
International Institute For Cotton

Technical Research Division

Research Record No: 122

Projects Kl And K2

The Operations Of Dyeing And Finishing In The Tubular State

A report of the processing carried out at Meridian Dyers
during the period April - June 1980

Robert D. Leah

July 1980

Classification: Meridian/Dyeing

Key Words: Fabrics, Knitted, Processing

Digital Version: January, 2012





1

CONTENTS

1. Introduction

2. Fabric Coding

3. Outline Of Trials

4. Processing Route

4.1. Dyeing Machines

4.2. Dyestuff Selection

4.3. Softening

4.4. Hydroextraction and Drying

5. Targets

6. Dyelot Assembly

7. Processing Details

8. Concluding Remarks

APPENDICES

Figure 1 Thies R-Jet 95

Figure 2 Scholl Subtilo

Figure 3 Thies Rotostream

Figure 4 Calator Airtex

Figure 5 Pegg Drying and Finishing Machine

Figure 6 Heliot Calenders

Appendix 1 IIC Shrinkage Method

Appendix 2 Individual Dye Batch Processing Sheets



2

Introduction

Towards the end of 1978, a number of project proposals were submitted to the Tropical Products
Institute, a branch of the Overseas Development Administration of the UK Government.
Amongst these proposals was a project in which a full investigation of the major aspects of the
knitting, dyeing, and finishing of single jersey fabrics would be carried out.

The main objectives can be summarised as follows.

 to investigate the interactions of yarn count and stitch length on the properties of single
jersey fabrics;

 to investigate the effect of variations in the dyeing and mercerising processes on the
properties of single jersey fabrics.

The project as such was split into two interrelated projects, designated Kl and K2 with the
following specific objectives.

Project Kl

1. To develop a systematic and comprehensive data base relating manufacturing and processing
parameters to final specifications and performance of single jersey fabric.

2. To discover the range of qualities in which single yarns can be successfully used for single
jersey.

3. To quantify the effects of the yarn/stitch length interaction and certain finishing procedures
upon spirality of single jersey.

4. To develop recommendations for production specifications and quality control procedures
which can be used by developing country industries when producing single jersey fabrics for
western markets.

Project K2

1. To discover and quantify the changes in fabric specifications and performance which are
caused by using different types of dyeing and mercerising processes.

2. To quantify the economic costs and benefits of the mercerising process.

The production of the several hundred pieces of knitted fabric is detailed in Research Record No.
114 (Appendix W of the report to the TPI Steering Group, May 1980).

The finishing plan calls for processing to be carried out by both tubular and open-width routes
and therefore, a number of industrial co-operators were recruited for this purpose, as follows.

Meridian Limited, PO Box 54, Haydn Road,
Nottingham NG5 1DH, UK

For the tubular processing

Strines Printing Co. Strines, Stockport
Cheshire SK12 3AQ, UK

For the open-width processing

Joh. Mich. Engel KG Günnerbacherweg 1-3,
7880 Bad Sackingen, Germany

For the open-width mercerising

Tintoria Giuseppe Tosi Via San G. Bosco 10
21052 Busto Arsizio, Italy

For the tubular mercerising

This report describes the tubular dyeing and finishing operations carried out at Meridian Dyers
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Limited during the months of April - June 1980.

Fabric Coding

With almost four hundred knitting and finishing variables within Kl and K2, a simple and easily
understandable fabric marking system was required. The knitting department devised a code
which not only gives information about fabric construction, but also about the finishing route
followed. Several examples will serve to illustrate this marking system.

Code Decode

18/1-16/344/1

18g knitting machine
1/16 Ne yarn count

3.44 mm stitch length
processing route #1

28/2-72/301/5

28g knitting machine
2/72 Ne yarn count

3.01 mm stitch length
processing route #5

The processing route variants will be described in greater detail later in the report.

Outline Of Trials

During a previous study of the yarn count/stitch length interaction on the properties of interlock
and 1x1 rib fabrics it became apparently clear that variations in processing conditions, especially
the use of different types of dyeing machine, also had a considerable effect on fabric properties.

In this present project where, again, the yarn count/stitch length interaction is being quantified
this additional effect due to dyeing method must be standardised for all of the fabric
constructional variants. In other words, where we are only interested in comparing the effect of
yarn count and stitch length on the properties of the finished fabric, the dyeing and finishing of
all the fabric variants must be carried out in an identical manner.

The Kl project is also designed to study the effect of construction on final fabric properties,
finished both in tubular and in open-width form.

Two complete sets of fabric were therefore knitted covering the whole range of yarn count/stitch
length combinations, which were of possible commercial and technical interest. One set for
tubular finishing and the other set for open-width finishing.

In the fabric coding system already described, the complete set of fabrics to be finished by the
tubular route at Meridian Dyers are designated LOT 1.

e.g. gauge/yarn count/stitch length/1

Where the effect of using a different dyeing machine on final fabric properties is being
investigated (K2 project), the fabrics are designated LOTS 3, 4 and 5.
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Processing Route

4.1 Dyeing Machines

In preliminary discussions with members of the Meridian technical staff, the various possible
processing routes were discussed in some detail. In particular, the choice of dyeing machine in
which all of the LOT 1 fabrics would be dyed. Meridian have a number of different jet dyeing
machines, some perhaps being more suitable than others. For the K1 fabrics it was agreed that
the Thies R-Jet 95 (Figure 1) should be used.

Although many millions of metres of cotton fabric have been dyed in this machine, it is not now
considered to be the best machine for dyeing cotton hose, due to its relatively "rough" action
which results in somewhat hairy fabrics. Some of the newer machines have gentler or softer
actions which it is claimed generally overcome this problem.

However, this machine was chosen for the following reasons.

 it was used in the previous investigation of interlock and 1 x 1 rib fabrics;

 it is a very common machine, particularly in Europe;

 the somewhat newer designs of machine which are claimed to be softer in action could be
compared with it.

For K2 processing, the dyeing machines which were selected as being of particular interest were
the Scholl Subtilo (Figure 2) and the Thies Rotostream (Figure 3).

An additional dye batch was planned for processing in a winch, since some considerable
differences in the fully relaxed structure of 1x1 rib and interlock were observed between the
winch and the Thies R-Jet 95 during the evaluation of the Central Project 78 data.

4.2. Dyestuff Selection

In terms of selection of dyestuff, it was decided that throughout the whole of the Kl and K2
projects the dyestuff to be used should be standardised.

Procion Blue H-EG (ICI) was selected for the following reasons.

 it gives a rather attractive shade;

 it is relatively cheap;

 Meridian have considerable experience of its use and have modified the recommended
procedure to suit their particular conditions.

The level of shade required was standardised as 2% Procion Blue H-EG on weight of fabric.

Prior to dyeing, the fabric was to be given a mild hydrogen peroxide bleach, using the following
recipe.

2.5 g/l 7°Tw NaoH

1.0 g/l Viscavin CA stabiliser (Tubingen)

8.0 g/l 130 vol. H202

4.3. Softening

Softening was carried out after dyeing in the dyeing vessel, using a combination of:

Alcamine 544 (Allied Colloids), and

Bradsyn PC12 (Hickson and Welch)

which are both cationic softeners and lubricants.
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Full details of the processing are given later in the report.

4.4. Hydroextraction and Drying

By far the most common method of hydroextracting fabrics after dyeing is the use of the
centrifuge. However, fine gauge single jersey fabrics in particular are rather prone to creasing
during centrifuging and, sometimes, these creases are still apparent on the fully finished fabrics.

An alternative method of removing excess water is to use a mangle extractor such as the Calator
Airtex (Figure 4). Meridian have two of these machines and one of them had been used for the
stage 2 processing of the Central Project 78 fabrics (Research Record No. 94).

There has been a lot of discussion recently about the use of "wet stretching" as a means of
reducing residual length shrinkage of tubular finished fabrics. This technique consists of
stretching the wet fabric in the width direction by as much as 30% over the finished width and
overfeeding in length direction. The fabric is then dried under low tension conditions on a
machine such as the Tubetex Superrelax dryer, or similar, and the fabric width allowed to relax
to approximately the required finished width. It is claimed that this technique can give fabrics
with relatively low residual length shrinkage figures without having to resort to mechanical
compactors which are currently out of favour.

Some work has been done at Meridian in this area using the Calator Airtex to wet stretch the
fabric.

During initial planning discussions it was suggested that the Kl project fabrics should be
processed by the wet-stretch route. However, it very soon became apparent that some of the
more slacker fabrics in the series had a proposed finished width of about 100 centimetres. To
wet stretch these would have meant a width of 130 cm from the Airtex and this is impossible
since the machine has a width limitation of about 100 cm.

Since only a limited number of the fabrics in the series could be finished in this way, it was
decided that wet stretching evaluation should be a separate exercise. It was therefore decided
that the fabrics should be simply dewatered on the Airtex and that drying would be carried out on
the Pegg drying and finishing machine (Figure 5). Following drying, the fabrics would be
dressed to width on the Heliot Plimatic calender (Figure 6).

TARGETS

In an exercise such as this, where many of the fabrics are not in regular commercial production,
little is known of their behaviour during processing and no specifications exist which the finisher
can use to help him set up his finishing machinery to handle such fabrics.

All that can be done therefore is to attempt to finish the fabrics to a predetermined width which
should take into account the fact that knitted structures are generally expected to have a certain
amount of elasticity in the width direction.

To arrive at this target width figure it is necessary to know the fully-relaxed dimensions of a
particular fabric construction.

From the grey-state test data it is possible to obtain the fully-relaxed wale spacings for all of the
fabric variants. Knowing this figure, and also knowing the number of needles on the knitting
machine on which the fabric was produced, it is a simple mathematical division to determine the
fully-relaxed width of any of the knitted variants.

For single jersey fabrics, it was considered that, after finishing, the width should be such that the
fabric would have a residual shrinkage value in width direction of 10-12% when tested by the
IIC method (Appendix 1).
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However, experience obtained during the Central Project 78 exercise has taught us that if the
target widths are calculated on the basis of the grey-state fully relaxed wale spacings, then the
residual width shrinkage values tend to be too low. This is due to the fact that the fully-relaxed
wale spacing after dyeing is different from the grey-state fully-relaxed wale spacing (difference
varies with processing route).

At the time when the target width figures have to be determined however (when assembling dye
lots) the only data available relate to the grey-state fully-relaxed structure and, therefore, the
targets have to be calculated on the basis of these data. To allow for the differences between
grey-state and dyed-state structures, the 10-12% residual width shrinkage target is increased to
15% based on the grey fully-relaxed width.

The calculation to determine the target width of each variant is therefore as follows.

Tubular fully-relaxed width, cm = Number of Needles / 2 x Relaxed Wales/cm

Fully-relaxed width = Target finished width x 0.85

Target width = Fully-relaxed width / 0.85

Target width = Fully-relaxed width x 1.17 (+17%)

Dye Lot Assembly

Target finished widths were calculated for each piece of fabric and these were listed in
increasing order together with the individual weights of each piece. For ease of processing,
where fabrics of differing width are involved, the fabrics must be assembled in a particular order
so that machine adjustments can be made in a systematic manner.

For the Thies R-95 jet dyeing machine, three equal-length ropes are required with a total weight
of 240-280 Kg.

These ropes were assembled from the previously-prepared list using Weiss unrolling and plaiting
machines. With the weight limitation being the main determining factor, some dye loads
consisted of 3 x 6 = 18 pieces, and some of 3 x 7 = 21 pieces.

At the beginning/end of each rope a small length of polyester fabric was sewn in so that the dyer
would know the point at which he should break the rope after the dyeing cycle, ensuring that the
fabrics were removed from the machine in precise width order. Each rope was also to be kept
separate when unloading the machine.

In the case of the K2 project, different dyeing vessels were used, namely:

LOT 3: Scholl Subtilo;

LOT 4: Thies Rotostream;

LOT 5: Winch.

Both the Subtilo and the Rotostream are two-tube machines and therefore the dye lots had to be
assembled accordingly: two ropes of 10 pieces each.

Note: The overall length of fabric in a rope consisting of 10 pieces is 750 metres. This is
too much for the Rotostream and therefore, each piece in turn had to be reduced
from 75 metres to 60 metres.

In the case of the winch batch, the fabrics were simply plaited off into wagons in precise order so
that easy winch loading was facilitated.

During the knitting operation, a cutting line had been introduced into all of the fabrics to aid
slitting in the case of the open-width treatments, and as a reference for controlling spiralling in
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the case of tubular finishing.

During preparation of the dye lots, extreme care was taken to ensure that the cutting lines were
aligned during the sewing operation.

Processing Details

The complete dyeing and finishing operation for projects Kl and K2 at Meridian involved eight
individual dyeing batches, 5 for Kl and 3 for K2. These were carried out at a frequency of 1 per
week and IIC personnel were present throughout the finishing operations, to monitor various
parameters such as width and course spacings and also to make on-site decisions regarding
machine settings.

It is intended for the purpose of this report to describe one such dyeing and finishing cycle.
Individual dye cycle (batch) particulars together with in-process measurements are to be found in
Appendix 2.

The fabric was loaded into the jet in the grey state and, prior to the dyeing operation, was given a
mild peroxide bleach, details of which are given on the individual processing sheets. The dyeing
operation followed a procedure which has been developed at Meridian for this particular
dyestuff, in which the salt is added in three equal portions over an extended period (130 minutes)
following dyestuff addition, and part of the soda ash has been replaced by bicarbonate of soda.
The speed of fabric circulation was adjusted so that the rope was cycled once every 22 minutes
(approx. 250 metres/minute). The liquor to goods ratio was approximately 7:1.

Following dyeing, the fabric was back-scoured and finally softened with cationic softeners. The
total time in the jet machine from bleaching to final softening was approximately 7 hours.

When unloading the machine, the individual ropes were broken at the point where a polyester
leader had been placed. This was easily located due to the fact that the polyester resists the
reactive dyestuff. Each rope was removed into a separate wagon ready for hydroextraction. The
fabric was de-twisted and hydroextracted on the Calator Airtex. The width of the driven
expander on this machine is preset by placing two spacer bars between the longitudinal end-
pieces which carry the fabric transport bands.

The spacer bars are in three-centimetre increments over most of the width range, but occasional
spacers were not available which meant that an adjustment of six centimetres was necessary in
some instances. The frame width was adjusted so that the individual variants were at a width
which was 3-5 centimetres below the target finished width. In most instances, this was achieved
with most of the fabrics in a jet load with only three or four changes of spacer bar.

Following the dyeing cycle, the fabric ropes were very badly twisted and the Airtex operator had
some difficulty in guiding the fabric so that the cutting line was always at the edge of the
expander. Where the cutting line was not kept to the edge, creases put in by the Airtex nip tend
to be permanent and show once the fabric is straightened on the dryer and calender.

As the fabric was plaited into wagons, the width and course spacings were measured and are
recorded on the process sheets in the Appendix.

Drying was carried out on a Pegg drying and finishing machine which has been slightly modified
from the standard machine. These modifications are to the calender roller at the top of the drying
zone. The rollers are usually of smooth metal and are under pressure to form a nip. The
modifications consist of a covering of textured rubber on the calender rollers and a reduction in
the nip pressure to an extent that the nip pressure is minimal and just sufficient to allow fabric
transport up the drying zone. The modifications have been made to reduce glazing and also to
reduce the severity of the edge crease, particularly on single jersey fabrics.
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The trial fabrics were dried to a width which was one centimetre below the proposed target
finished widths. This operation was carried out with some degree of accuracy since width
adjustments can be carried out continuously due to spring-tensioned expanders being used.

The fabric was guided onto the drying frame by hand to ensure that the cutting/ reference line
was always on the edge of the fabric tube. This was carried out in some degree of discomfort as
the air emerging from the fabric tube is at a temperature of 150°C. Guiding was carried out
throughout the three hour drying time in relays of about 10 minutes. Overfeed was set at
maximum, consistent with crease-free running.

After the folder, fabric width and course spacings were measured and these are recorded on the
process sheets in the Appendix.

Calendering was commenced on the Heliot calender equipped with Plimatic folding device. This
machine has two frames for adjusting fabric width.

The main stretcher frame prior to the calender rollers is normally adjustable from outside the
fabric tube by means of a pneumatic device. During the duration of these trials, the pneumatic
jack was away for repair, and therefore a normal, manually-adjusted stretcher frame was used.

A small secondary stretcher housed in the plaiting mechanism is used to give precision folding.

The first dye batch (Lot 1, Batch 1) was calendered on this machine, but all subsequent dye lots
were calendered on the older Heliot H67 calender with reciprocating folder. The reasons for this
are as follows.

 The Heliot Plimatic calender is difficult for the operator to run when a batch of fabric of
differing widths is being processed - two frames have to be adjusted to obtain correct fabric
width.

 Variation in fabric width was being experienced within a single piece. (It was later
discovered that a fault in the calender bowl closing mechanism was placing variable back-
tension on the fabric).

Fabrics were calendered with light steaming and the stretcher was adjusted so that the fabrics
plaited at target finished width.

Following calendering, the fabrics were taken to the sampling room and representative samples
of 5-metre and 1-metre lengths were removed from the middle of each piece for testing and
reference respectively. At the sampling point, width and course spacings were measured and are
recorded on the process sheets in the Appendix.

Unless otherwise stated on the process sheets all of the dye batches were processed in this
manner with the following exceptions.

 K2, Lot 4: the dyer thought the shade was a little too thin and made a dyestuff addition
contrary to instruction.

 The winch-dyed fabrics had to be removed from the winch in precise width order and had to
be sewn together following Airtex plaiting.

 K2, Lot 3: this dye lot was originally destined for processing in the Thies Rotostream. The
fabric was in fact loaded into the Rotostream, but during the first 30 minutes of processing it
was realised that the ropes were too long for this machine causing jamming, and
consequently the batch was reloaded into the Scholl Subtilo and the processing cycle
continued.

The dye lot destined for the SCHOLL machine was reduced in length and switched to the
Rotostream as Lot 4.
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It was considered that the short length of time that Lot 3 spent in the Rotostream would have no
bearing on the final outcome when compared with an overall processing cycle of some 7 hours.

Concluding Remarks

The processing described in this report was largely carried out to plan, and with only a few minor
problems. Where problems have arisen, these have been reported either in the main text or on the
individual batch processing records.

The success of the operation was due in no small measure to the excellent co-operation extended
to IIC personnel by management and operatives at Meridian.
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Appendix 1

International Institute For Cotton

Method Of Test

KT1B

Determination Of The Dimensional Changes Induced In Cotton Weft
Knitted Fabrics By A Specified Relaxation Procedure.

May 1978

Principle

A fabric is subjected to a specified procedure and dried under the appropriate conditions, and any
changes in dimensions are determined.

Method 2: By washing and tumble drying followed by soaking and tumble drying.

Apparatus

1. Hoover automatic De-Luxe washing machine.

2. Hoover tumble dryer.

3. Two Perspex templates a) 25 x 25 cm and b) 50 x 50 cm, both having equidistantly
located measuring marks on all sides (Figure 1).

Figure 1

NB: Markings on AD are opposite those on BC (width measurement) and the markings on
AB are opposite those on DC (length measurement).

4. Ruler and indelible pen.

5. A domestic automatic washing powder.

6. Lissapol NX or equivalent wetting agent.

7. Means for providing the standard atmosphere for testing textiles specified in B.S. 1051,
namely 65 ±2% RH and 20 ±2°C.
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Test Procedure

Conditioning

Samples are allowed to condition until they have reached equilibrium in the standard atmosphere
for testing textiles (minimum 4 hours).

Specimen Preparation

1. The sample is laid on a flat surface removing wrinkles without stretching.

2. Five test specimens are prepared for each conditioned fabric sample, a minimum of 20cm
larger in both directions than the required size of template, e.g. the 25 x 25 cm template
requires a specimen of at least 45 x 45 cm.

3. The required size of template is placed centrally on the specimen so that one edge follows
a wale line.

4. The test area is defined by drawing round the template. The three measuring marks are
then drawn on each side of the square ABCD (Figure 2).

Figure 2

Laundering

1. Recommended loading for absorbent materials in a Hoover De-Luxe washing machine is
2.75 kilos (6 1b).

2. The specimens are weighed and placed in the machine. Where necessary, the load is
made up to 6 lb.
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3. The prescribed amount of washing powder is placed in the dispenser and the machine set
to wash at 60°C with a long spin.

4. On completion of the wash cycle, the load is tumble dried at the highest temperature
setting, establishing the required drying time.

5. After the first wash-and-tumble-dry cycle has been completed, the specimens are soaked
in cold water with a few drops of Lissapol NX for 10 min, hydroextracted and then
tumble dried for the same time as was established in 4.

6. The soaking and tumble drying is repeated a further three times, making a total of five
cycles.

7. After the fifth tumble drying cycle the test specimens are conditioned before measuring.

Measurement

The specimens are laid on a flat surface, removing wrinkles without stretching.

The distances between the pairs of marks are measured and recorded.

Calculation Of Results

The mean changes in dimensions in both length and width directions are calculated and
expressed as percentages of the original mean length and width respectively. The 95%
Confidence Limits and the % Accuracy are also calculated.

An extension is indicated by the prefix Ext.

References

B.S. 1051
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Appendix 2

Processing Details

Lot 1, Batch 1

Lot 1, Batch 2

Lot 1, Batch 3

Lot 1, Batch 4

Lot 1, Batch 5

Lot 3, Scholl Subtilo

Lot 4, Thies Rotostream

Lot 5, Winch
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