
Enzymatic Treatment of Man-made Cellulosic Fabrics 
~ ~ 

Akhil Kumar and Charles Purtell, Genencor International, South San Francisco, Calif. and 
Marjo Lepola, Genencor International, Helsinki, Finland 

yocell is the generic name for sol- L vent spun cellulosic fibers which 
Courtaulds plc has branded as Tencel. 
Courtaulds is presently the only com- 
mercial producer of lyocell fibers. 
Lyocell is a new fiber spun from wood 
pulp in a closed amine oxide solvent 
~ y s t e m . ~  The solution is then filtered 
and extruded to form the filaments. 
The resulting dissolved cellulose fiber 

ABSTRACT 

Cellulases have been used in 
garment wet processing for 
approximately eight years. The 
majority of cellulase enzyme used 
in textile applications has been on 
cotton. Denim jeans and knit and 
woven cotton garments are 
frequently treated. Cellulases 
effectively improve cotton’s surface 
appearance, handle and drape, and 
reduce its tendency to pill or fuzz 
after repetitive launderings.‘-‘ 
Today, cellulases are also being 
used to benefit man-made 
cellulosics. 

In this study, several man-made 
cellulosic fabrics-lyocell (Tencel), 
rayon (viscose) and cellulose 
acetate-were treated with 
cellulase. The treated fabrics and 
untreated controls were tested for 
surface fuzz removal, softening, 
pilling, weight and strength. 

The effect of cellulase on these 
different cellulosics varied. On both 
rayon and lyocell, cellulase altered 
the handle and drapeability and 
removed surface fuzz. Cellulase 
also reduced the tendency of rayon 
to pill and reduced fibrillation of 
lyocell. Cellulose acetate was 
minimally affected by cellulase 
under the selected test conditions. 
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has similar amounts of amorphous and 
crystalline cellulose and degree of po- 
lymerization of the wood pulp starting 
materiaL6 The fiber cross section is 
highly regular and cylindrical. Tangles 
of primary fibrils are visible on the sur- 
face prior to cellulase treatment. At- 
tributes of lyocell include luxurious 
drape, diverse range of tactile proper- 
ties, ease of blending with other fibers, 
high wet modulus, good wash stabil- 
ity resulting in low shrinkage and en- 
vironmental “friendliness. ”7 

Rayon (viscose) is a regenerated cel- 
lulosic fiber. The process involves dis- 
solving wood pulp in an inorganic sol- 
vent containing sulfur and extruding 
the fiber. The fiber cross sections are 
highly irregular and crenelated. As 
with lyocell, loose surface fibers are 
evident prior to cellulase treatment. 
The Textile Fiber Products Identifica- 
tion Act (TFPIA) defines rayon as “a 
manufactured fiber composed of regen- 
erated cellulose, as well as manufac- 
tured fibers composed of regenerated 
cellulose in which substituents have 
replaced not more than 15% of the hy- 
drogens of the hydroxy radicals.” 
Rayon has about 30-fold lower degree 
of polymerization than cotton and 40% 
degree of crystallinity versus 60% for 
cotton.8 The crystalline structure of 
rayon (and regenerated cellulose in 
general) consists of primarily type I1 
cellulose-oriented (anti-parallel) poly- 
mers; as opposed to type I (parallel) 
crystallinity in natural cellulosics.8 
Rayon defines a fairly broad category 
of fibers with a similar range of physi- 
cal properties. Some general character- 
istics of rayon include a relatively low 
resiliency (particularly when wet), 
high absorption and soft hand.g Since 
rayon can be processed into either fila- 
ment or staple form, rayon offers more 
variety in fabric and yarn construction 
than do natural cellulosic fibers. Rayon 
fibers are widely used in apparel, home 
furnishings and industrial materials. 

Cellulose acetate is a chemically 
modified cellulosic material. The pro- 
cess uses cellulose from wood pulp or 
cotton linters which is acetylated and 
eventually extruded to form the spin- 

ning fibers. Acetate is defined by the 
TFPIA as “a manufactured fiber in 
which the fiber-forming substance is 
cellulase acetate. Where not less than 
92% of the hydroxyl groups are acety- 
lated, the term triacetate may be used 
as a generic description of the fiber.” 
The degree of polymerization and type 
of crystalline cellulose is similar to that 
of rayon, however the acetate fiber has 
proportionately more crystalline struc- 
t ~ r e . ~  Acetate’s strong dimensional sta- 
bility has been used for blends in a 
variety of woven and knitted fabrics. 

Despite the specificity of cellulases 
for I3 1-4 glucosidic bonds, both regen- 
erated and chemically modified cellu- 
lose are susceptible to cellulytic 
hydrolysis. However, the activity of 
cellulase for a given substrate is depen- 
dent on a number of factors such as the 
amounts of non-cellulosic wood pulp- 
derived matter, the degree of polymer- 
ization, the type and degree of crystal- 
linity, and the type and number of 
chemical substitutions to the cellu- 
lose.6~zo~zz Cellulases require an amor- 
phous polymer surface and access to 
the 5 1-4 glucosidic bonds. Highly 
crystalline (particularly type 11) or 
chemically substituted cellulose are 
thought to be less susceptible to hy- 
drolysis by cellulase. 

Though cellulases alone can effec- 
tively hydrolyze cellulosic materials, 
commercial wet processing piece 
goods or garments with enzymes must 
also include some hydromechanical 
force. The role of the mechanical ac- 
tion is crucial because it accelerates 
surface fiber removal allowing for ac- 
ceptable amounts of weight loss and 
strength loss. The degree of mechani- 
cal action is dependent on what type 
of equipment is used. 

Finally, it should be noted that en- 
zymes are complex molecules with 
several functional activities. The num- 
ber and type of components repre- 
sented within commercially available 
cellulases vary considerably, and sub- 
sequently produce different effects.12 
For simplicity, in this study a fungal 
acid cellulase was used which has op- 
timum activity at a pH of 5. 
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Methods 
Lyocell (Tencel), rayon (viscose) and 
cellulose acetate woven fabrics of me- 
dium and heavy weight were treated 
with an acid cellulase for up to 120 
minutes in a 35 kg-lab scale rotary 
drum washer. The resulting fabrics 
were tested for differences in surface 
smoothness, handle, weight, strength 
and laundering durability. See Table I 
for the method used to test each of the 
attributes. The results along with po- 
tential benefits are described later. 

The dose used in  this study is 
higher than recommended on commer- 
cial scale equipment. This is because 
the mechanical action produced on 
fabric in this lab scale equipment is 
significantly lower than that achieved 
with commercial equipment. 

Results And Discussion 
The effects of treating man-made cel- 
lulosic fabrics with cellulases were 
measured on a pilot scale and corre- 
lated well to results in commercial 
applications. 

Fig. 1 shows the surface modifica- 
tion following a 3 g/L , 60-minute cel- 
lulase treatment of the man-made 
lyocell fabric. A similar reduction of 
loose surface fibers is seen on rayon as 

Table I. Attribute and Method of Testing 
Used to Evaluate Samples 

Attribute Method of Testing 

Handle Force of Compression Energy 
Tensile Strength Breaking Force and Elongation of 

Textile Fabrics; (Grab Test) ASTM 
D 5034 

Fuzz Removal Scanning Electron Micrographs 
and Panel Score 

Pilling Random Tumble Pilling Tester 
Method ASTM D 3512-76 

well as on natural cellulosic fibers. 
Cellulase treatment modifies the fab- 
ric handle, drape and surface appear- 
ance. 

Figs. 2 and 3 show the effect of cel- 
lulase treatment of lyocell on a more 
microscopic scale. An important dis- 
tinction of lyocell is that the cellulase 
is cleaving primary fibrils rather than 
entire loose fibers as in rayon and natu- 
ral cellulosics. This occurs because of 
the differences in wet fiber tenacities. 
Ordinarily, the cellulase hydrolyzes a 
portion of the fiber, and with the hy- 
dromechanical action, the weakened 
fiber is sheared off. But lyocell has 
such high wet strength that only an 
outer shell tends to be cleaved. 

Fig. 4 shows that in addition to sur- 
face fuzz removal, the tendency for 

I c ,  # - 
1’ 

pilling to occur-in fabrics that are . 
prone to pilling-is redhced. The 
rayon twill weave fabric treated with 
cellulase showed a significant reduc- 
tion in the tendency to pill which be- 
came more pronounced following mul- 
tiple home launderings. The pilling 
reduction effect also occurred within 
the first 60 minutes of processing with 
cellulase. 

Within the selection of fabrics for 
this study, only the rayon twill was 
prone to marked pilling. Despite the 
presence of noticeable surface fuzz on 
a number of the samples, pills did not 
form because of the particular fiber 
tenacities. Some benefits have been 
observed by treated cellulosic-syn- 
thetic fabric blends. However, a reduc- 
tion in pilling was noted only when the 
pills were comprised of cellulosic and 
not synthetic material. Again, in these 
synthetic-cellulosic blends such as 
rayon-lycra, cellulase treatment does 
not effect the synthetic material, but 
did smooth the surface of rayon and 
eliminate rayon pills. 

The reduction in compression en- 
ergy shown in Fig. 5 suggests a soften- 
ing in the fabric handle. The lyocell 
and rayon samples exhibited reduced 
compression energy. Cellulose acetate 
data indicated no significant change in 

Fig. 1. Surface smoothing effect on lyocell as shown by a micrograph from a Scanning Electron Microscope (SEM) untreated (left) and cellulase 
treated (right). Photographed at 20X magnification. 

my. a. LYULGII iiuei oiiuvviiiy pitiiiai y iiuiiita- 

Fig. 2. Surface modification of lyocell of untreated (left) and cellulase treated (right), as viewed 
by SEM at 1 OOX magnification. 
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tion as viewed by a SEM at 500X magnifica- 
tion. 
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Fig. 4. Pilling tendency following cellulase treatment. The fabrics were 
panel scored (l=highly pilled to 5=nO pills) after 60 minutes of tumbling 

Fig. 5. Compression energy following cellulase treatment. The com- 
pression energy and deflection was measured by a Twing-Albert 
Compression Testing instrument. The trend of the compression en- in a random pill testing device. 
ergy over the cellulase treatment time is reported as the average of 

the compression energy. The data on 
lyocell and cellulose acetate correlates 
well with the respective flex stiffness 
data and the reduction in weight loss. 
The compression energy following ten 
launderings of treated versus untreated 
rayon supported the observation that 
the treated rayon felt softer than the 
untreated laundered rayon. 

Enzymes work by cleaving surface 
fibers which results in some fabric 
weight loss. In commercial applica- 
tions, the process is optimized to mini- 
mize fabric weight loss while achiev- 
ing the desired benefit. The weight loss 
is also highly dependent on which en- 
zyme is used, the fabric construction, 
and the process used. Generally, a 5% 
fabric weight loss is needed to opti- 
mally modify the surface which is 
achieved within approximately 60 
minutes on lyocell and rayon, see 
Fig. 6. 

Weight loss following cellulase 
treatment indicates the propensity that 
the enzyme has for hydrolyzing the 
particular cellulosic fabric. There is a 
strong correlation between treatment 
time and weight loss, as well as treat- 
ment dose and weight loss. As a result, 
the benefits of cellulase treatment are 
largely controlled by adjusting the 
treatment time and dose parameters 
along with the degree of mechanical 
action provided. Appropriate levels of 
hydromechanical action will also help 

90% 

80% 

at least five measu 

control fabric weight loss while opti- 
mizing benefits. 

Cellulase treatment was most effec- 
tive on lyocell, but at equal doses, 
rayon showed similar benefits requir- 
ing only slightly longer processing 
times than lyocell. Again, there was 
little evidence that cellulase was act- 
ing on the cellulose acetate fabrics 
since there was no significant weight 
loss even after 180 minutes of cellu- 
lase treatment. This evidence for en- 
zyme activity is corroborated by the 
following strength loss data. 

Fabric strength loss is a function of 
fabric weight loss following enzyme 
treatment. Fig. 7 indicates that for ev- 
ery percent of weight loss, there is 
nearly a 2% reduction in the fabric 
strength. As with fabric weight loss, the 
strength loss is dependent on the en- 
zyme used, the fabric construction pa- 
rameters-for example, yarn twist- 
and the process or equipment used. In 
commercial processes, lubricants are 
used following enzyme treatment 
which often increase the fabric strength 
above the fabrics original tensile 
strength. 

Fig. 8 shows that cellulase treated 
fabrics are softer and show less surface 
fuzzing than untreated fabrics. These 
differences become more marked as the 
number of launderings increases. 

. " I *  . 
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Fig. 6. Fabric weight following cellulase treatment. The fabric weight 
was taken as the average of several representative test fabrics after 
processing for 30, 60 and 120 minutes. 
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nents from several representative test fabrics. 

There are also noticeable differences in 
fabric brightness and in the tendency 
to pill following laundering. Both of 
these attributes are related to the ten- 
dency to fuzz following ordinary wash 
and wear cycles. Thus, cellulase treat- 
ment produces lasting benefits in soft- 
ness, controlling pilling and in the 
maintenance of color and surface ap- 
pearance. These benefits from enzyme 
treatment are incremental to benefits 
associated with auxiliary finishing 
agents. 

Summary 
Cellulase treatment of man-made cel- 
lulosics represents an extension of 
work done previously demonstrating 
the utility of cellulase modification of 
natural fiber fabrics. Some tangible ef- 
fects of cellulase treating man-made 
cellulosic fabrics were shown. 

The benefits indicated are-soften- 
ing, defuzzing, depilling and pill 
prevention, improved drapeability 
and improved surface appearance 
after multiple launderings. 
Cellulase treatment performed best 
on lyocell followed closely by rayon. 
Cellulase had little effect on acetate 
under the conditions tested. 
The benefits of cellulase treatment 
are long lasting. 

60% I 

0 minutes 60 minutes 120 minutes 

Fig. 7. Tensile strength following cellulase treatment. The tensile 
strength was taken as the average warp and fill strength of several 
representative test fabrics after processing for 30, 60 and 120 min- 
utes. 
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Untreated Untreated Treated 
TENCEL Rayon TENCEL 

laundered laundered laundered 
1 ox 1 ox 1 ox 

Treated 
Rayon 

laundered 
1 ox 

Fig. 8. Panel score for surface fuzzing and softening following multiple launderings. The cellu- 
lase treated and untreated fabrics indicated were home laundered (according to AATCC Test 
Method 143-1984) in a warm wash cycle with AATCC standard detergent and tumble dried 
with low heat. 

Enzyme treatment of lyocell 
reduced its tendency to fibrillate, 
improved the surface smoothness, 
softness, drape and launderability. 
The surface of rayon was defuzzed, 
softening was improved particularly 
following multiple launderings and its 
tendency to pill was greatly reduced 
with the use of an enzyme treatment. 
Cellulase treatment of cellulose ac- 
etate suggested no significant benefits 
under the conditions tested. 

Overall, in an industry driven by 
continual quality improvement, cellu- 
lase modification enhances the qual- 
ity of man-made as well natural fiber 
fabric. ‘These benefits are long lasting 
and measurable. The environmental 
soundness of enzyme processing also 

supports broader use of cellulase in 
fabric and garment finishing. 

In conclusion, cellulase is not just 
for cotton anymore. Cellulase effec- 
tively improves softness, drapeability, 
pilling tendencies and post-laundering 
appearance of rayon and lyocell fab- 
ric. Under the conditions tested, little 
if any benefits were shown on cellu- 
lose acetate. The differences in the ef- 
ficacy of cellulase on various fibers can 
be explained in part by the amount of 
non-cellulosic wood pulp-derived mat- 
ter, the degree of polymerization, the 
extent and type of chemical modifica- 
tions and the type and degree of crys- 
talline fiber structure. Finally, these 
benefits of cellulase treatment should 
help elevate the standard quality and 
appeal of man-made fabrics. 

, q  
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SECOYD PLACE WINNER: Quebec Section 

Evaluation of the Post-Bleaching of Knit Fabrics 
Dyed with Direct, Reactive and Disperse Dyes 

inding ways to increase productiv- F ity has become a constant concern 
in the textile industries of developed 
nations due to international competi- 
tion. Many new dyeing techniques 
have been developed which minimize 
costs for water, chemicals and energy. 
The traditional scheme for preparing 
and dyeing cotton and cotton/polyes- 
ter materials involves two or three 
separate baths for scouring, bleaching 
and dyeing. In each separate process, 
the bath must be heated and the treated 
fabric rinsed prior to the next step. 
Such a sequence can be replaced by a 
process in which the three operations 

ABSTRACT 

The traditional scour/bleach/dye 
process for the preparation of 
cotton and cottonlpolyester knit 
fabrics was compared with a 
single bath combined scour-dye 
process followed by post- 
bleaching with alkaline hydrogen 
peroxide in the exhausted 
dyebath. The post-bleach 
procedure did not result in the 
same quality of bleaching as the 
traditional method but offered 
considerable savings in time, 
energy and water. A factorial plan 
of trials for studying the effects of 
the process variables on the post- 
bleaching of the dyed fabrics 
showed that this operation was 
successful over a fairly wide 
range of conditions, so that close 
control of the process variables 
was not critical. The major 
problem encountered was a lack 
of stability to peroxide of certain 
dyes for cotton. It was shown that 
dyeing could easily be translated 
to the pilot scale and that dyeing 
to a standard shade was possible. 

KEY TERMS 
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CottonlPolyester 
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are combined and carried out in a 
single bath, with large savings of wa- 
ter, energy and 

The objective of this project was to 
evaluate such a combined process, in 
which cotton and cotton/polyester 
knitted fabrics would be simulta- 
neously scoured and dyed, and then 
bleached after dyeing by addition of 
alkaline hydrogen peroxide to the ex- 
hausted dyebath. 

Materials and Equipment 

Only two tubular knitted fabrics were 
examined in this study. The first was 
a 100% cotton jersey knit (161 g/m2, 
grey) and the other a more complex 50/ 
50 cotton/polyester interlock knit 
fleece fabric (176 g/m2, grey). 

Laboratory scale dyeings were car- 
ried out in 125 mL steel pots using a 
Zeltex Polycolor dyeing machine. The 
liquor ratio was always 10 to 1 (5.00 g 
fabric plus 50 mL solution). The dye- 
ing beakers were fitted with addition 
ports sealed with a rubber septum so 
that chemicals could be injected with 
a hypodermic syringe during dyeing. 
Pilot scale dyeings using a Benz HT140 
mini-jet dyeing machine were at a li- 
quor ratio of 12.5 to 1 (2.00 kg fabric 
with 25.0 L water). Both machines 
were equipped with Sedo PClOOO mi- 
croprocessors. When using the mini- 
jet, the procedures had to be modified. 
Cooling to 80C was necessary for ad- 
dition of chemicals since the machine 
seals automatically above this tempera- 
ture, and it was not equipped with a 
high pressure metering pump. Addi- 
tion of 5 mL of a silicone oil was also 
needed to suppress foam. 

Spectrophotometric and colorimet- 
ric data were obtained using a Diano 
Match Scan I1 double beam spectro- 
photometer and in-house ~ o f t w a r e . ~  
Tristimulus values and CIELAB data 
were calculated for illuminant D65 and 
the 1964 supplementary standard ob- 
servere5 Colorant formulation was done 
with in-house software6 based on the 
Allen a l g ~ r i t h m . ~  No attempt was 
made to generate high precision formu- 
las. Only two calibration dyeings were 
carried out with each dye using 0.20 

and 0.40% of dye based on the weight 
of pre-bleached fabric. 

The breaking strength of the fabrics 
was determined with the Instron Model 
TTD (Series 3025) using 0.5x2.5 inch 
strips cut perpendicular to the wale di- 
rection. A complete stress versus strain 
record was obtained in each case. 

A variety of dyebath formulas were 
used and these are listed in Table I. 
Commercial names of the dyes are 
given but do not constitute specific rec- 
ommendations, since the choice was 
arbitrary and based on the availability 
of dyes in the laboratory. 

Comparison of Traditional and 
Post-Bleach Processes 

The study began by comparing the tra- 
ditional scour/bleach/dye process with 
that in which combined dyeing and 
scouring was followed by bleaching in 
the same bath. These will be called the 
normal and post-bleach processes. The 
two procedures were examined with 
and without addition of dyes so that 
the effects on the fabric whiteness 
could be evaluated. 

For these trials, Formulas A and C 
(Table I) were used. The post-bleach 
procedure is shown in Fig. 1, which 
will be referred to as process 1. In the 
normal process, the cotton or cotton/ 
polyester samples were scoured (105C, 
45 min, 1.0 mL/L Sandoclean PCL, 2.0 
g/L NaOH). After two rinses in hot 
water, they were bleached (95C, 30 
min, 5.0 mL/L 30% HzOz, 1.0 g/L 
NaOH, 0.5 mL/L SIFA stabilizer). The 
fabrics were rinsed in hot water, neu- 
tralized with acetic acid and rinsed 
again. They were then dyed with a 
mixture of direct (cotton) or direct and 

cording to the scheme in Fig. 1, but 
without addition of the scouring and 
post-bleaching chemicals. 

dyes) was assessed by measurement of 
the tristimulus values and calculation 
of the CIE whiteness WIoe5 

disperse dyes (cotton/polyester) ac- . .~ 

Fabric whiteness (process without ~ 

W,, = Y + 8O0(xn - X) 

+ 17OO(yn - Y) 
where Y, x and y are the Y tristimulus 
value and the chromaticity coordinates 
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Table 1. Dyebath Formulas (%.dye owf) for the Various Processes 
b I 

Formula A (Cotton - Green) 

Formula 6 (Cotton - Green) 

Formula C (CottonlPolyester - Green) 

Sirius Supra Yellow GD 0.100% 
Sirius Supra Blue GR-LL 0.100% 

Sirius Supra Yellow GD 0.1 00% 
Ultrasol Navy BL 0.1 00% 

Sirius Supra Blue GR-LL 0.050% 

Resolin Blue H-FBL 0.028% 
Sirius Supra Yellow GD 0.050% 

Samaron Yellow GGSL 0.050% 

Ultrasol Navy BL 0.050% 
Sirius Supra Yellow GD 0.050% 
Resolin Blue H-FBL 0.028% 
Samaron Yellow GGSL 0.050% 

Resolin Red F-38s 0.050% 

Sirius Supra Red F-3B 0.050% 

Formula D (CottonlPolyester - Green) 

Formula E (CottonlPolyester - Violet) 

Foron Navy S-2GRL 0.050% 

Sirius Supra Blue GR-LL 0.050% 

of the sample, respectively, and x, and 
y, are the chromaticity coordinates for 
the perfect diffuser, both calculated for 
illuminant D65 and the 10" standard 
observer. The results are shown in Fig. 
2. For the processes carried out with 
dyes, samples were taken at each stage 
of the procedures and colorimetric and 
strength tests were conducted. As ex- 
pected, in trials without addition of the 
dyes, the post-bleach process did not 
give the same degree of fabric white- 
ness as the traditional three-bath pro- 
cess. The alkaline scour of the normal 
process gave more effective fabric 
cleaning than the neutral scour-dye 
process of the post-bleach procedure. 
For identical dye formulas, the colors 
of the final samples from the normal 
and post-bleach procedures were not 

Formula F (CottonlPolyester - Violet) Formula J (CottonlPolyester - Violet) 
Resolin Red F-3BS 0.050% Resolin Red F-3BS 0.050% 
Foron Navy S-2GRL 0.050% Foron Navy S-2GRL 0.050% 
Sirius Supra Red F-38 0.050% Procion Blue H-ERD 0.088% 
Ultrasol Navy BL 0.040% Procion Red H-EXL 0.094% 

Resolin Red F-3BS 0.300% Formula K (CottonPolyester - Green) 
Formula G (CottonlPolyester - Brown) Procion Yellow H-EXL 0.016% 

Resolin Blue H-FBL 0.180% Resolin Blue H-FBL 0.041% 
Samaron Yellow GGSL 0.490% Resolin Red F-3BS 0.009% 
Sirius Supra Red F-3B 0.140% Samaron Yellow GGSL 0.067% 
Sirius Supra Blue GR-LL 0.21 0% Cibacron Blue F-R 0.090% 

Resolin Red F-3BS 0.150% Resolin Blue H-FBL 0.028% 
Resolin Blue H-FBL 0.090% Samaron Yellow GGSL 0.050% 
Samaron Yellow GGSL 0.250% Kayacelon React Dark 0.090% 
Sirius Supra Red F-3B 0.070% Blue CN-R 
Ultrasol Navy BL 0.090% Kayacelon React 0.100% 
Sirius Supra Yellow GD 0.200% Yellow CN-ML 

Sirius Supra Yellow GD 0.41 0% Cibacron Yellow F-4G 0.148% 
Formula H (CottonlPolyester - Light Brown) Formula L (CottonlPolyester - Green) 

Formula I (CottonlPolyester - Green) 
Resolin Blue H-FBL 0.060% 
Samaron Yellow GGSL 0.050% 
Drimarene Navy K-2B 0.070% 
Drimarene Golden 0.080% 
Yellow K-2R 

First Runnerup 
THE Quebec Section won runnerup 
honors in AATCC's 1993 Intersec- 
tional Technical Paper Competition 
in Montreal with its study on the 
post-bleaching of cotton and cotton/ 
polyester knit fabrics dyed with di- 
rect, reactive and disperse dyes. 
Quebec has won first place twice, 
second once and third once. 

the same. Comparison of samples taken 
before post-bleaching with the final 
normal process sample showed visible 
color differences (cotton, E* ab = 3.3; 
cotton/polyester, E* ab = 2.5). The 
dyeings on both cotton and cotton/ 
polyester were visibly weaker and 

30 min 

TEMPERATURE "C 
20min 20min 

105 1 /--t-7 

60 

TWO WARM 
RINSES 

f TIME 
A B  C D 

Fig. 1. Dyeing scheme for the post-bleach procedure. A: add dyes and 
1 .O mUL Sandoclean PCL. B: enter fabric at 60C. C: add 20 glL salt. 
D: add 5 mUL 30% H202, 1 .O glL NaOH and 0.5 mUL SlFA stabilizer. 

yellower after post-bleaching. With the 
sample taken before post-bleaching as 
standard, the bleached dyeings gave 
E* ab = 9.1 for cotton and E* ab = 5.7 
for cotton/polyester. This was mainly 
a consequence of the bleaching of the 
blue direct cotton dye in the mixture. 
The post-bleaching process did not 
weaken the strength of the fabrics in 
any significant way because of oxida- 
tion of the cotton. Good dyebath ex- 
haustion was obtained-a key require- 
ment for the post-bleaching procedure. 

The post-bleach process was then 
repeated on both fabrics using Formu- 
las B and D (Table I), for which the blue 
direct cotton dye, showing a lack of 
resistance to bleaching, was replaced 
by the same amount of the more resis- 
tant Ultrasol Navy BL. The colorimet- 

POST-BLEACH 

A B C D  A B C D  AEF A E F  
Fig. 2. Values of fabric whiteness for the normal and post-bleach pro- 
cesses. A: original fabric. B: after scouring. C: after bleaching. D: 
after mock-dyeing. E before post-bleaching. F: after post-bleaching. 
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response in terms of each of the pro- 
cess variables, in the form of coded 
values (+1 or -1) multiplied by a cal- 
culated coefficient. The values of the 
various coefficients give the magnitude 
of the effect of each process variable 
on the average value of the response 
and the effects of interactions between 
variables; e.g., 

E* = E* + a,H 
+ a,C + a,T + a4HC 

+ a,HT + a,CT + a,HCT 
Tables IV and V give only the values 
of the coefficients a, to a3 and no val- 
ues for those coefficients indicating the 
extent of interactions between vari- 
ables (a4 to a7). 

The data in Table IV show that the 
degree of color change on post-bleach- 
ing ( E*) is influenced mainly by the 
concentration of caustic soda and the 
temperature (coefficients a2 and a3). 
Unfortunately, decreasing the levels of 
these two variables also decreases the 
degree of cleaning of the fabrics (lower 
values of Wlo in the absence of the 
dyes). As expected, peroxide consump- 
tion was greater at higher temperatures 
and caustic concentrations. As always, 
bleaching is a compromise. In the case 
of the post-bleach process, the desired 
level of bleaching of the fabric must be 
balanced against the possible loss of 
color. 

Table V shows that the use of the 
stabilizer was not of particular value 
(coefficient a*). Since continuous me- 
tering of the peroxide was not possible 
with the laboratory dyeing machine, 
metering was simulated by four equal 
additions of 25% of the total peroxide 
required for bleaching at 0, 25, 50 and 
75% of the full bleaching time. This 
resulted in low peroxide consumption 
and gave a somewhat lower whiteness 

~ 

Table II. Real and Coded Values for the Process Variables 

Plan 1: single initial H202 addition, [SIFA] = 0.5 mUL, 30 min 

Low High Symbol 

[H202] mUL 30% 
[NaOH] g/L 
Temp. (C) 

2.0 (-1) 8.0 (+I) 

80 (-1) 98 (+I) 
0.4 (-1) 2.0 (+I) 

H 
C 
T 

Plan 2: [H202] = 8 mUL, [NaOH] = 0.4 glL, 98C 

Low High Symbol 

[SIFA] mUL 
Time, min 
Metering HZ02 

0 (-1) 

no (-1) 
30 (-1) 

0.5 (+I) 
48 (+I) 
Yes (+I) 

S 
t 
M 

ric data showed that this dye combi- 
nation gave a somewhat darker and 
bluer shade, but had little change in 
hue on post-bleaching. The dyeings 
became somewhat lighter on post- 
bleaching because of the effect on the 
base fabrics. 

Process Optimization 
In order to select optimum values for 
the many process variables, their in- 
fluence on some properties of the 
bleached fabric and the bath (process 
responses) was examined. The mea- 
sured process responses were: 

The degree of whiteness of the fab- 
ric, Wlo. 
The color change of the dyed sample 
on post-bleaching, CIELAB E* &, 
which gave an indication of the sta- 
bility of the dyes to alkaline hydro- 
gen peroxide solution. 
The percentage of peroxide con- 
sumed (P%) was calculated by titra- 
tion of the H202 in the initial and 
final bleaching solution with stan- 
dardized potassium permanganate 
solution in the presence of sulfuric 
acid.a 
The breaking strength of some 
samples was determined to ensure 

that bleaching did not unduly 
weaken the material as a conse- 
quence of cellulose oxidation. 
Dyebath Formulas B and D (Table 

I) were used with dyeing and post- 
bleaching conditions as described for 
process 1 (Fig. 1). 

In process optimization, a factorial 
design of the trials is normally used.g 
Two separate plans were followed in 
this case. In both, three process vari- 
ables were selected for study at two 
different levels, the other variables be- 
ing held constant. The high and low 
values of the process variables studied 
were expressed as coded values (+1 or 
-1). A value of +1 shows that a vari- 
able had the higher value of the two, 
and -1 the lower value. The two facto- 
rial plans and the values of the process 
responses are given in Tables I1 and 111. 

The breaking strength was mea- 
sured for all samples submitted to the 
most severe conditions in plan 1. Post- 
bleaching did not adversely affect the 
fabric strengths. 

The results of the factorial plan 
were analyzed by the statistical proce- 
dure described by M~ntgomery.~ The 
results are expressed in terms of equa- 
tions giving the anticipated value of the 

Table 111. Factorial Plans and Process Responses 

Plan 1 (S, t and M constant) Plan 2 (H, C and T constant) 

Variables Variables ResDonses Responses 

E' WID P% H C T S 
Cotton 

-1 
1 

-1 
1 

-1 
1 

-1 
1 

CottonlPolyester 

-1 
1 

-1 
1 

-1 
1 

-1 
1 

t M E* WlO P% 

-1 
1 
-1 
1 

-1 
1 

-1 
1 

-1 
-1 
1 
1 
-1 
-1 
1 
1 

-1 
-1 
-1 
-1 
1 
1 
1 
1 

1.7 
2.3 
2.7 
3.4 
3.4 
3.2 
4.7 
4.9 

42 
45 
55 
57 
48 
55 
60 
66 

23 
62 
78 
82 
89 
76 
86 
82 

-1 
-1 
1 

-1 
-1 
-1 
-1 
1 
1 
1 
1 

3.2 
2.9 
2.8 
2.5 
1.9 
2.4 
2.1 
2.9 

56 
54 
56 
57 
55 
56 
55 
53 

65 
65 
94 
88 
41 
31 
68 
65 

1 
-1 
-1 
1 
1 

2.0 
2.5 
4.3 
4.4 
3.6 
3.4 
4.8 
5.5 

37 
58 
64 
65 
44 
62 
66 
68 

50 
40 
63 
63 
50 
71 
80 
89 

-1 
-1 
1 
1 

-1 
-1 
1 
1 

2.4 
2.0 
2.9 
2.7 
3.2 
3.0 
3.0 
2.8 

69 
66 
69 
69 
62 
59 
60 
66 

56 
51 
95 
85 
27 
33 
55 
63 

-1 
1 
-1 
1 
-1 
1 
-1 
1 

-1 
-1 
1 
1 
-1 
-1 
1 
1 

-1 
-1 
-1 
-1 
1 
1 
1 
1 

-1 
-1 
-1 
-1 
1 
1 
1 
1 
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Table IV. Effects of the Process Variables on 
the Response for Plan 1 

Variable Coefficients 

Average a, a2 a3 
Response Value H C T  

Cotton 

E* 3.3 0.3 1.3 1.5 

P% 72 6.5 19.5 22.0 

CottonlPolyester 

E* 3.8 0.3 1.9 1.0 
w10 58 10.5 15.5 4.0 

w10 54 4.5 12.0 7.5 

P% 63 5.0 21.0 18.5 

Table V. Effects of the Process Variables on 
the Response for Plan 2 

Variable Coefficients 

Average a1 a2 83 
Response Value S t M  

Cotton 

E* 2.3 0.2 0.0 -0.5 
WlO 55 -0.5 0.0 -1.0 
P% 65 -4.7 28.4 -26.8 

CottonlPolyester 

E* 2.8 -0.3 0.2 0.5 
WlO 65 0.0 2.0 -6.5 
P% 58 -0.2 32.9 -26.9 

(coefficient a3). Clearly, if peroxide is 
to be metered into the bleaching bath, 
sufficient time must be allowed for the 
peroxide to act on completion of me- 
tering. The overall bleaching time did 
not have a pronounced influence on 
E* and W (coefficient az). 

These data were useful for evaluat- 
ing the effects of the various process 
variables on the post-bleach operation. 
Each trial represents only a single ex- 

TEMPERATURE 'C I /-mln\ 39 min 

periment. A full statistical analysis was 
not attempted since reproducibility of 
the trials was not evaluated. The data 
therefore should not be over-inter- 
preted. 

Dye Stability 

Early in the project, it was apparent 
that the success of post-bleaching was 
going to be dependent on the stability 
of the dyes on the fabrics to treatment 
with the alkaline peroxide bleaching 
solution. In the comparison of the nor- 
mal and post-bleach procedures, For- 
mulas A and C were not satisfactory 
because of the instability of the blue 
direct dye. This is not an indicator of 
poor quality but a characteristic of the 
specific chromophore. When this dye 
was replaced by one with a more stable 
chromophore, the result was much bet- 
ter (Formulas B and D). 

In the post-bleaching process some 
color change is inevitable even if the 
dyes are completely resistant to the al- 
kaline peroxide solution. This arises 
because of the bleaching of the base 
fabric and results in an increased value 
of L*. Even with dyes exhibiting slight 
sensitivity to alkaline peroxide solu- 
tion, some change or loss of color on 
bleaching would be acceptable if the 
change was predictable and reproduc- 
ible. 

To test for dye fading during post- 
bleaching, dyeing trials in the labora- 
tory are necessary. Dyeings can be 
carried out using the post-bleach pro- 
cedure and color difference measured. 
Alternatively, dyeings can be prepared 
on pre-bleached fabric using the nor- 
mal dyeing method and then treated 

95 

60 

I WASH TWICE 
AT THE BOIL 

A B  C D E  F 
Fig. 3. Process 2 for the dyeing of cotton/polyester. A: add disperse 
dyes and 1 .O mUL Sandoclean PCL. B: enter fabric at 60C. C: add 5 
mUL 30% HzOz, 1 .O g/L NaOH and 0.5 mUL SlFA stabilizer. D: rinse 
and refill with a fresh bath. E: add reactive dyes and 40 g/L salt. F: add 
10 glL soda ash. 

' , '  

with alkaline peroxide splution. V\le 
preferred this latter method, since it 
minimized any color change during 
post-bleaching arising from the de- 
struction of the colored impurities of 
the cotton. 

The stability to bleaching of the 
disperse dyes was assessed in aqueous 

with HzOz (10.0 mL/L, 30%) and 
NaOH (1.0 g/L) at 9OC for 15 minutes. 

samples of the aqueous dispersion (10 
mL) diluted with acetone (to give 100 
mL) before and after treatment with the 
peroxide. All but two of the nine tested 
dyes were stable (less than 2% de- 
crease in absorbance at the wavelength 
of maximum absorption). Foron Navy 
S-2GFL gave a somewhat increased 
absorbance and Samaron Blue FBLN 
was 14% weaker after treatment. It was 
assumed that the disperse dyes ab- 
sorbed in polyester would be stable to 
post-bleaching because of the inability 
of the inorganic chemicals to penetrate 
into this hydrophobic fiber (cf. reduc- 
tion clearing). 

Direct and reactive dyes in aqueous 
solution and on cotton were much 
more sensitive to bleaching by alkaline 
peroxide. Dyeings on the scoured and 
bleached cotton knit (1.0% ow0 were 
prepared by the suppliers' recom- 
mended procedures. The degree of fad- 
ing upon bleaching in solution, and on 
the fabric, was assessed by spectropho- 
tometric methods. For the dyed fabric 
samples, the Kubelka-Munk K/S val- 
ues given by 

were determined at the wavelength of 

dispersion by heating the dye (0.20 g/L) 

Transmission spectra were recorded on 

. 

~~ 

~ 

K/S = (1 - R ) '/2R 

TEMPERATURE "C 
130 

15 min 

,( , 30min 
95 I I 

60 

HEAT 

\ 
WASH TWICE 
AT THE BOIL 

1 s+ 1 TIME 
A B  C D E  

Fig. 4. All-in-one process 3 for dyeing cotton/polyester. A: add dyes 
and 1 .O mUL Sandoclean PCL. B: enter fabric at 60C. C: add 40 g/L 
salt. D: add 1.0 g/L NaOH. E: add 5mUL 30% H202 and 0.5 mUL 
SlFA stabilizer. 
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n'linimum limiting reflectance (R ) 
both before And after bleaching with a 
solution of HzOz (10.0 mL/L, 30%) and 
NaOH (2.0 g/L) at 95C for 30 minutes. 
This gave a measure of the change in 
K/S; Le., (K/S). The bleaching of the 
same dyes was also examined in solu- 
tion, For this, the dye solution (20.0 
mg/L) was treated with H20z  (0.15 
mL/L, 30%) and NaOH (0.02 g/L) at 
100C for 15 min. These conditions re- 
sulted in partial bleaching which could 
be readily evaluated. The transmission 
spectra of the solutions were recorded 
before and after bleaching and the val- 
ues of the absorbance at the wave- 
length of minimum transmission were 
calculated to give the change in absor- 
bance A. 

It was thought that there would be 
a correlation between the stability of 
the dye on the fiber and its stability in 
solution. Such a correlation would 
have allowed much more efficient pre- 
testing of dyes since the solution tests 
can be conducted much more rapidly 
than tests on the fabric. The data for 
the reactive dyes was totally irregu- 
lar-certain dyes being much more 
stable in solution than on the fiber and 
vice versa. This result merits further 
study. In general, most of the limited 
number of direct dyes examined were 
less stable than the reactive dyes, and 
there was a rough linear correlation be- 
tween - (K/S) and the - A (regression 
coefficient = 0.87) if the deviant point 
(Ultrasol Yellow 3-LG) was excluded. 
The better stability to bleaching of this 
dye in solution is probably related to 
the disappearance of the absorbance 
maximum at 410 nm while bleaching 
(inaccurate estimation of A). 

For the moment, it can only be rec- 
ommended that the selection of dyes 
for the post-bleach process be based on 
tests of actual dyeings and evaluation 
of changes in strength and shade, par- 
ticularly for reactive dyes. 

Dyeing Cotton/Polyester with 
Reactive and Disperse Dyes 
A few simple trials were conducted on 
post-bleaching cotton dyed with reac- 
tive dyes. This is not a particularly rec- 
ommended procedure because some 
reactive dyes cannot withstand post- 
bleaching at above 80C. In addition, 
exhaustion with some reactive dyes is 
far from complete and much of the per- 
oxide is consumed by oxidation of the 
residual dye. 

The grey cotton/polyester knit was 
dyed with Formula I using a modified 
process 2 (Fig. 3). After post-bleaching, 
the bath was neutralized with acetic 
acid but was not replaced. The reac- 
tive dyes were then applied at 40C 
rather than 80c, using 20 g/L salt and 
7.5 g/L soda ash. A similar dyeing was 
carried out without addition of HzOz. 
The bleached sample (L* = 62.5, a* = 
-13.6, b* = 4.3) was lighter but on shade 
( E *  = 5.9, H* = 0.0 versus the un- 
bleached sample). In this process, a 
single bath was used so that there was 
some residual peroxide in the bath 
when adding the reactive dyes after 
neutralization. The dyeings were 
found to be somewhat unlevel, prob- 
ably because of redeposition of oil from 
the emulsion when cooled to the low 
dyeing temperature. 

Two different approaches for the 
application of the disperse and reac- 
tive dyes to the cotton/polyester knit 
were compared. The reactive dyes se- 
lected were those giving good bath ex- 
haustion. In the first process (process 
2, Fig. 3) a fresh bath was used for the 
final step in which the reactive dyes 
were applied at 80C with salt (40 g/L) 
and fixed with soda ash (10 g/L). The 
second (process 3, Fig. 4) was an all- 
in-one process in which the disperse 

Table VI. One-Bath Dyeings of Grey CottonlPolyester using Process 1 

Samples Taken Before and After Bleaching 

Sample L* a* b' E" H* 

Formula E (CottonlPolyester - Violet) 

After 57.5 19.0 -13.1 6.0 3.0 
Formula G (CottonlPolyester - Brown) 
Before 36.4 5.7 5.2 
After 38.9 6.6 7.1 3.1 0.7 
Formula F (CottonlPolyester - Violet) 

After 56.1 15.4 -16.8 5.3 0.3 
Formula H (CottonlPolyester - Light Brown) 

Before 52.6 15.6 -14.2 

Before 50.8 15.5 -16.5 

Before 44.8 5.1 8.3 
After 48.1 3.7 9.0 3.6 1.6 

and reactive dyes were applied in neu- 
tral solution at 130c for 45 minutes. 
Dyeing trials were carried out with the 
cotton/polyester fabric using these pro- 
cedures, both with and without addi- 
tion of the M,Oz. In this way, the effect 
of bleaching on the fabric color could 
be evaluated. At this stage the objec- 
tive of matching two standard shades 
using formulas J and K was set. 

The results showed that the two-bath 
process (process 2), with a post-bleach 
before the application of the reactive 
dyes was quite successful, considering 
that formulation was based on only two 
calibration dyeings for each dye with 
pre-bleached white fabric. The all-in- 
one process (process #3) did not give 
significant color differences with post- 
bleaching, but matching the standard 
shade was more difficult without cor- 
rections. This again may be a problem 
of the original formulations. 

A pale green shade was developed 
specifically (formula L) for the all-in- 
one dyeing method (process 3). This 
formula and procedure were used on 
both the laboratory (5 g) and pilot 
scales ( 2  kg). After post-bleaching, 
there was very little change in hue, but 
the pilot scale dyeing was slightly paler 
than the laboratory dyeing. Two parts 
of the dyeing procedure were modified 
because of the lack of a high pressure 
pump capable of metering chemicals 
into the mini-jet when it was pressur- 
ized. The salt (20 g/L) was added at the 
beginning of dyeing cycle, and for post- 
bleaching the exhausted bath was 
cooled to 80C for addition of the per- 
oxide and caustic before re-heating to 
the bleaching temperature of 95G. This 
all-in-one procedure was successful 
and there was no problem in scaling 
up using the modified method. 

I Table VII. Color Loss Occurring on Severe Washing I 
Formula K (CottonlPolyester - Green) 
Process 2 

Unbleached 
Post-Bleached 

Formula E (Cotton/Polyester - Violet) 
Process 1 

Unbleached 
Post-Bleached 

Formula G (CottonlPolyester - Brown) 
Process 1 

Unbleached 
Post-Bleached 

Formula F (CottonlPolyester - Violet) 
Process 1 

Unbleached 
Post-Bleached 

Formula H (CottonlPolyester - Light Brown) 
Process 1 

Unbleached 
Post-Bleached 

E* H' 

1 .I 
0.4 

3.1 
2.5 

5.2 
4.1 

4.4 
3.4 

4.8 
3.4 

0.5 
0.1 

1 .I 
0.9 

0.1 
0.5 

0.3 
0.2 

0.2 
0.2 
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Post-Bleach Trials with Other Dyes 

Several other combinations of direct 
and disperse dyes were applied to the 
cottonlpolyester fabric using the post- 
bleach procedure (process 1, Fig. 1). 
The formulas and colorimeter data are 
given in Table VI. 

Pilot Scale Dyeings 

Formula D, a green directldisperse 
combination (Table I), was run on a 
pilot scale according to process 1 (Fig. 
I), modified by cooling to 80C before 
the additions of salt, H,Oz and NaOH. 
The final fabric had coordinates of L* 
= 62.5, a* = -15.1 and b* = 4.8. When 
these were compared with those of the 
laboratory dyeing, E* ab = 1.1 and H* 
= 0.5. Thus, process scale-up was suc- 
cessful. 

Fastness to Washing of 
Post-Bleached Dyeings 

A number of the dyed samples which 
had been prepared using a post-bleach 
process were soaped twice at 80C for 
30 min at a liquor ratio of 10 to 1 using 
0.5 mL Sandoclean PCL. The loss of 
color was evaluated by colorimetric 
measurements and reported as the 
E* ab and H* ab values, using the 

original unwashed dyeings as stan- 
dards. Samples, which were cut before 
post-bleaching and rinsed, were also 
washed by the same procedure and 
evaluated in the same manner. The re- 
sults are given in Table VI1 and show 
that post-bleaching gave improved fast- 
ness to severe washing in every case. 
It is thought that this is partly because 

post-bleaching clears the residual dis- 
perse dye from the cotton fibers. 

Conclusions 

Post-bleaching of dyeings is a viable 
process if the selected dyes have good 
exhaustion and have either been 
shown to be stable to alkaline perox- 
ide, or they give a minimal and repro- 
ducible loss of color after bleaching. No 
serious difficulties were encountered 
in formulation or in scaling up the pro- 
cedures. Prior laboratory tests are ad- 
vised to establish adequate dyebath 
formulas and to select suitable dyes. 
The factorial plan analysis showed that 
there is considerable latitude in the 
choice of post-bleaching conditions 
but the fabrics do not attain the degree 
of cleanliness achieved using the tra- 
ditional scourlbleachldye process. The 
use of this type of post-bleaching in the 
dyehouse, for those fabrics and shades 
needing some bleaching, offers savings 
in time, energy and water. Based on 
current Canadian practice, it is esti- 
mated that savings of $0.01 for water, 
$0.05 for energy and $0.03-0.04 for la- 
bor per kg of goods treated can be ob- 
tained. In addition, reduction clearing 
of residual disperse dyes from the cot- 
ton fibers is not necessary. 
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