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Explanatory notes

The following abbreviations have been used:

CI Colour Index
S.D.C. Society of Dyers and Colourists

The views expressed are those of the author and do not necessarily reflect

the views of the secretariat of UNIDO.
Mention of firm names and commercial products does not imply the endorsement

of UNIDO.
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INTRODUCTION

Wet processing transforms often dirty and unattractive fibres, yarns and
fabrics into marketable textile products with considerable added value largely by
varying the style,design, colour and finish. In addition, it enhances the
aesthetic and texturai properties of the material and renders the performance

and durability of the finished product suitable for the intended end-use.
Wet processing includes:

Preparation (desizing, scouring and bleaching etc.)
Coloration (dyeing or printing)

Chemical finishing (softening, resin, durable press, water
repellent and flame-retardant finishing etc.)

The planning, direction, organization and control of the provision, storage
and handling of all dycs, pigments, finishes, chemicals and auxiliaries used is
vital. The reputation of a firm in coloration and finishing for quality, con-
sistency and reliability depends largely on the correct selection and use of
chemically based products, Of particular importance are the criteria determining
the selection and evaluation of products, and the factors that lead to optimum

storage and handling facilities.

In European countries dyes and chemicals have been claimed to contribute
some 22-3C per cent of the total dyehouse costs in a modern dyehouse (1-3).
In developing countries this may be as high as 35 per cent depending upon whether
products are locally manufactured or imported (4,5). The price largely depends
upon oil-based products, therefore, the dramatic escalation in the prices of such
products is creating considerablz financial pressures, particularly in countries where

therez are foreign exchange problems and no :indigenous chemical industry.

The lack of essential products for preparation, coloration and finishing
processes can lead to production stoppages, costly production rescheduling, late
delivery dates, a deterioration in mar.agement-labour relations, and a loss of
customer goodwill and future business, This situation is magnified in multiproduct,
multifibre and miltimachine production plants where the control problems increase
with the diversity of the finished textile fabrics produced (6). Therefore, the
plant management team, particularly those concerned with purchasing, technical
control and production, must work together to optimize the resources of the plant
in order to obtain maximum machine utilization efficiency and continuity of

production while minimizing costs.

— e —




This monograph is designed to provide practical guidelines for controlling
the provision, storage and handling of dyes and chemicals in dyeing, printing
and finishing plants. The importance of selection and evaluation procedures
is discurssed in chapter I, with particular reference to dyes, which account for

the major ras-materials costs in ~oloration processes (§).

Control of the dye and chemical inventory reguires considerable expertise .
and knowledge of the network of complex relationships that encompass manfacturers,
suppliers, government departments, communications and transport services, and
tecrnical, production and sales management., The practical approaches {o the
control problems of maintaining stocks a* an 2dequate service level are outlined

in chapter II.

Irdividual plant requirements in respect of the packaging, storage and
handling of dyes and chemicales vary widely. Possible solutions to the problems
of servicing botnh batchwise and continucus processiiig units are considerel in
chapter III, with particular attentior being pzid to tF advantages and limita—

tions of tulk storage systemse

Efficient utilization of the dyestor:, and in particular of the colour
kitchen, is essential to provide the correct quantities of the necessary products,
dispersed in the required form ready for instant use, This ic an integral part
of the production seguence that is ioo oftern neglected leadinz to a down-grading
in finished fabric quality. The many prcblems posed are described in chapter IV
and appropriate procedures suggested 0 promote greater efficiensy, flexibilit)

and coverall process control.,

There are hazards in the use of such chemicals as dyes, pigrents, finishes
anu auxiliaries, and it is essential that all personnel who handle or are otherwise
exposed to such products should ve aware of these hizards. Plant ranagement must
take a responsitle attitude to the handling and disposal of chemical products
and to environmental control. The design and implementation c¢f appropriate prevcn-—
tative measures and control procedures to reduce potential chemical hazards both
inside and outside the plant are discussed in chapter V, in whlich some practical

guidelines for industrial hygiene and safe working practices »re laid dowi,

——
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I. THE SELBECTION AND EVALUATION OF DYES, CHEMICALS AND FINISHES

The procedures involved in the selection and technical evaluation of
products for use in coloration and finishing processes depend upon the exact
nature of the process, but for dyes,normally include the following:

A definition of the technical specifications for the product
Loc2tion of suitable products and suppliers
Acquirement of samples

Technical evaluation of the samples

Commercial evaluation on a price-strength basis
Test methods

Colour value

Evaluation in small-scale equipment

Evaluation on a works trial basis

Quality control

Sampling

Testing of auxiliaries, finishes and chemicals

Bvaluation of materials for textile printing

Technical specifications for the product

The substrate and performance requirements for processing and for the intended
end use should be clearly defined., These are often specified in detail by ‘he

customer, together with a yarn or fabric sample for matching purposes.

Location af suitable products and suppliers

Those charged with the responsibility of product selection and evaluation
should have access to detailed sources of inform-tion. For day-to—day operatior.
the excellent technical information provided by most of the major dyestuff and
chemical suppliers should be stored in the works laboratory, thus facilitating
rapid preliminary comparison of pattern cards for colour, fastness etc. The
Colour Index (CI), together with the Additions and Amendments to the Colour Index,

is an invaluable source of information on colorants (7).

Product guides to auxiliaries, finishes and chemicals, are issued annually
in some countries (8,9) and directories of chemical suppliers provide a short
list of suppliers, together with limited information on their products., In such
publications, the detailed chemical composition and concentration of auxiliaries
and finishes are often not specified, for these may consist of complex

mixtures specially formulated for highly specific end uses.

Acquirement cf smmpi/s

Samples of the bulk material should be obtained fresh from the suppliers
in dated. airtight containers (10). Samples ofte:: deteriorate on storage under
works laboratory conditions or absorb moisture from the atmosphere thereby

leading to difficulties in technical evaluation.




Commercial dyes for textile coloration are marketed at a strength convenient
for storage, handling and use. Many contain diluents such as sodium chloride,
soc.ium sulphate, soda ash, phosphates and sol-bilizing agents, for exarple,
dextrin; anti-dusting varieties also contain small traces of products based,
for example, on mineral oils; and other dyes contain dispersing agents (6).

The nature and amount of the additives present may affect the dyeing behaviour
of the actual dye, for which reason dyes of the same Colour Index number but
from different manufacturers may vary in terms of the tinctorial strength on the
substrate (10).

The additives present in a commercial dye may alter the uptake of moisture
according to the atmospheric conditions so that strict control over this variable
by the use of airtight containers is required where price-strength relationships

are under evaluation (11-13).

wWhile the strength tolerance for dyes is generally ¥ 2L per cent of standard,
the presence of manufacturing impurities, different amounts of stereochemical
isomers or shading dyes in different deliveries may lead to problems of build-up
or fastness (€,10). Metameric effects between dyes of the same Colour Index

number but from different so rces are not unknown.

These factors must be carefully studied where product substitution on the
grounds of price alone is attempted. Inadequate eviluation may lead to severe
financial penalties resulting from increased matching costs and additions,
stripping and redyeing, lower quality and reduced machine utilization efficiency

that will often far outweigh the benefits.

Technical evaluation of the samples

The main factors of practical importance for dyes (12) are:
Ease of application and levelness obtained
Tinctorial strength on the substrate to be dyed

Coverage of possible irregularities in the substrate - an important
consideration for continuous filament and textured yarns of nylon
or polyester

Fastness properties - using standard methods wherever possible and
standard adjacent fabrics or multifibre fabric

Compatibility with other dyes to obtain the maximum colour gamut with
the minimum number of dyes

Physical state, solubility and particle size

Effects of normal after-treatments on the colour or fastness of the
dyed materials e.g. syntanning or backtanning of dyed nylon

Effects on effluent - dyes of high exhaustion minimize effluent
problems.




I+ is essential that the application method for use in bulk dyeing is
estztlished for the class of dyes under investigation. This includes the
standardization of:

Choice of auxiliery products
pE control

Rate of temperature rise
Dyeing temperature

Dyeing time

Liquor-to-goods ratio
Washing-off procedure

Drying and conditioning method

These should be as close as possible to the conditions normally employed in

bulk dyeings.

For most purposes yarn and fabric are more convenient substrates for the
technical evaluation of dves and an adequate stock of uniformly scoured or
bleached material should be stored to give a consistent moisture regain (10).
Substrate uniformity is essential if reproducibility of repeat dyeings is to

be obtained.

A wide variely of latoratory dyeing machines utilizing stainiess-—steel
pots are available including single or multibath machines for operation under
atmospheric or high temperature conditions with time and/or temperature programmed
control. Reproducibility is improved by using these machines particularly if
the weights and volumes of the products used are carefully measured (12,14) .
Freshly made up standard solutions of dyes should be used in all evaluations,

The control of pH buffer systems is a particular!y important factor in
determining the exhaustion of the dyebath (15j.

Ease of application and levelness obtained

Any difficulties in dissolving or dispersing, cr in the application using
the standardized procedure, should be noted. The level dyeing prcperties may
be assessed by the S.D.C. migration test (16) or by a cocbined st ike-migration
test (17). In the former test equal weights of dyed ard undyed material are
boiled in a blank dyebath for an hour and the dye that migrates <o the undyed
sample is estimated by means of the IS0 Grey Scale. In the strike-migration
test the dyebath is preparrd and brought to the boil. Samples of undyed
mat :rial of equal weight are entered over a period of one hour and boiling

continued for a further hour followed by drying and assessment.




‘Pinctorial strength on the subsirate to be dyed

The colour and build-up properties of the dyes under test are studied by
dyeing out to a number of standard depths, as appropriate for the subsirate and
dye class involved. These dyeings may then be subjecied to assessment by standa.d
methods of fastness testing (see below)., Similarly evaluations of prints by the
strike—off method at a series of depths of colour using standardized conditions
for diluting the stock thickener, solvents, fixing agents, and for application,

fixation and wash-off car be employed.

Coverage of possible irregularities in the substrate

The coverage of possible irregularities in the substrate is particularly
important for synthetic fibres in textured yarn form. Fabrics that contain
known yarn irregularities can often be prepared by judicious selecticn of
materials and then used to assess the coverage properties of the dyes. Particular
care must be exercised in the control of temperature and in the use of carriers

that can evert marked effects both on levelling and migration.

Faztness properiies

Standard methods of test and assessment should be performed, the methods
selected being appropriate for the end use of the dyed material (18) unless

special demands are made by the customer.

Strict control over the sample size and test conditions 1s essential and
standard adjacent fabrics should be employed. The use of multifibre adjacent
fabric has been described (19) and is useful if staining cn more than cne
fibre is required. However, no other adjacent fabric should be present

in the test ag thig would affect the degree of staining obtained.

Fastness to wet and dry »ubhing (crock fastness) is important for heavy
depth prints and pigment prints where the performance of the binder used is
crucial. Lower standards of light and wash fastness are often acceptable on

prints compared with dyed materials.,

Compatibility with other dyes

The temperature-strike characteristics of the dye may often te determined
by a modification of the strike-migration test (12). The dyebath is prepared
and equal weight pieces of falric are entered and removed successively from the
dyebath while the temperature is being raised slowly to the boil and boiling

continued for 30 minutes. The strike-migration and temperature-strike tests
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are particularly valuable for assessing the compatibility of three cclour
combinations, particularly where these are selected from the ranges of different
dye manufacturers. A method for the assessment of the compatibility of cationic

dyes on as~ylic fibres has also been published (2v).

Physical stote, solubility and particle size

The physical state, solubility and particle size are of great i-portance
for printing. Methods for determining the solubility of dyes have been described
(21, 22) and information is often available from the dyemaker. Informa®: m on
particle size is of particular value for the beam and package dyeing of disperse
dyes; methods employing polyester and cotton fabric (23), or two layers of
Whatman No. 4 filter paper sandwiching a pirce of cotton poplin (5) have teen
described. In the latter method it is suggested (5) that the dispersion should
leave no residue (a) immediately after preparation; (b) after heating for 10

minutes at 40°C; and (¢} after boiling for 30 minutes.

The recommendat:ons of the dyemaker for the correct preparation of the

dispersior. should he carefully followed.

Effects of normal after-treatments

The effects of normal after-ireatments, such as fixing agents, soaping-off
processes, softeners, syntzunning ani backtanning processes, must be assessed in
relation to the change in colour under various conditions of illumination ani
to the change in colour produced as a result of the after—treatment itself.
Particular attention must be paid to colour fastness after any subsequent heating
or stecming treatments, which often decrease the fastness of heavily dyed materials,

particularly when dyed with disperse dyess

Effects on effluent

The effect on effluent must always be considered in the light of local
conditions and statutory regulations. Dyes of high exhaustion are preferable
(13) but they are often affected adversely by variations in pH and in liquor-to-
gocds ratio in producticn dyeing. The use of biodegradable materials, particularly
for detergents and auxiliaries, should be practised wherever possible, and advice
may be obtained from manufacturers, water authorities and rhe relevant government
departments. The reduction in effluent charges thriough using biodegradable
materials is an increasingly important cost fact. in countries where gstrict

compliance with the regulations is mandatory (6).
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Commercial evaluation

In some cases, certain speciality dyes may be chosen because of (a) the
nature of special dyeing techniques; (b) fastness considerations; or (c)
brilliance of hue. In most cases however the choice is between a number of
dyes that are listed as equivalent to each other in the Colour Index and available
from a number of suppliers., BEvaluation is thus essential to select the product

that gives the best colour value on the substrate with regard to price (10, 12).

~f identical dyes are to be tested then it is normal to choose one as the
standard aguinst which all the other dyes are assessed for strength and value.
The choice should be an equivalent dye that is already being used in bulk, if
possible, or the dye with the highest technical performance from among the

new products under test.

Test methods

The general problems of commercial standardization of dyes and methods
employed have been discussed in detail elsewhere (24). The storage and indexing
of authentic standard samples must be carried out with carc (25,2@), and dyes
should be obtained from the manufacturer in marked airtight containers., It is
essential to obtain a sample, particularly for liquids and pastes, which may

require homogenizing. For powders, the top layer of dye should be avoided

as this may differ in moisture content (10,13).

Strength differences between deliveries are often larger than the corres-
ponding differences within a batch, but overall most reputable dyemakers
standardize to a tolerance of t 2% per cent as regards strength. From the users?
viewpoint b 5 per cent is considered satisfactory although there are exceptions

(10).

Moisture content should not exceed 3 per cent and is normally determined by
accuralely weighing approximately 1 g of dye in a weighing bottle, followed by
drying to constant weight, taking care not to char or volatilize the dye (10).
Drying at room temperature in a desiccator is slow; low temperature drying aided
by cooling and drying in a desiccitor (preferably under vacuum) may be mure
rapid. Alternatively, the Dean and Stark distillation method may be employed (27).
The moisture content is calculated as a percentage ané taken into consideration

in any subsequent colour value measurements that are carried out.




Colouxr value

In optical determ.nations of the dye solution it is suggested (10) that
0.5 g o dye is weighed “in a weighing bottle) to four decimal places on a
suitable analytical balanze. The dye is dissolved or dispersed in distilled
or deionized water and made up to 1 litre in a volumetric flask. Between 10 ml
and 50 ml of this solution is added to 100 ml of a suitable solvent for the dye
together with 5 ml of an appropriate puffer solution; this is then made up to
250 ml in a volumetric flask and measured as soon as po: sible on a suitable
instrument. A wide variety of instruments are available ranging from relatively
simple types, such as the Hilger Spekker, to more sophisticated and expensive
machines of the Unicam SP1800 type. It is impnrtant that dye solutions should
not be left too long before measurement as some dyes fade rapidly and others
exhibit turbidity due to dispersing or anti-dusting agents. At least 10 ml of
the solution should be taken for measurement, and the pH must be kepi constant
to obtain reproducible recults. Recommendations on suitable buffers and solvents
have beern given for specific dye cliasses, but if the optical reading remains

stable it can be taken as an accurate indication for seleciion (10).

In many cases, sophisticated equipment will not be available in small and
medium-sized dyehouses. Recourse must theefore be made to preparing a fresh
set of dye solutions or dispersions for the dyes under test and testing taese
at a series of standard depths. The depths vary according to colour, type and
.5 and

0.35 per cent on the weight of fibre {0o.w.f.) and medium depths by 0.95, 1.0
and 1.05 per cent o.w.f.; mordant dyes are dyed at 1.0, 1.05, l.1 and 3 per

application but, for example, pale depths could be represented ty 0.25, O

cent o.w.f.; and blacks at depths required to give a full black, for example,
generally between 4-6 per cent o.w.f. However, the standard depths will vary
according to the dye-fibre combination and the degree of exhaustion, and the

appropriat: depths must be established by trials in the works laboratory.

The dyeings should give a clear indication of the build-up properties
of the dyes and a fair assessment of the degree cf exhaustion may be obtained
by examining the dyebaths at the end of dyeing., Alternatively the depth on the
fibre can be determined instrumentally. It should be particularly noted if there

ic any tendency to build up off-tone as this may be indicative of shading colours.

Paper chromatographic or thin layer chromatographic techniques have been
described (28,29) for determining the shading components used; sprinkling

come of the powder on wet filter paper may prove to ve a relatively quick though
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not infallible test. If shading dyes are found to be present during the
evaluation, the fastness to washing, particularly to miltiple laundering, should

be checked as this can often give rise to complaints.

Optical measurements are only a guide to dye strength, the actual tinctorial
value on the fibre must always be assessed by carrying ont laboratory dyeings
simulating bulk dyeing conditions, In addition the fastness and levelling
properties and compatability, hue and cost nlay a major role. A check should
b2 made for metameric effects, for example, when six samples of C.I, Basic Red
15 were studied it was shown (10) that three samples were metameric compared
with the standarde This can create difficulties when replacing an existing

dye that is already used in bulk.

The evaluation of comparative ratings demands that dyeings at a corrected
strength against the standard are carried out so that true results car be obtained.
Fastness properties can vary from dye to dye and in some dye classes, for example,
disperse dyes, further complications are evident where the physical form of the
dye affects the ease of dispersing. Differences in dyeing behaviour, colour
and fastness can be obtained depending on the dyeing temperature and particularly
on the auxiliary products employed in the dyebath.

All price-strength evaluations should be recorded in tabular form as shown
in the table together with the appropriate fastness ratings observed for the
depths of shade studied and the date of the evaluation. These can then te filed
for future reference which, provided that the prices are updated, facilitates
the rapid evaluation of alternative cyes if the dye originally selected for bulk

use becomes unavailable from the normal supplier.

Specimen table for commercial evaluation of dyes
Colour Index number

Strength
against
standard Price quoted Corrected price
Commercial name Supplier (%) per kg per kg

A (Standard) A 100 6.62 6.62
B B 95 7.40 7.79
c c 100 7.74 7.74
D D 90 6.64 7.38
E E 108 6.70 0.20
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It is common when fibre merge numbers are changed thai difficulties occur
in build up, levelness or fastness compared with the previous merge. Similar
differences may be obtained between fibres supplied by different fibre producers,
and particular care should be taken to ensure that materials classed as nylon
be clearly differentiated as nylon 6 or nylon 66, for the dyeing properties of

such fibres vary widely.

Evaluation in small-scale equipment

In certain instances it may be considered desirable to evaluate dyes before
use in bulk using small-scale equipment, for example, a single packug: dyeing machine.
Providing the machinery and the liquor-to-goods ratio are similar to those used
in bulk, useful supplementary information concerning exhaustic:n, levelling,
filtration and fastness properties may be obtained. The trials must be adequa-
tely supervised and all aspects of the dyeing cycle carefully monitored.

Bvaluation on a2 werks trial basis

Evaluation on a works trial basis should be carried out by normal production
dyers but should be monitored in the normal manner for matching, build-up or
fastuess problems by a member of the works laboratory, if the dye is to be
extensively useds A short report should be written and filed together with the
results of appropriate fastness tests. Any adverse reports on the bulx use of
the dye should be investigated to establish the true nature of any dissatisfactione.

Quality control

Testing

Where large weights of dye are involved or where the financial value of
the dye is high, quality control testing of dye deliveries should be conducted

(10) provided that the equipment and trained persomnel are available.

All such dyes must be tested by dyeing or printing trials against the
gtandard samples stored in the works laboratory. In ane practical case check
testing of dye strength in this manner against a standard substrate enabled a
package dyeing unit to achieve 85 per cent of dyeings that did not require
further additions (10).

Standards

Dye deliveries 4 5 per cent of standard have generally been considered
satisfactory, but in critical areas, such as sewing threads, tolerances may be
lower and the level of moisture content may be an important factor. Practical
experience has shown that dye deliveries tend more to be off-tcne than to

vary in strength, while metamerism can sometimes be found between delivery and
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standard. ‘rolerance of shading colour is 5 per cent of approved dyes. If the
delivery consists of drums from different dye batches, samples from both batches
should bte checked. Particular attention should be devoted to dyes that are
components of essential three -colour mixings or are used in large quantities,
for variations in strength or hue can lead to a considerable reduction in
machine utilization efficlency.
Sampling

Great care must be taken to obtain a representative sample, and random

or core sampling followed by homogenization of the final sample is usually

practised. Agein the top layers of dye in the drum should be avoided and
both the optical devsity and the check dyeings should be carried out at two standard

depths, Jor example, 0.25 per cent and 1 per cent o.w.f. Dyeings must always be
carried out on standard substrates to check for depth and hue, Standard forms
can be prepared on which the drum number, batch number and all other relevant
details may be recorded. The test res.lts are normally recorded on this form
and where desired dyed samples or chromatograms may also be mounted, Conclusion:
and action should be noted and the completed form kept for reference purposes.

Centro) systems for acceptance or rejection of batches may also te instituted.

Testing of auxiliaries, finishes and chemicals

The range of test methods that may be necessary is too wide to be
considered in detail here, 11 general, testing is carried out in the initial
evaluation of the product and quality control testing is restricted to those

instances where production problems and complaints warrant further investigation,

Standard analytical procedures have been described elsewhere (26,30-32),
and typical properties of interest are:

Colour (
Physical state (particle size, appearance etc.)

Odour

Specific gravity

Solubility (or dispersibility) in water or appropriate solvents

pH (in a solution of known concentration)

Melting point (of the solid or dried product)

Boiling point (or boiiing point range of 2 liquid)

Flash point




Moisture content (or percentage non-volatiles) - the Karl Fischer
method may be employed (33)

Viscosity (at a known conceantration)
Percentage ash content

Biodegradability

The works laboratory should maintain a small library of standard analjitic:l
procedures <onoliered 2ppropriale Ior the product range ticcked. In addiicn
technical data should be collected on the properties of all auxiliaries, finishes

and chemicals. The reference files should be continually updated.

Bvaluxtion of meteriazis for textile printings

While many test procedures for textile dyeing are parallelei hy zimilar
methods for printing, printing chicxkeners are of speci:l importance. Thes=
should not clog on storage, should dissolve readily using standard methods and
preferably give a stable low—solids/high—viscosity paste that retains constant
viscosity on storage. Susceptibility to mould formation etc. may be reduced

by small additions of suitable auxiliaries.

Dye evaluations, using freshly prepared stock -hickeneur with appropriate
dilution (cutting)} with a reduction thickener, solvents and fixing agents,
require adequate filtration and straining followed by preparation of the necessary
strike-off3. The fixation method employed should simulate practiczl works
conditions, for exarple, cold, saturated steam, superheated steam, drying and
baking etc., depending on the class of dye and material to be printed. Standar-

dized wash-off conditions should be utilized.

Subsidiary factors are the clarity of the print, susceptibility to flush.ng,
bleeding or frostiness and effect on fabric handle. The rate of dye strike, (
degree of fibre penetration, hydrolysis of reactive dyes or reaction with the
print paste and the biodegradability of the chickener, solvents and fixing agents

may also require evaluation.




iI. SUPPLY OF MATERIALS AND STOCK CONTROL

Provision of supplies

The provision of adequate supplies of dyes, chemicals, finishes and

auxiliaries is essential:

mo ensure the execution of current and future orders
To facilitate production planning

To redvce siock-outs

To avoid the creation of excess stockpiles

To minimize the product and production costs
This key operation comprises four essential stages:

Defining the correct quality and quantity of product for the process
Selecting suppliers who will meet the specified requirements
Ensuring the supplier understands what is required

Monitoring goods delivered and taking appropriate action

The main factors influencing purchasing d2cisions have been discussed in
detail elsewhere (6) but include:
Price
Technical specification
Delivery
Manufacturer's services
Previous experience of supplier

Credit facilities

Overall it is consider~d that price, technical specification and delivery
are the primary motivational factors in the selection of suppliers of dyes and
chemicals (6). Particular attention should therefore be devoted to these
factors by the management team, In general the following points should be
carefully considered.

Price

Price affects (a) market competitiveness in commission work; and (v)
the current and future cash-flow position of the company. Percentage price
rises on high-price items may lead to high cash-flow and to greater difficulties
in generating foreign exchange. In Western Europe, cost analyses data vary
(1-3), but all underline the importance of the cost of dyes and chemicals (34,35):

Percentage of

Cost total cost
Dyes and chemicals 30
Fuel and water 20
Equipment 15
Internal transport 21

Process labour and supervision 14




If__

Price negotiations, if conducted by a professional buyer, should be
supported by appropriate technical advice on quality etc. and with referencs :o
2 Kncwn strengtn or active content of the materizl under comsideraticn as dyes
noZinhaiiy <U the same Coclour Index number are ofien m.rketed ty different suinliers

a. different screngths,or in different forms, for example, owder or liquid.

The greater the quantity ordered, in general, the lower the price (6),
for example, for a typical textile auxiliary:

Quantity Price units (%)
221 100
200 1 86
1 ton 83
5 tons 83
10 tons 11

The costs of storage, specialized handling facilities, interest charges
etc, must be carefully calculated and offset against the potential cost benefits
of purchasing bulk quantities,

Technical specifications

Technical specifications are of the greatest importance for dyes, pigments
and finishes, but are often less critical for textile auxiliaries and chemicals.
Factors such as percentage active content, stability and ease of storage, ease
of dissolving, dispersing, presence of diluents, impurities, dispersing agents,
compatibility, fastness, toxicity, flammability and effect on effluent should

be considered,

Delivery

i
Rapid delivery and »Lility to supply are vital in preventirg production c

stoppages, gereral frustration, loss of confidence in management, extended |

delivery times, short-time working, cancellation of orders and loss of customer

goodwill., Adequate provision should be made againgt delivery limes being extended

owing to:

Shortages of materials or intermediates

Increases in consumption in the plant and in the industry
Transportation difficulties

Strikes, industrial disputes etc,

Delays caused by government departments, customs and excise etc.

Foreigh exchange difficulties




In many countries, major suppliers hold stocks either in their own plant
or through their agent. The reliability of a supplier to supply rapidly,
consistently and punctually should be monitored.

The most rapid rsliable and eccnomic method of ordering supplies should
be selected from those available, for exaiple, telephone, telex or post, and

care taken to ensure that errors due to incomplete information 12 no:i oncur.

Manufacturer's services

Major suppliers of dyes and chemicals generally provide excellent technical
information on their products and often first—class technical service facilities

are available for the use of customers.

The formulation of specific products, special forms of packaging, testing
facilities or other miscellaneous forms of service may give greater production

flexibiitity and machine utilization efficiencies.

Aid in problem—solving and attention to complaints are oppreciated by

many customers.

Previous experience of supplier

Such factors as the reliability of the supplier to deliver consistently
and punctually, quality of technical expertise, stability of price level,
flexibili‘y of approach and attention to complaints are important considerations

to many plant managements.

Credit facilities

The area of credit facilities is a4 difficult one to specify, but a
flexible approach is often required where trading conditions fluctuate con-

siderably throughout the year.

Stock control

Stock control is an essential function of the dyestore for preparation,
coloration and finithing. Where separate stores are allocated for preparation,
dyeing, printing or finishing, certain essential information must be recorded
separately in a suitable format for management action, and for

information retrieval, costing and forecasting operations,

™
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In many dyeing and finishing units in the developed countries such
information may be stored in a central computer, with stock control programs
for generaiionof orders when the reorde. le.els are :eached (36,37). Such
a degree of sophistication is not always necessary however and separate ledgers
for each storage area incorporating separate sheets for each product stocked
are convenient to use, and can be periodically updated by the remcval and storage
of old records and the insertion of new pages. Alternatively numerous card index

systems may be employed, but these are generally less convenient.

The basic information recorded should be:
Product name
Technical specification (if necessary)

Name, postal address, telephone number of supplier and extension
nurber of sales department. Telex number

Manufacturer (if different from above)

Separate column for: !
Date of order
Order number
Price
Space for changes in price (date)
Running stock level
Usage per week, per nonth
Reorder lewel

Container size in which the order, for example, 100 kg, may be
received as 2 x %0 kg or 4 x 25 kg drums

The inventory thus consists of all the dyes, finishes, chemicals and
auxiliaries held in stock, and in a typical dyeing, prirting or finishing plant,
particularly those with multiproduct, multifibre and multimachine production <
runs, hundreds of items may be stocked, therefore, careful segregation into
various categories is essential for the satisfactory control of stock and the

efilcient servicing of production (6).

The larger the inventory the greater the problems of control, but because
these items are a major cost element, for example, approximately 25 per cent
of total dyehouse costs, the control systems employed should be considered in
terms of the value of the items stocked and must be flexible in order to cope

with periods of rapid change, when the demands of production continually fluctuate

(6, 38),




The advantages and disadvantages of keeping large or small inventories are
well known and have been liscussed in detail elsewhere {(6). However, to maintain
flexibility, it is safer to selectively overstock to safeguard against stock
shortages occurring with essential items, particularly if long lead times between
ordering and delivery of the prodr.t are common, Commission bleaching, dyeing,
printing or finishing units may require a larger inventory in order to cope with
the wider product mix of yarn or fabric types and colours required, or batch sizes
and fabric widihs demanded by customers. The greater the number of fibres and

of fibre blends processed, the greater will ba the range of products stocked.

The problems of operating continuous production ranges are compounded if
preparation, coloration and finisking are carried out sequentially in the same
plant, for in such circumstances the shortage of any one product, for example,
in bleaching, may lead to early disruption of the coloration and finishing
processes and to late delivery. In certain instances extra expense is involved
with additional drying operations, and storage of partially processed fabric,
for example, on A-frames, may lead to tfurther production difficulties.

In practice those in charge of stocks have to minimize the many probleus

arising from:

Minimizing ordering vosts

Anticipating lead time problems

Avoiding shortages

Avoiding unexpected stock-outs

Dealing with complaints

Avoiding excess stocks

Ensuring adequate safety stocks

Ensur. ng continuity of supply and delivery

This is a very demanding task, but may be alleviated by correctly rategorizing the

produrts and keeping the records of storks scrupulously up to date.

The complete range of products stocked and the records of consumption
should be studied to separate the materials into different classes, for example,
dyes, finishes, 2uxiliaries, and chemirals; and to asrertain the percentage
contribution of each rlass to the total financial value. Tn most cases, because
of the high costs of dyes, these will normally be some 50-70 per cent of the
total cost of all products (6,3R). However, a detailed examination within any
one class reveals that approvimately 20 per cent of the total number of products

stocked contributes some 80 per cent of the total financial value of the

——




inventory for th¢ particular class (6). Thus by rationalized forecastirg,

purchasing and stock control procedures the maximum cost benefits can be achieved

in relation to a particular service level for the production.

Groups of dyes

In practice three groups of dyes can be identified within the dye

inventory.

Group A. These are main runners (large movers), that is, the dyes in most
constant use and constituting the major financial value of the dye inventory.
The combination of high consumption coupled with high price, for example, for
reactive dyes, clearly demands considerable attention to forecasting demand

requirements.

Group B. These are dyes in common use, but not used in large amounts,
such as disperse dyes used, for example, in pastel colours on acrylics. These

dyes may be regarded as comprising the slow-moving group.

Group C. This group consists of obsolescent or redundant stocks, materials
that have physically deteriorated or whose normal shelf-life has been exceeded,

that is, products that are surplus to current and anticipated production requirements.

From the dyestore records of the pattern of consumption all dyes, chemicals,
auxiliaries and finishes may be categorized in*c Group A, B or C. The clogest
control must be kept over the highest-priced materials, generally to be ranked
as dyesdfinishesDrauxiliariesPchemiczls, and control of Group A within each
product class will yield the maximum production benefits. In very large organi-
zations sophisticated inventory or stock control nrocedures may be required
(6,37). In practice, however, simple rules ir correctly implemented, may vield
benefits and be a major factor in ensuring the continuity of production, For

each product stocked an accurate assessment must be made of:

Future demand pattern
Current stock level
Type of reorder level policy

Mean lead time, that is, the time between ordering and receiving
materials from the supplier

Cost of placing an order
Cost of holding stock
Minimum order Jlevel set by the supplier

Minimum stock level demanded by production control




In addition, the generzl ~ash-flow position of the company, the climzte of

trading conditions and the credit levels set by the supplier may play an impor-

tant role.

This is a2 complex situation. A certain minimum stock level is essential
to ensure production continuity. Forecasts for demand must be based on informa-
tion supplied by sales and production control. A safety or buffer stock is
usually necessary to allow a margin of error arising fron inaccuracies in
scaling-up from laboratory matchings to bulk dyeings and allowance for spillage,
losses and reprocessing etc. Both the demend and the lead time for a given

product may fluctuate widely because of the pattern of trading.

It is recommended that careful analysis of the dyes, finishes, auxiliaries
and chemicals in Group A of the inventory be conducted to establish the previous
pattern of demand, for example, per week, per month, together with a record of
+he number of stock—outs that occurred during the period for which the demand
was not satisfied. A regular pattern for the main runners often emerges and
the demand over previous quarterly pericds may often bs related to future demand
during the same period of the year. By revising the mean stock levels and
recorder levels for each product within Grouv A, 2 satisfartory degree of produrtion
servicing will be attained consistent with the other constraints on holding

stocks (6).

With the slow-moving items it may be decided to ensure a minimum stock,
for example, of at least that equivalent to the mean lead time for the product,
in order to minimize the risk of stock-outs. This has to be viewed against the
background of the likely future pattern of demand, whether this be a regular
low off-take or a sudden large demand over a short period. Other methods include
ordering when the last remaining drum of the product is opened, However, if
recipes containing Group B products are identified early on by the sales and
production control, those in charge of the inventory often have time to effect
satisfactory delivery except in unusual circumstances. Essentially a fast feed
forward of information from sales can reap considerable benefits so that the

co--ordination between sales/production/stock control should he of a nigh calibre
(39).

Since the main control over Group A covers 80 per cent of the total finan-
cial value of the stocks, an inflation of 50 per cent in the financial value of
Group B wili have only a small effect on the tota. financial value of the stocks,

and such a gsafety margin may be considered acceptable from a cash-flow viewpoint
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compared with the financial losses incurred when stock—outs iake place. However,
individual companies must develop their own internal stock contirol policy to

satisfy their own highly individual requirements.

Regular scrutiny of the Group A products may revezal chauging demand patterrs
such that some of these should be transferred to Group B. This poliry should te
instituted, 2nd transfer in the opposite direction, that is, Group B to Group 4,
also controiled. The control system must be flexible to cope with a rapidly

fluctuating pattern of demand, particularly in dyeing and printing.

Surplus materials (Group C)

The changing pattern of trading conditions often leads tc¢ producrtion of
materials that are eithar obsolescent or surplus and regular stock-taking should
take place, possibly at three-month intervals; this is also necessary to reconcile

losses due to spillage, and errors in weighing, calculation or recording,

Slow-moving mater”ais should be examined and if there has been no demand
for a product J(.oring the three-month period, the material should be removed from
the dye store to create space for rapidly moving items, and stored with other
surplus stocks. Items whose stcrage life has expired should be disposed of,
usually by dilution with the effluent (preferably the stored effluent from
bleaching in which prior oxidation can occur before the effluent is released), if
1t is safe to do so with the produnrt concerned. This should be done graduzlly to
minimize the effect on the quality of the effluent. If an item is used slcwly but
regularly it may be advantageous to purchase it in powder rather than liquid

form because of the longer shelf-1life of the powder.

In one instance where the routine procedure of creating surplus items had
not been carried out for some years it was discovered that more than 270 items,
nearly half the total inventory, were surplus. Over 50 items were disposed of
because the storage 1l:fe had been exceeded; some 20 auxiliary products were
used up at the plant on selected dyeings, and the rest were sold
yielding some 15 per rent of the rapital value. As a result, the mean
monthly capital value of the inventory dropped by around 25 per cent, and the

following bencefits accrued:

(a) The products stocked were reduced by 50 per cent;

(b) Stock-taking was simplified ar i took only 40 per cent of the time
previously required;

(c) Book-keeping and recording were simplified;
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(d) Thirty per cent more s*orage space was created;
(e) The service to production dyeing was improved;

(f) Access and handling were improved.
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ITII. PACKAGING AND STORAGE

Packaging of materials

The packaging methods for dyes and chemicals have been discussed in more

detail elsewhere (6,13). Briefly, producis may be supplied in:

Metal drums

Fibreboard drums

Plastic moulded cans and containers
Polycrates

Glass carboys

Paper sacks

Hessian bags

Compressed gas cylinders

Storage

Conditions

Climatic conditions vary widely in different countries and at different
times. Dyes and chemicals should be stored under cover to minimize problems
arising from materials being subjected to direct sunlight, heavy rain or freezing
temperatures (6). In some cases storage at a high altitude may be hazardous
with flammable materials. High relative humidity leads to problems su~h as
clogging of dyes, condensation, uptake of moisture by the dyes and corrosion
of the container. Therefore, conirol over ambient temperature and relative
humidity, particularly through the night, is desirable, though not always

possible, to maintain uniform storage conditions.
Areas

The design and number of storage areas varies widely according to the
nature of the business conducted. Commonly sepzrate storage areas are set aside
for preparation, dyeing, printing or finishing., These are situated adjacent
to the particular working area to minimize handling and trancportation times

and improve machine utilization efficiencies.

Deliveries and collections may be made at one central area or at a variety
of points around the plant. The routes for materials-flow through the plant
must therefore be carefully planned and kept freely accessible (41). Farticular

attention should be devoted to the routes for mechanical handling aids such as
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fork-1lift trucks and pallet trucks; the flooring must be smooth, and sound
enough to support heavy loads. Special care is necessary in the design of hazard
warning systems, the width and height of doorways, the use of transparent push-
through doors, the aisle width on the plant and the movement of heavy loads up

or down inclined ramps.

Individual storage areas reduce fire and contamination risks and often
simplify storage procedures and materials handling because of the lower number
of products stocked in each area. However, the problems of adequate supervision,
overall control and security are increzsed. Installation of sprinkler systems
or individual types of fire-fighting equipment may te required for specific

storage areas.

Attention should be given to all forms of materials handling, particularly
vhere heavy drums are involved; circular platforms fitted with lockable castors
are useful for such drums. Elsewhere, if space permits, the use of cranes,
drum-handling equipment, fork-lift loaders, pallet trucks etc, is often of great

benefit from the production and safety points of view.

The racking system should be flexible to cope with 4! fferent sizes of
containers and conveniently sited for access, and the heaviest containers should
be stored off the floor on the lowest level. Where drums of liquids are stored
horizontally in racks for dispensing purposes, they must be firmly held in the rack,
situated at a convenient height and fitted with a tap. Spillage trays should be
provided and in addition a safety wall built to contain major spillages in the
event of drum rupture. Adequate space must be allowed for manoeuvring and Atack-
ing heavy loads while the flooring in the storage area should be sound, able to
withstand substantial loads and level in the racking area. Drains of an adequate
capacity are required for cleaning-down, and it is desirable to connect them to

the main effluent treatment plant to avoid pollution problems outside the plant.

Handling methods

Bulk storage units; are generally immobile tanks or containers servicing some
part of the plant where consumption of a particular product is very high. However,
increasing use is nov being made of smaller containers that can be moved and stacked
ugsing mechanical handling and lifting equipment (6, 4O). Portable units of this
type are used for dispersing agents and for resin finishes and often consist of
1,000 litre-capacity polythene tanks, usually enclosed by a protective metal

exterior shell and mounted in a stackable metal framework. The price for the

Pstey ]



product may depend on vwhether or not the container is returnable to the manufac-
turer for recharging. In larger dyeing and finishing plants the mobility of such
units may be an inportant factor in saving space and in providing rapid flexibi-
lity if productioa schedules have to be changed.

Both solid and liquid products mey be delivered by tanker and discharged
by an electrical motorized pump or compressed air into large fixed vertical
hoppers, silos, tanks etc. Solid products, such as sodium chloride, starches and
dextrins, can be stored in vertical hoppers and transferred to automatic mixing
units or dispensed manually using gravity-feed, screv-feed or rotary-feed con-
veyor systems. For liquid products, storage tanks are often sited under the
working-floor lcvel in order to save working space and minimize hazards due to
spillage. A disadvantage of storage belov floor level is that pumping equipment
is then required to meter the product up to the dispensing point. However, more
viscous (and hence more concentrated) liquids can be stored and pumped than when
employing gravity feeding arrangements, in which viscous products take a long

time to dispense.

For each product congidered, the advantages and disadvantages of using a
bulk storage system must be carefully evaluated, as follows:

Advantages

Lower bulk prices
Lowe: reordering costs
Fewver deliveries
Elimination of manual dispeusing methods
Installation of automatic dispensing method
Improved stock control (less spillage in dispensing) <
Improved process control through automatic dispensing
Improved product quality (material from within one batch is used)
Elimination of disposal of drums etc. thereby saving space and
eliminating handling
Disadvantages

High initial costs of containers, installation, automatic dispensing
and pipe vork, possible costs for heating and installation of high/low
level alarms

Cost of health and safety measures to prevent hazards due to
flammability, static, toxicity, leakage and corrosion

Cost of connection to delivery point involving pipework, valves,
lagging etc.
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Loss of floor space if cited above working level
Cost of metering/pumping equipment for underground storage systems

Possible limitations on product strangth stored and quantities that
can be dispensed

Poor storage conditionc leading to sedimentation/layering, decomposition
of product, build-uy of sludge deposits and clogging of powders due
to moistu-e

The financial implications must be carefully studied before installing such a
system.

Liquid products - such as concentrated acids and alkalis, for example,
40 per cent and 80 per cent acetic acid, 100°Tw caustic soda, or detergents,
auxiliaries, and levelling and dispersing agents - can be quite readily dispensed
in this manner to batchwise dyeing plants, and it is also possible to store
bleaching solutions, such as hydrogen peroxide and sodium hypochlorite, in sto:-age

vessels below the working floor level.

Specially fabricated or moulded tanks reinforced with wire- or glass fibre-
reinforced polymers, for example, wire-reinforced polythene and glass fibre-reinforced
polyester resin, are normally mounted on a convenient supporting frame, sufficient
to distribute the load satisfactorily (6,k2,43). The repair of such tanks,
should cracks develop, must be carried out carefully according to the manufacturer's
instructions, and if welding under nitrogen etc. is required, outside expertise
may be necessary. The {ank should be drained and flushed clean before repair,
particularly if it normally contains toxic, corrosive or inflammable liquids.

It is essential that all delivery points, tanks, valves and pipevork should be
cicarly labelled to facilitate identification of the product and potential hazards,

and to avoid the accidental mixing or release of the wrong product.

Appropriate precautions must be taken with regard to siting and general
ventilation, and specialist advice sought if toxic, corrosive or flammable mate-
rials are stored. Particular problems may be exrerienced due to static electricity.
Static electricity can cause a fire or explosion only in a flammable or explosive
atmosphere and the general precautions to be taken have been described (uk 45).
Hovever, lovw resistance bonding and earthing can generally minimize the occurrence
of static. Safety walls or catchment areas, suitable lined and of an appropriate
capacity, can reduce hazards due to overfilling, leakage or damage, while recovery
of the product for subsequent reuse or disposal into the effluent can be arranged
by appropriate design of the storage area. Particular care must be exercised if
strong acids and alkalis are stored in adjacent tanks because of the fierce reacticns

and heat that are generated on mixing, and separate catchment areas are essential.
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All connection points for tanker delivery should have clear access for
authorized personnel, be clearly identified, and suitably lagged or heated by a
small steam coil or electricity if freezing of the product can occur in cold
wecther (6,4k). The connection to the bulk storage unit should not allow the
possibility of air-locks developing. Overfilling can be avoided by fitting a high-
level alare in the tank and a tank level (or capacity) indicator at the connec-
tion point. All bulk storage units should have a vent pipe leading to draims in
case of overfilling. Washing or hosing-down facilities and fire-fizhting equipment
should be installed close to the connection point, and the drains should be
conveniently sited to dispose of spillages after dilution vith water.

The capacity of the tank should preferably be larger than the volume Zemanded
per delivery by the supplier to obtain the benefit of bulk prices. In this way
accommodation for some degree of overfill and for late delivery can be built in
without stock-outs occurring. It is essential to ensure tanker delivery for auto-
mated dispensing systems, for if products are delivered in drums there may be
considerable extra handling and difficulties in filling the bulk storage unit.

The bulk storage unit should be large enough to satisfy current production demands,
and the reorder level can be se? wvhen the normal mean lead time for delivery of
the product is established.

The storage life of the product must not be exceeded; if film-forming
materials are stored s regular schedule of cleaning and maintenance will be
necessary. Where stratification, settling or cracking out of emulsions is likely,
solid deposits or crystallization on the walls of the storage vessel may often
be prevented by incorporating some rudimentary form of paddle stirrer operating
on a time switch basis to stir the ~.utents of the tank for a short period every
hour (6). Specialist advice on tre design and construction of storage tanks,
stirrers, safety precautions and le.el sensors etc. is usually aveilable from the
manufacturer of the product stored.




IV. DISPERSING METHODS

In order to apply dyes, pigments, auxiliaries, chemicals and finishes to
fibres, yarns or fabrics, the products must first be accurately weighed, measured
or metered according to the recipe, and then mixed. Mixing processes include
dissolving, dispersing, emulsifying or homogenizing in order to obtain a umiform
or homogenous distribution of the products in the sapplication medium, vhich in most
cases is water or an organic solvent. The mixture must then be stored and distri-

bited to the dyeing, printing or finishing machine.

Close control of such operations is vital if first-class work is to be
obtained, and a careful scrutiny of the methods and equipsent employed may reveal
sources of errors, inconsistency in quality, poor mansgement and outmoded training
methods. These can lead to high "damaged and kept" levels, customer complaints,
poor delivery, extended processing times, costly reprocessing, production resche-
duling and ertra drying operations, or unnecessarily high levels of additions to
attain the shade demanded.

Role of the dye store and cclour kitchen

In dyeing the greatest control must be exercised over the following vari-
ables (L6):

Colour value of the dye

Weight of dye

Dissolving (dispersing) of the dye

Volume of liquor

Weight of electrolyte, chemicals or auxiliaries
Time of dyeing

Dyebath temperature

pH of dye liquor

Other variables during dyeing, such as rate of temperature rise and liquor-to-
goods ratio, are also important.

The colour kitchen thus ylays an essential role, for in dyeing, the second,
third, rifth and eighth variables mentioned above are comtrolled directly, vhile
the colour value of the dye depends on the control exercised over the storage
conditions and the age of the dye, that is, the stockholding method and policy
adopted. In addition the liquor volume used for mixing may also affect the volume
of the dye liquor, depending on the type of dyeing machine and working methods

employed.
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In printing the important factors are:

Colour value of dye
Weight of dye

Dissolving, dispersing, emulsification or homogenizstica of liauwor,
particularly the fineness of a dispersion

Weight or volume of solvent or printing assistant
Weight of binder

Weight of thickener or gum

Total volume of print paste

pH of print paste

Thus in printing all the factors listed are controlled directly or indirectly
by the colour kitchen, and here the emphasis is on the quality of the print paste
prcduced in terms of the fineness of disrersion or uniformity of dissolution and
the homogeneity, particularly of viscosity, of the mixture. In many dyeing,
printing and finishing overations the storage stability of the resultant product
is often of great importance, particularly in the use of reactive-type resin
finishes applied by pad-dry-cure techniques with which, if the ambient temperature
is high, precipitation and polymerization problems may occur. Problems are aiso

experienced vith products that exhibit skin-forming tendencies (6).

Automatic control at the dyeing stage only controls the second order vari-
ables (U6). The first order variables usually lie within the province of the dye
store and, particularly, the colour kitchen, and the necessity for attention to
detail and control increases with the precision of the colour matching required
and the quality demanded by the customer. Batchwise dyeing of yam, fabric or gar-
ments demands close tolerances so that dyes must be carefully standardized and kept
in closed containers to prevent ingress of moisture from the atmosphere, for this
affects individual dyes to a different extent and leads to inaccurate weighing
and poor colour matching (11,4%7). Where loose fibre (raw stock) dyeing is prac-
tised subsequent blending operations during carding and spinning lead to an accep-
table colour uniformity, but in yarn dye.ng the standards of uniformity of shade
from package to package, demanded, for example, for knitting plain colours, are
necessarily higher than for multi-coloured or Jacquard designs. The tolerances
in dyeing must therefore be carefully monitored and information fed back to the
dyestore and colour kitchen from production control in order to achieve the highest
standards of work and of reproducibility.




Investigations into shade variations in batchwise dyeing have demonstrated

that one or more of the following factors may be involved (48,49):

Wrongly calculated recipe (errors and approximations)
Misread dye-lot recipe card (hastily vritten)
Misnamed dyes on recipe cards

Inconcise or non-existent dyeing imstructions

Wrong dye wveighed out

Change in fibre substrate

Unintimated strength change in the dye

Preprinted dye-lot recipe cards, on vhich are showvn the percentage, weight
and name of the dye. can be used for betch dyeing processes, vhich will eliminate
the first four sources of error and reduce the likelihood of the fifth (48,49).
Collaboration between the fibre supplier or customer, the wvorks laboratory and
production control minimizes the consequences of changing fibre merges or guality.
Close control over the colour value of the main dyes by regular monitoring and
testing may reduce the occurrence of tinctorial strength differences, but it
requires the constant attention of colour kitchen operators to ensure that the
wrong dye is not weighed out. Additional benefits are:

(a) Standard quantities based on fibre weight or machine liquor volume
may be used, simplifying methods of calculation;

(b) Automatic methods for dispensing exact quantities may be installed,
particularly where the machine sizes are the same;

(c) Dispensing errors are reduced because operators become more familiar
with the quantities issued;

(d) Time and effort in dispensing are reduced;

(e) Reproducibility of dyeing is improved;

(f) Quality is improved thereby reducing reprocessing costs;
(g) Stock control is simplified and improved;

(n) Papervork is simplified by the use of preprinted dye-lot recipe forms;

(i) The preprinted dye-lot recipe forms may be incorporated in a control
system to check the work flow through the plant. { The installation of such a
system is to be strongly recommended in vertical orgarizations, particularly
for batchwise processing, and may also be useful where standard procedures are
employed for addiitions and cor~ections, that is, redyeing.)

In one case, the amount of reprocessing on a combined scouring and bleaching
process for textured yarns vas reduced from 3 per cent to 0.2 per cent, while yarn

quality in subsequent coning vas considerably improved and the need for stripping
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instructions to coring to reduce inside-outside levelness variations was eliminated
except vhere dirt in the processing water caused problems. Thus an improvement

of some L per cent in overall yarn utilization from coning was achieved, with sig-
nificant increases in the efficiency of winding through (a) less yarn breakages
from filamentation and snagging; and (b) the winding of the complete package onto

the cone.

Although automatic methnds help to eliminate some errors, additional ones
may occur. For instance, in the automatic dispensing of 100°Tw caustic soda by
gravity from a bulk storage unit into individual tanks fitted with level controls,
problems arose as a result of variations in the amount dispensed because of diffe-
rential rates of corrosion of the probes. These were solved by the substitution
of polytetrafluoroethylene-coated probes. Another problem was that the control
valves used to empty or fill the sidetank on the dyeing machine did not always
fuaction correctly; if they stayed open, a considercble loss of caustic soda and
of yarn strength and quality occurred as a result of gravity drainage and if they
stayed closed, the yarn remained untreated. Therefore, a central shut-off -ralve

should be installed in any bulk storage unit circuit.

Some typical errors in the dye store or colour kitchen, which may lead to

variations in the quality or amount of a vproduct dispensed, occur in the:
Cause

Selection of product Incorrect labelling of products
Recipe errors
Inadequate checking procedure

Product strength Deterioration on storage
Contamination
Absorpiion of moisture
Stratification or settling of product
Crystallization of product
Resin formation
Oxidation or attack by micro-organisms
Variations around manufacturer's tolerance

Weighing Inaccurate weighing machine
Lack of balarnce sensitivity
Effects due to vibration
Air currents
Taring errors
Incorrect tolerances on weighing
Spillage
Omission of products
Issuing double quantities




Dispensing of liquids Incorrect measurement of liquor
level
Residual liquid in measuring vessel
Incorrect preparation or mixing
Incorrect tolerance or accuracy

Mixing and issuing Poor mixing
Dilution errors
Contamination
Spillage
Lack of filtering or sieving
Losses during filtering
Product delivered to wrong dyeing machine
Incorrect labelling

Particularly vhere liquids are transferred via borosilicate glass pipe-
vork from mezzanine floor dispensaries, care should be taken to install plastic
ducting underneath the pipework to contain any spillages. In the event of pipe
fracture, any spillages should be transferred safely to an appropriate drainage
system. While stainless steel pipework may pose fewer hazards, leaking joints
and glands often lead to losses of dyes and chemicals. Thus incorrect priming
of the dyebath may ensue and a severe safety hazard to personnel may arise if
concentrated acids or alkalis are accidentally sprayed over the working area of

the dyehouse during dispensing.

Weighing

In modern colour kitchens, dyes and chemicals are weighed tc a satisfactory
degree of precision on a variety of balance types, for example, multi-revolution
dial scale, load cell platform or electronic balance (37, 50-53). However, elec-
tronic balanres combined with automatic check weighing and print-out facilities
are becoming more common, for an automatic print-out of the weight can either be
programmed directly into a computerized stock control system or be used in the
conventional system for periodic stock talancing of the materials consumed (37,53).
More sophisticated systems enable the cost per recipe dyed and the dye and chemi-
cal costs to be determined. For prin rorks, an autoweigh system provides a
sophisticated dispensing, weighing and recording system (54). In one version an
automatic trolley instructed by a punched card collects a number of liquid compo-
nents by moving its electronic weighing platform under a series of valves that

operate with three rates of flow to combine accuracy of weighing with high speed.

The system employed for dyehouses must often be sufficiently versatile to

veigh very small additions as well as heavy wveights of dyes or chemicals snd for
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this reason many dyehouses use at least two and possibly three balances with specific
veight capacity, for example, light {up to 1 kg), medium (1-10 kg) and heavy

(10-50 kg) - depending on the weights dyed or printed (37, 51-53). The majority

of cases may often be served by using two balances: one, say, of a capacity of

1.2 kg or 3 kg to 0.1 g accuracy and a larger one of 15 kg or 25 kg capacity with

a 5 g accuracy. In general, the small weights may be weighed in movable pans or
containers and the larger weights in stainless steel buckets, the capacity of which
is generally around 12 kg each. Above 12 kg, larger stainless steel containers

are used and it is important that the taring range on the balance is flexible enough
to accommodate such containers. The container should be of a convenient design

for handling and at an appropriate height for weighing etc.

Four basic types of equipment may be envisaged (37) depending on the degree

of complexity required:

Simple system with print-out on tally rolls
System with weight tolerance
Stock control computerized systems

System with complete computer control

The second method is widely used because an indication is given to the
operator that the weighing is within the acceptable tolerance of the set weight
(normally : 1 scele division, or : 1 per cent of the set weight). Using such
systems, dye consumption may be slightly lowered, production increased, and the
reproducibility of shade improved thereby reducing redyeing (37). In one case,
the total non-productive dyeing hours, expressed as a percentage of the total
machine hours available, were reduced from 37 to 8 per cent, redyes were reduced
from approximately 15 tc 5 per cent and the additions reduced from 11 to approximetely

L per cent, all within one year of such a system being installed.

In large 4dyestores or colour kitchens it is essential to have an adequate
supply of stainless steel utensils, for example, spoons, ladles, spatulas, scoops,
pans and buckets, in order to carry out weighing quickly and have sufficient time
for cleaning etc. to prevent contamination, particularly with dyes, during sub-
sequent weighing and mixing operations. A careful analysis of the work-flow pattern
and of the movement of materials and associated materials handling in the dyestore
and colour kitchen may lead to a more convenient access of materials to the
weighing area, simplified handling etc. Provision of duplicate scales is a useful

back-up facility, particularly in case of balance damage; all balances should have
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a regular schedule of inspection, check-weighing and maintenance. Of particular
importance are the siting and mounting of the balances to minimize the effects
of draughts and especially of the vibration that in many balances leads to internal

damage and weighing errors.

The most accurate weighing is nullified by poor handling methods and inade-
quate training, such as, spillage of solid dye prior to dissolving, for example,
during mixing; spillage of dye solution during transport from the dissolving area
to the dyeing vessel; and failure to ensure that any undissolved dye, which may
be filtered out through a sieve during addition to the dyebath, is reprocessed

and suvsequently added.

One practical study showed that some 27 per cent of all weighings were in
error to a significant degree (1k). In long liquor dyeing processes the additive
effect of volume errors may not be great but in short liquor processes, particularly
in padding operations, the measurement of volume is vital because the
combined effect of weighing errors and volume errors may lead to undesirable

variations.

Operators must weigh dyes on a balance of the appropriate capacity Dbecause
weighing 25 kg on a S5 kg balance in five separate operations could lead to large
errors. If the scale pan is too small for the weight to be dispensed error accu-
mulation may occur or the number of weighings may be miscounted. Conversely,
the insensitivity of large balances to small weights leads to considerable errors
in the weights dispensed, often vhen the dyeing is at the crucial "first addition"
stage. The weighing of more than one dye onto the same scale pan should be pro-
hibited because an error in weighing one component may be carried through to the
others in trying to reach the correct total weight of dye for the dyes being

weighed out.

Storage of dye drums in cold outside stores followed by immediate exposure
to a hot steamy atmosphere may lead to condensation occurring inside the drum and
on the contents. Therefore, drums of dye should be allowed to equilibrate to the
temperature of the colour kitchen, the neck of any polythene liner should be twisted
and the drum lid repleced to minimize absorption of moisture, which can vary consi-
derably and lead to changes in weight of approximately : 3 per cent, In most cases
the moisture is absorbed in the uppermost layers of the drum. Thus if only a small

quantity of dye is required for a pastel depth dyeing, a small dye-lot or a trace

of shading colour, it should be taken from lower down the drum by carefully displacing

the upper layers. The sensitive upper layers should be used when a large quantity
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of dye is required in order to minimize these surface effects. The more drastic
examples of irreproducitility occur when only small quaptities of dyes arc weighed
(14). While print-out sys‘ems may provide & check on the weight actually dispensed,
this provides no information on the state, quality or moisture content of the
product, all possible sources of error in subsequent dyeing. Thus in weighing

dyes particular attention must .e paid to the equipment and techniques used for
veighing; to the close control of the volume of water used in padding operations; to
minimizing spillage and filtration losses by training in appropriate methods using

approved handling techniques; and to minimizing variations in moisture conteats of

the dyes during storage and handling.

Such attention to detail will minimize the economic renalties resulting
from inaccurate weighing, for example, loss of production, additions, stripping

and redyeing.

Practical considerations in weighing and dispensing

Mixtures of products, such as reduction clearing agents composed of codiwum

dithionite (hydrosulphite) and a stabilizer for holding loose colour in suspension.
formulated in the correct proportions, may be purchased. Thus only one weighing
is required, saving time and expense in dispensing. In addition incorporation of

stabilizers can reduce the normal fire hazards associated with sodium dithionite.

Many liquid products must be stirred or shaken before use, for example,
emulsions and defoemers, and have a limited storage stability (<3 months).
Dilution of such products requires strict adherence to the manufacturer's instruc-
tions, particularly in respect of temperature and pH. Many emulsions precipitate
or crack out if added to water at too high a temperature, and cetionic softeners
behave similarly if added to alkaline solutions. Thus if the bucket or container
contains traces of other products, complex formation, aggregation or inadequate

mixing may result.

The sizes of the containers purchased are important in relation to the
design of the dye store layout and to the use of mechanical handling aids (0).
Health and safety hazards can occur when the operator has to reach inside large
drums of powdered products to dispense the remaining dye or chemical. Anti-dustirg

varieties of dyes should accordingly be purchased and precautions taken in the

dispensing of the final layers in the drum.
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Measuring volume

Errors in the measuremént of volume are common largely Lecause of the
inaccurate methods employed to measure the depth of licuid in a tank of complex
shape (14). All too often the depth gauvze is a stick or sight-glass, not always
at eye level, which has not been accurately calibrated. If read off accurately
the result will often show a persistent bias that can be corrected by experience.
However, the volume in & conical mixing vessel is dependent on the height of the
liquor, and the errors may often be large. Clearly containers with a small surface
area and large depth are to be preferred, for an error of 1 cm in measuring a
depth of 20 cm is a greater discrepancy than when measuring 106 cm. If at an
inconvenient height, random errors may be introduced by inaccurate reading and this
should be taken into account in the design and installation of coniainers, parti-
cularly for bulk storage units. Many methods of measuring liquor level in bulk
storage units, for example, based on simple float systems or more complex types
based on conductivity, resistivity etc., are available, but it is essential to ensure
that the initial calibration of the depth of the liquid with the volume is accura-
tely carried out. If calib.ated by a weighing procedure, allowance must be made
for the specific gravity of the liquid dispensed from the tank. This may be
important if a change of product or a change in the concentration of the product
stored alters the specific gravity of the liquid in cases where the weight dis-

pensed is the important parameter.

Metering systems

Metering systems are becoming more common, particularly for continuous prepa-
ration dyeing or finishing processes, the degree of sophistication demanded
depending essentially upon the process. Typical irstallations (6,53,55,56),
have been described elsevhere. Systems for metering wet-on-dry and wet-on-wet
in fabric processing are available (6,55) and considerable savings may often be
gained through improved machine utilization; improved consistency and reproduci-

bility; avoidance of reprocessing; and more efficient use of chemicals.

Metering systems are particularly advantageous where bulk storage systems
are used, for t4e chemicals are usually obtained at lower prices. Continuous
metering is particularly beneficial in chemical preparation processes (57) and
eathodic reduction for sodium dithionite (hydrosulphite) has proved its potential

using appropriate electrode systems (55,57,58).
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Mixing

For materials that can only be dispersed or emulsified in water or solvents,
the mixing process is a vitally important part of the correc: preparation routine
in the colour kitchen (6). Inadequate mixing or addition of products to the mix
in the incorrect order duriag mixing may lead to subsequent costly reproc:ssing
and loss of quality in dyed and finished fabric.

Another equally important factor for the highest machine utilization effi-
ciency in dyeing, printing or finishing is that the preparation of the mixture
must take place in advance of the production requirements so priority in mixing,
and the cleaning-down times required for various mixing processes, must be care-
fully considered.

During the mixing operation, disccsibution, intermingling and homogeneity of
the substances to be mixed are attained by differentinl rates of flow of the sub-
stances (€). These are normally accomplished by direct physical contact between
the substances to be mixed and the mixer, of which the container must be considered
to be an important pert, by a state of motion imparied to these substances by the
mixing element, or by both of these methods.

The most important factors are the skzaring action of the mixer, particularly
for highly viscous materials such as gums and printing thickeners, and a satis-
factory rate and movement of the entire body of the material. These lead to satis-
factory mixing in the shortest possible time, thereby providing optimum machine

ut:.lization efficiencies.

Both portable and fixed mixers and mixing vessels may be employed in

co'oration and finishing, the mixing operatio..s falling into one of three classes:

Simple physical mixture of two or more miscible fluids
Mixing processes involving a physical change of the products
Mixing processes involving dispersion »f the products

The temperature of the mixture and the storage time before use may be
critical, particularly for dispersions and emulsions, and sggregation and separa-
tion problems may occur unless the mixture is stirred occasionally. This also
helps in preventing stratification or settling of dispersions. The prior addition
of dispersing agents and the slov addition of disperse dyes into the vortex of
a large volume of water at around 30-h0°C stirred by a high shear mixer are

generally recommended.
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All dye solutions etc. should be strained or fiitered before being sdded
to the dyebath, care being taken to reprocess any dye that has riltered out.
Stainless steel mesh sieves are widely used, being easy to use and keep clean

and commercially available.

Mixing equipment

The main factors concerning mixing operations are discussed elsewhere (6),
but mainly depend upon the viscosity of the materials to be mixed since this

determines:

The type of mixer necessary to establish and maintain the required flov
The size of the mixing elements necessary

The optimum mixing speed

The powver requirements at the mixing speed

The flow pattern is dependent upon the container shape; round-bottomed
rather than flat-bottomed containers are preferable from the mixing, dispensing
and cleaning points of view. In printing the thickener is added gradually to
the vater in order to minimize gelling and the rise in viscosity, thereby easing
the strain on the mixing element; in addition the use of knock-down defoamers

may sometimes be employed to eliminate entrained air from the thickener.

Heavy mixers may be hung vertically, counterbalanced by weights to facilitate
movement. Where possible, totally enclosed fan-cooled motors are preferable and
for portable mixers a lower voltage, for example, 110 volts AC, is considered
satisfactory; t*he mixer axust be wired correctly. Electrical cables to such mixers
rust either be. kept off the ground or protected in conduits to avoid damage from
the movement of heavy trucks in the vicinity of mixing.

The correct siting of the mixing equipment, attention to good mixing practice,
siting of appropriate local exhaust ventilation and good housekeeping vill minimize
dust and spillages. A regular schedule for cleaning and maintenance is necessary,
and in printvorks, drum-wvashing equipment has proved to be very successful.

Careful scheduling of the mixing programme in relation to future production require-

ments is necessary, and the movement and handling of the mixing containers to the
point of colorstion in production must be carefully considered.

The degree of sophistica*ion required depends upon the products involved;
8 detailed account of the normal types of mixer and their modes of action has been
elsevhere (6). This covers the use, merits and limitations of:

Flov mixer types, for example, open coil stesam pipe in a bucket




Paddle mixers, usually used on bulk storage systems

Propellor mixers, usually used for maintaining consistency of
a mixture

High shear mixers, with adjustable deflector pl_ies, disperser
sleeves and liquor flow reversal - Widely employea for mixing and
dispersing dyes in powder form

The colloid mill, for a high quality dispersion of a coarse premix

Ultrasonic homogenizers, for a high quality dispersion

As the quality of mixing demanded increases, in general, the last three
methods may be employed. However, specialist adviee on specific mixing problems
should always be sought from product suppliers and manufacturers of mixing equip-

ment.
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Absorption through contact with the skin
Inhalation into the respiratory tract as dust, fumes, vapours etc.

Ingestion into the digestive tract, through swallowing contaminated
saliva, food or drink

Chemicals, properly stored, handled and used, present small risks to hesalth
and safety (59), but knowledge ix required of the potential hazerds and appropriate
control procedures for the materials stocked and of measures to be taken in case
of accidents (6). Increasing importance is also attached to control of the plant
envirnonment, reduction of effluent nollution and contingency planning for an

emergency (64, 65).

The hazard classification system for chemicals of the United Nations lists

nine classes of primary hazards (66).

Class Hazard

1 Explosives
Mass explosion hazard - a very insensitive substance

2 Gases: compressed, liquefied or dissolved under
pressure

3 FPlammable liquids
Flash point 2360.5°C

I Flammable solids
Spontaneously combustible substances
Substances giving off flammable gases in contact
with water

5 Oxidizing substances other than organic peroxides
Organic peroxides

6 Poisonous substances
Infectious substances
T Radioactive substances

Corrosive substances
Miscellaneous dangerous substances

| |

V. HEALTH AND SAFETY
Chemical hazards ’
All dyes, finishes and auxiliaries being chemical substances, may be considered
as potentially hazardous (59-63), particularly if they are allowed to enter the
human body via one or more of the following routes:
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In preparation, coloration and finishing, there are potential hazards in
the use of:

Poisonous substances (Class 6)

Corrosive substances (Class 8)

Flammable 1liquids and solids (Classes 3 and &)

Oxidizing substances (Class k&)

Gases: compressed, liquefied or dissolved under pressure (Class 2)

Apart from the primary hazards, additional hazards may arise from the
decomposition ¢f chemicals during storage by interactions arising from
mixing, contamination, spillages, disposal or fire. Great care is therefore
required by those charged with the responsibility for the safe storage, dispensing,
use and disposal of such materials.

It is important to draw clear distinctions between (a) the toxicity of a
chemical substance; (b) the toxic hazard of that chemical substance; and

(¢) the toxic hazard of an industrial process in vhich that chemical substance

is used.

Toxicity
Toxicity is the capacity to cause injury and is often related to dose

response (67), vhere a physiological or toxicological response is correlated with

the dose (the product of time of exposure and effective concentration).

Toxicity hazard

The toxicity hazard is the measure of potential risk and must therefore
incorporate information on intended use, anticipated mode of entry, and frequency
and duration of exposure (60,6L4,57). Chemicals that are either volatile and
more readily inhmicd or resdily absorbed through the skin create a greater toxicity
hazard (6).

The toxic hazard of an industrial process

The toxic hazard presented by any preparation, coloration or finishing
process depends upon the toxicity hazards of the compounds employed and the
circumstances surrounding their use. Thus the extent to which the enviromment
is allowed to be contaminated, leading to absorption of chemical substances by
the human bdy and the possibility of toxic effects, is important (6,64).
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Toxic substances and their effects

The toxicity of a substance is its potential to cause injury by direct
chemical action with the body tissues (61,62). Toxic effects can be described
as local or systemic. Iocal injuries are those limited to the area of the
body that has come into contact with the toxic material and systemic injuries
are those producaed in any of the organs after the toxic substance has been
absorbed into the bloodstream (60-62).

Both local and systemic effects exhibit considerable variation in type,
duration and danger to health and life. The susceptibility of individual persons
may not only vary widely but may also depend upon the state of Lealth during the
period of exposure to the hazard.

Chemicals shov a greater or lesser differenee in toxicity depending upon
vhether they act on the body for a short or a long time. Acute toxicity is defined
as that vhich is manifest on short exposure (61). However the nature of the toxic
injury producea may differ according to the duration of the exposure and where
exposure is over long periods, chronic toxicity effects may become apparent. In
many cases the injured person may not recognize these effects until chronic
toxicity has reached an advanced stage and has created considerable permanent
damage.

Toxic effects may thus be subdivided into four main types (60-63):

Acute local - rapid action at a specific body site
Acute systemic - rapid action over the whole body

Chronic local - long-term action at a specific body site
Chronic systemic - 1long-term action over the whole body

The potential hazards of many chemicals have already been asgsigned to one of the
above types, but in the case of new chemical products the toxicity may not be
known (63).

Action of toxic gsubstances

When considered in terms of the action on the body, toxic substances may

be classified icto five main groups (60).

Irritants. Thesc in general affect the respiratory tract and the mucous
membranes, for example, formic acid, acetic acid, ammonia, formaldehyde, chlorine

dioxide.
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Asphyxiants. This class of toxicant, for example, carbon mcnoxide from
motcr vehicle exhaust fumes, is rarely found in colrration and finishing proces-

ses, except as a result of thermal decomposition of materials during fires.

Anaesihetics and parcotics. These often have a depressant action on the

central nervous system and include many alcohols, such as isopropanol and
aliphatic ketones, for example, acetone, methyl ethyl ketone. These may be used

as solvents for dyes or as components of textile auxiliary formulations.

Systemic poisons. This class includes methanol, halogenated hydrocarbons,

oxalic acid, organic isocyanates (e.g. 2,i-toluene diisocyanate), tartar emetic
and other mordants and a vide variety of compounds used for flame retardancy,
rot-proofing and insect-proofing (moth-proofing). Particular caution is advised

in the control of storage and use Jf such products.

Particulate matter other than systemic poisons. These are solids in dusts,

povder or crystal form and include fine dye powders, resins, fibres and other
air-borne particulates. They are frequently encountered in the storage, dispensing

and mixing work areas.

The above list is not extensive and it is strongly recommended that the
degree of toxicity for all the products used in preparation, coloration and fini-
ching be ascertained, either from the extensive general chemical literature (63)
government departments, or from the manufacturer concerned. In some cases the

toxicity may be unknown.

The measurement of toxicity

Lethal dose, 50 per cent kill (LD_.). This represents the dose vhich, vhen

50
administered to laboratory animals, for example, rats and mice, kills half of

them. It is expressed in mg/kg (milligrams of toxicant per weight in kilograms
of the animal) and the route of administration (oral, skin, intraperitoneal)
is usually stated (61). Thus if a chemical is considered to be as toxic to man

as to the animal on vhich the chemical is tested, the LD 0 for a person of a known

5
body weight can be calculated This extrapolation, while not always accurate,

gives some guide in calculating relative toxicities. Compounds with I‘DSO values

of legs than 50 mg/kg are generally considered to be highly toxic.

Lethal concentration, 50 per cent kill (LC The units are parts per million

50).
{ppm) per time period of exposure, and the wveights are not needed.




Airborne contamination

Threshold limit values {TLV) are estimates of the average airborne concen-
trations of substances to vhich nearly all workers may be exposed day after day
without adverse effect (68). This however will not prevent problems arising with
a small percentage of workers wvho may be hypersusceptible, experience discomfort,
or be affected more seriously by aggravation of a pre-existing medical condition
or by development of an occupational illness (61). Three categories of TLV have
been specified (68).

TLV time-weighted averasge (TLV-TWA). The time-weighted average concentration
for a normal eight-hour workday, or 4O-hour workweek, to which nearly ali workers

may be repeatedly exposed, day after day, without adverse effect.

TLV short-term exposure limit (TLV-STEL). The msximal concentration to which
vorkers can be exposed for a period of up to 15 minutes continuvously without
suffering from (a) irritation; (b) chronic or irreversible tissue change; or
(c) narcosis of sufficient degree to increase accident proneness, impair self-
rescue, or materially reduvce work efficiency, provided that no more than four
excursions per day are permitted with at least 60 minutes between exyoisure periods

and that the daily TLV-TWA is not exceeded.

TLV ceiling (TLC-C). The concentration that should nct be exceeded

instantaneously.

It is essential to liasise with the relevant governmert department concerning
the statutory requirements regarding threshold limit values for the chemical
substances used. The legislation may vary from country to country and the values

are continually under revision.

Fire end explnsion hazards

Explosions in preparation, coloration and finishing are rare, but fires occur
more frequently (64). The fire hazard of a liquid may be gauged from the flash
point and the auto-ignition temperature (61,63).

The flash point is the lowest temperature at wvhich a liquid will give off
enough vepour to ignite when exposed to a flame.

The auto-ignition temperature is the temperature at wvhich the substance

will self-ignite in the absence of a flame or spark.

L ey,
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A concentration of 1 per cent or more by volume of flammable gas or
vapour must be present if mixing with air makes it flammable (62-64); one
quarter of the lower flammable limit should never be exceeded. Planning for
contingencies, such as possible leakages, spillages, static and the unexpected
icss of flammable solvents, must be carried out. Where solvents of low flash
point 0<21°C) are used, special precautions are often necessary, for example,
the earthing of storage vessels and pumping equipment and installation of flame-
proof electrical equipment. Other precautions include minimizing the quantities
of flammable solvents used and the provision of secure flame-proof storage

areas situated some distance from the main plant.

Installing suitable fire-fighting equipment, ensuring all personnel are
trained end familiar in its use and providing fire-detection equipment, fire alarms
and adequate means of escape from all parts of the plant are of primary importance;

these factors are discussed in detail elsewhere (69,70).

Hazards of materials used

Wherever possible, relevant information on the parameters given below for
all products stocked should be stored by the Safety Officer in some appropriate
rapid retrieval system, and continually updated by information supplied by manu-

facturers and govermment departments.

Product name
Name of active chemical constituents and chemical synonyms
Supplier
Hazards in use
Precautions in use:
General storage and handling
First aii
Disposal methods for spillage

Disaster control

Toxicity

TLV

Flammability hazards:
Boiling point
Flash point
Explosive limits
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Auto-ignition temperature
Products of combustion

Fire-exting:iishing agents
Reference sources of information.

This information should be utilized in the design and control of appropriate

safe methods of storage, handling and use for each product.

A considerable body of information is available on environmental health and
safety and the Safety Officer for the plant must continually update plant manage-
ment on these important matters. The wide scope of the topic and considerable
variations in practices mean that only a brief discussion of health and safety
can be given here, together with suggestions on suitable preventive measures and

safety precautions.

Appropriate control procedures

Potential hazards to health and safety exist in all industrial plants and
processes. These may be markedly reduced in preparstion, coloration and finishing

by implementing the following control procedures:

Work within the framework of the statutory regulations
Provide adequate records of the hazards of the materials used

Institute safe working procedures for storage, handling, use and
disposal of materials

Inform all personnel likely to be exposed of the potential hazards,
and train them to act responsibly

Enforce good industrial hygiene standards

Provide the requisite personal protective equipment, and maintain
it properly

Train personnel in fire-prevention, fire-fighting procedures, first
aid and appropriate emergency procedures

Control and minimize the release of harmful pollutants into the
vorking enviromment

Conduct regular monitoring of the working environment on the
safety audit principle




Preventive measures and environmental pollution cantrocl
in dyestores and colour kitchens

The enviromment in the dyestore should avoid temperature and humidity
extremes and the lighting should be of good standard overall, avoiding contrasts
of light and dark areas and not giving rise to glare. Materials should be clearly
labelled and stored off the floor to facilitate cleaning. The lines of access
to the materials should be clearly marked and a regular schedule for cleaning

instituted using suitable non dust-producing methods.

Construction materials should be resistant to ecorrosion, should minimize
dust collection and should be capable of being hosed down at appropriate intervals.
The flooring should be fitted with drains of suitable capacity and slope to allow
satisfactory run-off. Impervious tiles are easy to wash and clean and e wide variety

of surfaces, giving a better grip for footwear, are available, minimizing accidents.

The overall ventilation should be good withcut causing excessive draughtis,
and should be exhausted safcly without recirculation. Where weighing and, parti-
cularly, mixing processes are carried out the local exhaust ventilation must be
adequate, and ideally the fresh-air inlet should draw the dust and fumes away
from personnel at head height into the local exhaust hood. The exhaustion of
heavy organic vapours that may collect near floor level must also be acccmmodated
so that careful siting and monitoring of the ventilaution system is necessary.

Health and safety considerations in
dyestores and cclour kitchens

The hazardous nature of each product must be considered individually and
also in relation to other products that may be stored in the seme area. A
combination of substances stored together should not constitute a greater hazard
than each individual substance stored (71). Thus, for convenience, the inventory

may be grouped into the following general categories:

Flammable materials

Toxic materials

Oxidizing and reducing agents
Corrosive chemicals

Compressed gases

Products may often be grouped under more than one category, particularly those
under the heading corrosive where combinations of properties exist, namely,

corrosive oxidizing agent, for example, conc. HQSOh, HNO3.
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Flammable materials

inside storage of flammable liquids, such as methanol, ethanol, isopropanol,
kerosene and ketones, in drums etc. should be limitc4, and the quantity stored
should be kept to a realistic minimum. Storage outs’ae, some distance away from
the buildings (at least three metres) is desirable, with protection from the sun.
Warning notices should be installed. Drains should be located to prevent spillages
spreading to other materials. If large quantities must be stored then 2 separate
building with a fire-resistant liquid storage vault and an automatic water sprinkler
system shovld be provided (61). Ventilation adequate to safely remove normal or
accidental vapours must be provided; and all drains should be trapped and discharged
to a safe location. All electrical equipment in the vicinity must conform to the
highest standards of safety; and smoking must be prohibited (72). Flammable
materials should not be stored adjacent to toxic materials, oxidizing agents or
compressed gases. Consideration should be given to the provision of fire-fighting

equipment, supervision and security measures.

Toxic materials

Careful planning must encompass, apart from toxic materials such as
isocyanates, oxalic acid and tartar emetic, those materjals that decomnose to give
toxic materials on contact with heat, acids and, in certain instances, mcisture. For
outside storage, precautions similar to those proposed for flammable materials
are recommended; iInside storage a eas should be well ventilated and cool. Access
by unauthorized personnel must be prevented by adequate security measures (6),
Warning notices and the provision of the correct respiratory and fire-fighting
equipmeni is necessary. Precautionary measures against inhalation, ingestion and

absorption through the skin are essential (73). Appropriate antidotes and first-
aid cabinets should be provided.

Oxidizing and reducing agents
Oxidizing agents, such as sodium and calcium hypochlorite, sodium chlorite,

hydrcgen peroxide, peracetis acid, sodium perborate, and sodium nitrite, dichromate,
chlorates and permanganates, should not be stored near materials that will effectively
act as a fuel leading to combustion, for example, flammables, organic chemicals,
dehydrating agents, and, in particular, reducing agents such as thiourea, thiourea
dioxide, sodium dithionite (hydrosulphite), sodium sulphoxylate formaldehyde,

zinc sulphoxylate formaldehyde, codium bisulphite and sodium metabisulphite, In

one case, a three-metre high fire was caused by the accidental contamination of

a8 25 kg drum of thiourea with traces of sodium chlorite from a metal scoop used for




issuing both chemicals. Trace con’exmiuation of this kind may lead to no immediate
noticeatle change until the material is disturbed by shaking or the insertion of
& scoop, when a considerable fire may be created. Therefore, scoops must be
clearly marked and used only for issuing one material in order to prevent conta-

mination occurring.

The storage area for oxidizing agents should be cool, well ventilated, and
separate from other areas. Preferably fire-resistant construction materials should
be used, and a sprinkler system installed o= fire-fighting equipment must be avai-
lable in the vicinity. Particular care must be taken to ensure good housekeeping;
cleaning materials and wood flooring impregnated with such materials as dried-
out solutions of sodium chlorite may cause fires, therefore, all spillages must
be cleaned up immediately. The potential fire hazard may often be reduced by
purchasing brands of chemicals that contain stabilizers; advice should be sought

from manufacturers on this point.

Corrosive chemicals

Typical corrosive chemicals, sucn as caustic soda (sodium hydroxide),
caustic potash (potassium hydroxide), scdium sulphide, sulphuric acid (brown oil
of vitriol), nitric acid, hydrochloric acid, phenols, acetic acid, formic acid and
ammonia, may lead to corrcsion of the contsiner, other materials in the storage

area or body tissue as a result of careless handling methods (7k).

The storage area should be cool, but maintained above the freezing point
of the product, well ventilated and dry, and drums should be conveniently sited
and fabricated in suitable ccrrosion-resistant material. Strong acids rapidly
corrode cement floors and pipework. Containment of any spillage by building lined
bond walls for bulk storage units is essential. Segregated areas for materials
that react chemically must be provided, frnr example, caustic soda and acetic acid.
Protective clothing, particularly eye priutection and eye wash facilities, must be pro-
vided conveniently at hand, and emplcyees should be instructed in the correct procedures
and use of such materials. First-aid training and appropriate first-aid cabinets

. etc. should be provided, particularly for corrosive and toxic chemicals (75).

Compressed gases

Compressed gases, classified as liquefied, non-liquefied or in solution,
are rarely used directly in textile wect processing. The hazards arise from the
high pressure and any flsmmability or toxicity hazards. Cylinders are normally

colour coded to avoid mixing and there should be separate storage areas for full
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and empty cylinders. All cylinders should preferably be stored in the vertical
position and secured so that they will not fall. Flammable gas cylinders and
oxygen cylinders should be kept apart and all normal precautions observed.
Qutside storage with protection against excessive variations in temperature and
corrosion is often the most satisfactory solution, with proper manifolds and

distribution piping to points of use.

Storage time limits

The activity of many products deteriorates on prolonged storage, for example,
sodium hypochlorite, and such deterioraticn or decomposition may be hastened by
extremes of tempcrature or presence of moisture. In general, solids deteriorate
less quickly than liguids. A recurrent problem with outside storage can be the
damage or corrosion of containers, which may contaminate the vroduct. In well
organized dyestores, materials are used according to a first-in, first-out stock-
keeping principle minimizing the storage time for any product. In large textile
groups, surplus materials may be ccnsumed by plants in other parts of the orga-
nization, used as an alternative to a similar product, or sold or disposed of
by some other means minimizing potential hazards. Alternatively the material,
if considered particularly valuable, may be transferred to another container.
Advice on the acceptable storage time limit for materials should be obtained from
individual manuf cturers.

Safety precautions, training and the
role of management

Safety precautions for accident prevention against burns, scalus and corro-
sive substances have been discussed in detail elsewhere (73,7T4). The use of a
training manual, the provision of safe working methods and of a code of practice
should enable personnel to be trained to the necessary degree of competence. In
addition all personnel likely to exposure should be aware of the potential hazards

of the products used in the plant.

Industrial hygiene end safe working practice

The following points should be scrupulously observed (6,61,63,70,74,76,77):

(a) Protective clothing should always be worn when dealing with cheminals
in bulk. As a minimum, gloves, eye protection and overalls should be worn; in
other cases polyvinyl chloride (PVC) coated gloves and aprons, which are impervious
to most liquids, should be worn, as should appropriate footwear of the safety
type;
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(b) Regular cieanirg of protective clothing and equipment and clean storage
conditions should be prov.ded:

{c) Adequate ventilation should be provided where dyes or chemicals are
mixed, heated or otherwise processed or where fumes may be present to avoid
inhalation problems; protective equipment, such as respiratory masks, should be
provided where necessary. Smoking should be banned tc avoid dangers from inhalation
of wvapours and fire;

(d) Food and drink should not be brought into, stored, prepared or consumed
in the areas where chemicals are handled or otherwise used in order to avoid
ingestion problers;

(e) All chemicals should be clearly marked, stored safely and handled only
by aathorized personnel who have been apnronriately trained;

(f) All dyes ana chemicals should be stored, weighed and dispensed in the
areas reserved for the purpose. The illumination and ventilation of these areas
should be adequate and regularly maintained;

\g) Any potential hazards and unusual handling precan*ions should be clearly
marked on the product containers;

(h) Washing facilities should be provided close to the area where chemicals
are stored and used and should be sited to encourage personnel to wash before
taking focd or drink;

(i) Emergency washing facilities may be required in certain areas so that
the face and eyes may be douched easily; chemical splashes on the skin or eyes
should be treated promptly by copious irrigation with clean water, and, particularly
in the letter case, medical attention should be sought as a sensible precaution;

{(J) Proper utensils for handling dyes and chemicals, for example, scoops,
buckets and jugs, should be provided, and all spillages should be cleaned up
immediately;

(k) Personnel in problem work areas should be examined regularly and medical
records kept. In certain cases job rotation may be practicable;

(1) Personnel suscentible to skin complaints and allergies should be
identified and redeployed;

(m) Skin-sensitizing material should be replaced by a non-dermatitic type
if possible;

{n) Toxic or envirommentally undesirable chemicals should be replaced by
safer alternatives;

(o) Safe clean working methods should be established;

{(p) Training schemes and suitable methods of instruction should be
established;

(q) Personnel should be trained in first aid, fire-fighting, and how to
cope with emergencies, and appropriate equipment should be provided.

Effluent disposal

Effluenc disposal has been treated in depth elsewhere (78) and only some
general points will be considered. The statutory regulations ia the country

concerned must be the working guidelines. Factors of importance are:
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(a) The method of disposal may be continuous or discontinuous. While
a few products may te releesed into the air, the majority will probably be
released suitably diluted with process water. Other products may be disposed
of via soil or sewer or transported to some form of agqueous effluent treatment;

(b) The composition and quentity of wsste products per point of disposal
and per unit of time must be carefully studied as well as the disposal rate aand
temperature under normal and abn-~rmal conditions;

(c) Control and supervision should include the necessary monitoring
procedures for particularly hazardous materials and for general monitoring, for
example, pH, temperature, colour and suspended solids. Chemical oxygen demand
(COD) and biochemical oxygen demand (BOD) tests may also be conducted where
appropriate, particularly where discharge to rivers etc. is envisaged;

(d) The disposal of waste products by burning chould be considered, taking
into account the products that may be released;

{e) Process cnnditions may often be adjusted either to recycle products
or to reduce the quantity of effluent produced or by suitable treatment on site
to convert the waste products to a form more suitable for subsequent treatment
aud disposal.

Emergency planning

It is essential to develop a plun to cope with major emergencies. This
should attempt to minimize any event that could affect or threaten to affect a
large number of personnel or extends beyond the boundary limits of the factory
and affects members of the public. Individual circumstances vary widely but it
has been suggested that the following elements should be examined in depth (79):

(a) Define all hazards that could result in a major emergency and locate
high risk areas on the site;

(b} Calculate likely effects of the hazards identified, and construct case
studies for the most serious risks;

(¢c) Plan a control system to minimize the effects and estimate the resources
that might be required;

(d) Establish a communications network sufficient to provide warning and
to maintain control in an emergency;

(e} Train personnel involved in control systems and those responsible for
the communications network;

(f) Establish regular exercises for personnel involved and reviev the
results.

The release of toxic gases or fumes or the possibility of fires or explosions
are particularly important and any contingency planning should include such
emergencies. Special attention should be paid to reagents of high reactivity that
may interaet either with fire-fighting materials, for example, wvater and steam, with

materials of construction or with oxidizing and reducing agents.
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The role of plant management

Plant management should foster and encourage, by training and example, the
use of good siandards of industrial hygiene and safe working methods throughout
the plant. All personnel should take a positive attitude to ensuring that the
health and safety enviromment of the plant is maintsined at a high level. This
can only take place where competent planning, organization and control are con-
tinually practised and where top management personnel are intimately involved at

all stages.
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