




Title: Trouble shootinq 

Abstract: In this project we have developed data acquisition systems, dyeing 
models, etc. which can be used for several purposes, notably 
research, control, and diagnostic evaluation of dye recipes, raw 
materials and processes. This talk presents practical uses of these 
developments, such as why fiber reactive dyeings sometimes fail to 
repeat, and how to set up recipes that avoid lot-to-lot shade 
variations. 

By: Brent Smith 

Our data acquisition system can provide a method for real-time process 

analysis, and therefore it can often pinpoint the exact causes of poor shade 

repeats or other defects. 

Some relevant publications showing the potential for this are attached. This talk 

will include examples from those publications and other experiences over the 

last few years in this project. 



Batch Dye Process Control 
Starts with. Process Design 

and Dye / Chemical Selection 
Process Design Considerations 8 8 8  

Timing of events 

Temperature profile 

Dyeing temperature 

Salt 

Bath ratio 

St i r r i n g/Co n t act 

8 8 .  (machine dependent) 

Consider as an example 8 . 8  

DIRECT DYES on COTTON 



Dye 

J Fabric -Machine 



Applications Considerations 
for Direct Dyes 

Quantifiable with DARG system 

Other 

~ 

-* 

Affinity 

Control la bi I ity 
Salt 
Temperature 

Rate of Exhaustion 

PH 

Diffusion Coefficient 
Time of half dyeing 

Stability to Reduction 

Aggregation and Dye/Dye Interaction 

cost 
Fixation method 
Cross staining 
Fastness, ... 



Specific Characteristics of Dyes 
Which Dictate Process Design 

Dve Characteristic Process Design Factor 

Temp Sensitivity Temp setpoints 
Rate of heat/cool 
Timehemp profile 

Sa tt Sen s it i v i t y Salt amounts 
Dosing rates 
Salt addition procedure 

Dyeing Rate TimeAemp profile 
Con t act/st i r r i n g 
Machine speed 
Rate of heat/cool 
Compatible combinations 

Affinity Dye selection 
Compatible corn binations 
Washing/fixation methods 

Behavior of Mixtures Dye selection 
-- 
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Dyeing Exhoust Curve 
Based on A m o u n t  o f  Dye in t h e  Fiber 
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1 I I 
- 0  0.25 050 0.75 

Concentration in dyebath ( g/ I 1 ( c 3) 
- Effect of temperature on adsorption of Chrysophenine G on 

' 1, 20°C; 2,40"C; sheet in the presence of 1 g/I sodium chloride 
4, 80" C; 5, 97.5" C. 

cellulose 
3, 60°C; 



Temperature Sensitivity of Dyes 

Process Considerations: 

Temperature setpoints 
Rate of heat/cool 
Timehemperature profile 
Compatible combinations 

. Effects: As temperature increases m m m  

Dyeing occurs more rapidly 
Diffusion rate increases 
Possible reduction of dye increases 
Penetration of fabric structure increases 
Better I eve I i n g 
Faster "strike" 
Equ i I i briu m exhaust decreases 

If AHo < 0, then K decreases with increasing T (as in this case) 

These effects have been 
widely modelled and studied 

- - -  in the past. 
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Conversion as a function of time at 30 and 70 OC. 
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Fraction conversion in 1 h vs. temperature of reaction. 
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Temperature of Maximum 
Affinity for Several Direct Dyes 

40 C 

50 C 

60 C 

70 C 

80 C 

90 c 

100 c 

Y12, Y27 (35C), V9, V51, Blk51 

Y26, Y44, 01, R17, R31 

Y50, R16, R20, R81 , R153,; Blu6, G I  1 

Y l l ,  08, Blul, Blu14, Blu25, Blu76, 
Brn2 

Y28, 015, 026, 029, 034, 039, R2, 
R7, R10, R28, R37, R39, Blu55, 
Blu67, GI, G6, G8, G28, Brn58, Blk56 

RI, R23, R79, V47, Blu8, Blu21, 
Blu71, Brn25, Blk4, Blk80 

Y29, Y106 (95C), 037, R24, R26, R72, 
R75, R76, R80, R83, V I ,  V48, Blu26, 
Blu75, Blu78 (95C), Blu80, Blu98, 
Blu218 (95C), G26, Brnl, Brn6, 
Brn31, Brn95, Blk3, Blk9, Blk22, 
Bik74 

I 
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Salt Sensitivity of Dyes 

Process Considerations: 

Salt amounts 
Dosing rates 
Salt addition procedure 
Appropriate combination 

Effects: The role of salt in direct dyeing ... 
I 
I 

I 
t 
I 
I 
I 

4 
Q 

I 

ncreases solution ionic strength 
ncreases dye affinityib' Y W -  

Zhanges (+/=) dye diffusion coefficient 
Iisrupts water structure near ionic dyes 
3reaks "icebergs" 
Iecreases hydration of dye 
ncreases potential for dye aggregation 
Ua' can partition for electrical neutrality 
3ffsets negative zeta potential of fiber 
Salts out dye (common ion effect) 
ncreases dye chemical potential/activity 

c 



t I I 
50 7.5 25 

Dyebath concentration ( g/ I 1 
Adsorption isotherms of Chrysophenine G on cellulose sheet at 4OoC 

and varying salt concentrations [ 91. 1,4.0 g/1 NaCI, 2, 2.0 g/I NaCI; 3, 1.0 g/I 
NaCI; 4, 0.5 g/l NaCI; 5, 0.2 g/1 NaCI. 

YELLOW KL I 

SALT 
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Salt required to produce 50% exhaustion of direct dyes [9] 

Dye Salt addition for 50% exhaustion 
(% on wt. of fibre) 

0 d *  

0 
9 Chlorazol Brown MS 

Benzopurpurine 1OB eD 7 
\ 

i 

Benzopurpurine 4B 2 0.2 P 
Chlorazol Dark Green PLS 6 R 9 1 0.4 L* 

Diazo Black OT 1.0 
MeIantherine BH 1 .o 7 

Chlorazol Fast Yellow 5GKS 2.0 
Oxyphenine GG 2.0 
Rimuline AS 2 .o 

Chlorazol Fast Pink BKS 2.0 
Diphenyl Brilliant Blue FF 

Durazol Red 2BS # 18 / 
Benzo Fast Helio 4BL 5.4 

A 
0 

Chlorazol Green GS &e+ 3 . 1.2 

- 2.0' Trisulphbn Brown B -& 
2 .o 

Diazo Brilliant Orange GR 4.0 

7.0 Chlorazol Fast Eosine B . 

Benzo Fast YelIow RL 8.6 
Benzo Fast Yellow 4GL 8.5 
Chrysophenine G ye\\ 13.0 
Rosanthrene Pink 16.0 
Rosanthrene Violet 6R 30.0 

0 ~ ~ 3 1  

. 5.0 

.- 
.* 

I 
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- 
Increasing salt concentration 



Dnrazol Fast Yellow 60s 
ChlOra~01 Yellow 6ffS ... 
Chrmophenine 0200 ... 
Dnnzol Fast Orange 20 125 
Chlorrrzol F a t  Orange D 125 
Durazol Fast Orange AIL 150 
Chlorazol Fast Orange R 150 
Chiorazol Orange PO 160 ... 

1.5 
1.0 
0-5 

1.0 
1.5 
0-5 
0.5 
0.5 

.- 
82.0 
46.5 
84.0 
95-0 
96.0 

1.6 i 1-1 
3-5 ' 2-9 
3.7 i 0.7 
1.0 0-2 
1-0 i 0-5 

ChIorazol Brown LF 160 '... 
Chlorazol Brown H150 ... 
.Chlorazol Catechine B 125... 
Chlorazol Catechine GB 150 
Chlonru>l Drab RH 125 ... 
Chlorazol Orange Bmm 

X 150 ... ... ... 
Chlomol Bordeaus BS 
Chloraml Bordenux 6B 166' 
Chlornzol Fast Pink BK 200 
Chlorazol Fast Red F 125 ... 
Durazol Bed 2B130 ... 
Chlorazol Fast Scarlet 4BXS 
Chlorazol Fast Scarlet 1B 150 
Chlorazol Fiut Scarlet 8B 125 
ChIorazol Fast Scarlet GS. .. 
Durxzol Fast Rubinc B 150 
Dunrzol Helio B200 ... 
Chiorazol Fast Hello 

2BK 200 ... 
Chlorazol Violet X i'25 ... 
Duramol Fast Violet 2E3 ... 

1.5 70.0 
0.5 89.0 
1.5 26.5 
1-6 65.0 
1.0 77.0 

1-0 88.6 

1.0 92.0 
0-5 81.0 
0.5 32.0 
1.0 74.0 
1.0 i 41.0 
1-0 7i.4 
0.5 f 95.0 
1-0 : 83.0 
1.0 75-0 
1.0 ; 44.0 
0.5 66-21 

0.6 61-0 

-- 

-- 

0.5 i 73.0 
1.0 , 10.5 

I 4 I ,  Deptll 
O f  

Shade 
2-G 
+E 

% 

83.0 
96.5 
82.1 

67.0 

73-0 
35.0 
75-0 
93-0 
92-0 

77-0 
95-0 
30.5 
84.0 
84.0 

82.5 

95.5 
92-5 
59.0 
89.5 
83.0 
90.5 
97.5 
93.0 
35.0 
15.0 

36-0 

32.0 
50.3 
27-5 

- 

- 
- 

- 

- 

- 

- 
0.5 
0.1 
0-1 

0.2 

0.4 
1.0 
0-4 
0-1 
0.1 

- 
- 

G6.0 

78.0 

39.0 

52.0 
20.0 
42-5 
90.0 
80.0 

87.0 
- 
- 

85.1 

82.0 
- 
- 

0-3 1 0.2 
- 1 -  
.Os3 i 0-2 -- 

83.0 
97.5 
40.0 
70-0 
91.0 

0.4 
0.1 
1.0 
0.6 
0.4 

0-8 

0.2 
0.1 
0.6 
0.2 
0.2 
0.4 
0.1 
0.4 
0.6 
0-8 

0.2 

0.2 
0 4  
0.7 

0.3 
0.2 
0-5 
0-9 
0-6 
0.2 
1.3 
0-4 
0-2 
0-3 

- 

- 

- 

- 

_If. 950 I? 13 

98.0 
95-8 
82.5 
95.0 
83-0 
94.5 
98.5 
96.5 
91.5 
87.0 

91.5 

90.6 
95-0 
53.5 

90.0 
71.0 
91-5 
90.0 
95-0 
94.0 
86.5 
92.5 
95.0 
94.5 

- 

- 

- 

0-9 0-4 
0-2 ' 0.1 
6.5 0.9 
1 4  0-6 
0.5 0.2 

0-9 : 0-2 
2.0 1.0 

1-a * 0.9 

1-5 
4.0 

0 . i  

0- 3 
2-1 
2.1 

- 
0-8 
2-0 

0-3 

0.3 
0-7 
1.0 

0-4 
0.3 

- 

- 
31-0 
51.0 
73.0 
i2-0 
3i.O 
32-0 
35-0 
i3.0 
31.5 
34.0 

87-0 
90.5 
88.0 

91.5 
80.0 
34.0 
59-0 
56.0 
90.5 
79.0 

- - 
- 

- 

ChIorazol BIue B 200 ... 
Chlorazol Blue G160 

Durazol Fa& Blue 2R200 
Durazol'Fast Blue t3200 ... 1.0 
Dnrazol Blue 26x200 ... 1.0 . i  82.0 
D-1 Fmt Blue 4ffS ... 2.0 .; 33.0 
Duratol Fnst Blue 4R200 0.5 ! 35-0 
Chlorazol Sky Blue FF 200 0-5 I 76.5 
Chlonzol Sky Blue GTV 400 0-5 I 50.2 
Chlorazol Steel Blue 6B 150 1.0 i - 

D"i FMt Bhe 3R20d" 

Chloazol Green BN 125 
Chlo~zol  Green GS 

Black 
Black 
Black 
Black 
Black 
RlWk 
Bbck 
Black 

BH 200 

I3 200 
FF 200 
GF 200 
JH 200 
LF 150 
PB'150 

EN 200 
... 1.0 ... 2.0 ... 2.0 ... 2.0 ... 2.0 ... 1.0 ... 2.5 ... 2.5 

Durnzol Greg A150 

. - .. .~ .  .. . . . .. , .  . -  . . . _  
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Chlorazal Bromn LF 150 ... 
CNornzol Brown U 150 ... 
Durazol Fast Brown BB I50 
Chlorazol Catwhine B 125.- 
CNorazol Catcchine GB 150 
Chlorazol Drab BH 125 ... 

1.5 
0.5 e:! 
1-5 
1.5 
1-0 

31 
42 
39 
12 
2# 
38 

56 6! 
71 8( 
81 8; 
24 3: 
36 4! 
63 7j 

4.0 
2.0 

1.0 - 
3-1 

3.2 3-8 
1-4 1-8 

1-7 1-6 
2-2 1.6 
4-2 2-4 

- - -  

6 32 
6 2 2  
13 46 
63 80 
30 57 

41 

32 

20 

39 
27 
0 
26 

- 

82 
49 

48 

71 
53 
16 
46 
25 
46 
a4 
54 
53 
29 
33 
34 
52 

43 
48 
i 3  
13 

- 

- 

- 1 - 1 -  
Chbratol Bordeaux BS . 1.0 
Chlorazol Bordeaux 6B150"- 0-5 
Chlorazol Fast Pink'BF200 0-5 
Chlorazol Fast Rcd F 1Z.. . 1.0 

. Dnrazol Red 2B150 ... 1.0 
Chlorazol Fast Scarlet 4BAS 1.0 
Chlorazol Fast Scarlet 4B 150 0-5 
Chlomzol Fast Scarlet 8B 125 1-0 
Cblonzol Fast Scarlet GS.. . 19 
Dmazol Fast Rnbine B 150 1-0 
Dnazol Brimant Bed B 150 1-0 
Durazol Fast Red 6BS ... 1-0 
Durazol Fast Scarlet 26 150 L.71 

e4 .x 
5E 

10 
23 

34 
61 

68 
28 
30 
12 
8 

91 
6i  

8 
18 - 
16 
18 
32 
6 

~ 

Duazol Helio B200 ... 0-5 
Chlorazol Fast HeUo ZRK 200 0-5 
Cblorazol Violet 31%. ... 0 5  
Durnzol Fast Violet SBS ..., 1-0 

10 30 42 
8 23 34 
14 38 49 
14 36 49 
15 35 49 
17 44 61 
4 27 39 
8 34 54 

23 59 i 5  
4 4 8 6 4  
5 56 52 

-a_. 

Chlorazol Blue BMO . ... 1 4  
Chlorazol Blue 0 I50 ... 1-0 
I)urazol Fast Blue. 3B 200 1.0 
DnrazoI Fast Bine 2x200 1.0 
Dnrazol Fad Blue G2OO ... 1-0 
Durazol Blne 26x200 ... 1.0 
Durazol Fasf Blue 4G9 2.0 
Durazol Fast Blue 1B20d'- 0-5 
C ~ I O ~ W X A  SLlp BIIW FF200 0-5 
Chlorazol Sky Blue GW 400 0-5 
Chionzol Steel Blue 6B 150 1.0 

Chlomtol Dark Grtrn PL 125 1-5 
ChIorazol Green BX 1s ... 1.5 
Chlorazol Green GS ... 1.5 

- 
34 58 66 
56 1 76 I 86 
14 36 I SZ 
' i  

25 1 61 66 
39 ' 5 6  64 
33 53 62 

21 19 44 49 1 5 0  65 62 
25 11 

3 4 6 4 6 s  
23 47 w 
45 6% 72 
15 33 43 
12 33 47 
9 33 47 
30 54 70 

' 

- - -- -.. _ _ _ _  

-~ 

ChlorazoI Black BH 200 ... 1.0 
Chlorazol .Black EA 200 ... 2.0 
Chiorazol Black E200 ... 2.0 < hlonzol Black FF 200 ... 2.0 
CNorazd Black GF%N ... 2.0 
Chlorazol.Black JH 200 ... 1.0 
Chiorazol Black LF 150 ... 2.5 
Chlomrzol Black PB 150 ... 2.5 . 
h z o l  o m  N160 ' ... 0.5 
Lhuaml Grry RG 1% ... 1.0 
h m l  Fast Grey B 125 ... 1.0 
Dunto1 Fnat Grey GS ... 1.5 

1.5 

2.5 
chtornml Dfam Black 

Cblopxzol M a n  Blaik3B I%l 2.5 

DUraz01 Fast GFpg VG3 *... 
qB 150 i.. 

.. 
- - _  - -.-- - - -  _ _  __ .  .. . -..-. - . . . -  

. . . - 
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Salt Sensitivity of Dyes 
c Effects: As salt concentration increases ... 

\ 9 Equilibrium exhaust always increases 
Ck 

-.+ Diffusion coef may increase or decrease 

I f L  is high (60:1), time of half dyeing ... 
. decreases for 2/3 of dyes 

increases for 1/4 of dyes 
remains unchanged for 1/12 of dyes 

If L is low (5:l) and salt conc is low, 
decreases for all dyes tested 

Also: 

Salt content of unpurified commercial dye is 
less important at high L (typically) ... 

@? 5 1  , I% dye contributes about 1.6 g/L salt 
@60:1, 1% dye contributes about 0.1 g/L salt 

For purified dyes,-results from 5:l to 60:l are 
predictable. For commercial dyes (containing 
salt and other diluents) results from 5:l to 60:l 
are not predictable. 



SDC Classes 
Class A 

Class A in distinguished by leveling test 
using Direct Red 9 as standard 

Leveling t&t/mbc k dyeing 
1% dyed \is undyed yarn hanks 
20% NaCl 'in mock dyebath 
30:l bath ratio 
30 minutes 
Boi I 
pH not specified 

0 I.\ dhk ' 04 3ooJs 

Class B/C 
If not Class A (dye does not level as well as 
Direct Red 9), then further classify as B or C 
by salt sensitivity 

1% dyeings with 3 g/L salt (1% owg) 
use above conditions 

continue dyeing same bath, new yarn 

residual unexhausted dye in bath 
raise salt conc to 60 g/L (20% owg) 

-- 

If 1% salt original dyeing is darker than 20% 
run-on, then dye is Class B, else it's Class C 



- .  - Direct Dyes 
. .i ? i 

A 
B 
B 
B 
B 
B 
B 

I 
B 
B 
B 
B 

2PLS L3 
Ld +.Yellow --- 

~~ 

Yellow 106 
Orange 39 
Red 89 
Red 224 
Red 243 
Red 80 
Red 9 

~~ 

Blue 90 
Blue 80(s) 

~~ ~ 

Blue 98(s) 
Blue 80 

. 



Salt-Time Classes 

Boulton Classes: Takes RATE into account 

Class I Dyes rapidly without salt to 
high equilibrium exhaustion 

Class II Dyes more slowly than I 
But good exhaust in 20 min 

Class 111 Requires salt for exhaust 

Within Classes I and II, there are "salt 
sensitive (SS) and non salt sensitive 
(NSS) dyes. All dyes in Class 111 are SS 

Procedure 
Dye 1, 5 and 20 minutes, 20:l bath ratio, 
then add salt at 20 minute intervals: 
I%, 2%, 5%, 20% owg. Remove skeins and 
evaluate color. 
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. -  . .  . 
. - - - T ime-Skt  Test;Clas - . 

(b)  .Diphenyl Fast Blue-Green BL 
- . '. . . . .  . (a) . (Shlonzol Fa t  Onnge AGS Y . :  



1 
80 

70. 
Z 
0 
p 6 0 .  

4 5 0 .  I 
X 
40.. r 

5 

m $30, 
w 
6 2 0 ,  

. .  F - 0  i \ 

BENZOPURPURINE 4 B  
R e d  *2 

1 2 3 4 5 
LOG. TIME OF DYEING IN SECONDS 



5 a 
3 

. . .  

... 1o.OOo . 

. .  . _  
. .  

0 
10 1.000 ' 

. .  
...... . .I.' (log. s d e )  . 

. . .  . . . . . . .  .. * .. ..: . .  
i... 

a .  

Chlor&ol Fast Helio BKS ., . ' 0 . ;  

. -  

e 
0 
L 
Y 
U 



5 .O Chlorazol Fast Orange GS 1 0.07 
1 0.10 

2.0 
1.2 0.7 

Trisulphon Brown B % b d m 3 '  25.2 
27.7 
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Time 
Process Considerations: 

Dyeing Rate 
Timehemp profile 
Con t act/st i r r i n g 
Machine speed 
Rate of heat/cool 
Compatible combinations 



I 

Mixtures 

(1) Dyes in a mixture often behave 
differently than predicted from data on 
individual dyeing behavior. Following 
predictions are which dye will have the 
shortest half time of dyeing in 2 dye mix. 

SDC Cass 
A B C 

Prediction works 130 55 184 

I Borderline 33 31 64 

Prediction fails 31 27 59 

Total mixes tested 194 113 307 

(2) We predict dye mixture behavior from 
optical measurements, as an indicator of 
interaction during dyeing. 

-- -  (3) All dye interactions in multi dye 
mixtures are predictable from 2 dye 
interactions 



. .. 

.. -. - . 

. . . ._ . .. . .. 

a 
L 
0 
3 

0-3 

0-6 

0.4 

0.2 

b,O 
L 

50 70 90 
Temperature OC. 



0 
0 I I I I I 1 I I I r 

Measured Exhaustion 

- - -Desired Final Exhaustion 

T- 

O 
03 

3 
Y 

0 0  

n 
E 
Q) 

\ I -  
U 
c 
0 

X 
W 

0 
c\l 

Control Experiment 

Dye: Solophenyl Violet DB 200 
d(0.9% 0.w.g.) 

Salt: 5 grams per l itre of 
anhydrous Glauber's Salt 

Liquor Ratio: 30:l 



Control Experiment 

0 
0 - 

0 
03 

A 

0 

X 
W 

0 a 

0 

I I I I I 1 I I I I I 

Measured Exhaustion 

- Desired Final Exhaustion 

. - - - - .Controlled Temperature 

Dye: Solophenyl Violet DB 200 
d(0.9% 0.w.g.) 

Salt: 5 grams per litre of 
anhydrous Glauber's Salt 

Liquor Ratio: 30:l 

I I I I I I I I I I I 

0 50 100 

Time(min) 



Fiber Reactive Dyeing 

Fiber Reactive Dyeing Methods 

Con ven t ional Cons tan t High temperature 
tempera t ufe 

All-In 

1. Set bath and 
load substrate 

Set bath and 
load substrate load substrate 

Set bath and Set bath and 
load substrate 

2. Add dye Add dye Add dye Add dye 

Run 3. Run 

4. Add salt 

Run Run 

Heat to dyeing 
temperature' 

Heat to high 
tem perat u re ' 

Add salt 

5. Heat to dyeing 
temperature (*) 

Add salt Cool to dyeing 
temperature ' 

Heat to dyeing 
temperature 

6. Add alkali Run for exhaust Add salt Run for 
exhaust and reaction 

7. Run for reaction Add alkali Run for exhaust Cool 

Wash 0. Cool Run for reaction Add alkali 

9. Wash Cool Run for fixation Apply fixative 

10. Apply fixative Wash Cool 

11. - Apply fixative Wash 

12. - - Apply fixative 

'Typical dyeing temperatures are 175'F for hot types, 140'F for cold 
"High temperatures are 203'F for hot types, 160' for cold 
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Dye exhaustion vs. t i m e v i o l e t  1 and Orange 13. 
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-Dye exhaustion vs. time-Blue 3R and Blue 21. 
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--Dye exhaustion vs. time-Yellow 7 and Blue 4. 
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-Dye exhaustion vs. t im6Ye l low  135 and B,KJe 5. 
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