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A LABORATORY PROCESS FOR DYEING WOOL WITH REACTIVE DYES
FROM A CHARGED SOLVENT SYSTEM USING A SINGLE EMULSIFIER

by M.B. ROBERTS and CORNELIA BOTHA
ABSTRACT

A relatively simple technique has been devised whereby wool may be
satisfactorily dyed with reactive dyes from an aqueous charged perchloro-
ethylene system. Dyeings of adequate depth, levelness and wet fastness
may be achieved with shorter liquor ratios and boiling times than are cur-
rently employed in aqueous dyeing.
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INTRODUCTION

Several workers 1. 2.3 have drawn attention to the theoretical economic
advantages of solvent dyeing systems, namely, a great reduction in water
consumption, less aqueous effluent and significant reduction in energy
requirements. Judging from the market penetration of solvent dyeing tech-
niques, these factors have not proved sufficiently attractive to the industry.

Recent increases in fuel costs, however, together with an increasing
awareness of problems associated with water supply and effluent purifi-
cation have served to provide fresh stimulus for research in this field. It is
possible that industry may revise its attitude towards solvent dyeing.

Results to date on the dyeing of ionic fibres with ionic dyes from a
non-polar solvent indicate the necessity of incomorating small amounts of
polar solvents in the system. The polar solvent serves to dissolve the dye
and to swell the fibre4. 5. € . Water has been the obvious choice, but its use
with solvents such as perchloroethylene results in the formation of low-
boiling azeotropes and thus dyeing with reactive dyes in such a medium is
likely to give rise to inadequate exhaustion and inferior covalent fixation.
The use of pressurised equipment as a means of obtaining higher tempera-
tures has been criticised on the grounds that the complicated machinery
would render such a process prohibitively expensive’.

Further objections to the charged system have been the large quantities
of expensive chemicals required to produce a satisfactory emulsion and the
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low shade depths obtainable as a consequence of the inadequate solubility
of reactive dyes in the small amount of polar solvent in the charge. Van der
Merwe and van Rooyen? indicate the need for 12,5 per cent (0.m.f) emulsi-
fying agents and Swanepoel and Roesstorfffound that only 27 per cent of
reactive dyes tested possessed sufficient solubility to permit dyeing to a
depth of 2,5 per cent.

Several workers have devised charged systems which exclude water but
this action has frequently caused other problems. Van der Merwe and van
Rooyen’ substituted polyhydric alcohols for water but found difficulty in
removing them from the fibre after dyeing. Meissner and Mclver® attempted
the solubilisation of the anionic dye in the non-polar solvent by complex
formation with a cationic surfactant but achieved satisfactory dyeing only
after the addition of small amounts of water or acetic acid or both.

The present authors, having re-appraised the results of previous work in
the light of present day circumstances, consider that it is not essential to
eliminate the use of water entirely, and that the use of pressurised equip-
ment should not be automatically excluded. High temperature dyeing equip-
ment is commonplace and machinery manufacturers are familiar with the
technology.

This paper outlines a laboratory process by which wool may be satis-
factorily dyed from an aqueous charged solvent system at short liquor to
goods ratios requiring only smatl quantities of emulsifier.

EXPERIMENTAL

All wool double jersey fabric was used throughout the proiect. It was
chlorinated with 4,5 per cent DCCA'© at pH 3,2 and 20°C to prevent felting
during dyeing. Samples (5 g) were dyed in stainless steel capsules in a
Linitest apparatus.

After first preparing a multiple charge of dye dissolved in water, pre-
viously adjusted to pH 4,5 with acetic acid and 1 per cent o.m.f. ammonium
sulphate, an aliquot was added to the perchloroethylene containing the
emulsifying agent, Emulgator 20 FB 1002, a trial product obtained from Ciba-
Geigy'*. This procedure was adopted in order to overcome problems of
handling small quantities and was designed to result in an aqueous charge
of 50 per cent (0.m.f).

After agitating for 5 min using a magnetic stirrer, the emulsion was
tumbled in the Linitest at 30°C for 5 min prior to the addition of the fabric.
The temperature was then raised to 100°C in 40 min and maintained at 100°C
for the requisite time.

Aqueous dyeings were carried out in an Ahiba laboratory dyeing ma-
chine for purposes of comparison. The use of different machines for solvent
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and aqueous dyeings was considered to be of little significance. Dyebaths
were prepared according to the appropriate pattern card instructions. Sam-
ples were entered at 30°C (40°C in the case of the Procilans), raised to
the boil in 40 min and maintained at 100°C for 60 min.

Exhaustion values were determined.by spectrophotometric analysis of
the residual dye liquor after centrifuging at 12 000 r.p.m. for 30 min. In the
case of solvent dyeings, the dyed samples were soaked in 2 x 25 ml por-
tions of ethanol to remove entrained liquor. The alcoholic extracts were
added to the residual liquor and the whole made up to volume with ethanol
to give an optically clear solution.

All dyed samples were treated at pH 8,5 in an ammonia bath at 80°C
for 20 min, rinsed in a 1 per cent formic acid bath and air-dried, the purpose
of this treatment being to remove most of the dye not covalently bound to
the fibre. The ammonia extracts were analysed spectrophotometrically to
determine the amount of dye removed.

Covalent fixations were determined by extraction of 1 g samples with
water-pyridine (80 : 20) in a vertical soxhlet. The extracts were centri-
fuged at 12 000 r.p.m. for 30 min.

Values for exhaustion and covalent fixation after ammonia treatment
and aqueous pyridine extraction are expressed as a percentage of dye origi-
nally applied to the fibre.

A Harrison-Shirley Digital Colorimeter was employed to determine XYZ
values and chromaticity co-ordinates. Colour differences ( AE) between
corresponding solvent dyed and aqueous dyed samples were calculated in
AN (42) units according to the standard equationi2. Reflectance values
were obtained from a Zeiss Elrepho reflection photometer and K/S values
calculated from the Kubelka-Munk equation®.

Tt:e dyeings were tested for fastness to washing'® and alkaline perspi-
ration'5,

RESULTS AND DISCUSSION

The most significant feature of this particular technique: appears to be
the efficiency of the emulsifying agent, Emulgator 20 FB 1002, The use of
minimal quantities of this product has enabled satisfactory dyeings to be
achieved.

Table | shows the effect of variation in emulsifier concentration. It
may be seen that level dyeings of acceptable exhaustion and covalent fixa-
tion can be achieved with only 1 per cent (0.m.f) emulsifier. No improve-
ment was observed with concentrations in excess of this figure. This small
quantity contrasts sharply with the 12,5 per cent (0.m.f) of a mixture of
sodium dodecyl benzene suiphonate and lauryl monoethanolamine required
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in the process devised by van der Merwe and van Rooyen’.

TABLE |

EFFECT OF VARIATION OF EMULGATOR 20 FB 1002 CONTENT UPON
EXHAUSTION AND FIXATION CHARACTERISTICS OF SOLVENT

DYEINGS

Percentage Dye on Fibre

after

Emulgator
Concentration Exhaustion
.m.f
(% o.m.f) (%) Ammonia Ag. Pyridine
Treatment Treatment
C.l. Reactive Red 84
0,25
Unlevel
0,50
1,0 99 86 83
2,0 97 86 80
C.l. Reactive Yellow 39
0,25
Unlevel
0,50
1,0 99 85 82
2,0 98 85 82
C.l. Reactive Blue 69
0,25
Unlevel
0,50
1,0 98 88 84
2,0 96 87 85
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In the aqueous dyeing of wool with reactive dyes, it is customary to
boil for 60 min in order to induce the maximum covalent fixation and conse-
quent optimum wet fastness properties. Van der Merwe and van Rooyen’
reported that solvent dyeing techniques have resulted in maximum covalent
fixation values after only 40 min. In view of the increased emphasis upon
energy conservation, this tactor assumes greater importance and it was
considered essential to check this feature in the present process. Table Il
shows that after about 30 min at the boil the exhaustion and covalent fixa-
tion values had reached a maximum and their magnitude was similar to that
achieved in dyeing at the boil for one hour in aqueous media.

The effect of increasing dye concentration upon exhaustion and cova-
lent fixation is shown in Table Ill. The present process gives results simi-
lar to those obtained by conventional aqueous dyeing. The poor fixation
values exhibited by both solvent and aqueous dyed samples at the 5 per
cent (o.m.f) level are not unexpected. The manufacturers pattern card does
not recommend the application of any of the three dyes at depths in excess
of 3 per cent (0.m.f).

The relationship between reflectance of dyed material and dyestuff con-
centration is shown in Figs 1 — 3 and Table IV. The graphs show excellent
agreement between solvent and aqueous dyed samples and also a reasonable
linear relationship between dyestuff concentration and Kubelka-Munk func-
tion. Deviations from linearity at higher concentrations are to be expected.

Solvent dyeing processes require the solvent to be reclaimed by distil-
lation at the completion of the dyeing cycle. There is inevitably a loss of
solvent in each processing cycle which, if it becomes greater than about 2
per cent, may render the process economically unsound. One method of
reducing this loss is to minimise the volume of liquor required. To this end,
the possibility of low liquor to goods ratios was examined. Table V shows
that satisfactory dyeings could be obtained with a ratio as low as 5: 1.
The use of such low ratios will also contribute to a reduction in energy
consumption, particularly when it is borne in mind that heat must be applied
during both dyeing cycle and solvent reclamation.

In order that the applicability of the process to commercial ranges of
reactive dyes might be tested, members of the Lanasol, Hostalan, Procilan
and Verofix series were examined at 2 per cent depth, together with com-
parable aqueous dyeings. Chromaticity co-ordinates, colour difference,
exhaustion and covalent fixation values, alkaline perspiration and wash
fastness (1SO 3 Method) characteristics were determined and the results are
tabulated in the Appendix.

The colour difference values { AE) were, in most cases, small showing
that dyeings of similar hue and depth could be obtained by this method.
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The wet fastness properties of solvent dyed and aqueous dyed samples were
in very close agreement.

TABLE 1l

EFFECT OF BOILING TIME UPON EXHAUSTION AND FIXATION
CHARACTERISTICS OF SOLVENT AND AQUEOUS DYEINGS

SOLVENT AQUEOUS
Time ot | i eust Paicoshtios BV on Fibss seation Percentage Dye on Fibre
{min} (%) (%)
Ammonia | Aq. Pyridinal Ammonia | Ag. Pyridine
Treatment | Treatment Treatment Treatment
C.l. Reactive
Red 84
0 98 78 74 88 77 67
15 9 82 78 94 85 71
30 99 83 81 94 86 75
45 99 86 82 98 84 79
60 99 88 82 99 88 82
C.l. Reactive
Yellow 39
0 99 81 79 76 64 57
15 99 85 83 90 81 67
30 99 88 86 94 86 77
45 99 88 85 96 87 83
60 99 89 85 96 87 82
C.l. Reactive
Blue 69
0 98 84 81 86 66 60
15 99 89 86 94 76 71
30 99 89 85 9% 87 82
45 99 89 86 98 90 84
60 99 89 85 98 89 84
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TABLE 1l

EFFECT OF DYE CONCENTRATION UPON THE EXHAUSTION AND
FIXATION CHARACTERISTICS OF SOLVENT AND AQUEOUS DYEINGS

SOLVENT AQUEOUS
Dye conc.
% Percentage Dye on Fibre Percentage Dye on Fibre
{omf) [ after after
Exhaustion| Exhaustion
(%) %
Ammonia |Aq. Pyridine Ammonia Aq, Pyridine
Treatment | Treatment Treatment Treatment
C.l. Reactive,
Red 84
0,26 99 85 81 97 K4l 67
0,50 99 87 83 97 8t 77
1,0 99 85 82 96 85 80
2,0 99 86 84 98 86 83
5,0 97 50 47 9N 57 51
C.l. Reacti
Yellow 39
0,26 99 84 80 93 82 77
0,50 29 87 83 95 89 83
1,0 99 90 84 95 89 84
2,0 98 86 83 94 83 79
5,0 99 36 33 72 38 34
C.l. Reactive
Blue 69
0,25 28 83 81 97 91 85
0,50 98 87 83 97 91 86
1,0 98 89 84 97 91 83
2,0 98 87 84 97 87 80
5,0 98 54 49 83 58 52
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TABLE 1V

THE RELATIONSHIP BETWEEN REFLECTANCE, K/S AND DYE
CONCENTRATION FOR SOLVENT AND AQUEOUS DYEINGS

Solvent Adqueous
Dye Conc.
(% omf)
R K/s R K/s
C.l. Reactive
Red 84
0,25 10,50 3,814 9,80 4,151
0,50 6,30 6,968 5,80 7,652
1,0 2,40 19,84 2,10 22,82
2,0 1,40 34,72 1,30 37.46
5,0 0,70 70,43 0,80 61,50
C.l. Reactive
Yellow 39
0,25 9,10 4.540 7.90 5,369
0,50 4,40 10,38 4,00 11,52
1,0 2,50 19,01 2,30 20,75
2,0 1,40 34,72 1,30 37,46
5,0 1,00 49,00 1,10 44,56
C.l. Reactive
Blue 69
0,25 5,45 8,197 4,80 9,441
0,50 3,25 14,45 3,10 15,14
1,0 1,50 32,34 1,30 37,46
2,0 0,50 99,00 0,45 112,0
5,0 0,20 249,0 0,20 249,0
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TABLE V

EFFECT OF VARIATION OF LIQUOR-TO-GOOD RATIO UPON
EXHAUSTION AND FIXATION CHARACTERISTICS OF SOLVENT

DYEINGS

Percentage Dye on Fibre after

Liquor-to-Goods Exhaustion
Ratio (%) Ammonia Aq. Pyridine
Treatment Treatment
C.l. Reactive Red 84
2,5:1 Dyeings unlevel
50:1 99 92 87
10,0 : 1 929 87 83
20,0:1 96 86 82
C.l. Reactive Yellow
39
25:1 Dyeings unlevel
50:1 929 90 84
10,0 : 1 99 88 84
20,0 :1 97 85 82
C.l. Reactive Blue
69
25:1 Dyeings unlevel
50:1 98 92 86
10,0 : 1 97 90 85
20,0:1 94 85 83
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Fig 3 Relationship between reflectance of dyed wool and dye concentration —
Reactive Blue 69

SUMMARY AND CONCLUSIONS

A system for the dyeing of wool with reactive dyes from an aqueous
charged perchloroethylene system has been devised whereby the wet fast-
ness properties, hue, depth and brightness characteristics are comparable
with those obtained by conventional aqueous dyeing.

Difficulties associated with previous methods such as the retention of
auxiliaries by the fibre and the necessity of using large quantities of ex-
pensive emulsifying agents have been eliminated.

The low liquor to goods ratio and shorter time at the boil could make a
significant contribution towards the reduction of energy consumption.

It is hoped to translate this laboratory process to a larger scale after
which further results will be published.
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CHROMATICITY COORDINATES, COLOUR DIFFERENCE, EXHAUSTION AND COVALENT FIXATION VALUES
ALKALINE PERSPIRATION AND WASHING FASTNESS OF WOOL SAMPLES DYED FROM AQUEOUS AND CHARGED SOLVENT SYSTEMS AT 2 Per CENT DEPTH

APPENDIX

CHROMATICITY COORDINATES

FASTNESS TO ALKALINE PERSPIRATION

FASTNESS TO WASHING

COLOUR e EXHALSTION % DYE RETAINED % COVALENT
D . o
PYESTURF iy AFTER NH3 RINSE FIXATION Solvent Medium Aqueous Medium Solvent Medium Aqueous Medium
(C.l. Nos.) Solvent Medium Aqueous Medium RENCE
Staining Staining Change Staining Staining | Change Staining Staining Change Staining Staining Change
X Y Y X Y Y NE Solvent Aqueous Solvent Aqueous | Solvent Aqueous of of in of of in of of in of of in
Medium Medium Medium Medium Medium Medium Wool Cotton Colour Wool Cotton Colour Wool Cotton Colour Wool Cotton Colour

C.l. Reactive Blue 69 0,1866 0,1653 2,70 0,1899 0,1699 2,88 1,628 99,1 99,0 88,7 87,4 85,2 83,8 5 5 5 4—5 5 5 4—5 5 5 5 5 5
C.l. Reactive Blue 50 0,2062 0,1497 3,52 0,1999 0,1408 3,10 1,812 97,5 99,4 87,1 87,4 83,1 84,7 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Orange 29 0,6895 0,3661 17,50 0,5690 0,3726 20,06 6,288 99,3 98,0 87,2 85,0 78,3 86,2 5 4—-5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Red 116 0,6740 0,3007 11,75 0,5722 0,3032 12,48 2,269 98,8 99,6 88,7 89,3 86,5 87,6 5 4 -5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Red 66 0,4938 0,2498 4,47 0,5042 0,2541 4,76 2,269 99,5 98,6 88,8 87,4 88,0 85,3 4—-5 3—-4 4 5 4—5 4 4—5 3—-4 5 5 4—5 5
C.!. Reactive Red 65 0,6630 0,2873 7,99 0,5700 0,2915 8,08 3,061 99,8 98,3 89,0 87,2 89,0 85,56 4 -5 3—-4 4—5 5 4 4 -5 4 3~4 4 -5 4 -5 4 5
C.l. Reactive Red 83 0,5485 0,2803 10,72 0,5626 0,2874 10,563 3,436 98,4 99,2 88,2 88,3 85,0 85,8 5 4 -5 5 5 5 5 4 -5 4 -5 5 5 5 5
C.1. Reactive Red 84 0,5918 0,3250 10,68 0,5967 0,3262 10,07 1,064 98,8 96,1 88,4 85,9 86,6 77,4 5 5 4 -5 4—5 4—5 4 -5 4—5 4 -5 5 5 B 5
C.l. Reactive Red 78 0,6944 0,3231 14,08 0,5984 0,3272 14,65 3,007 99,4 97,0 88,0 86,0 86,9 84,8 3 3 4 -5 4 3 4 -5 4—5 4 5 5 4-—-5 5
C.l. Reactive Yellow 39 0,4506 0,4970 54,23 0,4323 0,4762 63,60 14,649 99,5 98,1 88,3 87,1 81,4 85,4 4 4 5 4—-5 4 -5 5 4 4—5 5 4 -5 5 5
C.l. Reactive Blue 155 0,2012 0,1744 5,30 0,1959 0,1673 4,92 2,105 96,6 98,3 95,0 98,2 57,4 71,9 5 5 5 5 5 5 5 5 4 -5 5 5 4 ~5
Hostalan Blue FL 0,1905 0,1207 3,65 0,1897 0,1181 3,36 1,272 96,9 96,7 95,3 96,0 4,2 6,0 4 —5 5 5 5 5 5 4-—-5 5 4 5 5 4
C.l. Reactive Blue 19: 2 0,2008 0,1460 4,19 0,1984 0,1386 3,66 4,635 94,3 96,2 88,5 91,1 63,2 63,8 4 5 5 5 5 5 3 5 4 3 5 4
Hostalan Brill, Green 36 0,2005 0,4232 11,23 0,1949 0,4289 11,35 0,828 98,8 98,5 94,8 95,5 37,3 31,5 5 4 —5 5 4 -5 4 4—~5 3—4 2—-3 3 4 -5 2-3 3
Hostalan Brill, Yellow G 0,4585 0,4898 51,89 0,4582 0,4936 56,60 5,667 98,7 96,6 88,6 88,0 57,8 63,1 5 4~5 5 5 4 —~5 5 4 -5 4 4—-5 5 5 5
C.l. Reactive Yellow 15 : 1 0,4995 0,4574 38,53 0,4922 0,4655 38,30 3,433 97.8 97,1 9,6 93,1 58,8 65,4 5 5 5 4 —5 5 4 4 4 -5 5 5 5
Hostalan Brill. Orange G 0,5708 0,3798 23,22 0,5788 0,3763 2412 4,000 99,3 77,8 93,2 91,6~ 58,7 76,6 5 4—-5 5 5 -4 5 4 4 5 5 4-5 5
C.l. Reactive Red 22 : 1 0,5563 0,3049 12,08 0,5678 0,3099 11,92 2,955 97,6 94,3 88,7 87,8 67,2 61,4 4 4 5 4 3—-4 5 4—5 4 4 -5 5 5 5
C.l. Reactive Red 21 : 1 0,56303 0,2779 8,62 0,5477 0,2831 9,60 4,912 99,5 97,8 93,0 90,2 53,6 50,0 5 3~4 5 4 —5 3-—-4 5 4 2-3 4 4 2~3 4
C.l. Reactive Yellow 37 : 1 0,4421 0,5007 45,77 0,4621 0,5000 54,05 12,992 98 8 96,7 92,7 88,2 66,7 66,2 5 4 -5 5 5 4 5 4 4 5 4 5 5
C.l. Reactive Orange 83 0,6682 0,3621 19,71 0,6774 0,3673 19,97 2,341 99,5 98,3 95,6 94,2 81,2 72,3 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Red 169 0,4736 0,2555 4,54 0,4845 0,2622 4,83 2,444 99,5 96,4 95,4 91,6 81,0 81,0 4 -5 4—5 4 -5 4 —-5 4 —-5 4 -5 4—-5 4—-5 4 —5 4~—5 4—~5 4~5
C.l. Reactive Red 51 : 1 0,5259 0,3226 15,47 0,6349 0,3197 15,62 1,621 98,7 85,4 88,6 69,4 63,0 50,0 4 —5 4 -5 5 5 4 -5 5 4 4 4 -5 5 5 4-5
Hostalan Brill. Red BL 0,6365 0,2744 9,45 0,56490 0,2792 10,02 5,825 99,1 93,3 89,3 75,8 57,7 55,7 4 —-5 4 5 4—5 4 5 4 3 4 4—5 4—5 4
C.l. Reactive Red 35 : 2 0,4949 0,2681 11,02 0,5017 0,2720 11,33 2,346 99,2 88,0 90,8 81,6 67,3 66,5 4 -5 4 4—-5 5 4 -5 4 —-5 3—4 4 4 4 -5 a4 4
C.l.Reactive Red 168 0,5652 0,3302 12,37 0,5692 0,3290 12,53 1,416 99,6 96,1 86,6 90,0 78,0 84,1 4—5 45 5 5 5 5 5 4—5 5 5 5 5
C.l. Reactive Orange 16 : 1 0,56906 0,3369 13,60 0,6847 0,3338 13,67 2,025 99,2 20,8 81,9 85,2 73,1 76,7 4 3—4 5 4-5 4 5 4 4 4 -5 5 5 5
Hostalan Turquoise Blue G 0,1708 0,2090 8,87 0,1684 0,2036 8,80 1,690 99,8 93,6 89,5 87,7 81,4 70,0 5 5 4 -5 5 5 4 4—5 4—-5 5 5 5 5
C .. Reactive Black 11 0,4038 0,2927 3,69 0,3072 0,2986 2,24 5,888 76,6 87,6 76,4 82,3 62,5 40,8 5 5 4 -5 5 5 4 -5 5 5 4 -5 5 5 4-~-5
Procilan Brill. Yellow R 0,5031 0,4217 22,72 0,6216 0,4154 19,96 5,311 86,1 91,5 84,4 83,5 67,1 70,1 5 ‘5 5 5 5 5 4 4 -5 4 -5 5 [3 5
Prociian Brill, Yellow 2GS 0,4661 0,4395 37,71 0,4734 0,4482 34,86 3,631 80,4 91,0 75.4 80,5 44,2 64,8 5 4 -5 5 5 5 5 4 4-5 4 -5 4 -5 5 [
C.l. Reactive Yellow 47 0,4467 0,4907 53,18 0,4485 0,4934 51,82 2,620 98,6 93,5 96,2 85,1 77,2 69,4 4 -5 5 5 5 5 5 4 -5 5 5 4 -5 5 5 .
Procilan Brown BRS 0,3646 0,3299 4,23 0,3738 0,3319 3,87 7,337 90,6 94,3 86,3 89,2 66,8 75,8 5 5 4 -5 5 5 5 4 -5 5 4 —~5 5 5 4—-5
Procilan Brown 2GS 0,3860 0,3447 5,34 0,3970 0,3475 4,56 5,435 87,6 92,6 81,3 86,1 54,5 67,1 5 5 4 -5 5 5 4 -5 5 5 4—5 5 5 4—-5
Procilan Brown 2RS 0,3904 0,3264 4,02 0,3902 0,3283 3,93 11,389 88,1 83,0 85,1 73,0 63,7 58,3 5 5 5 5 5 5 5 5 5 4 -5 5 5
C.l. Reactive Blue 60 0,2675 0,2502 3,00 0,2725 0,2560 2,45 3,380 85,6 91,7 82,6 86.4 62,4 71,2 4 -5 5 5 5 5 5 5 5 5 4 — 56 4—5 5
‘C.l. Reactive Brown 12 0,3734 0,3267 2,97 0,3914 0,3348 4,03 4,932 83,0 93,9 78,6 88,0 85,9 73,7 4—5 5 4 -5 5 5 5 5 5 5 5 5 5
C.l. Reactive Black 12 0,2706 0,2614 4,50 0,2746 0,2612 3,60 2,800 75,6 90,9 72,2 90,6 66,6 77,7 5 5 4 -5 5 5 5 5 5 5 5 5 4—5
Procilan Red Brown 0,6384 0,3154 7,29 0,5387 0,3190 9,09 4,690 85,0 95,1 78,6 88,3 58,8 72,9 4—5 5 5 5 5 5 4 4 -5 5 4 5 5
C.l. Reactive Red 72 0,5230 0,3153 10,21 0,6312 0,3194 9,22 2,362 62,3 94,4 56,8 88,6 31,8 67.4 5 5 5 5 5 5 5 4—-5 5 5 5 5
C.). Reactive Yellow 34 0,4738 0,4419 34,87 0,4772 0,4459 35,29 2,204 79.4 91,3 62,8 80,8 32,8 62,3 5 5 5 5 5 5 5 5 5 5 6 5
Procilan Yellow GWN 0,4670 0,4430 32,94 0,4694 0,4441 34,05 1,595 67,5 83,6 46,5 74,6 18,0 59,5 4 -5 5 4-5 4—5 5 5 5 5 5 4 -5 5 5
C.l. Reactive Orange 33 0,5065 0,4187 21,00 0,5186 0,4147 19,47 3,181 89,6 89,0 86,1 74,7 78,7 61,1 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Orange 19 0,4724 0,4097 25,70 0,4903 0,4091 22,57 4,405 63,2 73,9 44,6 35,2 20,0 26,3 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Yellow 70 0,4783 0,4790 53,34 0,4847 0,4794 51,68 4,005 95.4 98,2 91,9 93,2 87 8 87,2 5 5 5 5 5 5 5 5 5 5 5 5
Verofix Yellow 5GL 0,4551 0,4936 56,20 0,4572 0,4998 58,63 8,941 99,2 93,9 96,5 95,9 95,0 93,2 5 5 5 5 5 5 5 5 5 5 5 5
C.1. Reactive Red 28 0,5692 0,3230 12,56 0,6958 0,3237 13,61 9,249 98,4 98,2 96,0 90,5 94 4 65,2 5 5 5 5 5 5 4—5 5 5 4 -5 5 5
C.l. Reactive Red 157 0,5700 0,3087 4,03 0,6863 0,3107 3,12 3,637 98,8 99,2 88,8 97,3 86,6 88,2 5 4 -5 5 5 5 5 4 -5 4—-5 5 5 5 4-5
Verofix Red BB 0,6215 0,2704 5,45 0,5426 0,2754 4,47 3,946 98,5 98,6 96,3 93,1 87,9 89,1 5 5 5 5 4—5 5 5 2-3 5 [ 2—-3 5
C.l. Reactive Orange 53 0,5770 0,3793 22,16 0,5827 0,3742 21,562 2,172 98,9 99,5 96,5 97,5 91,9 93,5 5 5 5 5 5 5 5 5 5 5 5 5
Verofix 3GL 0,5635 0,3967 26,51 0,5747 0,3909 28,27 8,397 99,1 99,2 96,0 95,5 90,7 92,0 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Blue 94 0,1846 0,1744 4,51 0,1820 0,1715 4,16 1,368 99,1 98,2 95,7 93,4 88,6 78,8 5 5 5 5 5 5 5 5 5 5 5 5
C.l. Reactive Blue 141 0,1952 0,2048 4,68 0,1889 0,1929 4,27 2,836 98,5 99,2 95,8 87,8 85,8 76,5 5 5 4 5 5 4 5 5 5 5 5 4-5
Verofix Blue GG 0,1966 0,1821 4,65 0,1851 0,1717 4,37 2,733 98,8 98.6 96,3 91,6 91,1 82,8 5 5 4 4—5 5 4 5 5 4—5 4-5 4-5 4

N.B. Those dyes indicated by commercial name did not possess C.l. No, at time of publishing
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