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Abstract

The major expansion of any pulp mill facility today must consider the future market
demands for products as well as regulations for the outfall from the pulp mill. Even
today, the supply of pulp and paper products into some European countries demands
minimal use of chlorine compounds in the bleaching or the total elimination of the use
of chlorine in the bleach plant. It is best then to design modern facilities without the
use of chlorine but maintaining pulp and paper quality comparable to current
standards based on conventional chlorine based technology.

In order to design a fiberline fo meet these criteriq, it is necessary to consider not only
the bleaching response and pulp quality, but the impact on the mill infrastructure when
implementing new technology. Today, a market pulp produced from Brazilian
eucalyptus must be bleached o a minimum 88% ISO reverted (90+% ISO bleached).

This study includes laboratory analysis to define a desirable TCF bleaching sequence,
and assesses the impact on the infrastructure of the mill regarding water use, effluent
flow, and impact on recovery including the sodium/sulfur balance. The results of this
work are compared to a conventional chlorine based bleaching sequence, and a
new ECF sequence is identified which may be attractive as an interim step towards the
closed cycle mill.

Infroduction

A laboratory study was performed to evaluate potential non-chlorine bleaching
sequences. Based on prior work, it was clear that it would be necessary to use an
oxidant other than just oxygen and hydrogen peroxide since the use of only these
chemicals cannot produce high quality 90+%ISO brightness eucalyptus pulp. The use
of ozone gas for bleaching pulp is becoming well established and is currently used in
several bleach plants in Scandinavia and Europe(! for production of fully bleached
hardwood and softwood, kraft and sulfite pulps. In addition, it is used in the United
States to produce a bleached ECF pulp for integrated use for manufacture of fine
popers(z)

It is well established that eliminating chlorine and chlorine dioxide from the bleaching
sequence requires a low kappa number entering the bleach plant in order to achieve
high brightness with high pulp quality. A kappa number from 12-14, or below, to the
oxygen stage was expected o be required. Typical kappa in a@ conventional chlorine
based bleach plant for eucalyptus is 17-18. It was decided that the most versatile
fiberline design for producing TCF pulps would be one which included extended
delignification. The pulp produced for this study was an extended delignified batch
cooked pulp (by the RDH process) which had and unbleached kappa of 11.6 and @
viscosity of 44.1 cps. The overall bleach plant configuration and its expected capital
and operating cost characteristics was considered in the design of the laboratory
study.
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Establishment of the Bleaching Sequence

The simplest bleach plant using oxygen, ozone and peroxide is the OZP sequence,
which was first evaluated for production of fully bleached eucalyptus pulp. Data
from the bleaching of this pulp based on the initial OZP sequence is shown in Table |

At moderate levels of ozone and peroxide (0.4% and 1.0%., respectively), this
sequence achieved a brightness of 84.4%ISO at a viscosity of 12.6 cps. Based on
previous work, it was not expected that increased use of ozone and peroxide alone in
this short sequence would be successful in achieving the target 90+%ISO brightness at
acceptable pulp strength, so additional bleaching stages were evaluated.

Table I: Evaluation of OZP Based Sequences

Stage Chemical | Consumption | Kappa | Viscosity Brighiness | Rev.Br.
(%) (k) (cps) (% 1S0) (%ISO)
Unbleached n/a nm 11.6 44.1 36.2 nm
Oxygen (O) 1.6 nm 7.9 28.2 56.3 nm
Ozone (@) 04 0.4 2.1 18.3 70.2 nm
Peroxide (P) 1.5 1.0 - 12.6 84.4 nm
OZP (0.4%2) == == - 12.6 84.4 nm
Ozone (Z2) 0.08 0.08 nm J 88.8 86.4
OZPZ = == == 11.2 88.8 86.4
Ozone (Z2) 0.16. 0.16 nm 10.5 89.7 86.8
OzZPZ .- -- -- 10.5 89.7 86.8
Ozone (Z2) 0.3 0.3 nm 10.4 90.2 86.7
QZPZ -- -- -- 10.4 90.2 86.7
QOzone (Z2) 0.16 0.16 - 10.5 89.7 86.8
FAS (FAS) 1.0 nm nm 9.8 89.6 88.5
OZPZFAS == -- -- 9.8 89.6 88.5
ClOo2 (D) 0.5 05 nm 12.4 0.2 88.1
OZPD -- -- -- 12.4 90.2 88.1

Since the pulp produced with the OZP sequence was evidently a very low kappa
number and was very bright (84.4%ISO), the use of a small amount of chlorine dioxide
(0.5%) was capable of meseting the target brightness and had a viscosity of 12.4 cps.
This sequence is likely to be optimized to use significantly less chiorine dioxide, but
since it is an ECF rather that the desired TCF sequence, it was not pursued further.

Since it is clear that ozone is not only a powerful delignification agent but also a
powerful brightening agent, the addition of a second stage of ozone in the final
bleaching stage was considered to be attractive. especially since it is necessary for
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the pulp to enter the pulp machirie on the acid side. Several doses of ozone were
applied at the end of the sequence and the target bleached brightness was achieved
using a total ozone charge of 0.7% and a total peroxide consumption of 1.0%. However,
with the ozone stage at the end of the sequence, the pulp exhibited significant reversion
(3.5%IS0).

In order to stabilize the brightness, a final stage of FAS (formamidine sulfinic acid) was
applied to the pulp. which resulted in a reduction of the reversion to 1.1%ISO, or a pulp
which met the target 88+%ISO reverted brightness, at a viscosity of 9.8. As FAS is a rather
expensive chemical to use on a commercial scale for bleaching. and since this
sequence would require a full additional stage of bleaching requiring additional capital
cost, it was determined that this sequence was not attractive for commercial use.

Summary of OZP Based Sequences:

I The OZPZ sequence is capable of very high brightness (>88%ISO) while
maintaining a viscosity of greater than 10 cps. At the target 90%ISO
brightness, a viscosity of 10.4 cps is achieved with the use of 0.7% ozone
and 1.0% peroxide (consumed).

2. The pulp exhibited significant reversion when ozone is used as the final
bleaching stage. Reversion of 3.5%ISO is exhibited at a bleached
brightness of greater than 90%ISO.

3 The use of 1.0% FAS (formamidine sulfinic acid) added to the OZPZ
bleached pulp is capable of reducing the level of reversion from 3.5 %ISO
to 1.1%ISO.

4, The QZP bleached pulp has a brightness of 84.4%ISO and a viscosity of

12.6 cps, and can be treafed in a mild final chlorine dioxide stage (0.5%
on pulp) to meet the target 90+%ISO (88+%ISO reverted) with a viscosity of
12.4 cps.

In order to increase the power of the bleaching sequence, the addition of an oxidative
extraction stage following the ozone stage was known to be a cost effective approach.
From previous work on eucalyptus pulp, the addition of Eo to an OZP sequence (to an
OZEoP sequence) generally results in an increase in brightness of 1.5-2 %ISO with a
simultaneous increase in viscosity. As this change alone is not sufficient to achieve the
targets for this pulp, the pulp was treated also with a mild second ozone bleaching stage
in an OZEoZP sequence. The OZEoZP sequence has been proposed as a very powerful
bleaching sequence with great potential to produce fully bleached high brightness
pulps.®34) The bleaching results from this sequence are shown in Table II.

With the use of a little more than 0.4% ozone on pulp, the OZEoZP sequence achieved
the target bleached and reverted brightnesses of 90+%ISO and 88+%ISO, respectively.

Summary of the OZEoZP Sequence:

N

1. The OZEOZP sequence is capable of very high brightness (92+%I1SO)
while maintaining viscosity of 7.8 cps. At the target 90%ISO brightness, a
viscosity of over 8 cps is to be expected with the use of 0.45% oczone and
1.5% peroxide (consumed).

2 The brightness stability of the TCF bleach plant with peroxide as the
final stage. the brightness stability is very good, with reversion of 1.8 -
2.2 %ISO at bleached brightness of greater than 90%ISO.
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Table lI: Evaluation of the OZEoZP Sequence

Stage Chemical Consumption | Kappa | Viscosity Brightness Rev.Br.
(%) (%) (cps) (% 150) (%I1S0)
Unbleached n/a nm 1.6 441 36.2 nm
Oxygen (O) 1.6 nm 7.9 28.2 56.3 nm
QOzone(@1) 0.4 0.4 2.1 18.3 70.2 nm
Exiraction (Eo) 1.2 nm 1.3 14.5 775 nm
OZEo (0.4%2) -- -- 1.3 14.5 775 " | nm
Ozone @2) 0.13 0.13 nm 74 85.0 nm
Peroxide (P) 20 1.8 nm 6.9 91.5 89.7
OZEoZP -- -- - 6.9 915 89.7
Qzone (Z2) 0.2 0.2 nm 10.3 85.3 nm
Peroxide (P) 20 1.5 nm 7.8 92.2 90.2
OZEoZP -- -- -- 7.8 92.2 90.2
Unbleached n/a nm 11.6 44.1 36.2 nm
Oxygen (O) 1.6 nm nm 28.2 56.3 nm
Ozone(Z1) 0.2 0.2 3.0 19.2 64.7 nm
OZEo (0.2%2) - - 3.0 19.2 64.7 nm
Ozone (72) 0.2 0.2 1:2 13.6 78.1 nm
Peroxide (P) 2.0 1:5 nm 8.5 89.4 86.8
OZEoZP -- -- -- 85 89.4 86.8
QOzone (72) 0.3 0.3 152 115 80.9 nm
Peroxide (P) 2.0 L2 nm 7] 91.9 89.7
OZEoZP - -- -- 7.1 91.9 89.7

Strength of TCF bleached pulps

Throughout the course of the bleaching evaluation, the viscosity of the pulp was
monitored as an indicator of potential pulp strength. It is known, however, that the
absolute viscosity of pulps bleached in ECF or TCF sequences using ozone cannot be
compared to the viscosity of conventional chlorine based bleach sequences. The
bleaching of pulp using ozone introduces on the pulp a large fraction of carbonyl end
groups which are quite sensitive to cleavage in a highly alkaline medium. This highly
alkaline medium is encountered in the test procedure for viscosity, so the ozone
bleached pulps will exhibit an *‘appg®rent* low viscosity, even though the pulp strength is
not affected. This effect has been studied extensively and published several times over
the last several years. Apparently, the original work describing this effect is by
Godsey.® In this work, Godsey describes the stabilization after the ozone treatment of
the carbonyl end groups with sodium borohydride. Subsequent bleaching is not
affected by this stabilization step, but the "apparent” viscosity of the final bleached
pulp is significantly higher. Unfortunately, since absolute viscosity is still accepted by
many in the industry as an important parameter, some laboratories and researchers

are using this method to create viscosity readings on ozone bleached pulps which
seem more palatable to pulp producers. It is therefore quite important to understand
the technique for laboratory pulp bleaching and viscosity determination during
evaluation of laboratory data.
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Even though the viscosity of the ozone bleached pulp does not by itself indicate pulp
strength, changes in viscosity, as with conventionally bleached pulps, indicate the
potential for a stronger or weaker pulp. In other words, at the same level of pulp
strength, the ozone bleached pulps will exhibit lower viscosity. A comparison of ECF and
TCF pulp viscosity at equivalent strength is shown on Table Il

In order to evaluate bleaching sequences for commercial implementation, it Is critical to
evaluate the strength of the pulps. In numerous TCF bleaching sequences using ozone
and peroxide on this eucalyptus pulp. the strength of the pulp was found to be
comparable to the conventional chlorine based bleached pulp produced in the
laboratory and commercially. Laboratory beater analysis data are shown in Table IV
and V. The data in Table V represent the average of TCF bleached pulps which were
found to meet the target criteria.

Figures 1 - 5 show the properties of the TCF pulps compared to the conventional based
bleaching sequence ODEoD. The TCF pulps exhibit strength properties which are equal
or within 10% of the reference.

Table Ill: Strength Properties of TCF Eucalyptus Pulps

ECF TCF
| Brightness. % ISO 90.8 90.8
Viscosity, cm®/g 900 550
Viscosity, cP 20 9
Post-color number 0.60 0.28
Table IV: Strength Properties of ECF Pulp
PFl Revolutions 0 500 1300 3500 7200
°Schopper Riegler 21 25 30 40 55
CSF. ml 530 470 410 290 175
Tensile. N.m/g 46.4 62.1 80.6 104.3 113:3
Stretch, % 25 3.1 3.8 4.7 4.8
Burst, kPa.m</g 22 33 4.8 7.4 9.2
Tear, mN.m4/g 8.4 11.2 12.9 12.7 11.6
Bulk, cm®/g 1.91 1.78 1.63 1.47 1.34
Air Resistance, s/100cm® 2.0 4.5 9.1 35.4 123.4
Printing opacity. % 79.7 /8.7 77.4 74.5 70.7
Brightness, %ISO 90.5 89.4 89.1 88.2 87.6
Klemm water absorption, 82 68 53 32 19
mm/10 min
Table V: Strength Properties of TCF Pulp
PFl Revolutions 0 200 900 3000 5700
°Schopper Riegler 22 25 30 40 &5
CSF, ml 510 470 410 290 175
Tensile. Nm/g 452 53.2 O7.5 3.8 106.5
Stretch. % 2.6 3.2 3.8 4.6 5.1
Burst, kPa.m?/g 1.9 2.6 3.8 6.1 7.8
Tear. mN.m</g 8.3 11.0 11.9 12.5 11.9
Bulk, cm®/g 1.86 1.78 1.65 1.49 1.42
Air Resistance., s/100cm® 1.4 2.4 5.8 18.9 67.7
Printing opacity, % 78.6 78.1 76.7 74.6 T3
Brightness, %ISO 90.5 89.8 89.5 88.6 87.7
Klernm water absorpfion, 84 73 56 36 23
mm/ 10 min
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Figure 1: Tensile vs. Tear for ECF and TCF Pulps
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Figure 2: Tensile and Bulk vs Freeness for ECF and TCF Pulps
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Figure 3: Tear and Printing Opacity vs. Freeness for ECF andTCF Pulps
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