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ABSTRACT
Laboratory Experiments were carried out to eliminate use of Elemental Chlorine.
Earlier work carried out in many Laboratories indicate that maximum AOX gets
generated in chlorination and Extraction Stage (after chlorination stage). Hence
any reduction or elimination of chlorine usage will reduce AOX formation.
Though AOX was not tested in our Experiments, the sequences have been
developed by eliminating chlorine usage and it is expected that AOX would get
reduced.
The conventional bleaching sequence used in India by many mills is CEHH.
However, some mills also use the sequences CEpHH & CEp HHP.
The above three conventional sequences were compare with the four new sequences
namely OPfiHH. OPfiHHP, OP).EpHH & OPfiPHHP. In the new sequences
developed it was .found necessary to use 1st oxygen stage to reduce Kappa
Number to a reasonable level so that further reduction could be achieved in
Pii or Pfip stage.
With an unbleached pulp of Kappa Number - 22, for Conventional Sequences,
the total available chlorine consumed was 6.5 to 7.5% while for the new
sequences it was 3.0 to 3.7 because no chlorine was used in chlorination stage.
The brightness level achieved for conventional and New sequences were 78.5
to 80.0oGE. The Viscosity values for conventional sequences were between 6.6
to 7.41 m Pa s while it was 8.7 to 9.0 m pas for new sequences indicating
less degradation.
As expected, the P.e. Numbers were low (both for conventional & New sequences)
if the last stage is a P-stage.
The strength properties of pulps of New Sequences were better (strength Index
1995 to 2003) as compared to conventional sequences (1858 to 1945).
These experiments indicate that Px Stage can be a simple bleaching stage to
reduce Kappa Number which can be easily incorporated into conventional
sequences .

INTRODUCTION:
already stopped using chlorine in 1st stage which has
been completely replaced by chlorine dioxide. This
technology is the so called 'ECF' technology and

•

With the chlorine based bleaching processes
currently used in India, the environmental impact of
Pulp Mill effluents carrying AOX content has gained
considerable attention.

In the developed countries, most of the mills have

* The Sirpur Paper Mills Limited,
Sirpur-Kaghaznagar- 504 296
Dist. Adilabad (A.P.)
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BLEACHING

Comparison Of Conventional And Non-Conventional Bleaching
~ Conventional Bleaching

o Non Conventional Bleaching

•
Kappa Number After

Alkali Ex traction
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°/. Chlorine ConsulTlid

o
Figure 1

another competing Technology is the 'TCFI technology
which does not use any chlorine compounds.

However. among other methods to eliminate or
minimize chlorine. l st stage oxygen treatment is a well
developed technology. To be selective. this process has
to be done in two steps and this involved additional
capital investment.

Recently methods have been developed to prepare
peroxymonosulphuric acid just before use (I. 2) and an
additional Px stage followed by alkali extraction can
bring down the Kappa Number further and hence
chlorination can be completely eliminated.

The present work describes sequences where
chlorination is completely eliminated.

EXPERIMENT AL

Pulp used for Experiments:

Screened Unbleached Kraft Chemical pulp
collected from Pulp Mill: Kappa Number 22.0.

112

..

Strength Index Of

Bleached Pulp

Viscosity. mpas Of

Bleached Pulp

17 0

1800

Peroxymonosulphuric Acid (Caros Acid)
Preparation:

Addition of concentrated sulphuric acid to 50%
w/w hydrogen peroxide in the mole ratio of l. 5: I and
maintaining the reaction temperature between 30 and
35°C. The prepared acid was stored in refrigerator for
further use. Carols acid has the formula

H SO 0 H 00 ~O H OIl' The active oxygen of Carols
2 5 () 0

acid is 14% (based on mass by mass basis). as only one
oxygen of 0-0 linkage permole is considered active. ..

BLEACHING (MUL TISTATE)

Bleaching experiments were carried out on small
batches of 400 g in water tight polythene bags.
Temperature of reaction was maintained by immersing
the polythene bags containing pulp & added bleaching
agents in water bath whose temperature was maintained
by immersing the polythene bags containing pulp &
added bleaching agents in water bath whose
temperature was maintained.
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OXYGEN BLEACHING

This was carried out in a Laboratory autoclave of
2Y2 litre Capacity whose temperature could be
maintained by steam jacket indirect heating. The
autoclave is equipped with a stirrer to mix the contents
manually, periodically, to ensure proper reaction with
oxygen .

RESUL TS AND DISCUSSIONS

Bleaching conditions and bleaching results are
given in Table-I and Figure-I. From the results it is
observed that after E or EP stage, the Kappa Number is
9.4 to 11.3 for conventional sequences. For non-
conventional sequence it is 8.54 to 8.67. This helps in
reducing hypochlorite dosage to achieve same level of
final brightness.

The total available chlorine consumed for
conventional sequence is 6.51% to 7.47% whereas it is
3.03 to 3.71% for non-conventional sequences for final
brightness of 78.5 to 80.0oGE showing a substantial
reduction.

Final pulp brightness of 84-84°GE can also be
achieved by slightly increasing the dosage of available
chlorine. Accordingly to bleach a pulp of Kappa
Number 22.4 (Table-S) total available chlorine consumed
for conventional sequences is 7.60 to 8.73% whereas is
3.54 to 4.37 for non conventional sequences for final
pulp brightness of 84-85°GE.

From Table-2, the bleached pulps of non
conventional sequences are found to be stonger
(Strength Index 1995 to 2003) as compared to
conventional sequences (1858 to 1945). This is borne by
higher final viscosity achieved (Table-I). as expected
(based on our earlier work and plant operation) the
pulps bleached with P-Stage as last stage have lower
P.C. Number as compared to sequences without last P-
Stage, irrespective of whether the sequence used is
conventional or non-conventional.

.~ Effluent characteristics for different bleaching
sequences are given in Table-I. Comparatively COD,
BOD and Colour values of Peracid Stage effluent (Px)
are lower than the effluent of chlorination stage (C)
indicating a substantial reduction in effluent treatment
load. Accordingly AOX generation would also be low
for the new sequences as no elemental chlorine is used
in bleaching.
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FLOW DIAGRAM SHOWING CONVENTIONAL BLEACHING SEQUENCE
Figure(2a)
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FLOW DIAGRAM SHOWING NEW BLEACH ING SEQUENCE
CIZ STAGE TOWER AND WASHER CON't'ERTED TO' Px STAGE

Figure (2 bl
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CONCLUSIONS

It is possible to incorporate a Px-Stage in the
present bleach plants (The chlorination Stage
with its tower and washer being converted to
Px·Stage). Px can easily be prepared and dosed
without additional equipment (Figure-Z).

1.

To completely eliminate chlorination stage a
pre-oxygen stage bleaching is required to bring
down the Kappa Number to desired level for
further bleaching.

2.

3. The new sequences developed have a potential
to completely eliminate first stage chlorination
thereby reducing AOX generation.

4. The cost of chemicals for Px Stage at dosage
level of 0.2% (as Active oxygen) on pulp would
be Rs. 556 per tonne pulp.
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Abreviation used for Bleaching Stages

C: Chlorination

E : Alkali extratcion

E;,: Alkali extraction augmented with Hydrogen
peroxide

H: Calcium Hypochlorite

0: Oxygen.

Px: Peroxymono sulphuric Acid
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,
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TABLE-4
COD and BOD Load each stage, kg/t

• Conventional CEHH CEHHP CEpHH CEpHHP
Bleaching
Sequence

COD BOD COLOR COD BOD COLOR COD BOD COLOR COD BOD COLOR

H. unit H. unit H. unit H. unit

C-stage 20.3 9.6 1000 20.3 9.6 1000 20.3 9.6 1000 20.3 9.6 1000

E- .. 18.2 10.8 4000 18.2 10.8 4000 -- -- -- -- -- --
Ep- .. -- -- -- -- -- -- 19.9 3.1 5000 19.9 3.1 5000

H, .. 11.9 4.3 150 11.9 4.3 150 5.8 5.5 150 5.8 5.5 150

Hz .• 4.1 8.6 50 4.1 8.6 50 4.3 4.8 50 4.3 4.8 50

P- stage -- -- -- 6.5 5.9 50 -- -- -- 6.3 4.1 50

New OPxEHH OPxEHHP OPxEpHH OPxEpHHP
Sequence

COD BOD COLOR COD BOD COLOR COD BOD COLOR COD BOD COLOR

H. unit H. unit H. unit H. unit

°z-stage 31.5 12.9 2500 31.5 12.9 2500 31.5 12.9 2500 31.5 12.9 2500

Px- .. 7.7 8.2 100 7.5 8.2 100 7.5 8.2 100 7.5 8.2 100
E- .. 13.1 2.6 600 13.1 2.6 600 -- -- -- -- -- --
Ep- .• -- -- -- -- -- -- 14.3 4.9 600 14.3 4.9 600

H,- .. 7.2 6.2 100 7.2 6.2 100 4.2 5.2 100 4.2 5.2 100

Hz- •• 3.6 0.9 50 3.6 0.9 50 2.2 0.4 50 2.2 0.4 50
P-stage -- -- -- 4.3 0.36 50 -- -- -- 6.1 0.42 50

II

•
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