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1 Introduction

As part of a continuing programme of study on the behaviour of knitted cotton fabrics in
dyeing and finishing, a series of single jersey fabrics has been produced which are being
subjected to a variety of dyeing and finishing treatments.

The production of these fabrics has been described in Research Record No. 114.

Although the full range of structures produced for this study contains 120 variants, these have
not all been included in all of the finishing treatments which are being examined. The
finishing programme for this full range consists of two variants, one in which the fabric is
maintained in the tubular state throughout processing, while in the other the fabric is slit into
open-width for final finishing. This part of the programme has been designated Project Kl.

In addition, a limited range of twenty constructional variants has been selected for study in a
much more extensive programme of dyeing and finishing, which has been designated Project
K2. A major section of this latter project is devoted to a study of the behaviour of single
jersey fabrics when subjected to the process known as piece-mercerisation.

In recent years, machines for both tubular and open-width knitgoods mercerisation have been
developed to full commercial operation. Both types of equipment have been included in the
Project K2 programme, and this report describes the processing carried out, as part of Project
K2 at the finishing works of Joh. Mich. Engel KG, Bad Sackingen, West Germany, where a
Kleinewefers open-width knitgoods mercerising range has been in commercial production
since 1977.

2 Project K2. Fabric Constructions And Coding

The twenty single jersey fabric constructions selected for study in Project K2 include both 24
and 28 gauge and both singles and two-fold yarns in each gauge. The range of 24 gauge
fabrics was produced from Ne 28/1 and Ne 56/2 yarns, each in five stitch lengths, and the 28
gauge fabrics from Ne 36/1 and Ne 72/2 yarns, each again in five stitch lengths.

A fabric coding system was devised to describe the construction and finishing route for each
variant. The coding consists of four sections; for example 24/1-28/291/1 refers to a 24 gauge
fabric, knitted from singles 28s yarn to a stitch length of 0.291 cm and processed by finishing
route #1. This coding system has been used to describe the fabrics in the tables of test results
at the end of this report.

Two complete sets of fabrics, designated lots 9 and 10 were processed at the Engel finishing
works. Finishing route 10 included processing on the Kleinewefers open-width mercerising
range, followed by jet dyeing and open-width finishing. Lot 9 was dyed and finished in the
same way, but was not mercerised. A description of the processing appears later in this
report.

Because the only suitable dyeing machines available had three chambers, it was necessary to
add another piece to each fabric set, so that equal lengths of fabrics could be processed in
each chamber. The extra lengths produced for this purpose were of the following
constructions.

Lot 9 (not mercerised) 24/2-56/354

Lot 10 (mercerised) 24/1-28/354

These codings were given the suffix "E" (for extra). The pieces were finished together with
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the standard length and tested; the test data on these fabrics appear separately at the bottom of
the tables in this report.

3 Processing Machinery at J.M. Engel

3.1 The Kleinewefers Mercerising Range

The open-width knitgoods mercerising machine at Engel consists of three main sections.

i) A short pin stenter with facilities for uncurling, straightening and overfeeding.

ii) A chainless merceriser of conventional design with saturator, nip and stabilising
compartment.

iii) A batching unit which is transferred when full to a closed compartment in which
neutralisation, washing and centrifuging are carried out.

Figure 1 shows the layout of the machine at Engel, seen from the cloth entry end, and a line
drawing of the equipment.

Some of the more important dimensions of the machine are given below:-

Length of pin stenter 3.5 m

Fabric content of saturator 10.9 m

Fabric content of stabiliser 6.5 m

Capacity of batching unit 400 kg (at width of 150 cm)

For a more detailed description of the machine see the Appendix at the end of this report.

3.2 Dyeing and Finishing Machinery

Two Thies Roto-Stream jet dyeing machines were employed for dyeing these single jersey
fabrics. It was perhaps slightly unfortunate that these were not identical, one being an
atmospheric, the other a pressurised machine, although the basic design of both is the same.

The atmospheric version was used for dyeing the unmercerised fabrics. This was a Roto-
Stream 100/3 with three chambers. The manufacturer's specification for this machine is
given in Figure 2. Dyeing of the mercerised fabrics was carried out in a three-chamber Roto-
Stream 140/3, as specified in Figure 3.

Final fabric drying and finishing was carried out on a Krantz four-bay Convey-air stenter.
This was an indirect oil-fired, pin-frame, built in 1967.

4 Operational Planning

Almost all of the fabrics in this study could be described as non-standard constructions, and
neither we nor any of our co-operating finishing companies could know exactly how these
fabrics would behave during processing. Discovery of the means of forecasting this
behaviour is, after all, one of the prime objectives of the entire project.

Guidelines for finishing these fabrics had nevertheless to be laid down before processing
began and, therefore, targets were set based on certain assumptions and some educated
guesswork.

The first assumption was that, in the weft knitted structure, length and width dimensions are
inter-dependent, and therefore that the control of one will also give a good measure of control
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to the other. Based on this, it was decided that a target should be set for the finished width of
each variant based on the behaviour of the corresponding grey fabric in the IIC knitgoods
relaxation test procedure (5 cycles, tumble-drying).

Earlier studies on the behaviour of knitted fabric in dyeing and finishing had indicated that
relaxed fabric width tends to increase slightly after jet-dyeing, but is markedly reduced as a
result of mercerisation. It was assumed that similar effects would be noted in this work on
single jersey; further, and perhaps with less justification, it was also assumed that these
effects would be constant across the range of fabrics in the study.

Targets for finished width were therefore calculated in the following manner.

i) Wale spacings were measured on the grey fabrics after relaxation (Table 8).

ii) Knowing the number of needles on the knitting machine, a figure for the width, after
slitting, could be calculated for the relaxed grey fabric (Table 26).

iii) As width-way stretching helps to stabilise the fabric in the length direction, and as
some residual width shrinkage is usually desirable, it was considered that the finished
fabrics should ideally exhibit a residual width shrinkage of 10-12%. Bearing in mind
the assumed effects of processing, it was decided to set target widths for fabric
finishing as follows

 jet dyed, 1.17 x calculated relaxed grey width

 mercerised and jet dyed 0.88 x jet dyed target

These "target widths" are recorded in Tables 26 and 27.

It was realised, of course, that these targets would be reduced by any edge-trimming which
would occur during processing. Discussions at Engel revealed that the normal practice was to
allow 5 cm for edge-trimming loss, and to over-stretch fabrics by 4 cm during the final
stentering to allow for the "creep-back" which was said to occur during transportation back to
the customer.

A further restriction was placed on the finished target widths when it was considered
impractical to adjust machines for each piece individually. It was decided therefore, to run
the fabrics in lots, with the machine settings remaining constant throughout each lot. This is
explained more fully in the next section.

5 Processing

Fabric processing at J.M. Engel took place during the week 9-13 June 1980. Members of the
IIC Technical Research Division were present throughout to observe the operations.

5.1 Mercerisation

The fabrics for mercerisation were first arranged in increasing order of grey relaxed width,
calculated as already described. On the basis of this arrangement, each piece was allocated a
running number following the sequence M1 to M21 and the fabrics were then divided into
three lots, each consisting of seven pieces. This is shown in Table 27.

The entry-zone pin stenter on the mercerising range was set to the following widths during
processing.

lot 1 (pieces M1 - M7) 158 cm

lot 2 (pieces M8 - M14) 168 cm
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lot 3 (pieces M15 - M21) 179 cm

These settings were recommended by the machine supervisor, Mr. Langer, based on previous
experience. They were calculated by adding 13 cm to the original target widths.

The following observations were made during processing.

Caustic concentration 28-30° Bé

Caustic temperature 14-18 °C

Wetting agent Mercerol SA flüssig (Sandoz)

Swelling time (impregnation + delay) 37 sec

Time in stabilising zone 28 sec

Wash water temperature 54 °C

Fabric speed 16 m/min

After stabilisation, the fabric was wound on to beams, one beam per seven-piece lot, for
neutralisation and washing in the Centrifuga unit. Neutralisation was effected by the addition
of 4 litres/hour of 60% acetic acid to the circulating water. The water temperature was
maintained at 42-45 °C, and the fabric washed until approximately neutral (pH8 to universal
indicator.) The beam was spun at 300 rpm to remove excess water, and the fabric then
plaited into trucks for transportation to the dyehouse.

5.2 Dyeing

Dyeing was carried out in two Thies Roto-Stream jet dyeing machines. Although both were
three-chamber machines of similar dimensions, they were not exactly identical, one being an
atmospheric machine while the other was a pressurisable version for high-temperature
operation.

Conveniently, as already described, the mercerised fabric had already been divided into three
lots of approximately equal lengths. For dyeing these fabrics, the high-temperature jet was
used, at atmospheric pressure; one lot being loaded into each chamber.

In accordance with the planned programme for project K2, the fabric was then peroxide
bleached, followed by dyeing with 1.5% (on weight of fabric) of Procion Blue H-EG (ICI).
A copy of the dyer's recipe sheet is shown in Figure 5.

The control fabrics were first arranged in a similar sequence to the mercerised fabrics,
marked Cl to C21 as indicated in Table 26, divided into three seven-piece lots and loaded into
the other Roto-Stream. The dyer's recipe sheet for processing these fabrics is given in Figure
4. As with all the unmercerised fabrics in Project K2, dyeing was carried out with 2% owf of
Procion Blue H-EG.

Some of the additives mentioned in the recipe sheets may require explanation. Cerafil BFA
(Böhme) is a stabilising agent for peroxide bleaching. Ludigol (BASF) is a product with anti-
reducing properties, similar to Matexil PA-L (ICI) which has been used by other co-operators
in this project. Adulcinol AL (Zschimmer and Schwartz) is a cationic softener.

The rate of fabric circulation in both machines was said to be 250 m/min Liquor ratios can be
calculated from the information given in the recipe sheets as: for the unmercerised fabrics,
7.43; for the mercerised fabric, 8.91.

The higher figure for the mercerised cloth arose from the fact that it entered the dyeing
machine wet, while the unmercerised fabric was, of course, still dry.
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After dyeing, both batches were hydro-extracted. The unmercerised fabric which had been
dyed in the tubular state was de-twisted, slit and plaited down. The mercerised fabric had
already been slit into open-width prior to mercerisation; this was de-twisted by hand, and also
plaited down. Both batches were end-sewn for stenter-finishing.

5.3 Stenter Finishing

The method for calculating the frame width settings for finishing these fabrics has been
described in Section 4. On the basis of this method, the following stenter widths were
recommended.

for the mercerised fabrics:

pieces M1 - M7 134 cm

M8 - M14 144 cm

M15 - M21 155 cm

for the control fabrics,

pieces Cl - C7 153 cm

C8 - C14 164 cm

C15 - C19 174 cm

C20 - C21 186 cm

The fabrics were run through the stenter at a speed of 18 metres per minute, with an
approximate dwell time of 50 seconds in the heated zone. The drying temperature was 120
°C. Edge gumming was carried out at the stenter entry, using Kantenstiefe FB (Böhme).

On leaving the stenter the fabric was allowed to fall into a scray and was then rolled under
controlled tension on to cardboard shells using a Calator winding unit. Each piece was then
marked, weighed and wrapped for transportation back to Manchester.

Fabric widths at this stage were also noted. These measurements appear in Tables 26 and 27.

6 Test Results

On arrival in Manchester, the fabrics were sampled for testing. The results of tests carried out
on these fabrics, and on the equivalent grey fabrics, are given in Tables 1-25. A list of the
tests carried out is to be found at the beginning of the tables.

Analysis of these results will take place over the next few months, together with data from the
other finishing routes in Project K2, and therefore it is not considered appropriate to comment
here, or to attempt to draw any conclusions. It should also be pointed out that these figures
are at this stage to be regarded as preliminary, as re-testing and re-evaluation of these fabrics
may be found to be desirable once the data analysis has begun.

One fabric property, wale spacing, will be singled out for special study. The reason for this is
explained in the next section.

7 Wale Spacing - A Note

In 1975, IIC carried out a series of trials on the Kleinewefers open-width knitgoods
mercerising unit Merceriser-Centrifuga MC10, at the finishing works of Pamucna Industrija
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Duga-Resa, Yugoslavia. This machine, like the Engel equipment, is based on the Centrifuga
beam-washing unit, but has a smaller impregnation section and no stabilising section or
stenter entry.

The fabrics processed in these trials included several single jersey constructions. During the
evaluation of these treated fabrics, it was noted that the wale spacing was not uniform across
the fabric width, but narrowed considerably near the edges. The effect was apparent in both
the unrelaxed and relaxed conditions.

Later on, samples from regular production on the machine at Engel were also found to show
this effect. An example of one study of fabric from this machine is given in Figure 6.

The mercerised fabrics described in the present report have also been found in the unrelaxed
state to show this effect quite markedly, although at the moment it is not known if, with these
fabrics, the effect persists after relaxation. It is not apparent in the unmercerised fabrics.

The cause of the effect is not yet understood. One theory is that the width-way shrinkage
which takes place in the mercerising liquor, which can be of the order of 30%, results in a
longer path length through the machine at the fabric edges, compared with the centre. This
could produce a higher tension at the edges, with consequent fabric distortion, rendered
permanent by the mercerisation.

Another possible mechanism, perhaps more likely, is that the shrinkage forces in the centre of
the fabric are not large enough to overcome the frictional restraints between the cloth and the
roller surfaces.

A special study of this effect will be carried out on these fabrics during the next few months.
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Key To Tables 1-25

1. Length shrinkage, %

2. Width shrinkage, %

3. Fabric weight, BW, gsm

4. Fabric weight, AW, gsm

5. Courses per 3cm, BW

6. Courses per 3cm, AW

7. Wales per 3cm, BW

8. Wales per 3cm, AW

9. Stitch length, BW, mm

10. Stitch length, AW, mm

11. Burst strength, BW, kN/sqm

12. Burst strength, AW, kN/sqm

13. Distension at burst, BW, mm

14. Distension at burst, AW, mm

15. Angle of spirality, BW, deg

16. Angle of spirality, AW, deg

17. Width, BW, cm

18. Yarn strength, BW, g

19. Yarn strength, AW, g

20. Yarn extension at break, BW, %

21. Yarn extension at break, AW, %

22. Yarn count, BW, Ne

23. Yarn count, AW, Ne

24. Fabric thickness, BW, mm/1000)

25. Fabric thickness, AW, mm/1000

BW Before washing, AW After washing
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Figure 1. Kleinewefers Open-Width Knitgoods Merceriser
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Figure 2. Thies Roto-Stream Atmospheric Jet Dyeing Machine
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Figure 3. Thies Roto-Stream High-Temperature Jet Dyeing Machine
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Figure 4. Dyer’s Recipe Sheet - Unmercerised Fabrics
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Figure 5. Dyer’s Recipe Sheet - Mercerised Fabrics
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