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!XPlanatory notes 

The following abbreviations have been used: 

CI Colour Index 

s.D.C. Society of Dyers and Co1ourists 

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

the views of the secretariat of UNIOO. 

Mention of firm names and commercial products does not imply the endorsement 
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INTRODUCTION 

Wet processing transforms often dirty and W'l.attractive fibres, yanis 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 textural properties of the material and renders the performance 

and durability of the finished product suitable for the intP.nded end-use. 

Wet processing includes: 

Preparation (desizing1 scouring and bleaching etc.) 

Coloration (dyeing or printing) 

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

rhe planning1 direction 1 O?"ganization and control of the provision, storage 

and handling of all dyes, pigments, finishes, chemicals and auxiliaries used is 

vital. The reputation of a firm in coloration and finishing for qud.lity, con

sistency and relidbility depenis ldrgely on the correct 3election and use of 

chemically based products. Of particuldr iruportance are the criteria det.eT111ining 

the selection and evaluation of products, and the factors that lead to optimum 

storage and handling facilities. 

In European coW'l.tries dyes and chemicals have been clail'i1ed to contribute 

some 22-3C per cent of the total dyehouse costs in a modern dyehouse (1-3). 
In developing count~ies this may be as high as 35 pe~ cent depending upon whether 

products are loc~lly manufactured or imported (4 1 5). The price largely depends 

upon oil-based products, therefore, the draJDc1.t1c escalation in the prices of such 

products is creating considerable financial pressures, pdrticularly in countries where 

ther~ are foreign exchange problems and no :ndigenous 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 b>.isiness. This situation is magnifie1 in multiproduct, 

mu1 tifi bre and mul timachine product ion plants where the control problems increase 

with the diversity of the finished textile fabrics produced (6). Therefore, th~ 

pla.1t management team, particularly 'hose ~oncerned with purc~sing, technical 

control and production, must work together to ~timize the resources of the plant 

in order to obtain maximum machine utilization efficiency and continuity of 

production whtle minimizing costs. 
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rhis ~onograp~ is designed to provide practical guidelines for controlling 

tr.e provision, storage and handling of dyes and che::iicals in dye~ng, printing 

and finisr.ing plants. 'T·he importance of selection and evaluation procedures 

is disc1:ssed in chapter I, with particular reference to dyes, whi:h account for 

the !':'ajor ra;r-~aterials costs in ~oloration processes (6). 

Control of the dye and chemical inventory rec;:uires considerable expertise 

ar.d kr:owledge of the network of complex relationships that encompass man~:facturers, 

suppliers 1 govern~:ent departments 1 co:r.rr.unicat ions ar.d transport services 1 and 

t2cr.nical, production and sales management. The practical approaches to the 

control problems of maintaining stocks a~ a.~ 1dequate service level are outlined 

in chapter II. 

1Pdiv1dual plant require~ents in respect of tr.e packaging, storage and 

handling of dyes and cher.:icals vary widel:l• Possible solutions to the problems 

of ~ervicir.g botr. batchwise and continuous processittg units a.re considerel ir. 

chapter III, witt particular attention being paid to tr ~dva:-.tages an~ limita

tions of bulk 3torage systems. 

Efficient utilization of the dyestor~, ar.d in particular of the c0lour 

kitchen, is essential to provide the correct quantities of the necessary products, 

disper..sed in the recpired for!':'. ready for i~stant use. Tr.is fr an integral part 

of the production sequence that is too oner. neglected leadir.3 to a down-gra:iing 

in finished fabric quality. The many problems posed a.re described in chapter IV 

and appropriatf, procedures suggested :o promote gre ... c.er eff1c1en~y, flex1b1li: .. ; 

.;1.n;i cver:l.li pro.::::e::,.:; c0ntrol. 

There ar~ r.azards in the use of such chemicals as d:.res, pigr.-.ent:.; 1 finishes 

anc.1. auxil iaries 1 and it is essential that all personnel who handle ,)r are otherwise 

exposed to such product::; "hou1d oe aware of these h<.zards. Plant rr2nagement must 

take a recponsible attitude to the handling and disposal of che~ical products 

and to environmental control. The design a.nd i~plementation cf appropriate preven

tative r.!easures and control procedures to reduce potential cher1:ical hazards both 

inside and outside the plant are discussed in chapter V, in wl ich some practical 

guidelines for industrial hygiene and safe working prac•ices >re laid dow-1. 

I 

L.... 
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I. THE SEI.JJ:TION AND EVAWATION OF l)YES, CH»4.ICALS 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 t~P. following: 

A definition of the technical specifica.tions for the product 

Loc~tion 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-scdle equipment 

Evaluation on a works trial basis 

Quality control 

Sampling 

Testir.g of auxiliaries, finishes and chemicals 

Evaluation 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 of suitable products and suppliers 

Those charged with the responsibility of product selection and evaluation 

should have access to detailed sources of inform~tion. For d.ay-t~day operatio~ 

the excellent technical information provided by most of the major dyestuff and 

chemical suppliers should bP- stored in the works laboratory, thus facilitating 

rapid preliminary comparison of pattern cards fe>r colo11r, fastness etc. The 

Colour Index (CI), together with the Additions and Amendments to the Colour Index, 

is an invaluable source of infonr.ation on colorants (7). 

Product guides to auxiliaries, finishes and chemicals, art issued annually 

in some countries (8 1 9) and directories of chemical suppliers provide a short 

list of suppliers, together with limited information on their products. In such 

~blications, the dP.tailed chemical composition and concentration of auxiliaries 

and finishes are often not specified, for these lllclY consist of complex 

mixtures specially formulated for highly specific end uses. 

Acquirement cf IUlapl•~ 

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 di ~ficul ties in technical e·1aluation. 
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Commercial dyes for textile coloration are marketed at a strength convenient 

for storage, handling and use. )(any contain di1uents such as sodium chloride, 

soc.ium sulphate, soda ash, phosphates and so:.·1bilizing agents, for exa.r.:ple, 

dextrin; anti-dusti~g varieties also contain small traces of pro~ucts 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 beh;o:.viour 

of the actual dye: for which reason dyes of the same Colour Index number but 

from different manufacturers mccy vary in terms of the tinctorial stre-~gth on the 

substrate ( 10) • 

The additives present in a COlllDercial 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 

a~e tmder evaluation (11-13). 

While the strength tolerance for dyes is generally :!: ~ per cent of standard, 

the presence of manufacturing impurities, d~fferent amounts of stereochemical 

isomers or shading dyes in different deliveries may lead to proble~s of build-up 

or fastness (6 ,10). Metameric effects between dyes of the same Colour Index 

uumber but from different so· rces are not unknown. 

Thecle factors must be carefully studied where ~roduct substitution on the 

grounds of price alone is attempted. Inadequate ev~luation 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 Sd.lllples 

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 colo'l.<I' gamut with 
the minilllUDl 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. eyntanning or backtanning of dyed nylon 

Effects on effluent - ~yes of high exhaustion minimize effluent 
probl11ms. 
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It is essential tr.at the application method for use ir, bulk dyeing is 

est~tlished for the class of dyes under investigation. This includes the 

standardizati_on of: 

Choice of auxiliary products 

pH control 

Rate of temperature rise 

Dyeing tempera-turf 

Dyei.ng time 

Liquor-to-goods ratio 

Washing-off procedure 

Dryi"1g and conditioning method 

These sr.ould be as close as possible to the co11ditio11s normally employed i_n 

bulk dyeing.:;. 

For most purposes yarn and fabric are more cunvenient substrate::; for the 

technico..l evaluation of dyes 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 reprJducibility of repeat dyeings is to 

be obtained. 

A wide variety of laboratory dy~ing machines utilizing stainiess-steel 

pots are available including single or multibath machines for operation under 

atmospheric or hig'.1 temperature co::iditions with time am'/or temperature progra..rnmed 

control. Reproducibility is improved by using these machines p1rticularly if 

the weights and volumes of the products used are carefully measured (12 114). 

Freshly made up standard solutior~;, of dyes should be used in all evaluations. 

The control of vH buffer systems is d particular:y important factor in 

determining the exhaustion of the d;,rebath (15). 

Ease of application and levelness obtained 

Any difficulties in dissolving or dispersing, er 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 co,_,bined st.·ike-migration 

test ( 17). In the former teat equal weights of dyed ar1 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 ISO Grey Scale. In the strike-migration 

test the dyebath is prepar~d and brought to the boil. Samples of undyed 

mat n·ial of equal weight are entered over a period of one hour and bL>iling 

continued for a further hour followed by drying and assessment. 
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'i'inctoria.1 strength on the substrate to bE. dyed 

The colour 'll'l.d build-up properties of the dyes under test are studieC: by 

dyeing out to a number of standard depths, as appropriate for tJ-.e substrate and 

dye class involved. These dyeings may then be subject e<i to assessment by standa1 :1 

methods of fastness testing (see below). SimHarly 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 :md wash-off cari be employed. 

Coverage of possible irregul~rit!es in ~he substra.te 

The coverage of possible ir.~egularities 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 selection of 

material3 and then used to assess the covE:rage prope....-ties of the dyes. Partic11lar 

care must be exercised in the control of temperature and in the use of carriers 

that can eY.ert marked effects both on 1 evell ing and migration. 

Fa2tness prope~:ies 

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 cuscomer. 

Strict control over the sample size and test conditions is essential and 

standard adjacent fabrics should be employed. The use of multifibre adjacent 

fabric has been described (19) a.11d is useful if staining on more than on-': 

fibre is required. However, no other a.djacent fabric should be present 

in the test a~ this would affect the degree of staining obtained. 

Fastness to wet and dry ~ub~ing (crock fastness) is important for heavy 

depth prints and pigment prints where the perform;i.nce of the bindel' used is 

crucial. LowE.r standards of light and wash fastn1!SS a·~e often acceptable on 

prints compared with dyed materials. 

Compatibility with other dyes 

The temperature-strike characteristics of the dye may often ~e determined 

by a modification of the strike-migration test (12). The dyebath is prepared 

and equal weight pieces of fa1ric are entered and removed successively from the 

dyebath while the temperature is being raised slowly to the boil and boilin~ 

continued for 30 minutes. The strike-migration and temperature-strike +,ects 

( 



I 
' 

- 11 -

are particularly valuable for assessing the compatibility of three cclour 

combinations, particularly where these dJ"e s~l~ctei from the ranges of different 

dye manufacturers. A method for the assessment of the compatibility of cationic 

iyes on a~~ylic fibres h~s also been published (20). 

Physical st..:.te, soi.ubilit,{ and t?+rticle size 

The physical state, solubility and particle size are of great i~;portance 

for printing. Method.-; for determining the solubility of dyes rave been described 

(21
1 

22) and information is often available from the dyemaker. Informa~' non 

particle size is of particular value for the beam anu package dyeing of disperse 

dyes; methods err.ploying polyester and cotton fabric (23), or two layers of 

Whatmar. No. 4 filter paper sandwiching a pi~ce of cocton 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 (c) after boiling for 30 minutes. 

The recommendat~ons of the dyemaker for tne correct preparation of the 

dispersior. should he carefully followed. 

Effects of nc:T.,il ~fter-treatments 

The effects of normal after-treatments, such as fixing agents, soaping-off 

proce::;.-;e;; 
1 

so r'tene :'s, syn L.nning an'.i. backtanning processes, must be asse:;sed in 

relation to the change in colour under various conditions of illumination ani 

to tr.e cl:J.I1ge in colour produced as a result of t!-.e after-treatment itself. 

Particular a~tention must be paid to colour fastness after any subsequent heating 

or ste<..ming treatments, which often decrease the fastness of heavily dyed materials, 

particularly when dyed with disperse dyes. 

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 liqu.or-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 au+horities and r~1e relevant government 

departments. The reduction in effluent charges tl-'.~·ough using biodegradable 

materials is an increasingly important cost fact, ~n cotm-tries where strict 

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 tecl:miques; (b) fastness considerations; or (c) 

brilliance of hue. In most cases however the choice is between a nuniber of 

dyes that are listed as equivalent to each other in the Colour Index a;~d available 

from a number of suppliers. Evaluation is thus essential to select the product 

that gives the best colo-.ir value on the substrate with regard to price (10 1 12). 

::f identical dyes are to be tested then it is nor:nal to choose one as the 

standard ag-"'inst which all the other dyes are assessed for strength and value. 

The choice ~hould be an Pquivalent dye that is already being used in bulk, if 

possible, or the dye wit~ the highest tech.~ical performance from among the 

new products under test. 

Test methods 

The general problems of commercial standardi~~tion of dyes and methods 

employed have been discussed in detail elsewhere (24). The storage a.~n indexing 

of authentic standard samples must be carried 01.i.t with car~ ( 25 1 26) 1 and dyes 

should be obtained from the manui'acturcr in m::ll'ked airtight containers. It is 

essential to obtain a Sd.IDp 1.e, particula.:-ly for liquids and p...stes, which r..ay 

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

~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: ~ per cent as rega:cds strength. From the users' 

viewpoint + 5 per cent is considered satisfactory although there are exceptions 

(10). 
Moisture content should not exceed 3 per cent and is normally determined by 

accurately weighing approximately 1 g of dye in a weighing bottle, followed by 

drying to constant weight, taki~g 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 d:rying in a desicc;"tor (preferably under vacuum) may be mure 

rapid. Alterr..atively, the Dean and Stark distillation method may be employed (27). 

The moisture content is cal~ulated as a percentage anc taken into consideration 

in any subsequent colour value measurements that are carried out. 
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Coloui· value 

In optical determ~nations of the dye solution it is suggested (10) that 

0.5 g or dye is weighed ~in a weighing bottle) to four decimal places on a 

suitable analytical b~}an~e. 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 So ml of this solution is added to 100 ml of a suitable solvent for the dye 

together with 5 ml of an appropriate buffer 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 v3.riety of instruments are available ranging frorr. relatively 

simple types, such as the Hilger Spekke~. to more sophisticated and expensive 

machines of the Unicam SP1800 type. It is uupf)rtant that dye solutions sho:J.d 

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 k~pt constant 

to obtain reproducible re8llts. Recommendations on sui:.able buffers and solvents 

have been given for specific clye classes 1 but if the optical reading remains 

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

In many cases, sophisticated equipment will not be available in small and 

medi wr.-sized dyehouses. Recourse must the ·efore be made to preparing a fresh 

set of dye solut.;.ons or dispersions for the dyes under test and testing t.1ese 

at a series of standard depths. The depths vary according to colour, type and 

application but, for example, pale ·depths could be re~resented by 0.~5, O.j aild 

0.35 per cent on the weight of fibre (o.w.f.) and medium depths by 0.95 1 1.0 

and 1.05 per cent o.w.f.; mordant dyes 3.re dyed at 1.0 1 1.05 1 1.1 and j per 

cent o.w.f.; and blacYs 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 

ap~ropriat~ 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 rf 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 

is 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 shad:ng componentG uGed; Gprinkling 

Gome of the powder on wet filter paper may prove to be a relatively quick though 
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not infallible test. If shading dyes are found to be present during the 

evaluation, the fact:ness to washing, particularly to nultiple 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 ihe fibre must always be assessed by carrying 011t laboratory dyeings 

simulating bulk dyeing conditions. In aduition the fastness and levelling 

properties and compatability, hue and cost ;Jlay a major role. ~ check should 

be 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 standard. 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. DifferencP~ in dyein5 behaviour, colour 

and fastness can be obtained depending on the dyeing teillperature and particularly 

on the auxiliary products employed in the dyebath. 

All price-strength evaluations should be recorded in tabular form a~ 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 be filed 

for future reference which, provided that the prices are updated, facilitates 

the rapid e•aluation of alternative (.;es if the dye originally selected for bulk 

use becom~s unavailable from the ~ormal supplier. 

Specimen table for commercial e11aluation of dyes 
Colour Index number 

Strength 
against 
standard Price quoted 

Commercial name Supplier (%) per kg 

A {Standard) A 100 6.62 

B B 95 7 .40 

c c 100 7.74 

D D 90 6.64 

E E 108 6.10 

Corrected price 
per kg 

6.62 

7.79 

7.74 

7. 38 
0.20 
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It is common when fibre merge numbers d.re changed that difficulties occt:.r 

in -:mild up, levelness or fastness compared with the previous merge. Similar 

differences m~ 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 p1·operties of 

such fibres vary widely. 

Evd.luation in smd.11-scale equipment 

In certain instances it may be considered desirable to evaluate ~Jes before 

use in bulk using small-scale equipment, for example, a single pack...g'~ dyeing machine. 

Providing th~ machinery and the liquo~tcr-goods ratio are similar t~ those used 

in bulk, useful supplementary information concerning exhaustio:,, levelling, 

filtration and fastness properties may be obtained. The trials must be adequa-

tely supervised and all aspects of the dyeing cycle carefully monitored. 

Evaluation on ~ works trial basis 

Evaluation on a works trial basis should be carried out by normal production 

dyerz but should be monitored in the normal manner for mGtching, build-up or 

fast;,ess problems by a member of the works laboratory, if the dye is to be 

extensively used. A short report should be written and filed together with the 

results of appropriate fastneirn tests. Any adverse reports on the bulK use of 

the dye should be investigated to establiah the true nature of any dissatisfaction. 

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 personnel are available. 

All such dyes must be tested by dyeing or printing trials against the 

standard samples stored in the works laboratory. In oo_e practical case check 

testing of dye strength in this manner against a standai·d substrate enabled a 

package dyeing unit to achieve 85 per cP.nt of dyeings that did not require 

further additions (10). 

Standc..rds 

Dye deliveries ~ 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 ~~ important factor. Practical 

experience has shown that dye deliveries tend ~ore to be off-tone than to 

vary in ~;t rength 
1 

while metamerism can sometimes be found between deli very and 



- 16 -

standard. '.rolerance of shadil16 colour is 5 per cent of appr;:ived dyes. If the 

delivery con3ists of drums from different dye batches, samples from both batches 

shoulcl be checked. Particular attention should be devoted to dyes that are 

components of essential three-colour mixings or are used L-i large quantities, 

for variations in str~h or hue =an lead to a considerable reduction in 

machine utilization effic~ency. 

Sampling 

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

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

practised. Ag~in the top layers of dye in the drum should be avoided and 

both the optic;:i.l del'lsi ty and the check dyeings should be ca.rried out a.t two standard 

depths, :or example, 0.25 per cent a.nd 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 1"hich the drum number, batch number anci all other relevant 

details m8¥ be recorded. The test re~-lts are normally re~orded 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. 

Cc..ntrol systems for acceptance or rejection of batches may also ~e instituted. 

Testing of au~iliaries, finishes and chemicals 

The range of test method:J that may be necessary is too wide to be 

considered in detail here. L1 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 investig:?.tion. 

Standard analytical proceim"·~s have been described elsewhere (26,.50-32), 

and typical properties of interest are: 

Coll)UJ' 

Physical state (particle size, ai;pearance 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 boi~ing point range of a liquid) 

Flash point 

, 

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

Viscosity (at a known concentration) 

Percentage d~h content 

Biodegradability 

The works laboratory should maintain a small library of standard an..;.l~~ic~l 

procedures '~J?'L:i:i~:-ed :.t~,·ropr"-:i..,;, fJr ~he prcduct nmge c::c.:k"d. In a.'i:ii ,1cn 

technical dat~ should be collected on the properties of all auxiliaries, finishes 

and chemicals. The reference files should be continuaEy updated. 

~-n.lu"'"non of :~'"'terL:.ls for textile ::ir1ntint::; 

While many test procedures for textile dyeing are parallele:i i).Y s.i.r::il:tr 

methods for printing, printing ,;hicK·-'ners ..;.re of -",:~ci.:.l irr.i: .. J:·tanc..:. Thes-:

should not clog on storage, sho~ld dissolve readily using standard methods and 

preferably give a stabl~ low-solids/high-viscosit3 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 '.h1r:ken•-'' w1 ch ..;.pprc;:ri3.te 

dilution (cutting) with a reduction thickener, solvents and fixing agents, 

require adequate filtration and straining followed by preparation of the necessary 

strike-off;;. The fixation method employed should si!:!ulate ,Jr<i.c':.ic:~l ;-;or~ 

conditior,::; 1 for exar.ple 1 cold, saturated ste::i.m, superheated steana 1 tlrying 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 w1th the 

pr~nt paste and the biodegradability of the chickcner, solvents c1.nd fLc .. ng agent.~ 

may also require evaluation. 
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II. SUPPLY OF MAT:mIALS Alm srocK CONTROL 

Provision of supplies 

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

auxiliaries is essential: 

To ensure the execution of current and future orders 

To fac'.litate production planning 

To red~ce stock-outs 

To avoid the creation cf excess stockpile~ 

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 

F.nsuring the supplier 'Wlderstands what is re'J:uired 

Monitoring goods delivered and taking appropriate action 

The main factors influencing purchasing d·~cisions have been discussed in 

detail elsewhPre (6) but include: 

Price 

Technical specification 

Delivery 
Ma.nufa.cturer• s seIVices 

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 manage~~nt team. In general the following points should be 

ca.ref'ully considered. 

Price -
Price affects (a) market competitiveness in commission work; and (b) 

the current and future cash-flow position of the company. Percentage price 

rises on high-price items m~ lead to high cash-flow and to greater difficulties 

in generating foreign exchange. In Western Europe, cost analyses data vary 

(1-3), but all 'Wlderline the importance of the cost of dyes and chemicals (34,55): 

Cost 

Dyes and chemicals 

Fuel and water 

F.quipment 

Internal transport 

ProcesB labour and supervision 

Percentage of 
total cost 

30 
?O 

15 
21 

14 
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Price negotiations, if conducted by a professional buyer, should be 

supported by appropriate technical advice on quality etc. and with ::-eferenc.:: :o 

~ !Cllcwn ..:trer.£7tr, or .ictive sonten: C'f ~he m.t.te!"io.l under conside:·d.:i-::n as d._yes 

no:::.ir-.d.1.;.y .:r· the Sd.l!le Col0ur Index number dre ofi:.en !11-rke:ed ty :hfferent su~ ~lier>: 

d, :i1fferer.t s"rengths,or in different forms, fC'r e.LUDi:ile, ,-..1wde:- or liquid. 

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

quantity 

22 1 

200 l 

l toil 

5 tons 

10 tons 

Price uni ts (~') 

100 

86 

83 

83 

77 

The costs of storage, specialized handlin; facilities, interest charges 

etc. must be carefully calculated and offset against the potential cost benefits 

of purchasing bulk ttUantities. 

_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 

Rapid d~livery and ?~11ity to supply are vital in preventiP~ production 

stoppages, general frustration, loss of confidence in management, extended 

delivery times, short-tim3 working, ca11cellation of orders and loss of customer 

goodwill. Adequate provision should be made againLJt delivery clmes being eAtended 

owing to: 

Shortages of materials or intermediates 

Increci.ses in consumption in the plant and in tho industry 

Transportation difficulties 

Strikes, industrial disputes etc. 

Delays caused by government departments, customs and excise etc. 

Foreigh exchange difficulties 
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In many countries, major suppliers hold stocks either in their own pla...~t 

or through their agent. The reiiability of ~ supplier to supply rapidly, 

consistently and punctually should be monitored. 

The most rapid reliable and ecc!'lomic method of ordering supplies should 

be selected from those available, for ex~1ple, telephone, telex or post, and 

care taken to ens~-e that erPJrs due to incomplete inforr.t~t10n l~ r.~o occur. 

Manufacturer's services 

Major suppliers of dyes and chemicals generally provide excellent technical 

information on their products a.,d often first-class technical service facilities 

are available for the use of cu.stomers. 

The formulation of specific products, special forms of packaging, testing 

facilities or other miscellaneous forms of service may give greater production 

flexioi1ity and machine utilization efficiencies. 

Aid in problem-solving and attention to complaints are ,•.ppreciated by 

many customers. 

Previous ~xperience of supplier 

Such factors ~s the reliability of the supplier to deliver consistently 

and punctually, quality of technical expertise, stability of price level, 

flexibilEy of approach and. attention to complaints are important considerations 

to many plant managements. 

Credit facilities 

The area of credit facilities is a difficult one to specify, but a 

flexible ap~roach is often required where trGding condit!ons fluctuate con

siderably throughout the year. 

Stock control 

Stock control is a11 esser1tial function of the dyestore for preparation, 

coloration and finiEhing. Where separate stores are allocated for preparation, 

dyeing, ~rinting or finishing, certain essential information must be recorded 

separately in a suitable format for management action, and for 

information retrieval, costing and foreca.sting operations. 

. I 

f 
\ 



- : ' ~ . .. 

- 21 -

In many dyeing and finishilig units i!l the deve:oped countries such 

information may be stored in a ce..11tral computer, with stock control programs 

for gene!'a.a;:inof orders when the reo:-i.::. le,els d.re 1~ched (36,57). Such 

a degree of sophistication is not always necessary however and separate le:igers 

for each storage area incorporating separate sheets for each product stocked 

are convenient to use, and can be periodically updated by the removal and storage 

of old records and the insertion of new pages. Alternatively numerous card index 

s~'stems may be employed, but these are generally less convenient. 

The ba~ic information recorded should be: 

Product na1:1e 

Technical specification (if necessary) 

Name, postal address, telephone number of supplier and extension 
nwr.ber 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 month 

R.;;o rd er level 

Container size in which the order, for example, 100 kg, may be 
received as 2 x ':jJ 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, pri~ting or finishing plant, 

particularly those with r:rultiproduct, 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 

efl·1c1ent. .:;en·icing of ,)roduction (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 ~osts, 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,;a). 



The advantages and disadvantages of keeping large or small inventories are 

well known and have been ciscussed in detail elsewhere (6). However, to maintain 

flexibility, it is safer to selectively o.rerstock to safeguard against stock 

shortages occurring with esse.ntial items, particularly if long lead times between 

ordering and delivery of the prod,...;t are common. Commission bleaching, eyeing, 

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 wjdths demanded by customers. The greater the number of fibres and 

of fibre blends processed, the greater will b<? the range of products stocked. 

The problems of operating continuous production ranges are compounded if 

preparatio..~, coloration and finishing 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 further production difficulties. 

In practice those in charge of stocks have to minimize the many probler.is 

arisine from: 

Minimizing ordering ~osts 

Anticipating lead time problems 

Avoiding shortages 

Avoiding unexpected stock-outs 

Dealing with complaints 

Avoiding excess stocks 

Ensuring adequate safety stocks 

Ensur.~g continuity of supply and delivery 

This is a very demanding task, but may be allevi;.teci by rorrertly ratei;ori:..inis the 

produrts and kPeping the records of storks scrupulously up to rlate. 

The complete range of products stocked and the records of consumption 

should be studied to separate the materials into differen+ ~lasses, for example, 

dyes, finishes, auxiliaries, and chemirals; anrl to asrertain the perrenh.g-e 

contribution of each class to the total finanrial value. Jn most rases, ber.ause 

of the high costs of dyes, these 111ill normally be some 50-70 per cent of the 

total cost of all products (6 1 )P). However, a detailed examination within any 

one class reveals that approYimately 20 per cent of the total number of products 

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



- 2< -

inventory for th' particular class (6). Thus by rationalized forecastir.g, 

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

in relation to a particular ~ervice 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 co~pled with high price, for example, for 

reactive dyes, clearly demands considerable attention to forecasting demand 

requirements. 

Group E. These are dyes in common use, but not used in large amounts, 

such as disperse dyes ~sed 1 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 Ls, products that are surplus to current and anticipated production requirements. 

From the dyestore records of the pattern of consumption all dyes, chemicals, 

atueiliaries and finishes may be categorized in~c Group A, B or C. The closest 

control ~ust be kept over the highe~~-priced materials, generally to be ranked 

as dyes;>finishes:::>auxiliaries.,..chemic~ls, and central of Group A within each 

product class will yield the maximum product ion benefits. In very large organi

zations sophistic::i.ted inventory or stock control nrocedures may be required 

(6, H). In practice, however, simple rules ir correctly implemented, may _vielri 

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 poli~.V 

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

Cost of placing an order 

Cost of holding stock 

Minimum order Jevel set by the suyplier 

Minimum stock level demanded by production control 
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In addition, the ;:;ener;;.l -3.sh-flow position of the comp3.rw, the dim,,_te 0f 

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

tant role. 

This is a cor:iplex situation. A certain minimum stock level is essential 

to ensure production continuity. Forecasts for demand must be based on infor~a

tion supplied by sales and production control. A safety or buffer s~ock is 

usually necessary to allow a margin of error arising fror:i inacc..iracies in 

scaling-up from laboratory matchings to bulk dyeings and allowa.i.ce for spillage, 

losses and reprocessing etc. Both the demand and the lead time for a given 

product may fluctuate widely because of the pattern of t~ading. 

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 exarr~le 1 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 demanri ov~r previous quarterly periods may oft211 br related to future demand 

during the same period of the year. By revising the mean stock levels and 

recorder levels for each product within Group A, "- satisf<J.r,tory rle£Tee of prorludi0!'"! 

servicing wil: be attained consistent with the other constraints on :10lding 

stocks (6). 

With the slow-moving items it may be decided to ensure a :ninir.:um stock, 

for example, of at least that Pr:uivalent to the mean lead time for the prod:cct, 

in order to minimize the risk of stock-outs. This ha~ to be viewed against the 

backgrour.d of the likely future pattern of demand, whether this be a regular 

low off-take or a s11dden large d1::mand over a short period. Other methods include 

ordering wh'm 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 th,_,,t the 

co--ordination between sales/production/stock control shoulci he of ?. 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 wil! have only a small effect on the tota~ financial value of the stocks, 

and such a oafety margin may be considered acceptable from a cash-flow viewpoint 

T 
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compared with the financial losses incurred when stock-outs take place. However, 

individual corr.panies must develop their own internal stock control policy to 

satisfy their own highly individual requirements. 

Regular scrutiny of the Group A products may rcv.:..::.l :::!:c.:1ging demand patterr:s 

such that some of these should be transferred to G:oup B. This poli~y should be 

institutej, ~nd transfer in the opposite direction, that is, Group B to Group A, 

also contro:led. The control system must be flexible to cope with a rapidly 

fluctua-';ing p"l.ttern of demand, particularly in dyeing and printing. 

~us materials (Grouu C) 

The changing pattern of trading conditions often leads t~ proctudion of 

materi~ls that are ei~hzr obsolesce~t or surplus anrl 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:.:1..lS should be examined and if there has been no demand 

for a product L..:.!'ing 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 stond effluent :'!'om 

bleaching in which prior oxidation can occur before the effluent is released), if 

n is S3 fe to do so with the produrt cnnr.erned. This should be done ,Q,"radu:?.lly to 

minimize the effect on the quality of the effluent. If an item is use~ dc'wly but 

regularly it may be advantageous to purchase it in powder rather than liquid 

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

In one instance whe~e 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 Lfe had been exceeded; some 20 auxiliary products were 

used up at the plant on selected dyeings, and the re8t were sold 

yielding some 15 per r.ent of tte r.ap:tal value. As a result, the mean 

monthly capital value of the inventory dropped by around 25 per cent, and the 

following benefits ~ccrued: 

(a) 

( b) 
previously 

( c) 

The produr.ts stocke1 were redur.ed by 50 per r.ent; 

Stock-taking was simplified arl took only 40 per cent of the time 
req·Jired; 

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 impru.-ed; 

(f) Access and handling were improved. 
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III. PACKAGING AJID S'l'ORAGE 

Packaging of materials 

The packaging methods for dyes and chemicals have been discussed in T.ore 

detail elsewhere (6,_r;). Briefly, produc·~s may be supplied in: 

Metal drums 

Fibreboard drums 

Plastic moulded cans and containers 

Polycrates 

Glass carboys 

Paper sacks 

Hessian bags 

Compressed gas cylinders 

Storage 

Condit ions 

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 flamm.ble r.n.teri:.i.ls. Hi.:;h :'ela.tive h11midity leads to problem" S'.l"h as 

clogging of dyes, condensation, uptake of moisture by the dyes and corrosion 

of the container. Therefore, control over ambient temperature and relative 

humidity, particularly through the night, is desirable, though not alwayn 

pos~;ible, to maintain uniform storage conditions. 

Areas 

The design and number of storage areas varies widely ~ccording to the 

nature of the business conducted. Commonly SPp<:nate storage areas are set aside 

for prP.paration, dyeing, pr1r;.t.i.ng or finishinr,. These are situated adjacent 

t0 the particu1:.i.r· working area to minimize handling and transportation timr~~· 

and improve machine utilization efficiencies. 

Deliveries and collectiom:; may be made at one central area or at a variP.t,,y 

of points around the plant •. The routea for materials-flow through the plant. 

muat therefore be carefully planned and kept freely acce:rnible (41). P.Lrticular 

attention should be devoted to the :outes for mechanical hand} inr, aid~ ;;uch '.L:> 
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fork-lift 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 

varning systems, the vi dth and height of doorvays, 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 sto;:-~e procedures and materials handling because of the lover number 

of products stocked in each area. However, the problems of adequate supervision, 

overall control and security are incre~eG.. Installation of sp1·inkler systems 

or individual types of fire-fighting equipment may be required for specific 

storage areas. 

Attention should be given to all forms of materials hanciling, particularly 

vhere heavy drums are involved; circular platforms fitted vith lockable castors 

are useful for such drums. Elsewhere, if space perniits, the use of cranes, 

drum-handling equipment, fork-lift loaders, pallet trucks etc, is often of great 

benefit from tbe producti0n Nld safety points of view. 

The racking system should be flexible to cope "1.th a: .. 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 vith 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 l!ltack

iiur; 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 

~ulk storage unita are generally immobile tanks or containers servicing some 

part of the plant where consumption of a particular product is very high. HoveTer, 

increasing use is nov being made of smaller containers that can be moved and stacked 

using mechanical handling and lifting equipment (6, 40). 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 

/1 
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product llAQ" depend on whether or not the container is returnable to the manu!'ac

turer for recharging. In larger dyeing and finishing plants the 11<>bility or such 

units ~ be an iriport&nt factor in s&Ting space and in providing rapid nexibi

lity if productioa ~chedules have to be changed. 

Both solid and liquid products mq be delivered by tanker and discharged 

by &n electrical. m~orized ~p or ca.pressed air into large fixed vertical. 

hoppers, &ilos, tanks etc. Solid products, such as sodium chloride, starches and 

dextrins, can be stored in vertical hoppers and transferred to aut011&tic mixing 

units or dispensed manually using gravity-feed, screv-f'eed or rotary-feed con

veyor systems. For liquid products, storage tanks are often sited under the 

vorking-fioor h.vel in order to save working space and minimize hazards due to 

spillage. A dis~.vantage of storage below fioor level is that pUllping equipnent 

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 vhen 

employing gravity reeding arrangements, in vhich viscous products take a long 

time to dispense. 

For each product co~sjdered, the advantages and disadvantages or using a 

built storage system must be carefully evaluated, as follovs: 

Advantages 

Lover built prices 

Love~ reordering costs 

Fever deliveries 

Elimination or manual dispensing methods 

Installation of automatic dispensing aethod 

Improved stock control (less spillage in dispensing) 

Improved process control through automatic dispensing 

Improved product quality (material. from -.:itbin one batch is used) 

Elimination or disposal. ot druas etc. thereby a~viD.fl: space and 
eliminating handling 

Disadvantages 

High initial costs or containers, installation, autoe~tic dispensing 
and pipe vork, poHible costs tor heating Uld installation or bigh/lov 
lnel alarms 

Cost ot heal.th and satet7 •asures to prevent hazards due to 
tllllllabilit7, static, toxicit7, leakaBe and corrosion 

Cost ot connection to delivery point in~lving pipework, valves, 
lagging etc. 

I 
L-
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Loss or noor space ir cited abon: Y'lrking len:l 

Cost or aetering/pmping equipment for tmdergrotmd storage systems 

Possible liaitations on product st~h stored and quantities that 
can be dispensed 

Poor storage conditiom: leading t.o se~ntation/llQ'ering, decomposition 
or product. build-~ or sludge deposits and clogging or powders due 
to 80iStU.'"e 

The financial implications aust be caref'ully studied before installi11g such a 

system. 

Liquid products - such as concentrated acids and alkalis , tor exaaple. 

40 per cent and 80 per cent acetic acid, lOO°'rv caustic soda, or detenr~t.s, 

auxiliaries, and levelling and dispersing agents - can be quite readily dispensed 

in this unner to batctnrise dy'eing plants, and it is also possible to store 

bleaching solutions, such as b7drogen peroxide and sodium bypochlorite, in sto .. ·age 

vessels below the working floor level. 

Specially fabricated or moulded tanks reinforced vith vire- or glass fibre

reinforced polymers, for example, vire-reinrorced polythene and glass fibre-reinforced 

polyester resin, are nol'll&l.l.y mounted on a convenient supporting frame, sufficient 

to distribute the load satisract~rily (6,42,43). The repair or S•.!Cb tanks, 

should cracks develop, must be carried out carefully according to the manufacturer's 

instructions, and ir welding under nitrogen etc. is required, outside expertise 

may be necessary. The tank should be drained and flushed clean before repair, 

particularly ir it nomally contains toxic, corrosive or inflammable liquids. 

It is essential that all delivery points, tanks, valves and pipework should be 

cl~=.rly labelled to facilitate identification of the product and potential hazards, 

and to aTOid the accid~ntal mixing or release or the vrong product. 

Appropriate precautio~s must be taken vitil r.eg:i.rd to siting and general 

ventilation, and s~ecialist advice sought ir toxic, corrosive or nuaable mate-

rials are stor~d. Particular problems may be eJq..erienced due to static electricity. 

Static electricity can cause a fire or explosion only in a tl ...... ble or explosive 

atmosphere and the general precautions to be taken have been described (44,45). 

Bovever, lov resistance bonding and earthing can generally minimize the occurrence 

of static. Safety valls or catchment areas, suitable lined and or an appropriate 

capacity, can reduce hazards due to overfilling, leakage or damage, vbilc recovery 

or the product for subsequent reuse or disposal into the effluent can be arranged 

by appropriate design of the 11torage area. Particular care must be exercised if 

strong acids and alkalis are stored in adjacent tanks because of the fierce reacticna 

and beat that are generated on mixing, and separate catchment areas are essential. 
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All. connection points tor tanker deliTe1"7 should haTe clear access tor 

authorized personnel, be clearly identified, and suitably lagged or heated b7 a 

SJl&ll. steaa coil or electricity it freezing ot the product can occur in cold 

vet.ther (6,1'1'). The connection to the bulk storage unit should not allow the 

possibilit7 ot air-locks developing. <>n:rtilling can be a-roided by titting a high

leTel &lam in the tank and a tank leTel (or capacity) indicator at the connec

tion point. All bulk storage units should haTe a Tent pipe leading to drains in 

case or overfilling. Washing or hosing-down racilities and f'i.re-ti.~ting equipment 

should be installed close to the connection point, and the drains should be 

con'YeDiently sited to dispose ot spillages after dilution with vater. 

The capacitJ Of the tank should preferabl,r be larger than th~ TOlme l!emanded 

per deliTer'J' b)' the Rupplier to obtain the benefit ot bulk prices. Jn this Y&7 

acccmodation tor scme degree or OTertill and tor late deliTe1"7 can be built in 

without stock-outs occurring. It is essential to ensure tanker delivery tor auto

.. ted dispensing sptms , tor it products are deli Tered in drums there mq be 

considerable extra handling and difficulties in filling the bulk s~orage unit. 

The bulk storage unit should be large enough to satisfy current production demands, 

and the reorder leTel can be set vben the nomal mean lead ti.At> tor delivery or 

the product is established. 

The storage lite ot the product 11USt not be exceeded; it tilm-to:rming 

.. teri&ls are stored a regular schedule or cleaning and maintenance vill be 

necessaey. Where stratification, settling or cracking out ot emulsions is likely, 

solid deposits or Cl"J'Stallization on the vall.s ot the storage Tessel m&T otten 

be pre"Yented by incorporating some rudilientaey tona ot paddle stirrer operating 

on a time svitch basis to stir th~ -.... utents ot the tank tor a short period e"Yel"J' 

hour (6). Specialist ad.Tice on tre design and construction ot storage tanks, 

stirrers, satet;r precautions and 1-..-el sensors etc. is usually anilable trca the 

unutacturer ot the product stored. 

II, I I I 
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IV. DISPEl'SllG METHODS 

In order to appl.7 d;res, pipent., ami.liaries, chemicals and fini3hes to 

fibres, :rams or fabrics, the products llWlt first be accuratel.7 weighed, measured 

or metered according to the reciJ,ie, and then llixed. Mixing processes include 

diHolring, dispersing, eaulsif7ing or hcmogenizi..ng in order to obtain a un.ifom 

or m.ogeno10.S distribution of the products in the application llediua, vhich in most 

cues h vater or an organic aolftllt. The aixture 111.wt then be stored and diatri

b·ded to the d;rei..ng, printing or finishing uchine. 

Close control of such operations is rital if first-class vork is to be 

obtained, and a careful scruti117 of t~e methods and equii-ent employed ~ reftal. 

sources or errors, inconsistency in i.ualit:r, poor manage11ent and outmoded training 

methods. These can lead to high "damaged and kept" lenls, customer complaints, 

poor deliYerr, extended proceuing times, costl.7 re.,rocessi..ng, production resche

duling and e:tra drying operations, or unnecessaril)' high leYels or additions to 

attain the shade demanded. 

Role or the qe store and cc-lour kitchen 

In dyeing the greatest control 11W1t be exercised oTer the tolloving T&ri

ables (46): 

Colour Talue or the d;re 

Weight or d1'e 

Dissolring (dispersing) of the dye 

Voluae or liquor 

Weight or electrolyte, chemicals or auxiliaries 

Tiae or dyeing 

Dyeb&th tmperatun 

pH of d;re liquor 

Other n.ri&blea during d1'eing, such as rate or temperature rise and liquor-to

gooda ratio, are also i.Jlportant. 

The colour kitchen thus :i;l.qa an essential role, tor in d;reing, tbe second, 

third, firth and eighth TU'i&bl•• Mlltioaed &l»cw• are controlled clirectl7. while 

tbe colour Talue or the d;re depencla on the control exercised OYer tlie .tonge 

conclitiona and tbe age or tbe d;Je, th&~ is, the atockholcling method and policy 

adopted. In adclition tbe liquor wlme uHd tor mixing llQ' also affect. tbe wlm• 

or the clJ• liquor, depending on tbe type ot d;reing aachine and working aetbod• 

employed. 
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In printing the iaportant !'actors are: 

Colour Talue of dye 

Weight or dye 

Dissolring, dispersing, eaulsif'ication or hoaogeci%s.tion o~ li~uor, 
particularly the fineness or a dispersion 

Weight or TOlume or sol-nnt or printing assistant 

Weight of' binder 

Weight or thickener or gua 

Total volm.e of print paste 

pH of print paste 

Thus in printing all the !'actors listed are controlled directly or indirectly 

°b7 th~ colour kitchen, and here the emphasis is OD the quality of' the print paste 

p~~duced in te?'llS or the fineness or dis~ersion or WJif'o:r.ity of dissolution and 

the hcmogeneity, particularly or viscosity, or the mixture. In many dyeing, 

printing and finishing O!)erations the storage stability or the resultant product 

is often or great importance, particularly in the use of reactive-type resin 

finishes applied by pad-dry-cure techniques vith vbich, if the ambient temperature 

is high, precipitation and polymerization problems may occur. Problems are also 

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

Automatic control at the dyeing stage only controls the second order vari

ables ( 46). The first order variables usually lie vi thin the province of the dye 

store and, particularly, the colour kitchen, and the necessity for attention to 

detail and control increases vith the pre~ision or the colour matching required 

an<! the quality demanded by the custaaer. Batchvise dyeing of ya:na, fabric or gar

ments demands close tolerances so that dyes must be carefully standardized and kept 

in closed containers to prevent ingress of moi~ture from the atmosphere, for this 

affects individ':l&l dyes to a different extent and leads to inaccurate weighing 

and poor colour matching (U,47). Where loose fibre (rav stock) dyeing is prac

tised subsequent blending operations during earding and spinning lead to an accep

table colour unifomty, but in yarn dye~ng the standards or uniformity of shade 

f'rOlll package to package, demanded, for example, for knitting plain colours, are 

necessarily higher than for multi-coloured or Jacquard designs. The tolerances 

in dyeing aust therefore be carefully monitored and inforaation fed back to the 

dyestore and colour kitchen from production control in order to achieve the highest 

standards or vork and or reproducibility. 



lnTestigations into shade T&riations in batchvise dyeing haTe demonstrated 

that one or aore ot the tolloving factors mq be involTed (48,49): 

Wrongly calcula.ted recipe (errurs and approximations) 

Misread dye-lot recipe ca.rd (hastily written) 

Misnaaed dyes on recipe cards 

Inconcise or ~on-existent dyeing instructions 

Wrong dye veighed out 

Change in fibre substrate 

Unintiaated strength change in the dy~ 

Preprinted dye-lot recipe ca.rds, on vhich a.re shovn the percentage, weight 

and name ot the eye, can be used tor be.tch dyeing processes, which vill eliminate 

the first tour sources of error and reduce the likelihood of the firth (48,49). 

Collabora.tion between the fibre supplier or custc:xaer, the works laboratory and 

production control minimizes the consequences of changing fibre merges or quality. 

Close control oTer the colour value of the main dyes by regula.r monitoring and. 

testing may red~ct: the occurrence ot tinctorial strength differences, but it 

requires the constant attention of colour kitchen operators to ensure that the 

vrong dye is not weighed out. Additional benefits are: 

(a) Standard quantities based on fibre weight or ma.chine liquor vol\.lllle 
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 reducr1 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; 
(h) Paperwork is simplified by the use of prepl'inted ~e-lot recipe fonns; 

(i) The preprinted dye-lot recipe forms may be incorporat~1 in a control 
system to check the vork flov through the plant. (The installation of such a 
system is to be strongly recommended in vertical org&IizatioLs, particularly 
for batcbvise processing, and may also be useful where standard procedures are 
employed for ad1itions and cor~ections, that is, redyeing.} 

In one case, the amount ot reprocessing on a ccmb~.ned scouring and bleaching 

process tor textured yarns was reduced from 3 per cent to 0.2 per cent, vbile yarn 

quality in sub»equent coning vaa considerably improved and the need for stripping 

( 
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instructions to coning t~ re~uce inside-outs~de levelness variations vas eliminated 

except vbere dirt in the processing vater caused problems. Thus an improvement 

or soae 4 per c~nt in overall yarn utilization rrom coning was achieved, vith sig

nificant increase& in the efficiency or winding through (a) less yarn breakages 

rrom filaaentation and snagging; and (b) the winding of the complete package onto 

the cone. 

Althoug~ automatic methods help to eliminate soae errors, additional ones 

mq occur. For instance, in the automatic dispensing or l00°Tv caustic soda by 

gravity from a bulk storage unit into individual tanks fitted vith level controls, 

problems arose as a resul~ of variations in the amount dispensed because or diffe

rential rates or corrosion or the probes. These vere solved by the substitution 

or polytetranuoroethylene-coated probes. Another problem was that the control 

valves used to empty or fill the sidetank on the dyeing machine did not always 

function correctly; if they stayed open, a considerc..ble loss of caustic soda and 

or 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. 

Sa11e typical errors in the dye store or colour kitchen, vhich may lead to 

variations in the quality or uaount of a product dispensed, occur in the: 

Selection of product 

Product strength 

Weighing 

Cause 
Incorrect labelling of products 
Recipe errors 
Inadequate checking procedure 

Deterioration on storage 
Contamination 
Absorp'don or moisture 
Stratification or settling of product 
Crystallization or product 
Resin formation 
Oxidation or attack by micro-organisms 
Variations aroWld manufacturer's tolerance 

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



Dispensing of liquids 

Miring and issuing 
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Incorrect measurement of liquor 
level 
Residual liquid in measuring vessel 
Incorrect preparation or miring 
Incorrect tolerance or accuracy 

Poot' mix.ing 
Dilution errors 
Contamination 
Spillage 
Lack of filtering or sieving 
Losses during filtering 
Product delivered to wrong dyeing machine 
Incorrect labelling 

Particularly where liquids are transferred via borosilicate glass pipe

work 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 pipevorlt may pose fever 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 vorlting area of 

the dyehouse during dispensing. 

Weighing 

In modern colour kitchens, dyes and chemicals are veighed to 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 balan~es combined vith automatic check veighing and print-out facilities 

are becoming more common, for an autcxnatic print-out of the ve~ght can either be 

programmed directly into a computerized stock control system or be used in the 

conventional system for periodic stock balancing of the materials consumed (37,53). 

More sophisticated systems enable the cost per recipe dyed and the d.ve anc chemi

cal costs to be determined. For prin ··orlts, an autoveigh system provides a 

sophisticated dir,pensing, weighing and recording system (54). In one version an 

autcmatic 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 vith three rates of flov to combine accuracy of veigbing vith bigL speed. 

The system employed for dyehouses must often be sufficiently versatile to 

veigh very small additions as vell as heavy \/eights of dyes or chemicals and for 
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this reason many dyehouses use at least two and possibly three balances with specific 

weight capacity, for example, light (.Jp 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 o~en be served by usin~ two balances: one, say, of a capacity of 

L2 ki; 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 k6, 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 v5th 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 weigh+, 

(normally! 1 scale 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 fran 37 to 8 per cent, redyes were reduced 

from approximately 15 tc 5 per cent and the additions reduced from 11 to approximetely 

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

In large 1yestores or colour kitchens it is essential to have an adequate 

supply of stainless steel utensils, for example, spoons, ladles, spatulas, scoo~s, 

pans and buckets, in order to carry out weighing quickly and have sufficient tim~ 

for cleaning etc. to prevent contamination, particularly vi th dyes , d•1ring sub

sequent weighing and mixing operations. A careful analysis of the work-flow pattern 

and of the movement of materials anrl 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 du,licate 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 maintens..'1.ce. 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 subsequently added. 

One practical study shoved that some 27 per cent of all weighings were in 

error to a significant degree (14). 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 because 

weighing 25 kg on a 5 kg balance in five separate op~rations 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 when the dyeing is at the crucial "first addition" 

stage. The weighing of more than one dye onto the same sea.le 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 tot3.l 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 replaced 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 lover 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 smal.l quantities of dyes arc weighed 

(14). While print-out sys~ems may provide a check on the weight actually dispensed, 

~his provides no information on the state, quality or moisture content of the 

product, all possible sources of err~r in subsequent dyeing. Thus in weighing 

dyes particular attention must ,e paid to the equipment and techniques used for 

weighing; 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 minimizinp; variations in moisture contents 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 c~nsiderations in weighing and dispensing 

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

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 ~he 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 (40). 

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-dustir.g 

varieties of dyes should accordingly be purchase~ and precautions taken in the 

dispensing of the final layers in the drum. 

J1 
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Measuring volume 

Errors in the measureml!nt of volume are common largely uecause of the 

inaccurate methods employed to measure the depth of :!.icuid in a tank of complex 

shape ( 14). All too often the depth gau.~e 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 a 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 100 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 con~~iners, parti

cularly for bulk storage units. Many methods of measuring liquor level in 'l:lulk 

storage units, for example, based on simplP 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 prod~ct 

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 installations (6,53,55,56), 

have been described elsewhere. Systems for metering vet-on-dry and vet-on-vet 

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 f"ie chemicals are usually obtained at lover prices. Continuous 

metering is particularly beneficial in chemical preparation processes (57) and 

cathodic reduction for sodium dithionite (hydrosulphite) has proved its potential 

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

For materials tha~ can only be dispersed or emul.sif'ied in vater or solvents, 

the mixing process is a vitally important part or the correc4; preparation routine 

in the colour kitchen (6). Inadequate mixing or addition of products to the mix 

in ~he incorrect order duri::ig 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 or the llll.xture 

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, clisr.ribution, intermingling and hcnogeneity of 

the substances to be mixed are attained by d:~fferentiltl rates of flow of the- sub

stances (€). These v.re 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 imparted to these substances by the 

mixing element, or by both of these methods. 

The mos~. important factors are the !'lhc:aring action of the mixer, particularly 

for highly viscous materials such as gums and printing thickeners, and o. satis

fattory 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 port able and fixed mixers and mixing vessels may be employed in 

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

Si.mp!~ physical mixture or two or more miscible fluids 

Mixing processes involving a physical change of the products 

Mixing processes involving diapersion rif tt.e products 

The temperature of the mixture and the storage time before use m~· be 

critical, particularly for dispersions and emulsions, &nd aggregation and separa

tion problems may occur unless the mixtt.:re is stirr-ed occasionally. This also 

helps in preventing stratification or settling or dispersions. The prior addition 

or dispersing agenta and the slow addition or disperse dyes into the vortex of 

a large volume of water at around 30-40°C stirred by a high shear mixer are 

generally recommended. 

~- ____________________________ ...... ________________ .... ____ _ 
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All dye solutions etc. should be strained or riltered berore beiiur: added 

to the dyebath, ciare being taken to reprocess any d;re that bas ii!tered out. 

Stainless steel mesh sieTes are videl)' used, being easy to use and keep clean 

and c~rciall)' aTILilable. 

Mixing equii;aent 

The main factors concerning miring operations are discussed elsewhere ( 6), 

but aai.n.Q' depend upon the viscosity of the materials to be aixed since this 

detemines: 

'l'be type or mixer necessary to establish and aai.ntain the required flov 

The size or the miring eleaents necessary 

The optlllm airing speed 

The paver requirements at the airing speed 

The flov pattern is dependent upon the container shape; round-bottomed 

rat'ller than fiat-bottomed containers are preferable from the miring, dispensing 

and cleaning points of viev. In printing the thickener is added gradually to 

the vater in order to minimize gelling and the rise in viscosit:r, thereby easing 

the strain on the mixing element; in addition the use or knock-dovn deroamers 

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

Heavy mixers aq be hung Terticall.y, counterbalanced by veigbts to facilitate 

movement. Where possible, totally enclosed fan-cooled motors are preferable and 

ror portable mixers a lover TOltage, ror example, 110 TOlts AC, is conaidere<' 

satisfactory; i;be aixer .a~11t be vired correctly. Electrical cables to such mixers 

r.ust either bf, kept orr the ground or protected in conduits to aToid daaage traa 

the aoTeaent of bea'f'7 trucks in tht. vicinity of airing. 

The correct siting of the mixing equipment, attention to good airing practice, 

siting of appropriate local exhaust Tentilation and good housekeeping vill aini.JDize 

dust and spillages. A regular schedule ror cleaning and aai.ntenance is neceaaary, 

and in printvoru, dr\m-vaabing equii-ent bas proTed to be Yery aucceaarul. 

Careful scheduling ~r the aixing progr .... e in relation to tuture production require

ment• is neceaaar:r, and the 110Taent and handling of the aixing containers to the 

point or coloration in production aust be carefully considered. 

'l'be degree Of aophiatic1~ion required depends upon the products inYOlYed; 

a detailed account of the nonaal. types or aixer and their aodea or action baa been 

el1evhere (6). 'l'bia conra the use, merit• and liaitations of: 

Flov aixer types, ror eumple, open coil ate• pipe in a bucket 
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Paddle mixers, usually used on bulk storage systems 

Propellor mixers, usually used for maintaining consibtency of 
a mixture 

High shear mixers, vith adjustable deflector p!...:..':.es, disperser 
sleeves and liquor flov reversal - videly employe<i for mixing and 
dispersing dyes in povder ro:nn 

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

Ultrasonic homogenizers, for a high ,uaiity dispersion 

As the quali t.;,- -:if 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 supplit:-5 and aanufacturers of mixing equip-

ment. 

( 
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V. HEALTH ABD SAFETY 

Chemical hazards 

All dyes, finishes and auxiliaries_ being chemical substances, •q be considered 

as potentially hazardous (59-63), particularly if they are alloved to enter the 

h'Ulll&D body via one or more of the following routes: 

Absorption through contact vith the skin 

Inhalation into the respiratory tract as dust, fmes , vapours etc. 

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

Chemicals, properly stored, handled and used, present small risks to health 

Bl'd safety ( 59), but knovledge i -i required of the potential hazards 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 

~nvirnnment, reduction or effluent !>Qllution and contingency planning for an 

emergency (64, 65). 

The hazard classification system for chemicals of the United Rations lists 

nine t:l!lSses of primary hazards (66). 

Class Hazard 

1 Explosives 

2 

3 

h 

5 

6 

7 

8 

9 

Mass explosion hazard - a very insensitive substance 

Gases: 
pressure 

compressed, liquefied or dissul~~d under 

Fl&1111able liquids 
Flash point 23-60. 5°c 

fl&1111able solids 
Spontaneously combustible substances 
Substances giving off flammable gases 
vith vater 

in contact 

Oxidizing substances other than organic peroxides 
Organic peroxides 

Poisonous substances 
Infectious substances 

Radioactive substances 

Corrosive substances 
Miscellaneous dangerous aubs~ances 
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In preparation, coloration and finishing, there are potential hazards in 

the wse of: 

Poisonous substances (Class 6) 

Corrosi..-e substances (Class 8) 

Fl.aaull>le liquids and solids (Classes 3 and 4) 

Oxidizing substances (Class 4) 

Cases: ccmpressed, liquefied or dissolved under pressure (Class 2) 

Apart troa the primary hazards, additional hazards 981' arise troa the 

deccmposition c-r chesicals during storage by interactions arising troa 

mixing, contaaination, spillages, disposal or fire. Great care is therefore 

required by those charged vith the responsibility for the sate storage, dispensing, 

use and disposal or such materials. 

It is im>Ortant to drav clear distinctions between (a) the toxicity of a 

chemical substance; (b) the toxic hazard of that chesical substance; and 

(c) the toxic hazard of an industrial process in vhich that cheai.cal substance 

is used. 

Toxicity 

Toxicity is th~ capacity to cause injury and is otten related to dose 

response (67), where a p~siological or toxicological response is correlated rith 

the dose (the product or tiae or exposure and effective concentration) • 

Toxicity hazard 

The toxicity hazard is the aeaaure or potential risk and au.st therefore 

incorporate infoM&tion on intended use, anticipated mode of entey, and frequency 

and duration of exposure (6o,64,67). Chemicals that are either Tolatile and 

more readi~ iniullc.l ur ~~~~ absorbed through the akin create a greater toxicity 

hazard (6). 

The toxic hazard or an industrial process 

The toxic hazard presented by any preparation, coloration or finishing 

proceaa depends upon the toxicity hazards of the cc.pounds mpl01'ed and the 

circ\IUtances surrounding their use. Thus the extent to vhicb the enTiroment 

is alloved to be contaainated, leading to absorption of cheai.cal substances by 

the human b<.d7 and the posai bili ty or toxic effects, is illportant ( 6 ,64) • 
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Toxic substances and their effects 

The toxicity or a substance is its potential to cause injury by direct 

chemical action vi th the body tissues (61,62). Toxic effects can be described 

as local or systemic. Local injuries are those limited to the area or the 

body that has caae into cont.let vith the toxic 11aterial and systemic injuries 

are those producc?d in any or the organs after the toxic substance has been 

absorbed into the bloodstreaa (6o-62). 

Both local and systemic effects exhibit considerable variation in type, 

duration and danger to health and life. The susceptibility or individual persons 

~ not only yary widely but ~ also depend upon the state or tealth during the 

period or exposure to the hazard. 

Chemicals shov a greater or lesser differenee in toxicity depending upon 

vhether they act on the bod7 for a short or a long ti.me. Acute toxicity is detin-=d 

as that which is manifest on short exposure ( 61). However the nature or the toxic 

injury producea. ~ differ according to the duration or the exposure and vhere 

exposure is over long periods, chronic toxicity effects ~ becaae apparent. In 

mao;y cases the injured person ~ not recognize these effects until chronic 

toxicity has reached an advanced stage and has created considerable permanent 

damage. 

Toxic effects ~ th1JS be subdivided into tour main types (60-63): 

Acute local - rapid action at a specific body site 

Acute systemic rapid RCtion over the vhole body 

Chronic local - long-term action at a specific body site 

Chronic systemic - long-tena action over the vhole body 

The potential hazards or many chemicals have already been assigned to one or the 

above types, but in the case or nev chemical products the toxicity~ not be 

tnovn (63). 

Action or toxic substances 

Wb~n considered in tenas or the action on the body, toxic substances ~ 

be classified ii>to five aain group• (6o). 

Irritants. These: in general affect the respiratory tl"act and the aucoua 

aembranea, for exaaple, fontlc acid, acetic acid, ammonia, formaldehyde, chlorine 

dioxide. 
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Asp&riants. This class of toxicant, for example, carbon m'-'noxide rrom 

motor vehicle exhaust f'umes, is rarely round in col~ration and f'inishing proces

ses, except as a result or thenaal. deca.position or materials during fires . 

.Anaes~hetics and narcotics. These orten have a depressant action on the 

central nervous system and include many alcohols, such as isopropani>l and 

aliphatic ketones, f'or exaaple, acetone, aetb;Tl ethyl ketone. These ~ be used 

as solvents r~r 1i7es or as components or textile auxiliary tonaulations. 

Systemic poisons. This class includes aethanol, halogenated b;Tdl"ocarbons, 

oxalic acid, organic isocyanates (e.g. 2,4-toluene diisocyanate), tartar emetic 

and other aordants and a vide variety of compounds used f'or naae reta..-daney, 

rot-proof'ing and insect-proof'ing (aoth-proof'ing). Particular caution is adrised 

in the control or storage and use .or such products. 

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

powder or crystal rorm and include fine dye povders, resins, f'ibres and other 

air-borne particulates. They are f'requently encountered in the storage, dispensing 

and mixing vork areas. 

The above list is not extensive and it is strongly recommended that the 

degree or toxicity for all the products used in preparation, coloration and rini

~hing be ascertained, either rrom the extensive general chemical literature (63) 

government departments, or rrom the manuf'acturer concerned. In some cases the 

toxicity may be unknovn. 

The measurement of toxicity 

!.ethal dose, 50 per cent kill (LD
50

). This represents the dose vhich, vhen 

administered to laboratory animals, ror example, rats and mice, kills half' of 

them. It is expressed in J118/k8 (milligr&lllS or t~xicant per veight in kilograms 

of the animal) and the route of administration (oral, skin, intraperi toneal) 

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
50 

fo~ a person of a knovn 

body veight can be calculated. This extrapolation, vhile not alvays accurate, 

givea some guide in calculating relative toxicities. Compounds vith LD50 values 

of less than 50 J118/k8 are generally considered to be highly toxic. 

Lethal concentration, 50 per cent kill (LC50 ). The units are parts per million 

(pJlll) per time period of exposure, and the veights are not needed. 

( 



Airborne containation 

Threshold limit values (TLV) are estimates of the average airborne concen

trations of substances to vhich nearly all v~rkers may be exposed day after day 

vi thout adverse effect ( 68). This hovever rill not prevent problf'Dls arising vi th 

a Sll&l.l percentage of workers vho ma,y be bypersusceptible, 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-veighted average (TLV-'l'WA). The time-veighted average concentration 

for a no:nnal eight-hour -.rorkday, or 40-bour vorltveek, to vhich nearly al:i. vorkers 

may De repeatedly exposed, day after day, vithout adverse effect. 

TLV short-term exposure limit (TLV-STEL). The 111£.Xi.m.al concentration to vhich 

workers can be exposed for a period of up to 15 minutes continuously vithout 

suffering from (a) irri~ation; (b) chronic or irreversible tissue change; or 

(c) narcosis of sufficient degree to increase accident proneness, impair self

rescue, or materially red11ce vork efficiency, provided that no more than four 

excursions per day are permitted vith at least 60 minutes betveen eXJ:~sure periods 

and that the daily TLV-'l'WA is not exceeded. 

TLV ceiling (TLC-C). The concentration that shotld nc.t be exceeded 

instantaneously. 

It is essential to liaise vith the relevant gJvernmert department concerning 

the statutory requirements regarding threshold limit values for the chemical 

substances used. The legislation may vary from country to country and the Ta.lues 

are continually uncer revision. 

Fire e.nd expl~sion hazards 

Explosions in pr~paration, coloration and finishinp; 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 vhich a liquid vill give off 

enough v&pour to ignite vhen exposed to a flame. 

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

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

f 
\ 



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 

loss of flammable solvents, must be carried out. Where solvents of low flash 

point ( <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 fl81111lable 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 and 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 government departments. 

Product name 

Name of active chemical c~nstituents and chemical synonyms 

Sup:::>lier 

Hazards in use 

Precautions in use: 

General storage and h!llldling 

rirr.t ai 1 

Disposal methods for spillage 

Disaster control 

Toxicity 

TLV 

Flammability hazards: 

Boiling point 

Flash point 

Explosive limits 



Auto-ignition temperature 

Products of combustion 

Fire-exting·ushing agents 
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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 upuate 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 ~ealth and safety 

can be given here, together with suggestions on suitable pr~ventive measures and 

safety precautions. 

Appropriate control procedures 

Potential hazard.s to health and safety exist in all industrial pl&nts and 

processes. These may be markedly reduced in prepar~tion, 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 equiJ:lllent, 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 
working environment 

Conduct regular monitoring of the working environment on the 
safety audit principle 
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Preventive measures and environmental pollution cantrcl 
in c1yestores and colour kitchens 

The environment 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 corrosion, should minimize 

dust collection and should be capable of being hosed down at appropriate intervals. 

The flooring should be fitted vith drains of suitable capacity and slope to allow 

satisfactory run-off. Impervious tiles a.re easy to wash and clean and a wide variety 

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

The overall ventilation should be good vithcut causing excessive drRughts, 

and should be exhausted s~fely without recirculation. Where weighing and, parti

cularly, mixiug 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 ventilation system is necessary. 

Health and safety considerations in 
c1yestores and cclour kitchens 

The hazardous nature of each product must be considered individually and 

also in r~lation to other products that may be stored in the same area. A 

canbination 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 r~ducing agents 

Corrosive chemicals 

Ccmpressed 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, cone. H2so4• HN0 3• 
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l''lammable materials 

lnside storage of flammable liqaids, such as methanol, ethanol, isopropanol, 

kerosene and ketones, in drums ~tc. should be limi ~ ... 1., and the qua.'ltity 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 ae located to prevent spillages 

spreading to other materials. If large quantitie.s must be stored then a separate 

building with a fire-resistant liquid storage vault and an automatic water sprinkler 

system shoi.:ld 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 plannirui; must encompass, apart from toxic materials such as 

isocyanate~, oxalic acid and tartar emetic, those materi~ls that decom~se tc ~i•e 

toxic materials on contact with heat, acids and, in certain instances, mGisture. For 

outside storage, precautions similar to those proposed for flammable materials 

are rec011UDended; inside storage ~ 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 

equipment is necessary. Precautionary measures against inhalation, ingestion and 

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

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

hydrcgen peroxide, peraceti~ acid, sodium perborate, and sodium nitrite, dichromate, 

chlorates and permanganates, should nJt be stored near materials that will effectively 

act as a fuel leading to combustion, for example, flammables, organic chemicals, 

dehydrating e.gents, and, in particular, reducing agents such as thiourea, thiourea 

dioxide, sodium dithionite (hydrosulphite), sodium sulphox:ylate formaldehyde, 

zinc sulphox:ylate formaldehyde, £odium bisulphite :md sodium :iu~tabi ,c1 1llp~i t~. Iu 

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

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



issuing both chemicals. Trace con'· ~uat;ion of this kind may lead to no immediate 

~vti~eabie change until the material is d~sturbed by shaking or the insertion of 

a scoop, vhen 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, velJ ventilated, and 

~eparate 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 housekeepinE; 

cleaning materials and wood flooring impregnated vith 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), 

c~ustic potash (potassium hydroxide), scdium sulphide, sulphuric acid (brown oil 

of vitriol), nitric acid, hydrochloric a~id, uhenols, acetic acid, formic acid and 

ammonia, may lead to corro~ion of the container, other materials in the storage 

area or body tissue as a result of careless handling methods (74). 

The storage area sho;.ild be cool, but maintained above the freezing point 

of the product, vell ventilated and dry, and drums sh0uld be conveniently sited 

and fabricated in suitable cc~rosion-resistant; material. Strong acids rapidly 

corrode cement floors and pipevork. 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, fr,r example, caustic soda and acetic dcid. 

Protective clothing, particularly e'e prJtection and eye vnsh facilities, must be pro

vided conveniently at hand, and emplcyees should be instructed in the correct procedur~s 

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 vet processing. The hazards arise from the 

high pressure and any flemmability or toxicity hazards. Cylinders are normally 

colour coded to avoid mixing and there should be aeparate storage areas for full 
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and empty cylinders. All cylinders should preferably be sto~ed in the vertical 

position and secured so that they vill not fall. Flammable gas cylinders and 

oxygen cylinders should be kept apart and all normal precautions observed. 

Outside storage vith protection against excessive variations in temperature and 

corrosion is often the most satisfactory solution, vith ~roper 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 tempLrature or presence of moisture. In general, solids deteriorate 

less quickly than liquids. A recurrent problem vith outside storage can be the 

damage or corrosion of containers, vhich may contaminate the ~roduct. In vell 

organized dyestores, materie.ls are used a~cording to a first-in, first-out stock

keeping principle minimizing the storage time for any product. In large textile 

groups, surplus materials may be cc nsumed by plants in oth~r parts of th~ 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, scal~s and corro

sive substances have bedn discussed in detail elsevherP (73,74). The use of a 

training manual, the provitiion of safe vorking 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 a~·are of the potential haz~rds 

of the products used in the plant. 

Industrial hygiene ~•d safp vorking practice 

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

(a) Protective clothing should alvays be vorn vhen dealing vith chemi~als 
in bulk. As a minimum, gloves, eye protection and overalls should be vorn; in 
other cases polyvinyl chloride \PVC) coated gloves and aprons, vhich are impervious 
to most liquids, should be vorn, as should appropriate footwear of the safety 
type; 
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(b) Regular c:eanirg of protective clothing and equi;ment and clean storage 
conditions should be prov~ded' 

(c) Adequate ventilation should be provide~ 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 to avoid dangers from inhalation 
of vapours and fire; 

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

(e) All chemicals should be clearly marked, stored safely and handled only 
by a~thorized personnel who have been ~~~ro~~i~~ely 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 latter 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 
immediateiy; 

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

(1) Personnel susce?tible 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) ~oxic or environmentally undesirable chemicals should be replaced by 
safer alternatives; 

(o) Safe clean working methods should be established; 

(:r-) Training schemes and suitable methods of inst.ruction should be 
established; 

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

Effluent disposal 

EfflueD' disposal has been treated in depth elsewhere (78) and only some 

general poi~ts will be considered. The statutory regulations in the country 

c~ncerned 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 ~e releesed into the air, the majority will probably be 
released suitably diluted with process water. Other products may be disposed 
of via soil or sever or transported to some form of aqueous effluent treatment; 

(b) The composition and qUl'.ntity of wi:.ste products per point of disposal 
and per unit of time must be carefully studieci as well as the disposal rate and 
temp~rature under normal and abn~rmal conditions; 

(c) Control and supervision should include the necessary monitoring 
procedures for particularly hazardous ma':.erials 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 should be considered, taking 
into account the products that may be released; 

(e) Process crmditions may often be adjusted either to recyclt products 
or to reduce the quantity uf effluent produced or by suitable treatment on site 
to convert the waste products to a form more suitable for subsequent treatment 
SJJ.! ~isposal. 

Emergency planning 

It is essential to develop a pll:l.ll to cope with major emergencies. This 

should attempt to minimize any event that co11ld 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 ~aintai~ 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 review the 
results. 

The release of toxic gases or fumes or the possibility of fires or explosions 

&re nsrtieul!lrly importmtt and any contingency planning should include such 

emergencies. Special attention should be paid to reagents of high reactivity that 

msy interset either with fire-fighting materials, for example, water 11nd steam, with 

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

Plant management should roster and encourage, by training and example, the 

use of good si;andards or industrial hygiene and sare vorking methods throughout 

the plant. All personnel shoul.d take a positive attitude to ensuring that the 

health and safety environment of the plant is m.aint&ined at a high level. This 

can only take place vhere ccapetent planning, organization and control are con

tinually practised and vhere top management personnel are intimately involved at 

all stages. 

-
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