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ypochlorite is one of the oldest in- H dustrially used bleaching chemi- 
cals. Due to its bleaching power even 
at low temperatures and its relatively 
low costs, hypochlorite is still used in 
the textile and laundry industries. 
However, the formation of highly toxic 
chlorinated organic by-products (AOX) 
during the bleaching process has lim- 
ited its use over the last few years be- 
cause these compounds are a potential 
hazard to the drinking water resources 

ABSTRACT 
Bleaching tests were conducted to 
study the efficacy of peracetic acid 
(PAA) as a replacement for sodium 
hypochlorite in multistage bleaching 
processes of cotton and linen. The 
study showed that peracetic acid is 
most effective as a bleaching agent in 
the pH range of 6 to 7. The preferable 
bleaching temperature range is 
between 50-8OC. The required dwell 
time for a peracetic acid bleaching 
stage is comparable to NaOCl 
bleaching. Typically, bleaching time is 
between 20-60 minutes depending on 
the temperature. As in all bleaching 
processes, the degree of brightness 
increases proportionally with 
bleaching agent concentration. 

Bleaching of 100% cotton goods in 
rope form in a J-box with peracetic 
acid (1 5 2 . 5  g/L) at room temperature, 
followed by an alkaline H,O, treatment 
at 9OC yielded a brightness of over 90 
(Berger). Linen yarns could be 
successfully bleached using a 
process consisting of scouring, 
alkaline H,O, bleach and a PAA 
bleaching stage. Starting with a raw 
material with a brightness of 20, a 
final brightness number of 78 was 
obtained after the PAA bleaching 
stage. In all bleaching tests, the PAA 
process was found to be less fiber 
damaging than NaOCI. 
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when Table I shows typi- 
cal data on the total AOX and CHC13 
concentrations in spent hypochlorite 
bleaching liquids and rinse solutions. 

In many countries in Europe very 
stringent discharge limits are already 
in place; e.g., Germany: 0.5 ppm or a 
maximum of 10 g/h, which make the 
use of hypochlorite almost impossible 
without costly wastewater treatment. 
For that reason, the textile industry is 
seeking environmentally safe alterna- 
tives for hypochlorite which are able 
to achieve attractive brightness under 
similar process conditions. 

Peracetic acid has proven to be an 
effcctive bleaching agent in household 
detergents for morc than 20 years and 
has also found wide application in the 
laundry industry. In household pow- 
der detergent, peracetic acid is gener- 
ated in situ from sodium perborate and 
acetylated 0 or N-compounds (activa- 
tors) such as tetraacetylethylenedi- 
amine (TAED):’In the textile industry, 
peracetic: acid has been used success- 
fully for the bleaching of colored 
indanthrene dyed goods and the 
bleaching of nylon blends.‘-7 

Physical and Chemical 
Properties of Peracetic Acid 
Peracetic acid is an equilibrium solu- 
tion consisting of H202, acetic acid, 
water and peracetic acid. 

HzO2 + CH3COOH < - > HzO 
+ CH,COOOH 

Peracetic acid is commercially avail- 
able for textile bleaching in 5% and 
15% solutions. The physical and 
chemical properties of peracetic acid 
are listed in Table 11. 

Effect of Process Parameters 
All the following results were obtained 
with looo/~ cotton single jersey goods 

Table 1. AOX and CHCI, Concentrations 
in Bleaching Liquids (ppm) 

NaOCl H,Oz 
Stage Stage Rinse 1 Rinse2 - --- 

AOX 105 19 5 2 
CHCI, 11.5 1.1 0.3 0 

at a 1iquor:goods ratio of 10:1 in an 
Ahiba laboratory device. This study 
was done to determine the most impor- 
tant process parameters for PAA 
bleaching knitted goods and yarns that 
are currently bleached with NaOCl. 
Brightness (or whiteness) is measured 
as a percentage of total reflection ver- 
sus a white standard (Datacolor/ 
Berger). Yellowness is measured vn a 
scale of yellow to blue where a posi- 
tive number denotes yellowness, a 
negative number denotes blueness and 
zero denotes neutrality. The degree of 
polymerization (DP) values were deter- 
mined according to the modified 
cuoxam method described by Buechs 
and MertemH The standard bleaching 
conditions were 30 minutes dwell time 
at 60C, pH 6.5 and 2.5 g/L PAA. The 
DP value of the greige fabric was about 
2600. 

Effect of pH 
The maximum bleaching effect is theo- 
retically at pH 8.2 which corresponds 
to the pK value of the peracetic acid. 
Figs. 1 and 2 show the effect of pH on 
whiteness and DP values. Below a pH 
of 7 the brightness significantly de- 
creases. At a pH of 9 only a slightly 
higher brightness is obtained but at the 
expense of the DP value due to decom- 
position of the PAA to O2 and CH3- 
COOH. From this data, it can be con- 
cluded that the optimum pH range for 
a PAA bleaching stage is around 6-7. 

Since PAA will replace NaOCl as a 
pretreatment to an alkaline H 2 0 2  
bleach, a process at slightly acid con- 
ditions has additional technological 

Table 11. Properties of PAA 

Physical Properties 
5% PAP, 15% PAA 

Appearance colorless liquid 
Odor pungent 

Density (g/mL, 68F) 1.120 1.148 
pH 10% solution 2 2 

Chemical Properties 
5% PAP. 15% PAA 

27.0 22 H202 
Acetic acid 6.3 16.6 
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Fig. 1. Effect of pH on brightness. 

advantages. At a pH of 6-7, the cellu- 
lose material tends to swell signifi- 
cantly less than under alkaline condi- 
tions, which means better liquor 
penetration and more effective removal 
of mineral impurities and metals. This 
advantage of PAA can be utilized when 
bleaching on jigs because a poor clean- 
ing effect is obtained with this type of 
equipment due to its mode of opera- 
tion. The improved cleaning of the fab- 
ric allows the use of sodium silicate as 
a stabilizer in the subsequent alkaline 
HzO, bleaching stage. This results in a 
significant improvement of the quality 
of the goods (e.g., linenhayon) and sav- 
ings in chemical costs. 

An additional advantage of the PAA 
bleaching stage is that most fabrics 
form fewer crease marks under neutral 
conditions. However, one disadvan- 
tage of the treatment at a lower pH is 
the incomplete removal of seeds and 

Brightness (%) 
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Fig. 2. Effect of pH on DP value. 

husks. This problem is well known in 
NaOCl bleaching and means, in prac- 
tice, that NaOCl or PAA cannot be ap- 
plied as a single-stage process on greige 
fabrics without an alkaline pretreat- 
ment (scour) or a subsequent alkaline 
H202 bleaching stage. 

Effect of Temperature 
As expected, the brightness increases 
with increasing temperature. The 
peracetic acid bleach can easily be ad- 
justed to the bleach equipment param- 
eters. Preferably, PAA should be ap- 
plied at low temperatures as a pretreat- 
ment for an alkaline H202 bleach. At 
higher temperatures, the high vapor 
pressure of the PAA solutionmust be 
considered and bleaching should only 
be conducted in enclosed equipment 
due to the odor of the PAA. To avoid 
fiber damage, the preferred tempera- 
ture range is from 50-8OC. Figs. 3 and 
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Fig. 3. Effect of temperature on brightness. 
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Fig. 5. Effect of bleaching time on brightness. 

4 show the effect of temperature on 
brightness and DP values. 

Effect of Dwell Time 
The dwell time is very important with 
respect to safety and economics. Typi- 
cally, the bleach periods should be as 
short as possible. From Figs. 5 and 6, 
it can be seen that good bleaching re- 
sults are obtained after 20 minutes. An 
extension of the bleaching time over 
60 minutes does not yield significantly 
higher brightness. In contrast to the 
NaOCl process, only minimal fiber 
damage is obtained over long bleach- 
ing periods. 

Effect of PAA Concentration 
As in all bleaching proccsses, the de- 
gree of whiteness increases proportion- 
ally with higher bleaching agent con- 
centration (Fig. 7). It is remarkable that 
even at relatively high PAA concentra- 
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Fig. 4. Effect of temperature on DP value. 
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Fig. 6. Effect of bleaching on DP value. 
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Fig. 7. Effect of PAA concentration on brightness. 
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Fig. 9. Effect of iron on brightness. 

tions only minor reductions in the DP 
values are obtained (Fig. 8). Over- 
dosage of NaOCl always results in sig- 
nificant fiber damage and very often 
even lower brightness values are ob- 
tained. 

Effect of Heavy Metals 
Heavy metals are a common problem 
in the alkaline H,O, bleach processes 
which often leads to catalytic damage 
of the fiber. To study the effect of iron 
ions, 10 ppm Fe (as ferric sulfate) were 
added to the bleaching liquor. The re- 
sults of PAA bleaching tests with rela- 
tively high metal contamination indi- 
cated that the presence of Fe ions has 
no detrimental effect on the fibers due 
to the acidic bleaching conditions. 
Also, no loss in brightness was experi- 
enced in the presence of iron (Figs. 9 
and 10). The slightly increased DP val- 
ues can be attributed to the extraction 
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Fig. 8. Effect of PAA concentration on DP value. 
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Fig. 10. Effect of iron on DP values. 

of low molecular weight hemi- 
celluloses. 

Two-Stage Bleaching of Cotton 
It is very difficult to replace hypochlo- 
rite when bleaching knitted goods us- 
ing continuous bleaching ranges with 
relatively short dwell time (20-45 min). 
PAA is an excellent alternative to re- 
place hypochlorite in the final bleach- 
ing stage without compromising 
brightness and process time. For ex- 
ample, knitted cotton goods can be 
bleached in a J-box by a process con- 
sisting of scouring, souring, PAA 
bleach and alkaline HzOz bleach (Table 
111). As with the hypochlorite bleach, 
the PAA bleach can be conducted at 
room temperature. The final brightness 
values (90-92) obtained with PAA- 
HzOz are at least equivalent to the 
NaOCI-HZO2 bleaching sequence (Fig. 
11). The DP values clearly indicated 

Table 111. Multi-Stage Impregnation Process 

Process Stage NaOCI-H,O2 

A. Scouring 
E. Souring 
C. Bleaching Stage 1 NaOCl 20-35 mUL 

(3-5 g/L actual Cl) 

DwellTime 1 hour 
D. Bleaching Stage 2 Wetting Agent 1-2 glL 

Stabilizer 2-4 mUL 
Silicate 6-10 mUL 
NaOH (50%) 2 mUL 
H202 (35%) 20 mUL 

NaOH 1-1.2 g/L 
Temp. 18-20C 

PAA-HzOz 

Buffer 0.4 g/L 
Wetting Agent 1 mUL 
PAA (15%) 8 mUL 
NaOH (50%) 1.7 mUL 

Wetting Agent 1-2 g/L 
Stabilizer 2-4 mUL 
Silicate 6-10 mUL 
NaOH (50%) 2 mUL 
H202 (35%) 20 mUL 

that the PAA-H2OZ bleach combination 
results in significantly lower fiber dam- 
age (Fig. 12). . In Table IV the process conditions 
and bleaching results of another 
example are displayed where hy- 
pochlorite was substituted by PAA for 
bleaching knitted cotton goods. The 
subsequent HzOz bleach was con- 
ducted in a continuous bleaching range 
(Galaxy, Brueckner). The results again 
confirm that PAA is a viable alterna- 
tive for hypochlorite in the multistage 
bleaching of knitted goods and yields 
approximately the same brightness lev- 
els under similar process conditions. 

Bleaching of Linen 
Bast fibers are typically bleached either 
as roving or yarn in circulation appa- 
ratus with forced liquor circulation or 
as fabric in kiers, J-boxes or open-width 
bleaching ranges. For bleaching yarns, 
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Fig. 11. Two-stage continuous bleaching of cotton in J-box. 
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Fig. 12. Two-stage continuous bleaching of co 

a number of processes are available in 
which sodium hypochlorite or sodium 
chlorite are used in combination with 
H,OZ. Linen yarns can be bleached 
without chlorine by the following pro- 
cess: scouring, alkaline HzOz, PAA, al- 
kaline H,Oz. After the first HzO, stage, 
an acidic PAA bleach at a pH of 5-6 is 
applied at 80c. After complete con- 
sumption of the PAA, the pH of the 
spent bleaching solution is made alka- 
line with NaOH to utilize the residual 
HzOz in a third bleach stage (Table V). 

Starting with a raw material with a 
brightness value of 20, an increase in 
brightness to 65 was be obtained in the 
first H202 alkaline bleaching stage. A 
final brightness number of 78 was 
achieved after the PAA-H202 bleach- 
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Fig. 13. Bleaching of linen on winchbeck. 

ing sequence compared to 68 obtained 
with a conventional NaOC1-HzO, 
bleaching sequence. The combination 
of alkaline HzOz and PAA is especially 
effective because natural pigments and 
woody matter (shives) in the bast fibers 

the wastewater in the order of magni- 
tude of 20-40 mg BOD/L. Comparing 
this number to the base load of COD/ 
BOD typically present in a textile plant 
discharge (several hundreds of ppm), 
shows that this is not a major issue. 

can best be removed by alternating the 1 pH conditions from alkaline to acidic. Conclusion 

A significant decrease of the yellow- 
ness from 38 to 12 was also achieved 
(Fig. 13). 

Environmental Relevance 
of Peracetic Acid 
PAA is environmentally safe since it 
decomposes to acetic acid and oxygen. 
Acetic acid is completely .biodegrad- 
able. However, thc acetic acid c:ontrib- 
utes slightly to higher BOD levels of 

PAA has proven to be a viable and en- 
vironmentally safe alternative to so- 
dium hypochlorite. Advantages of the 
PAA process include comparable or 
higher brightness values with less fi- 
ber damage. Peracetic acid as an indus- 
trial chemical is easily available and 
can bc safely introduced to an existing 
process design. PAA and its decompo- 
sition products are biodegradable and 
do not form any toxic by-products. 
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Process Stage NaOCI-H202 PAA 

Bleaching Stage 1 Impregnation Liquor Composition 
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NaOH 1-1.2 glL N%Pz07 
Wetting Agent 2 mUL NaOH 
Liquor Pickup 100% Wetting Agent 
Dwell Time 30 min Dwell Time 
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DP value (after bleaching) 1860 21 55 
DP value (raw material) 2470 2470 
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Table V. Linen Bleaching on Winchbeck 

Subsequent Charge Scouring H202 Bleach PAA Bleach 

H202 (35%) 5 mUL PAA (5%) 2.5 mUL NaOH (50%) 1.0 mUL 
NaOH (50%) 1 glL Wetting Agent 0.5 g/L Wetting Agent 0.5 glL Stabilizer 0.3 mUL 

Temp. 9oc NaOH (50%) 1.5 g/L Temp. 80C Temp. 80C 

Soda ash 5 glL 

Wetting Agent 2 glL Stabilizer 0.5 g/L Stabilizer 0.25 glL PH 11.6-1 1.2 

11.3-10.7 Dwell Time 50 min Dwell Time 90 min 
6.5 

PH 11.8-10.5 PH 
Dwell Time 90 min Temp. aoc PH 

Dwell Time 2 hours 
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