Costs of Reactive Dyeing of Cotton using
Winch, Jet or Pad—Steam Equipment
S M Jaeckel*, R L Jones and Beryl D Potts™

Hatra Present address:
7 Gregory Boulevard
Nottingham NG7 6LD

*Department of Physical Sciences
Trent Polytechnic

Burton Street

Nottingham

S M Jaeckel graduated in chemistry from /mperial College, London
in 1945 and worked in analytical chemistry, petrochernicals research,
dyestuff manufacture at Brotherton’s, Bromborough and in dyeing
and printing at Fergusan‘s, Carlisle before joining Hatra as head of
its chemistry department in 1958. At Hatra he and his team made a
number of important advances in colour technology including
development of a barriness scale, new colour-fastness and flamma-
bility testing methods, and instrumental industrial pass/fail colour
control and correction based on selecting good.colour-difference
formulae. An SDC Silver Medallist, he serves on several of the
Society’s commirtees. in 1980 he was appointed senior lecturer

in dyeing and colour chemistry at Trent Polytechnic.

R L Jones graduated from the University of Manchester in 1953
with an honours degree in textile chemistry. He worked for British
Nylon Spinners Ltd on technical service and development work
and was involved with the early work on barriness and stripiness.
After feaving British Nylon Spinners in 1964 he worked in industry
as technical manager/chief chemist, spending eleven years with
John Heathcoat and Co. Ltd, Tiverton. At present he is with Hatra
working on a variety of projects including energy saving in dye-
houses. He joined the Society in 1951 as a student member and is
a past committee member of the South Wales and West of England
Region.

Bery! Potts graduated from University College of North Wales with
an hanours degree in zoolagy and marine zoology, and then worked
for Hatra for three years. She is at present working for a higher
degree at Trent Polytechnic.

234 JSDC Volume 98 July/August 1982

A survey of the dyeing of knitted cotton fabric in the UK
showed a complete absence of semi-continuous or con-
tinuous dyeing, unlike the situation for woven fabric, and
for knitted fabrics in some other countries. Most dyehouses
used batch processing in winch or jet equipment and
justified this choice on the grounds of expediency since the
equipment was readily available.

It is well understood that winch dyeing is more expen-
sive than jet dyeing, but how continuous dyeing fits into
the picture is not so clear. The first section of this paper
describes calculations undertaken to compare fet dyeing
with pad—steam continuous dyeing. Representative
machinery was selected and typical cotton fabric (50 cm
and 75 cm flat tubular) was used in this comparison. The
calculations showed that pad—steam dyeing is worth
consideration if the amount of material to be processed is
sufficiently high. Total costs included maintenance, labour,
steam, electricity and invested capital as time-dependent
costs and dye, chemical, water and effluent charges as
product costs.

The second section of this paper describes practical
work carried out to compare the winch processes used in
different dyehouses when dyeing cotton cloth with reactive
dyes. Costs of chemicals, steam, water and effluent charges
are compared and show wide variations. A representative
dye Remazol Black B (HOE) (C.I. Reactive Black 5) and a
typical cotton-interlock fabric were used in this work.
Fastness properties were shown to be related to steam
costs.

PAD--STEAMDYEING VERSUS JET DYEING
Introduction

Dyeing of cotton fabric with reactive dyes is now a well
established process. Most dyers of knitted fabrics use tradi-
tional winches or the newer jet dyeing machines for this
purpose, dyeing the fabric in batches weighing up to 800 kg.
However, reactive dyes can also be applied by padding
methods. Since these offer the dyer the possibility of
continuous or semi-continuous processing, it was decided to
investigate the relative costs of padding processes versus
batch processing.

Factors
Selection of the padding process to be considered was not
straightforward ; much experience in the UK is based on the
pad—batch process and although this is not a continuous
process it does offer possibilities of reducing energy costs
when handling small orders. The alternative was the pad--
steam process. This has the advantage of being truly cantin-
uous, and there are fewer reservations about fastness and
levelness. After further discussion with dyers and finishers,
it was decided to look at pad—-steam and to select a com-
bination of machinery and process which appeared to be
technically sound. Sandoz had conducted promising small-
scale trials with Benz and so it was decided to base the com-
parison on the Sandoz—Benz work. In addition Sandoz had
made some cost comparisons with batch processing which
required further investigation in a UK context.

It is wel! understood that winch dyeing is more expensive
than jet dyeing and much information has been published to
illustrate this point [1]. Consequently the first comparison




was made between pad—steam dyeing and jet dyeing. Selec-
tion of jet dyeing machinery was not easy. There were, and
are, numerous models available worldwide and UK dyehouses
are equipped with many and various machines. However, in
the dyehouses handling knitted cotton, Thies appeared to
have been foremost in supplying machinery suitable for
jet dyeing at atmospheric pressure, starting with the R95
machine and leading on to the Ecosoft machine. In the
present work two versions of the R95 and three versions
of the Ecosoft are considered and compared with the
Sandoz—Benz pad—steam method.

Having decided on machinery, representative processes
had to be chosen. These are illustrated in Table 1. It will be
noted that preparatory scouring treatments and final drying
treatments have been omitted for costing purposes. Also, in
the padding process, winch washing-off has been considered
as an alternative to open-width washing-off in a six-bath
continuous range. Two padding mangles were allowed for
to ensure adequate penetration of the tubular fabric.

TABLE 1

Representative Dyeing Processes

Pad—Steam and Pad—Steam and

Jet Continuous Wash-off Winch Wash-off
Dye Dry Dry
Cold rinse Pad x 2 Pad x 2
Hot rinse Steam (wet) Steam (wet)
Boil-off x 3 Boil x 2 Cold rinse
Rinse Hot rinse x 2 Hot rinse
Soften Cold rinse x 2 Boil-off x 2
Rinse
Soften

As regards representative fabric, Sandoz specified fabric
90 cm wide. This was wider than the usual UK qualities and
so it was decided to use narrower widths, 50 and 75 ¢cm (flat
tubutar), in the calculations (Table 2).

TABLE 2

Cotton Tubular Fabrics: Specification

Width {cm)  Weight (g/m) Yield (m/100 kg)
50 175 571
75 262 381

The calculation model was based on that suggested by
Carboneli et al. [2] in which costs are divided into product
costs and time-dependent costs {Table 3).

TABLE 3

Cost Components

Product Costs Time-dependent Costs

Dyes Steam

Chemicals Electricity

Water Labour
Capital

Maintenance

It will be seen (Table 4) that in jet dyeing 64% of produc-
tion is assumed to be faultless {on-shade merchandise), 28%
to require shading additions, and 8% to require redyeing,
whilst for pad dyeing 95% is assumed to be faultless and 5%

to require redyeing. The figures for jet dyeing are based on the
experience of Midland dyehouses and those for pad dyeing
on the experience of woven-fabric finishers. {For a fuller
discussion see Appendix 2.) The factors in Table 4 which
altow for shading, redyeing and investment were modified
substantialty from those suggested by Carbonell.

TABLE 4

Processing and Cost Factor Assumptions

Dyes and Chemicals Water Time-dependent

Jet

Faultless 0.64 x 1.0 0.64 x 1.0 0.64 x 1.0
Shading 0.28 x 1.1 0.28 x 1.03 0.28 x 1.2
Redye 0.08 x 2.5 0.08 x 2.5 0.08 x 2.8
Total 1.148 1.284 1.2

Pad

Faultless 0.95 x 1.0 0.95 x 1.0 0.96 x 1.0
Redye 0.05 x 2.6 0.056 x 2.5 0.05 x 2.8
Total 1.075 1.075 1.09

It was also assumed throughout the work that pad--steam
and jet dyeing gave equivalent exhaustion and fixation of
reactive dyes. Costs for the various items involved were
obtained in early 1979 (Appendix 1). Changes in costs will
alter specific break-even points {see below} but not the
general implications of the comparison.

As regards the pad—steam range it was decided to look at
two different steamer capacities accommodating fabric
lengths of 30 and 45 m respectively, at any one time. Appro-
priate capital costs were included in the calculations. It
should be noted here that the longer steamer is good value
for money, being only 7% more expensive, approximately,
than the 30 m steamer,

A liguor:goods ratio of 6:1 was used in the jet calcula-
tions and jet loadings were maximum in terms of either
weight or length of fabric per tube.

RESULTS

Based on the expected production of 64% of ‘faultless’
material with jets and 95% for pad—steam, weekly produc-
tion rates for 120 h (156 x 8 h) can be calculated for both
types of process {Tables 5 and 6). It will be noticed
that pad—steam production is based on batches from 300 kg
to 2400 kg. Steaming times of 1 to 2 min are anticipated but
3 min might be required occasionally, for very dark shades. If
one assumes that most batches require 1.5 min steaming, a
pad—steam unit with a 30 m steamer could produce around
23 tonnes per week for a small dyehouse handling small
batches around 300 kg. The same level of acceptable produc-
tion would require four two-tube Ecosoft machines.

TABLE 5

Weekly Qutput for Jet Processing

Batch Weight Machine Type Fabric Width Output
(kg) {cm) {tonnes/week)
255 R95 (old) 50 or 75 4,1
280 2-tube Ecosoft 50 4.5
300 R9E (new) b0 or 75 4.8
300 2-tube Ecosoft 75 4.8
420 3 tube Ecosoft 50 6.7
450 3-tube Ecosoft 75 7.2
840 6-tube Ecosoft 50 12.6
900 6-tube Ecosoft 75 13.b
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TABLE 6

Weekly Output for Pad—Steam Processing

the cost/100 kg levels relating to the Thies Ecosoft machines.

Batch Weight Steaming Time Fabric Width Output
(kg) (s) {cm) {tonnes/week)
30 m Steamer 45 m Steamer
300 60 50 23.4 29.9
300 60 75 29.9 37.1
300 180 50 10.0 14.0
300 180 75 14.0 19.1
600 60 50 27.9 38.2
600 60 75 38.2 50.2
600 180 50 10.8 15.4
600 180 75 15.4 22.2
1200 60 50 30.8 445
1200 60 75 44.5 61.6
1200 180 50 11.4 16.0
1200 180 75 16.0 23.9
2400 60 50 31.9 47.9
2400 60 75 47.9 68.4
2400 180 50 11.4 16.0
2400 180 75 16.0 25.1
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Figure 1 — Jet dyeing and pad—steam dyeing costs related
to output

Figure 1 illustrates the relationship between total costs
in £/100 kg cotton and weekly output in tonnes for the
pad—steam process. Longer runs, and wider or heavier
fabrics, reduce pad—steam process costs and increase output.
Each line connects four points — for 300, 600, 1200 and
2400 kg batches — and each line represents one of three
steaming times, one of two cloth widths, and one of two
steamer capacities. All the lines together form a broad
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Various levels of cost/100 kg for different jet machines
are superimposed on the graph; where these levels cut the
pad—steam lines, arrows point downwards to give break-even
pad—steam outputs. These range between 15 and 30 tonnes/
week depending on the particular machinery considered, e.g.
for three-tube Ecosoft machines each capable of dyeing
approximately 400 kg batches, the break-even point for the
narrower fabric steamed for 1 min in the smaller steamer is
around 25 tonnes/week. For wider fabric steamed for 1.5 min
in the same steamer the break even pointis around 23 tonnes/
week: above these amounts pad—steam dyeing is cheaper
than jet dyeing.

The costs/100 kg are presented rather differently in
Figure 2 as a histogram (see Tabte 6 for production levels).
This makes it easier ta appreciate the relative contribution of
dye, chemicals, water, steam, labour, capital, maintenance
and electricity (note that these costs relate to a 1% depth
dyeing).

The costs/100 kg for jet dyeing are the same regardless
of how many jets are bought to achieve a particular weekly
output (they are only slightly higher for narrower fabric).
Pad—steam dyeing costs are much higher for narrower fabric
and longer steaming times than for wider fabric and shorter
steaming times.

Break-even Conditions
From the preceding work it is evident that the pay-off con-
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Figure 2 — Cost comparisons

ditions for pad—steam dyeing depend greatly on the type of
jet equipment used in the comparison. For the older Thies
R95 jets, costs/kg are high and unless a 3 min steaming
is required it would be worth considering pad—steam dyeing
at 15 tonnes/week. At the other end of the cost scale, a six-
tube Ecosoft would reduce costs/kg so much that weekly
production would have to be nearly doubled at 28 tonnes to
make pad—steam dyeing attractive.

TABLE 7

Comparative Output: Number of Jets Required to Equal
Different Pad—Steam Outputs

Pad—Steam Number of 3-tube Ecosoft
Batch Size Output machines required to give
{ka} (tonnes/week) similar output
300 23 3
600 28 4
1200 31 5
2400 32 5

Assumptions: 75 cm wide fabric, 30 m steamer and 1.5 min
steaming time

Pad—steam output allows for 5% redyes

Jet production allows for 8% redyas and 28% of

batches with additions.

These alternatives cannot be examined without consider-
ing batch size. Most dyers of knitted fabric need versatility of
machine size to cope with different size batches. The most
appropriate machine for Midlands dyehouses was considered
to be the three-tube Ecosoft. Using suitable numbers of these
machines as the vardstick, break-even cost relationships can
be derived for varicus parameters of the system (Figure 3).
From this graph it is seen that cost per 100 kg is directly
dependent upon steaming times; the break-even point is the
steaming time for which jet and pad—steam processing cost
the same.

in Table 7 an indication is given of the number of three-
tube jet machines necessary to produce the same output as
pad—steam dyeing under selected conditions.

Break-even steaming times are illustrated further in Table
8. Similarly, break-even speeds can be derived below which
pad—steam dyeing does not pay off (Table 9). Further,
break-even rates can be derived in kg/min below which pad—
steam dyeing does not pay off (Table 10). These three tables
show that pad--steam dyeing is more competitive in heavier
depths of shade.

TABLE 8

Break-even Steaming Time (s)

Depth of Fabric Steamer Batch Size
Shade Width Length (kg}
{%) (em) {m) 300 600 1200
1.0 {0} 30 b4 72 78
1.0 75 30 87 111 120
1.0 50 45 72 93 102
1.0 75 45 114 147 165
3.0 50 30 72 87 96
3.0 75 30 114 138 144
3.0 50 45 93 117 126
3.0 75 45 147 183 198
TABLE 9
Break-even Speed (m/min)
Depth of Fabric Steamer Batch Size
Shade Width  Length {kg)
(%) {cm) {m) 300 600 1200
1.0 50 30 33.3 25.0 230
1.0 75 30 20.7 16.2 15.0
1.0 50 45 375 29.0 26.5
1.0 75 45 23.7 18.4 16.4
3.0 50 30 250 20.7 18.8
3.0 75 30 15.8 130 125
3.0 50 45 290 231 214
3.0 75 45 18.4 14.8 136

In the more detailed Hatra reports various equations are
suggested for calculating break-even rates for any depth of
shade and any size of batch.

Winch Wash-off

Since the cost of a pad—steam range is considerable, ca
£190,000, the possibility was considered of reducing the
capital outlay by washing-off on existing winches (assumed
to be fully amortized}. This would reduce capital costs to
around £140,000, also assuming that a number of auto-
loaders or similar devices would need to be purchased to
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TABLE 10

Break-even Rate {(kg/min)}

Depth of Fabric Steamer Batch Size
Shade Width  Length (kg)
{%) {em) (m) 300 600 1200
1.0 50 30 5.83 4.38 4.04
1.0 75 30 5.43 4.26 3.94
1.0 50 45 6.56 5.08 4.63
1.0 75 45 6.22 4.82 4.29
3.0 50 30 4.38 3.62 3.28
3.0 75 30 4.14 3.42 3.28
3.0 50 45 5.08 4.04 3.75
3.0 75 45 4.82 3.87 3.58

enable the fabric to be handled in very long lengths on the
winches. Against this saving of £50,000 in capital costs must
be set the increased cost of operating winches.

Our calculations indicate that winch washing-off would be
very expensive to operate and there would be an add-on of
around £9/100 kg for fabric requiring 1 min steaming [3].

Conclusions

(a) The cost/100 kg for three-tube Ecosoft jets is the same
regardless of how many jet machines are bought to
achieve a particular output, but is slightly higher for the
narrower fabric.

{b) Pad—steam dyeing costs are much higher for small
batches, narrower fabric, and longer steaming than for
wider fabric and shorter steaming times.

{e) Jet processing is always cheaper when output is below
20 tonnes/week; pad—steam processing should always
be cheaper when output is above 30 tonnes/week.

(d) Achieving an economical output using pad—steam de-
pends on short steaming times and reasonable lengths

WINCH DYEING: A COST COMPARISON

Despite what has been said in the first part of this paper,
much cotton fabric is still dyed with reactive dyes on tradi-
tional winches. Some dyers prefer winches for this purpose
because they claim that large amounts of salt and soda ash
can be added more conveniently to winches; other dyers
have had experience of fabric damage when using certain
jet dyeing machines and so have fallen back on to the old
faithful, the winch. Over and above these reasons, sheer
economics have dictated that little capital is available for
replacement machinery.

Data Collection

It was decided to make a comparison of the actual winch
dyeing processes used in a number of dyeing and finishing
works handling knitted cotton fabrics. First data were
cotlected giving process details, volume of production and
the relative importance of cotton fabric for each firm. Alto-
gether twelve firms were examined and from these seven pro-
cessing sequences were selected as representative. Liquor:
goods ratios varied from 156:1 to 25:1; the number of baths
used was either eight or nine. Some firms used scour—dye
techniques; others gave a thorough prescour. Concentration
and chemical nature of auxiliaries varied greatly. The only
process which was common to all sequences was a final
softening treatment, albeit with different softening agents.

Factors
It was decided to examine four cost factors in depth, effluent
charges, chemicals, water and steam.

The last three costs could be calculated from the process
details supplied but experimental work was necessary to
arrive at effluent costs. To do this work required simulation
of the seven processing sequences in the laboratory and
estimation of the dichromate values (DV) of all the spent
liquors from each bath. Those baths containing high chlo-
ride concentrations required a correction to be made to the
DV to give a fair estimate of organic content. The correction
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Figure 3 — Effect of steaming time on costs
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method of Baumann [4] was further modified at Hatra
from which test details may be obtained.
Typical figures obtained are illustrated below:

DV uncorrected DV corrected

0,/ 0/
{mg) (mg)
Dyebath 1481 221
Rinse 478 372

A representative 1/30s cotton 1x1 rib fabric was used
throughout the work together with a representative reactive
dye, Remazol Black B (C.l. Reactive Black 5). This dye is
widely used as a basis for dark colours where high light and
chlorine fastness it not required. The dye was applied at 8%
depth using the seven different selected processing sequences.
The dyed fabrics were assessed visually and instrumentaily
for depth of shade ‘(colour yield) and were tested for wash
fastness and cold-water fastness against multi-fibre strip.

Results

From a knowledge of the volume of each spent bath and its
DV it was possible to calculate oxygen demand and to relate
this to weight of cotton processed. From a knowledge of the
processes used it was possible to calculate the amount of
steam used per 100 kg of cotton [6]. These results together
with those for water used are presented in Table 11 as
amounts per 100 kg material processed.

TABLE 11

Amounts per 100 kg Cotton

Using the costs for water, chemicals and heavy fuel oil
and the relevant effluent charges [B] it was possible to
calculate costs for the four items examined (Table 12). The
fastness and depth of shade results are given (Table 13).

Conclusions

(a) Water costs are related to liquor:goods ratio and the
number of baths used.

{b) Chemical costs vary from 14.3 to 23.0 pence/kg and are
not related to fastness or depth of colour.

{c) Effluent costs are related to liquor:goods ratio, the
number of baths and oxygen demand of the auxiliaries.

(d) Steam costs are related to fastness in terms of staining
on nylon in the cold-water test but not to depth of
colour. To achieve a cold-water fastness rating of 3 it is
necessary to incur at least 9.0 pence/kg cotton in steam
costs (mainly because of the boiling-off baths required
to remove uncombined unreacted dye).

{e) All the processes examined give dyeings with excellent
wash fastness but they differ with respect to the fastness
of the dyeings to cold water (stain on nylon) and the
depth of colour produced.

POSSIBLE SAVINGS

If the median value of 31.06 pence/kg for the total costs is
related to the fastness and depth of colour figures it is
possible to calculate possible savings for the firms who spend

Liquor:goods ratio 15:1 16:1 20:1 20:1 20:1 20:1 25:1
No. of baths 9 9 8 8 9 9 8
Water (m®) 10.68 1191 1351 1353 1525 1528 1754
Effluent {m?3) 10,11 11.34 13.117 13.27 1453 1450 17.38
Oxygen demand (kg O,) 6.48 8.54 9.96 7.53 9.67 873 11.01
Steam (kg) 667 917 654 811 1257 14563 973
TABLE 12

Costs (Pence per kg}

Liquor Ratio 15:1 16:1 20:1 20:1 20:1 20:1 25:1
Chemicals 16.20 16.40 19.70 14.30 21.20 23.00 21.70

Water 1.85 2.06 2.34 2.34 264 2.64 3.03
Effluent 1.30 1.62 1.87 1.68 1.80 1.79 2.20

Steam 7.29 10.03 7.15 887 1375 1589 10.64

Total 26.64 30.11 31.06 27.09 39.49 43.33 37.59

TABLE 13

Depth of Shade, Fastness to Cold Water and Steam Usage

Liquor:goods ratio  20:1 15:1 20:1 16:1 25:1 20:1 20:1

No. of baths 8 9 8 9 8 9 9

Depth of shade™® 4 3 34 5 2 3 2

Water fastness

(stain on nylon) 2-3 2 3 3 3 3 34

Steam usage (kg) 654 667 811 917 973 1257 1453

*Depth of shade was assessed on the Grey Scale (for Assessing Change in Colour) against
the deepest shade produced; 5 signifies the darkest dyeing, 2 the Grey Scale contrast
between that and the palest dyeings. Instrumental measurements gave simitar rankings

and are not quoted,

JSDC Volume 98 July/August 1982 239




more than this amount. For example, the firm who pro-
duced the maximum depth of colour and a rating of 3 for
fastness to water spent 30.11 pence/kg to achieve this result.
On the other hand, the firm who spent 43.3 pence/kg only
achieved a water fastness of 3—4 at a lower depth of colour.
For the four firms that spent more than the median, the total
savings could be £131,000 p.a. (if each processed 10 tonnes/
week in a 48 week year).

When considering these results we are very conscious
that other technical factors (levelness, sewability, fabric
creasing and fabric appearance), and other costs {dyes,
electricity, labour and overheads) have not been considered.
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APPENDIX 1

Costs {in Pence) at March 1979

Water and effluent 21.0 p/m? Soda ash 9.0 p/kg

(R +V* only) Sodium bicarbonate 10.0 p/kg

Steam 500 p/1000 kg

Electricity 2.0 p/kWh Caustic soda 70° Tw 2.67 p/kg

Labour 260 pth Sandopan DTCL (Sz) 32.0 p/kg

Dye 800 p/kg Sancowad CO (Sz) 50.0 p/kg

Salt 2.3 p/kg Revatol S (Sz) 105 p/kg

*From the Mogden Formula, C=R+V + ot B+ St S, for effluent charging, i.e. "Reception

OS SS
& Conveyance’ and ‘Volume’ only. The pad—steam vs jet cost-comparison calculations did

not include the strength and sludge components of effluent costs, because no analyses could
be carried out. The winch calculations, on the other hand, were buttressed by laboratory
and analytical verification and take account of full effiuent costs, but no labour, capital,

maintenance, and electrical costs are included for this sevenworks comparison.

APPENDIX 2

Redye Rate for Pad—Steam Dyeing
Informal discussions with finishers of woven cotton indicated
a redye incidence of 1—2%. On the basis of this experience
the estimate for redyeing of knitted fabric was taken as 5%,
i.e. more than 2.5 times as much as is reputedly the case
with wovens. The comment of one interested party was
that this was unduly pessimistic and unfair to the equipment,

Pilot-scale trials by a dye-maker had shown the pad—steam
equipment here, specifically engineered for knitted fabric, to
perform very satisfactorily. In a very recent paper by
Harrison, Roberts and Ward (J.S5.D.C., 97 {1981) 106}, on
the continuous dyeing of woven polyester—cotton fabric
with disperse and reactive dyes applied by the pad—bake—
pad—steam process, which is much more complicated, it is
suggested that with proper controls 77% of the dyeings wili
differ from standard by less than one AE (ANLAB) unit,
21% by less than two units, and only 2% would differ by
more. For many bright colours AF 2 would be within toler-
ance, so redyeing would be required in 2% of the cases only.
Knitted cotton is dyed by a simpler process and is more uni-
formly penetrated and cleaned than woven polyester—cotton.
Harrison et al. suggested 50% of faults originate in goods
prior to dyeing.

Sample calculations with higher levels of redyeing in pad—
steam processing lead to the following data for 75 cm wide
fabric in a 30 m steamer and two steaming times:

With 90% faultless processing, the break-even paint
relative to three-tube Ecosoft production would rise to 29

tonnes/week and require not 300 kg but 1200 kg batches
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Weekly Output {Tonnes of Faultless Fabric)

Batch size (kg) 300 600 1200 2400
1.5 min Steaming
90% faultless 22.1 26.5 29.2 30,2
80% faultless 19.7 23.5 25.9 26.9
1 min Steaming
90% faultless 284 36.2 42.1 45.4
80% faultless 25.2 32.2 374 40.3
Costs (£/100 kg Fabric)
Batch size (kg} 300 600 1200 2400
1.5 min Steaming
90% faultless 2213 2103 20.50 20.25
80% faultless 2525 2399 2337 23.09
1 min Steaming
90% faultless 20.71 19.63 18.97 18.72
80% faultless 23.62 2237 21.61 21.32

with 1.5 min steaming; for 1 min steaming the break-even
point is 30 tonnes/week and requires batches just over 300
kg in weight. At 80% faultless production, pad—steam pro-
cessing would not pay off. However, this figure of B0% is
very unlikely and too pessimistic. With shade sorting and
long runs, within-run uniformity is of paramount impor-
tance, more so than a very tight tolerance to a delivery



distant in time. On the other hand, unleveiness would
matter greatly. Let us consider how soon unlevelness would
‘be apparent: at most, 100 m of cloth would pass through
the complete range before unlevelness would be seen and the
run could be stopped. If every batch were likely to be un-
level, then for 300 kg and 1143 m per batch, 100 m repre-
sent 8.75%, for 600 kg 4.4%, and 3400 kg and 9143 m only
1.1% to redye. It is hardly likely that 10% of batches would
be unlevel initially: if they were, the redye percentages
from well-prepared knitted fabric would be less than 1%
even for 300 kg batches.

A 5% redye level for pad—steam dyeing seems a very
realistic assumption.

DISCUSSION

Mr H R Hadfield

Mr Samuels showed examples of very poor drugstore prac-
tice. These were confirmed as being in no way untypical by
the factory inspector who contributed to the discussion.
Table 4, presented by Mr Jaeckel, reveals what | consider
to be an unsatisfactory performance. Table 13, shown by
Mr Jones, seems to indicate a very poor level of performance
in terms of dye yield, by some of the firms studied. It seems
to me that this is an indication of a serious gap between the
technology available and the technology used in the plant.
The reasons for this gap are many and important and could
be the subject of a lecture in itself. Can | make one point,
however, that technological education and the appreciation
of what our Society can do to help would make a contri-
bution to reducing the size of this gap.

Mr S M Jaeckel:

The proportions of production given in Table 4 that are
faultiess, require shading, and require redyeing | believe to
be completely realistic and representative. The reasoning
for the pad—steam process is given in Appendix 2. The
proportions for jet dyeing were based on experience in
several Midlands dyehouses. The cost calculations, and the
underlying processing assumptions when finalized were
discussed at the highest technical and manageriai level in
several dyehouses and no-one regarded them as unrealistic.
Consequently, for jet dyeing knitted cotton fabric with
reactive dyes, | think the assumptions are well founded
and represent average-quality current performance.

Some of the works concerned have very forward4ooking,
technically aware, and competent top- and middle-manage-
ment, at any rate in my view. | wonder whether it is
technically relevant to point out that whenever very high
rates of faultless industrial production are quoted, these are
related either to continuous processing or to yarn and
thread. Could it not be that the lower level of uniformity
achieved in the batch processing of knitted cotton fabric,
both regarding history of the fabric and iength of run to a
colour, may at least in part involve an intrinsically higher
reject rate? Swiss estimates in 1980 for continental practice
[1] refer to 20% shading additions (cf my 28%), and suggest
a poorer level of performance by estimating a doubling of
processing time and cost for shading whereas Midlands
experience {(see Table 4) corresponds to an average 20%
increase in processing time only.

Mr R L Jones:
Data obtained since the calculations were carried out indicate
that the shading and redye proportions given in Table 4 for
batch processing are entirely typical of the ranges found not
only in the Midlands but throughout the UK.

As regards Table 13, variations in dye vyield are linked
with differences in the processing conditions used by the
seven firms. These, apart from the range of liquor ratios and

bath numbers guoted in the table, include variations in
concentration of salt and of alkali, and in temperature of
dyeing (40 to B0°C) and ‘soaping’ (60 to 95°C). In parti-
cular, caustic soda improves the fixation of Reactive Black
5: | understand several dye makers are now recommending
its use for decreasing costs and increasing fixation.

Mr J § Schofield

Can Mr Jaeckel please comment on the cycle-time assumed
for jet dyeing and the down-time involved in the pad—steam
process, which must surely have a significant effect on total
cost?

Mr S M Jaecket:

For the pad—steam process, the down-time added to each
batch in the calculation was 30 min, regardless of length of
run, running speed, and steaming time (which, together with
steamer capacity, controls the running speed). There was no
obvious technical reason why ‘cleaning up’ should take
longer before a long than before a short run. Consequently,
the down-time increases the calculated unit cost markedly
for shorter runs.

For jet dyeing, the cycle times used in the calculations
were finalized not only after studying various published
and unpublished estimates, but after thorough discussions
and observations in several dyehouses, buttressed by many
checking calculations for consistency and realism. For a
“faultless’” eight-bath sequence, the following times were
used: dye 180 min; rinse cold 9 min; rinse 60°C 11 min;
3 x scour/boil 3 x 45 min; rinse 9 min; rinse or soften 22 min
{includes show + pass), i.e. 3 h dyeing followed by 3.1 h
subsequent wet-processing, totalling 6.1 h. To this, loading
and unloading time, each at 300m/min, has to be added.
These two times, to the nearest minute, for lengths
from 971 m (75 ¢cm width in an old R95 jet) to 2400 m (50
cm width in a three-tube Ecosoft) range from 6 to 16 min
with a median of 10 min. It was thought close enough to
add 0.15 h {= 9 min) to 6.1 h for all jets except the six-tube
Ecosoft, giving a batch time of 6.25 h. In a six-tube-Ecosoft
machine, loading—unloading times for 4800 m (840 kg of
50 cm fabric and 3428 m (900 kg of 75 cm fabric) would be
32 and 23 min respectively; 0.5 h was allowed, giving a ‘fault-
less’ batch time of 6.6 h.

The time-dependent factors allowed for shading and re-
dyeing (Table 4) totalled 1.2; multiplying the ‘faultiess’
times by this gave cycle times of 7.5 h and 7.92 h respective-
ly for average batches.

In the pad—steam processing there was another time
factor which raised the cost relative to jet processing,
although it did not affect the output from the pad—steam—
washing range. With both routes wet processing before dye-
ing was ignored, but in pad—steam processing an extra drying
operation before padding was allowed for, which required
capital (for extra dryers), labour (time factor), and steam,
The drying time (calculated for a dryer handling three
ropes simultaneously, each at 5 m/min, i.e. effectively at
900 m/h) per batch varied from 1.27 h for 300 kg of 75 c¢m
fabric to 15.24 h for 2400 kg of 50 cm fabric.

Mr G A Richardson — Meridian Ltd

Would Mr Jaeckel please comment on the practical problem
of edge marks in padding tubular fabrics? Very recent
information on a new (and very expensive) pad—steam range
installed in the USA would suggest that this is still a problem.

Mr 8§ M Jaeckel:

We are dealing with calculated cost comparisons, i.e. a desk
study which we attempted to make as realistic as possible: no
opportunity arose, as we had hoped at one time, to see the
particular pad—steam range instalied in the UK and to try it
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out in bulk. We did, however, see the samples obtained by
Sandoz on the small-scale Benz range in Switzerland; in these
cases there was no edge-marking problem. | believe the design
and specification of the range, in particular of the material
used for the padding rollers, is especially important in this
connection. In one respect at least the result appeared to be
better than at least some jet-processed material, in that the
surface appearance of the fabric was very clear, clean and free
from scuff marks; it ‘looked good’. | cannot comment on the
newest US ranges. Two factors may be operating in any
edge-marking, a purely physical, optical 'hairy’ effect — again
roller construction may help — and the behaviour of the dye-
liquor; in the latter case migration inhibitars {at a price)
may help.

Mr D Blackburn — Yorkshire Chemicals Ltd
Are the cotton fabrics being considered in this work equally
suitable for jet dyeing and pad—steam dyeing?

Mr S M Jaeckel:
Yes.

Mr W Beal — Ciba—Geigy {ADP) Co.

With reference to Table 4, would the authors piease expand
on the background to the assumption that 95% of pad-dyed
material and 64% of jet-dyed material can be regarded as
‘faultless’?

Mr S M Jaeckel:
The 95% figure for pad—steam is a ’‘guesstimate’, the 64%
figure for jets is a fact. There is quite a bit on the ‘95% fault-
less” pad--steam assumption in Appendix 2. Basically, we
know woven goods processors can do even better. When we
discussed our calculations, on separate occasions, with
machinery makers and agents, some wanting to sell jets,
others continuous ranges, they all cavilled; the jet people
thought /ess should be faultless, the pad people more, so
| think we got it about right!

Jet dyeing costs are firmly based on the frequency of

shading and redyeing in practice. Analysis of typical produc-
tion records showed that 64% of batches were ‘faultless’
and 36% has 1.78 shading additions on average; of this total
of 100%, 8% subsequently required to be redyed. The
caleulation was simplified as follows. | all redyes come from
shading-addition batches, this implies 28% with 1.78 shading
additions and B% redyes after 1.78 shading additions. This is
equivalent to (g_g x 1.78=} 28% with 2.29 shading additions

and 8% straight redyeings. So, | regarded jet production as
64% ‘faultless’, 28% with 2.3 additions on average, 8% re-
dyes. |f each shading addition lengthens dyeing time by 0.5 h
then 2.3 additions add 1.15 h: therefore, the redye factor for
process time is 7.4/6.25 = 1.18, and | rounded this up to 1.2
(cf. Tabte 4).

Mr J B Schofield — Sandoz Products Ltd

Batchwise processing of knitted cotton fabric causes a certain
amount of surface abrasion which can result in downgrading
of fabric. Was this factor recognized in Hatra's costings, as it
appears that only dye additions and reprocessing were con-
sidered? As the quality of pad—steam dyed material is
generally of a high order, this in itself should show cost
advantage and possibly allow a cheaper quality fabric to be
used in the first place.

Mr R L Jones:

Fabric guality was not considered. We agree that abrasion
can be a problem with some fabrics and with some jet dyeing
machines, not least when the fibre shed during dyeing is
deposited on a following batch which then has to be re-
processed.

As regards the quality of cotton fabrics, manufacturers
would normally reject any fabric which was so loosely con-
structed that it did not stand up to abrasion from whatever
cause, including wear. One can imagine a low-grade fabric
successfully dyed and finished by the pad—steam method
being unsuitable for subsequent home laundering and tumble
drying.
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