. The test was continued up to 30 000 cycles after which the mass loss
was determined for each specimen.

Bending length was measured by the cantilever method and the flexural
rigidity was calculated. Fabric stiffness was also assessed by means of the Owen
bending test which provided the frictional couple (Mo), the flexural rigidity (B)
and the residual curvature (Mo/B).

Shirley crease recovery angles were determined after exposing the fabric
samples to three different conditions: standard atmosphere (65% R.H., 20°C),
high-humidity atmosphere (75% R.H., 27°C) and immersed in water (100% R.H.,
20°C). The samples were then creased under 2 Kgf pressure for 2 min and the
recovery angles determined after 1 min relaxation under standard atmospheric
conditions. The area shrinkage was determined after a2 48 min Cubex wash®).
The wrinkle severity index(S) was determined after the standard washing cycle®
and drip drying, and after creasing in the FRL tester at 75% R.H., 27°C.

RESULT AND DISCUSSION

Fibre Properties: - )

The mean fineness values and the tensile properties of the wool and the three
‘types of polyester fibres appear in Table 1. The normal polyester type was stronger
and tougher than the other two types, while the high-bulk type had a superior ex-
tensibility. The difference in fineness (3 microns) between the fibres was not con-
sidered as a variable which could have significantly affected yarn and fabric
properties.

Theoretical lines were drawn for the tensile properties of the two component
blends from the measured values of the 100% components, from which the average
properties of the blends could be predicted, as is shown in Figure 1.

Yarn Properties:

The properties of the yarns are summarized in Table II. It was found that some
of the counts of the yarns were lower than the expected count (R42 tex). This
parameter was, therefore, taken into account when analysing the properties of the
fabrics (Table VI). Both the breaking strength and the extension at break increased
with the increasing polyester component, and the normal polyester type was also
found to be superior to the other types in its contribution towards the tensile
properties of the blends. It was also superior with regard to the yarn to fibre
strength efficiency (Figure 2), whereas the high-bulk polyester was the least efficient
in utilizing the strength of the fibres in the yarns. It is possible that the high-bulk
fibres are less capable .of contributing towards the yarn strength not only because
of their lower tenacity but due to their crimped configuration. When axial forces
are applied to the yarn the stress in the fibres is not in a direction parallel to their

10 SAWTRI Technical Report, No, 181 — December, 1972
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Figure 2: Yarn to fibre strength efficiency

axis, so that their resistance to breakage is lower than what could have been ex-
pected. The yarns of the wool and high-bulk polyester have, nevertheless, high
extensibilities, so that good performance in weaving, and especially in knitting, can
be expected.
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Fabric Properties:

A summary of the factorial analyses of the results of the fabric properties is
presented in Table V. The experimental design was that of an incomplete three
factorial experiment with three composition levels, three polyester types and two
finishing treatments. The missing data were for two fabrics which were not available
(40/60 composition, HB polyester, “D” and “K” finished). ~An attempt was made
to treat the results by the missing values method(6): Each set of treatments “D” and
“K” was taken separately and considered as a two factor design of . compositions
and p polyesters. The missing value could be estimated by the formula:

x= SC+pP—G 3(C+P) -G

c-De-0D 4
where C is the total for the composition column with the missing item, P the total
for polyester row with the missing item and G the grand total.

The factorial analyses for each property separately, excluding the results of the
pure wool fabrics, could then be carried out on the completed 3 factorial design,
with the degrees of freedom for both the error and for the total decreased by 2
(namely total d.f. = 15 instead of 17). Multiple regression analyses were also carried
out on some of the measured properties with composition and yarn count as inde-
pendent parameters. The results are summarized in Table VI, where b; and by are
the regression coefficients for composition and count respectively.

Mechanical Properties: .
The mechanical properties of the fabrics are summarized in Table III.

It was originally planned to weave the fabrics in such a way that in their finished
state they would all have the same structure and density. The high-bulk polyester
fibres did, however, shrink more after finishing than anticipated, so- that the
density and thickness of the fabrics comprising these fibres were slightly higher
than those of the other fabrics. The air-permeability of these fabrics was, according-
ly, also lower, due to their increased compactness which restricted the air-flow. The
cover factors of the fabrics were calculated from the yarn counts prior to finishing,
so that they do not account fully for variations which really exist in the finished
fabrics. In spite of this fact a correlation was obtained (at the 5% level) between the

air permeability and the cover factor for all 18 fabrics (r = 0,48, t = 2,18).

.. The bursting strength results were found to be correlated with the breaking
strength test results (r = 0,99, t = 27,5 significant at the 0,1% level) so that similar
trends are shown in both tests: the strength increases significantly with the increasing
polyester component, the normal polyester type being stronger than the other two
types. Fabrics which had been autoclave-decatised had breaking strength values
which were approximately 7% lower than those of the decatised fabrics. although
this difference was non-significant (see Table V).

The extension-at-break was also slightly affected by the treatment, the auto-
clave decatised fabrics having a slightly lower extensibility. Extension-at-break was

SAWTRI Technical Report, No, 181 — December, 1972 13
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Figure 3: Toughness of Blends
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highest in the blends containing the high-bulk polyester and lowest in the low-
pilling polyester blends. In general, the extension at break increased with the in-
creasing percentage of polyester.

The overall tensile performance of the fabrics can be expressed by their tough-
ness values (work-to-rupture). The calculated toughness values (in gf.cm per tex. cm)
are represented in Figure 3 for the fabrics and for the average fibre values. These
results show that whereas toughness increases with increasing amounts of polyester
in the blend, the normal polyester type (N) is superior in all cases to the other types,
both for the fibre and the fabric state. -

The efficiency of strength transfer from fibre to fabric, increases rapidly with
the increasing polyester component, and decreases slightly with autoclave-decatising.

In the Martindale test, where samples were exposed to 30 000 rubbing cycles,
fluff was removed by brushing and no pills could be observed even in the initial
stages of the test. All the fabrics showed a very good resistance in this test, the
loss in mass of most fabrics not exceeding 5%. The pure wool fabrics performed
worst in this test and the high bulk polyester blends were inferior to the other poly-
esters in the blends. Finishing had no significant effect on the results. Only when
observing the mean values of both “D” and “K”’ fabrics the differences in polyester
types became significant (at the 1% level), the normal type being best and the high-
bulk worst in this test of abrasion resistance. It therefore seems as though the
normal and low-pilling polyesters are more abrasion resistant than the pure wool,
so that with increasing amounts of these fibres in the blends, the loss in mass de-
creases. On the other hand the increase in mass loss with the increasing high-bulk
polyester component indicates that this polyester type is less resistant to abrasion
than the wool itself. -

Bending and Wrinkling:

The performance of the wool/polyester blend fabrics in the bending and
wrinkling tests is summarized in Table IV, and the analyses of some of the test
results are included in Tables V and VI.

The flexural rigidity of the “D” and “K” series illustrated in Fig. 4 shows a
significant decrease (at the 1% level) in stiffness after autoclave-decatising. A
general trend of increasing flexural rigidity with the increasing polyester content is
observed (with a 5% level of significance, Table V). This appears to contradict some
previous work by Mehta(7) on double jersey fabrics in which he found the bending
length and flexural rigidity to decrease with an increase in synthetic fibre content.

The flexural rigidity as determined by Owen’s bending test (B) was, as usual,
lower than that obtained by the cantilever method, but a very good linear correla-
tion was obtained between these two parameters (r = 091, t = 8,6, significant at
the 0,1% level). The effect of finishing on B was significant, while the differences
between the polyester types became non-significant. Again, B increased with
increasing amounts of polyester in the blends. The frictional couple (Mo) increased
with increasing amounts of polyester (5% level) and it was highest in the high-bulk
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Figure 4: Flexural rigidity of blends

blends. The frictional couple was found to be affected significantly (1% level) by
autoclave-decatising which seems to have reduced the internal friction by about
40%. Some contradictory trends were thus found in the Mo results: When the same
fabric was finished by different procedures (i.e. “D” or “K”), the decrease in Mo
was usually associated with an improvement in the wrinkling performance. This was
found to be true under all test conditions, indicating improved rates of recovery
from bending after autoclave-decatising. On the other hand the increasing polyester
content also brought about considerable improvements in wrinkling performance,
but it was associated with increasing frictional couples — the pure wool had the
lowest Mo while it wrinkled worse, - particularly after washing. It is, however, in-
teresting to note that in spite of the strong effect of composition on Mo and wrink-
ling, the low pilling polyester blends showed better wrinkling performance than
did the other fabrics as well as lower Mo values when similar blend compositions
were compared. It therefore seems justified to assume that lower Mo values in
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similar types of fabrics indicate better wrinkling performance, and that conflicting
trends are caused by interacting effects of recovery times and structural parameters.

It is also difficult to draw conclusions about the relationship between wrinkling
and flexural rigidity. Although stiffer fabrics tend to have a better resistance to
wrinkling, their recovery is poor, so that only this residual effect should be correlated
with the crease recovery angle or wrinkle severity index. The crease recovery angles
of the fabrics did not differ significantly, so that only the H x T results after washing
were compared with the flexural rigidity results, and a correlation (at the 5% level)
was found between these results (r = 0,45, t = 2,2) which confirms the trend for
stiffer fabrics to wrinkle less, or, that the ability to resist wrinkling by being stiffer
is a more dominant factor than the ability of such fabrics to recover from wrinkling.
This trend may however be reversed in different types of structures and cannot be
considered as a general trend. ’

The area shrinkage decreased with the introduction of the polyester fibres, even
in the 80/20 blends, and it also decreased significantly in the “K” series. The Hx T
results after washing were correlated (at the 0,1% level) with the area shrinkage
results (r = 0,97, t = 16,4), showing that a satisfactory dimensional stability is a
pre-requisite for durable press performance.

Crease recovery angles under standard atmospheric conditions were found to be
approximately 40° higher than those obtained under the two higher humidity
conditions, both of them not having been found to yield significantly different
results. Introducing the polyester fibres in the blend hardly affected the crease
recovery angle test results, as théy were not improved significantly in comparison
with. the pure wool fabric, even when tested under high humidity conditions.

The wrinkle severity index, after FRL creasing under high humidity conditions
(75% R.H., 27°C), shows that after autoclave-decatising, the pure wool fabric
recovers from creasing to an extent which is comparable to that of some of the blend
fabrics. The low pilling polyester performed best in this test as well as in the wash-
ing test, and increasing the amount of polyester to above 20% effected no further
improvement. In the H x T results, after washing, the 60/40 wool/polyester blends
showed a significant improvement over the 80/20 blends. I both tests therefore,
which account for wet and dry wrinkling, are taken into account, it may be con-
cluded that the percentage polyester in the blend does not have to exceed the 40%
level for maintaining a good overall performance.

The general effect of composition and yarn count:

A summary of some of the regression analyses carried out is presented in Table
VI. The dependent variable was the property tested, and the independent variables
were the composition (% of wool) and the yarn count. The analyses were made in,
order that the variation in the property due to these parameters might be explained.
The table gives the ¢ values of the regression coefficients by and by of the bi-variate
regression analyses, as well as the total correlation coefficient (R), the ‘F* values
and their significance levels, the square root of the residual variance (S in the same
dimensions as the property), the overall mean of the fabrics and the coefficient of

18 SAWTRI Technical Report, No. 181 — December, 1972



variation between fabrics (C:V.). For all the 'analyses:there were 18 sets of results.

The only ¢ values which were significant were those for composition in the
analyses, with bursting strength and breaking strength as dependent variables. The
increase in bursting and breakmg strength with decreasing amounts of wool was
most pronounced, whereas the increase in flexural rigidity and the improvements in
wrinkling after washing with increasing amounts of polyester were only indicated
by Yess significant R values.

. A trend of the coarser yarns being associated with a better wrinkle resistance
was observed (R significant at the 1% level), in agreement. with Looney and
Handy(2), The differences in yarn count were apparently too small to contribute
significantly to the wrinkling and other properties of the fabrics. :

. 'The effect of composition and yarn count on fabric density was negligible
(C.V. = 5,4%), while the thickness of the fabrics varied much more, due to the
high-bulk polyester fibres. The highest variation (C.V. = 115,6%) due to composi-
tion and count was observed in the wrinkling-after-washing results, where the
introduction of the polyester component had drastically reduced the H x T values
even in.the 80/20 wool/polyester blends.

CONCLUSIONS

Increasing amounts of polyester improved the mecha,mcal performance of
yarns and fabrics.

The. breaking strength and the efficiency of transfer of fibre properties to the
yarns and.the fabrics was best for the fabrics made from normal polyester fibres,
and worst for the high-bulk polyester fibres. :

The high-bulk polyester fibres produced. thicker and less porous fabrics, having
high extensibilities, low tenacities, low mass retention in abrasion tests, increased
flexural rigidity and inferior wrinkling performance when compared with those
from the other two polyester types.

The advantage of using the low pilling polyester fibres on account of their lower
pilling propensity was not substantiated, as neither of the blends with the other
polyester types showed any significant tendency to pill formation. It was found,
however, that the fabrics made of these low pilling fibres were superior in their
wrinkling performance to the other polyesters, when comparing fabrics of the same
composition levels, and the 60% wool and 40% low pilling polyester blend fabric
was very satisfactory in all tests. -

The flexural rigidity and frictional couple increased with increasing polyester
content with the decatised fabrics showing a greater increase than the autoclave-
decatised ones. The normal polyester type produced the lowest values for stiffness,
and the low pilling polyester yielded the lowest frictional couples.

When the fabrics were autoclave-decatised it was found that 40% polyester was
sufficient for obtaining satisfactory durable press performance with untreated wool
blends. On the other hand if decatised only, the fabrics were less efficiently set and
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the amount of polyester required for obtaining a similar performance should be
20% higher.

The cooling procedures which were applied, in which the fabrics were either
quenched in water or left to cool on a roller, did not result in any noticeable
differences in the measured properties.
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