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It was def'initely established that recirculation bleaching would not
prove universally benefieial, However, there appeared to be a pogsibility
that recireniation bleaches might prove beneficial under certain specific

conditions. Consequently, a limited amourt of future work was suggested.
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INTRODUCTION

A series of experiments was performed to investigate the effects
produced when a certailn fraction of the pulp product leaving a hypochlorite
bleaching stage was contimually recirculated within ihe stage and re-bleached

with an incoming charge of fresh pulp.

In these experiments, & charge of unbleached pulp was subjected to
a single-stage hypochlorite bleaching and washing operation, 4 portion of the
bleached pulp product was then mixed with unbieached pulp and the mixed pulp
charge was aéé;n subjested to the hypochlorite bleaching and washing operation,.
A portion of this bieached.pulp product wﬁs in tarn mixed with unbleached pulp
and the bleaching and washing operatlon was again repeated with this pulp
mixture. This sequence was then repeated until essentially steady-state

"econditlongs were cobtained in the experimental bleaching operation,

Under essentially steadystate conditions, the bleached wulp product
leaving the experimental reeirculation bleaching system consisted of a mixture
of pulp fractions which had been subjected to a varying number of bleaching
stages, {(See Table I which represents a specific example of a recireulation
bleaching operation involving a 25% recireulation of pulp,) Consequently, it
was felt that the characteristics of a pulp bleached by a recirmulation
teehnicue wight differ consideraiiy Ifrom the characteristics of a pulp bleached
by means of a conventional single.stage bleaching process utilizing an equivalsnt
application of availablz chlorine. Purther, it appeared that a reecireculation
bléaching technioue might coneeivably tend to produce certain of the follow

beneficial resulta:
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(1} Recirculation bleaching might result in improved strength properties
and an improved balance of pulp properties. (Recirculation bleaching might tend
to produce a pulp with different fractions having varying degrees of treatment,
chemical compositions, viscosities, etc, If this proved to be the case, it would
be expected that the more highly treated fractions of the stock might refine
at a relativel& fast rate and produce high bonding characteristics, while the
lesser treated fractions would be expected to refine at a slower rate and contri-
bute good drainage characteristics and fiber-length properties, Thus, it would
appear that a more desirable and beneficial balance of pulp properties might
result-.i.e,, higher folding sndurance properties nay be obtained with lower
refining requirements and better drainage characteristics, etc,).

(2') Recirculation bleaching might tend to produce some of the beneficial
results usually associated with two-stapge bleaching sequences, but at production
costs lower than those generally involved in iwc~stage processes., (In. general,
lower chemical requirements, increasing brightness levels, and better pulp
;alities result when 2 pulp is bleached by a two.stage hypochlorite process rather
than with a single-stage bleach, Two-stage bleaching, however, requires move
bleaching equipment, longer processing periods, and greater washing capacities,
With recirculation bleaching, certain fractions of the pulp would be subjected
to varions multi.stage processes and these fractions may impart some of the
desirable characteristics which gensrally accompany full-scale multiﬁstage_bleaching
operations. However, bleaching time requirements and equipment eapacities would
not be as great as those required for fullwscale two-stage bleaching operations,
Thus, a'mill may be able to upgrade the quality of pulp obtained with a single-

stage process, without the full increase in production costs and equipment costs
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RAW MATERIALS

The pulp used in this experimental work was a bleachable grade
of northern pine kraft pulp obtained from the wet lap machines at the
Thilmany Pulp and Paper Company. This stock, containing 65.6% moisture,
was thoroughly disintegrated in the laboratory pulp breaker, placed in
pliofilm bags, and stored in the dark at 40°F, until required for turther

processing, In this condition, the pulp had a G.E, brightness of 28.1%.

The sodium hypochlorite utilized in the bleaching experiments
consisted of a household bleach solution which was diluted to an ava;la
able chlorine conteni of approximately 24 graﬁs/liter, Control of ph
in the bleaching slurries was maintained by a 50 g./l. solution of reagent.-

grade sodium hydroxide,
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DESTIGN OF EXPERIMENTAL WORK

The experimental work for this project followed the following outline:

(1) A bleachable grade of commercial kraft pulp was obtained,

(2) A number of single-stage hypochlorite bleaches were conducted
for control purposes,

(3) A number of two-stage hypochlorite bleaches were also conducted
for control purposes.

(4) A series of 8 hypochlorite bleaches or passes were performed in
which 25% of the bleaching charge consisted of recirculated bleached pulp,
(See bleaching pattern previously presented in Table 1.} An available chiorine
application of 4,05 (based on ovendry mixed pulp charge) was coensumed per
pass, and, under steadrstate conditions, an equivalent available chlorine
application of 3,33% (based on ovendry pulp) was utilized to completely
process the ungieached rulps

(5) 4 seriss of 8 hypochlorite bleaches or passes were performed
An which 25% of the bleaching chargs consisted of recirculated bleached pulp.
(See bleaching pattern outlined in Table II,) An available chlorine appli-
cation of 5.45% (based on ovendry mixed pulp charge) was consumed per pass,
and, under steady state conditions, an equivalent available chlorine application
of 7,27% {based on ovendry pulp) was utilized to complotely process the unbleached
mip,

(6) A series of 12 hypochlorite blsaches or passes were performed
in which 45% of the bleaching charge consisted of reeirculated bleached pulp-

(See bleaching pattern outlined in Table III.) An available chlorine
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determining the possible presgqos and direction of differences betwsen the
characteristics of pulps produced by conventional Bleaching and recirculation
bleaching operations. One" of ‘tli‘aagz‘-pmbable differences would involve the
attainment of diffemnt‘zlst':n;;:gi!‘;"igv“éls and for bdlances of strength properties
at a given level of brightness, Thus, it was desirable to initiate the experi.
mental work with a pulp having a sensitive brightness ys. strength relation-
ship so that posaible diffprenoea_ emight tend to be exaggerated and readlly
apparent, S

In the present study, such relationship between brightness and
strength was developed by processing a relatively high strength pulp (unbleached
kraft pulp) with a relatively drastic bleaching agent (hypochlorite). It
gshould be noted, however, that in commercial practice, kraft pulps are usually
processed by multi-~.stage bleaching processes involving chlorinations, caustic

extractions, and treatments with oxidative bleaching agents. Thus, the use

of the single-stage hypochlorite treatment with the unbleached kraft pulp
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was merely an expedient procedure for attempting to quickly determine the
probable utility of recirculation bleaching techniques.

An indication of the presence of desirable effects in the present
studies would naturally prompt more detailed studies concerning a variety
of commercial types of pulps and bleaching processes, Throughout this
report, however, it should be remembered that the experimental investi-
gationﬁ were based on only a single type of pulp and a single bleaching

agent,
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EXPERIMENTAL PROCEDURES

BLEACHING PROCEDTRES

I. Constant Bleaching Conditions

1. Bleaching chemical: sodium hypochlorite

2, Pulp consistenoy (based on ovendry pulp charge): 128

3. pH control point: 8.5

4, Method of pH control: 0,12% sodium hydroxide (based on
ovendry pulp charge) was added as a 50 g,/l. solution prior to the start of
the bleach. Similar applications of sodium hydroxide were added whenever
the pR of the bleaching slurry dropped to a level of B,5.

S. Bleaching container: E-géllon stoneware crock

1I, Single.Stage Bleaches (sse Table IV)
1, Pulp charge {ovendry basis): 250 g,
2., Available chlorine applications employed: 4.0, 53.45. 7.27, and

9,0% (based on ovendry puip charge).

TiI, Two-Stage Bleaches (sece Table V)

1. Pulp charge (1lst stage) (ovendry basis): 250 g.

2, Pulp charge (2nd stage) (ovendry basis): 235 g.

3, Available chlorine application employed (1st stage) (based on
ovendry pulp charge): 4.0%

4, Available chlorine appiications employed {2nd Stage) (based on

overdry pulp chargz): 1.0, 2,0, and 3,5%.
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IV, Recirculation Bleaches
i, Series one (see Tables I and VI)

a, Mixed pulp charge per pass: 250 g, (ovendry basis)

b, Fraction of mixed pulp charge consisting of recirculated
bleached pulp product: 25%

¢, Available chlorine applied per pass (based on ovendry
mixed pulp charge): 4.0%

d. Total number of passes performed: 8

2, Series two (see Tables II and VIT)
a, HMixed pulp charge per pass: 250 g. (ovendry basis)
b. Fraction of mixed pulp charge consisting of recirculated

bleached pulp product: 25%.

¢. Available chlorine applied per pass [baséd on ovendry
mixed pulp charge]: 5.45%

d, Total number of passes performed: 8

3, Series three (sece Tablés IIT and VIII)
a, Mixed pulp charge per pass: 250 g. {ovendry basis)
b. Fraction of mixed pulp charge consisting of recirculated
bleached pulp product): 45%

c¢. Available chlorine applied per pass (based on ovendry mixed

pulp charge): 4,08,

~d, Total number of passes performed: 12
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V. Washing Procedures

1, After exhaustion of the available chlorine, the bleached pulp
was dumped on a muslin-covered wash box and thoroughly washed with filtered
tap water,

2. The washed stock was then dewatered on & filter paper placed
on a Béchner funnel, passed through the laboratory pulp breaker, and stored

at 40°F,

VI, Preparation of Bleaching Charges

1. The pulp charge {(usually 250 g. ovendry basis) was diluted to
a total cof 10 liters with filtered tap water and dispersed for 10 minutes
in a Williams disintegrator,

2., The digpersed charge was then dewatered on a filter paper
placed on a Blichner funnel and subsequently diluted to the proper consistency
for the bleaching operation.

3. In the recirculation experiments, the bleached and unbleached
portions of the bleach charge were combined prior to the dispersicn and blending

operation in the Williams disintegrator.

EVALUATION PROCEDURES
I. Evaluation of Bleaching Charzcteristics
| 1, The following bleaching characteristics were determined for

each of the bleached pulps:

2. Bleaching time requirements

b. Sedium hydroxide requirements for pH control

e, G,5. brightness

d, G.E. brightness after 1 hour fading in an air circulating
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EXPERIMENTAL DATA

The experimental data osbtained for this vroject have been summarized
in Tables IV through X,

Table IV relates to single-stage bleaching experiments,

Table V relates to two-stage bleaching experiments

Table VI relates to a recirculation bieaching experiment in which
25% of the bleached pulp product was recirculated and an available chlorine
application equivalent to 5.33% (ovendry pulp basis) was utilized to
compleotely process the unbleached pulp.

Table VII relates to a recirculation bleaching experiment in which
255 of the bleached pulp product was recirculated and an available chlorine
application equivalent to 7.27% (ovemdry pulp basis) was utilized to completely
process the unbleached pulp,

Table VIII pertains to a recirenlation bleaching ‘experiment in
which 45% of the bleached pulp proftet was recirculated and an available
chlorine application equivalent to 7.27% (ovendry pulp basis) was utilized
to completely process the unbleached pulp.,

Table IX surmarizes the strength characteristics of pulps prepared
by-conveniional single-stage bleaching techniqnes; '

Table X summarizes the strength characteristics of pulps prepared

by recirculation bleaching techniques.
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TABLE IV
SINGLE.STAGE SODIUM HYPOCHLORITE BLEACHING EXPERIMENTS
Bleach 1 2 3 L
Available chlorine applied (based
on ovendry pulp charge}, % 4,0 5045 ?7.27 9.0
Bleaching time required for
exhaustion of available chlorine,
min, 56 106 209 288
Scdium hydroxide required for pH
control (based on ovendry
pulp charge), % 0,12 0,24 0,48 0,60
Yield of bleached pulp, ¥ . - 96 ol 95 ol
G.E. brightness of bleached pulp, # 47.3 59,0 68,7 .2
@.E. brightness of bleached pulp
after 1 hr, fading at 105°C..

% 43,1 52.7 60.9 65,9

Congtant conditions:

Pulp charge (ovendry basis), g 250
Pulp consistency (based on oven-
dry pulp charge), # 12

Temperature, °C. .35




TABLE V

TWO-STAGE SODIUM HYPOCHIORITE BLEACHING EXPERIMENTS

Bleaching Stage First
Bleach 1,2,38

Avatlable chlorine applied

(based on overdry pulp

charge), % 4,0
Total available chlorinas

applied in both stages (based

on ovendry pulp charge), % -
Bleaching time required for ex-

haustion of awhl, chlorine, win, 5%, S, 41
Bleaching time required for

both stages, min, -—
Sodium hydroxide required for pH

control (based on ovendry pulp

charge), % 0,12
Sodium hydroxide required for

both stages (based on ovendry

pulp charge), % -

Yield of bleached pulp, % 98
Yield of bleached pulp after both
staﬁes (based on unbleached pulp),

G.E. brightness of bleached pulp, # 46,2
G,E. brightness of bleached pulp
after 1 hr, fading at 105°C., % 42,8

Constant conditions:
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Second
1 2 3
1,0 2,0 3.5
5,0 6,0 7.5
130 232 343
180 282 393
0.24 Q.36 0,60
0.36 0,48 0,72
97?7 98 g6
95 96 ok
57.3 64,7  73.2
51.9 65.1

First-stage pulp charge (ovendry basis): 250 g.

Second-stage pulp charge {ovendry basis):
Pulp consistency (based on ovendry pulp charge): 12%

Temparature: 35°C,

4The first.stage bleached pulp consisted of a Mlend of three ssparate

single-stage bleaches,

235 g

58.0
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EXPERIMENTAL RESULTS

EFFECT OF VARIOUS BLEACHING TECHNIQUES ON
BLEACHED PULP YIELD

The pulp yield data presented in Tables IV through VIII indicate that
there was essentially no differcnce between the over-all yield characteristics
produced by single-stage, two-stage, or recirculation bleaching techniques,
Some relatively minor differences might have conceivably existed, but it would
require much more extensive experimentation and larger-secale trials to establish

such possibility,

EFFECT OF VARIOUS BLEACHING TECHNIQUES
CN BLEACHING TIME REQUIREMENTS - -

Figure 1 reprasents the coﬁparative'bleaching tine periodslrequired to
completely process a given quantity of unbleached pulp in a processing installation
of a given capacityl° On the basis of thia figuré, it may be ascertainad that the
two~stage processing technique'raquired congiderably longer treatment periods to
attain a given brightness level than the single-stage technique. Also, the
treatment periods for recirculation processes were generally between the treatment
period requirements for single-stage and two-stage bleaching processes. Thus,
from a production rate viewpoint, the single.stage process would prove more advan-
tageous than the recirculation technique, and the recirculation technique would
tend to show an advantage over two-stage processes (the relative extent of this
advantage would, of course, depend upon a rmumber of factors such as recirculation

rates, ete, ).

lsee Tables IV through VIII, particularly the footnotes to Tables VI through VIII,
for a descripiion of the date presented in Pigure 1.
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Although the specific reasons for differences in stability cannot be
definitely established from this work, it would appear that they might be
assoclated with varying degmes of washing and the different quantities of sodium
hydroxide utilized during tha bleaohi.ng processes-=i.@,, both the reeirculation
and the two-stage processed \pulps received more washing than the single-stage pulps.
Also, as indacated in PFigure 4, more caustic was utiliged during two-stage processing

than during single-stage processing, and somewhat more caustic appeared to be
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utilized during recirculation bleaching than during either two-stage or single-
stage processing, Increased utilizations of caustic might, of course, tend to

improve the removal of alkaline soluble and alkaline reacted materials from the
pulp, and hence improve brightness stability in much the same manner as regular

caustie extraction operationso
CONSIDERATION OF THE DESIRABILITY OF VARIOUS BLEACHING TECHNIQUES

When bleaching to a specified brightness level, the conventional single-
stage process required shorter bleaching time perlods and sn;aller bleaching
chemlcal costs than tle recirculation process. Thus, the single-stage process
proved to be more desirable than the recirculation technique. However, bleached
pulos generally fade during the usual drying and processing treatments involved in
papez;méking operations, am the extent of this fading or decrease 1;n brighﬁness
depends upon the brightness stat;ility characterist;ics -of the bleached stocks. Re-
cireculation bleached pulps exhibited better brightnes s stability characteristics
than single~stage bleached pulps. Hence, when both single-stage and recirculation
processed pulps are bleached to the same brightness level, the pulp ffepared by
the recirculation technigue would tend to exhibit higher brightness propertiss in

a finished paper produet,

Thus, the better brightness stability characteristics would be a distinet
advantage for the recirculation technique, However, this advantage could' be
eliminated if the single—stage; pulp= were bleached to higher brightness levels than
the recirculation bleached pulpse.i.e., the advantage would be eliminated if each
of the two types of pulps wers Beached to levels where they both showed the same
brightness properties after heat treatment and fading. Sucl‘: action would, of course,
tend to increase the bleaching time requirements and bleaching chemical costs of the

single-stage process, and consequently reduce the desirable Peatures it exhibited
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over the recirculation technique.,

Figures 5 and 6 represent the relative bleaching time periods and bleaching
chemical applications nescessary to produce equivalent oven faded pulp brightnesses,
by the single-stage and the recirculation bleaching techniques. Thus these figures
would be an indication of the bleaching periods and bleaching chemical costs re-
quired to producé pulps with essentially equivalent brightness characteristics
after the usval papermaking operations, From these figures, it may be seen that:

(1) The bleaching chemical requirements for both the single-stage and the
recirculation prepared pulps were essentially equivaient. (Thus, on the basis
of finished product brightness, both types of bleaching procaesses proved egqally
desirable with regard to bleaching chemical costs. The single-stage process.

however, would be simpler and easier to operate,)

(2) The bleaching time requirements for the 25% recirculation bleaching
processes were essentially equivalent to the bleaching time requirements for the
single-stage bleaching process, Acheverp higher recirculation ratios (45%) resulted
in longer bleaching periods than those required for single-stage bleaching, (Thus,
on the basis of finishe? product brightness, the single-stage technique appeared
to be equally or morz desirable with regard to bleasching time cr production rate
characteristics,)

Wnen preparing pulp at a given brightness lewvel, then, the lower
bleaching chemical costs and bleaching lime requirements of the single-stage
process made it more desirable than the recirculation techniques, The recirculation
techniques, however, possessed the advantage of better brightness stability. The
single-stage process could compensate for this advantage if the pulp was bleached to
a higher.brightness leval, but such method of compensation would tend to increaée
the relaiive bleaching time requirements and chemical costs of the single-stage

nrocess. However there wevse indications that these increases would aot ba
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large enough to make a recirculation process more desirable than a single-stage
technique,

Thus, under the conditions of the present experimental work, the bleaching
characteristics of the single.stage processes generally proved to be more desirable
than the bleaching characteristics of the recirculation processes. Consequently,
it would not prove practical to substitute a recirculation process for a single-
stage bleaching process. Iikewise, it would be impractical to substitute a re-
circulation process for a two-stage process--i.e.,, substitution by a single-stage
process would be more advantagecus than substitution by a reci?Lulation process,
Therefore, when considering the bleaching processes studied in this project. the
only logical choice would be between conventional single-stage and two-stage
- ﬁrocessea, In this respect it might be noted that the use of a two-stage, rather

thén a- one-stage process, would tend to improve brightness stability while reducing

both prdduction capacity and bleaching chemical costs,

PULP STRENGTH CHARACTERISTICS PRODUCED
BY THE VARIOUS BLEACHIRG TECHNIQUES

Figures 7 through 9 represent the refining time, freeness, and strength
characteristics of pulps which had been bleached to variocus brighfness lavels by
means of single-stage and recirculation bleaching processes, On the basis of these
figures it may be ascertained that:

(1) Progressively lower tearing strength, tensile strength, bursting
strength, and folding endurance propsriies, as well as lower freeness character-
istics, generally resulted when pulps of increasing brightness levels were refined

for given periods in the Jokro mill, Thus increased utilizations of hypochlorite

during the bleaching operation proved detrimental to hoth the drainage characteristics

and the strength properties of the refined pulps. Also, the fact that all of the

strength proverties of the pulp simultanecusly decreased with increased brightness,
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would suggest that the hypochlorite treatments actually degraded and weakened
the pulp fibers.

(2) When single-stage and recirculation pulps were refined for
equal periods, the pulps bleached'by the recirculation technigue usually
exhibited essentially similar, or lower, freeness and strength properties
than single-stage pulps of equivalent brightness levels. Thus the re-
circulation technique of bleaching did not produce any strength or drainage
advantages over the single-stage pulps. In fact, there appeared to be a
posaibility that the recirculation technique was more detrimental to the
strength propertiss of the pulp than the sinéle—stage process, perhaps becauss
off the somewhat higher hypochlorite applications required to produce equivalent

brightness levels in the recirculated pulps.,

Since the reeirculated pulps did not exhibit any strength advantage
over single-gtage pulps, it was considered unneéessary to investigate the
strength properties of ths two-stage bleached pulps-~i.e,, the experimental
strength results presently avallable would indicate that recirculation bleaching
would not be considered as a substitute for a single-stage process, Thus it
follows that the substitution of a single-stage process for a two-stage process
woudd prove as desirable, or more desirable, fhan the substitution of a re-

eirculation process for a two--stage process,
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generalized conolusions, ‘it wouldibe highly desirable to examine the present
work and consider the following possibilities:

(1) Could the present work supply any indication of the factors
which might govern or influence the bleaching chemical consumption vs,
brightness relationship in recirculation bleaches?

(2) Could the present work supply any indication of the factors
which caused similar applications of bleaching chemical to produce lower

brightness results in the recirculation processes than in the single-stage
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processeg? Would such factors be present under &8l) experimental conditions
or with all types of -pulps?
(3) Could the present work supply any information regarding under
what conditions recircuiation bleaéhes might produce advantageous and
degirable brightness properties?
(4) Could the present workrsupply any indication of the factors
which might be involved in the relative strength characteristice of recirculated
and single-stage bleached pulps? Would recirculation bleaches always tend
to produce equivalent or weaker pulps than the single-stage process? Under what

conditions might a reecirculation process exhibit a pulp strength advantage?

Possibilities such as these have been considered in the following

analysis and discussion of the experimental data.

CONSTDERATION OF THE GENERAL KATURE
OF RECIRCULATION BLEACHING

Under essentially steady state conditions, the charge of pulp for a
recirculation bleaching process consists of a complex mixture of different
pulp fractions which had been subjected to a varying number of bleaching

. gtages. For the sake of simplicity, however, the mlxed charge méy be cone
sidered to consist of 2 mixture of the following two components:

‘Component, 1: 'nbleached pulp (fresh charge of pulp entering the
bleaching procass),

Component 2: Bleached puip {charge of pulp recirculated in the
bleaching process),

Thus, under essentially steady state conditions in Series One re-
circulation bleaches (see Tables I and VI), the charge of pulp could be

considered as consisting of 755 of Component 1 (unbleached pulp) and 253 of
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N
Component 2 {recirculated bleached pulp). In this case the recirculated

pulp component had already been processed with the equivalent of 5.33% avail-
able chlorine (based on the pulp) and an application of 4,0% available chlorine
(based on the two component pulp charpe) was utilized during the bleaching
process, However, this 4,0% application of available chlorine could have

besn utilized in several different ways. Three examples of different possi.-
bilities would be as follows:

Example 1: Both Componeﬁt 1 and Component 2 may have responded
equally to ths bleach liquor--i.e., Component 1 may have utilized 4,0% available
chlorine (based on Component 1) and Component 2 wmaey have utilized 4.0% available
chlorine (based on Component 2). Thus the bleached preduct could be considered
as consisting of a component bleached with 4,0% available chlorine {Component 1),
and a component bleached with a total of 5.33.+ 4,0% or 9.33% availaﬁie chlorine
(Component 2). [The. equivalent available chlorine utilized by the bleached
product would, of course, have been 5.33% (based on the two component pulp)olJ

Bxample 2: All of the appiied available chlorine might have been
utilized to bleach only the unbleached portion (Component 1) of the mixed pulp
charge, Thus, Component 1 may have utilized 5.33% available chlorine {based on
Component 1)2a and Component 2 may have utilized 0% available chlorine (based
on Component 2)., Consequently, Component 1 would have been bleached with 5,33%

available chlorine and Component 2 would have alsc been bleached with a total of

5,33 + 0% or 5.33% available chlorine.

\?25% of the bleached pulp product would have been processed with 9.33% available
chlorine, This would amount to (0,25)(9.33%) or 2,33% avail.chlorine based on the
bleached product, 7535 of the bleached pulp product would have buen processed with
4,08 zvail, chlorine, This would amount to (0,75){(4,0%) or 3,03 avail, chlorine
based on the bleached product. Total avail, chlorine utilized (bhased on the bleache
pulp product) = 2,33% + 3,0% or 5,33%,

\JIf 4,05 avail.chlorine (based on the two component vulp charge) was applied and
utilized by only 75% of the charge, the 75% fraction of the charge would have
vtilized 4,0%/0.75 or 5,33% available chlorine.,
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Example 3: Both components may have responded to the bleaching
liquor, but the unbleached pulp portion {Component 1) may have responded
somewhat better than the bleached portion (Component 2). Such situstion
would, of course, represent some point of balance between the conditions
represented in Examples 1 and 2 above, i,e., the bleached product could be
considered as consisting of a Component (Component 1) bleached with more
than 4.0% available chlorine, but less than 5.33% available chlorine; amd
another component (Component 2) bleached with more than 5.33% avallable
chlorine, but less than 9.33% available chlorine. [The exact split in the
utilization of avallable chlorine wonld npaturally have te be of such nature
that the equivalent avai able chlorine utilized by the bleached prodoet would
be 5.33% (based on the two component pulp).]

Figures 10 through 12 and Table XI were prepared in an effort to
deterrine which, ii any, of these three possible examples might represent
the conditions experienced in the experimental work,

Figure 10 represents the bleaching perlods required when similar
quantities of available chlorine were applied to mixed pulp recirculation
charges and single~stage unbleached pulp charges. As indicated by the
figure, the recirculation charges, consisting of a mixture of unbleached
and bleached pulps, required longer bleaching periods than the sinélenstage
charges, consisting entilrely of unbleached pulp. Obwviously, these longer
bleaching time requirements were due to the presence of the bleached pulp,
and they indicated that the bleached pulp component of the recirculation
bleaching charges reacted more slowly than the unbleached component. Hence,
the response of the unbleached component to blcach liquor was better than the
respense of the bleached compenent, Avoparently, then, the experimental data

did not £it the deseription of Examplz 1 above, wherein both the unbleached
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(2) In Figures 11?‘and 129 the equivalent single-stage bleaches
presented in Table XI were compared with actual experimental single-stage
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did react with only the wnnbleached oomponent of the mixed pulp charge,
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(3) Table XTI and’ Figure 11 indicate that the pseudo single-stage
bleaches possessed lower effective pulp consistencies, and hence lower
concentrations of bleaching chemical at a given level of available chlorine
application, Consequently, it would be expected that the pseudo single-stage
bleaches would require longer bleaching periods than the actual single-stage

bleachesul \]}Ir all other factors remain constant, the bleaching rate
generally decreases with a decrease in the concentration of bleaching chemical

in the pulp slurry.
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Figure 12, however, indicates that equal applications of available chlorine
resulted in shorter bleaching periods for the pseudo bleaches. This ine
consistent effect would, of course, indicate that the recirculation bleaches
could nét be truly represented or defined by a singla-stage blcaching action
on unbleached pulp, i.e., thalshorter bleaching veriods would indicate that the
recirculation bleaches did not behave as bleaches involving only unbleached pulp,
but that the blesaching chemical was utilized by both the unbleached and tha
bleached component of the mixed pulp charge.

Apparently, then, the experimental data did not fit the descfiption
of Example 2 above, but they did fit the description of Example 3--i.e., both
the unbleached and bleached components of the mixed pulp recirculation bleaching
charges responded to the bleaching chemical, although the unbleached component
responded better.

SIMPLIFIED REPRESENTATION OF A RECIRCULATION
BLEACHING PROCESS

Consider a recirculation bleaching process in which 25% of the bleached
pulp component is recirculated and 4,0% bleach is applied in each pass. Then,
the bleached pulp product would consist of a pulp whish had besen processed with
the equivalent of 4,0%/0.75 or 5.33% bleach,

Previous discussions would indicate that the charge for such recirculation
bleaching process would consist of a complex mixture of different pulp fractions
which had been subjected to a varying number of bleaching stages. However, in the
interest of simnlicity, this charge may be considered s a mixture containing an
unbleached pulp component, and a bleached pulp componzni previousiy processed
with the equivalent of 5,33% bleach,

During the bleaching process, the unbleached component of the charge
would be bleachad with a quantity of bleach somewhere between 4.0 and 5.33%. (based

on the unbleached pulp component). Previous discussions would alsoc indizate that




Project 2142
Report 1
Paga 49

the bleached component would be bleached with a quantitf.of bleach iess than
4,0% (based on the bleached pulp component). Thus, the bleachéd pulp component,
which had already been processéd with 5,33% bleach prior to the treatment, would
be ultimately bleached with a total quantity of bleach greater than 5.33% (based on
the bleached pulp component), whereas the unbleached component would be bleached
with less than 5,33% bleach (based on the unbleached pulp component). Als;, the
over-all mixed pulp product would have been processed with the equivalent of
5.33% bleach,

Thus, the pulp product leaving a recirculation bleaching process may be
considered as a mixture having the following composition:

(1) A single-stage treated pulp bleached with "A"% bleach,

(2} A combinaticn of various multi-stage treated pulps bleached

with the equivalent of wore than "A"% bleach,

Since the pulp components utilized different amounts of bleach, it
would appear that they would also attain different brightness levels, Thus, the
product from a recirculation bleaching process would consist of a mixture of
rulos bleached to different brightness levels. Consequently, a more complete
understanding of the experimental resultis may perhaps be obtained from a
consideration of some of the effects produced when pulps of d}fferent chemical
consumption and brightness characteristics are mixed.

CONSTDSERATIOR OF THE CTUARAMITERISTICS
OF ZLEACHED PULP MIXWURES

Figure 13 denotes a typical pulp brighiness and bleaching chemical
demand c¢urve. Bleached pulp "P" in this figure represents a single-stage
treated pulp bleached to a G.E., brightress level of 404 with 3.5% bleach, while

pulp "QY represents 2 pulwn bleached to a brightness level of 50% with 5.07 bleach,
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1£ the brightness characteristics of these two bleached pulps wers
directly additive, any mixture of the pulps would exhibit brightness properties
and equivalent bleach demand characteristics which would fall on line "P-Q" in
Figure 13, Thus. 2 mixture containing 70#% of Pulp "P® and 30% of Pulp "Q" would
be represented by mixture "O0" in Figure 13. |

In this case:

Brightness of mixture "0 = (brightness of Pulp "P") (0.70) + brightness
of Pulp "a") (0.30) = (40f) (0,70) + (50%) (0,30) = 43%

and:

Equivalent bleach demand for mixture "0" = (Bleach &emand for Pulp
"pe} (0,70) + (Bleach demand for Pulp "Q") (0.30) = (3.58) (0.70) + (5.0%) (0.30) =
295

Thus, a mixture of 70f Pulp "P"* and 30% Pulp "Q" would require a
bleaching chemical utilization of 3.95% and exhibit a brightness of 43.0%, As
indicated by the fizure, however. a single pulp could have been bleached to a
brightness of 45,7% with the same bleaching chemical application of 3,95% (see Pulp
"N in Figure 13}. Consequently, the preparation of the pulp mixture would
prove to be less efficient and satisfactory than the preparation of the single
stage blezached pulp.

in this iilustration, the pulp mixture consgisted of two singls.stage
treated pulps; however, it may be seen that the same prireiples would apply
if one of the blesached pulps in the nmixture had been a multi-stage bleached
puln. Ag an example, assume that the 5,05 of bleaching chemical were used in
a malti.stage process to produce the higher brightness Puluv "R™ rather than
Pulp "2." Then a mixture of 707 Pulp "P" {bripghtness = 40%) and 30% of Pulp "R®
(hrightnessl= 58.6%) would produce mixture "Y' having a brightness of 45,7% and an

equivalent bleach demand of 3.95%. Such mixXture would be equally as effective as a
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a single pulp bleached with 3.95% bleaching chemical (see Pulp "N" in the
figure)}. However, had the multi-stage process produced a pulp with & lower
brightness than Pulp "R" (lower than 58,6%), the preparation of the Same
mixture would have proved less effective than the preparati&n of a single pulp
bleached by a single-stage procass, If, on the other hand, the multi.stage process
produced & pulp with a higher brightness than Pulp "R*® (see Pulp "$"), the prep-
aration of the mixture would have been more efficient and satisfactory than the
preparation of a single pulp bleached by a single-stage process (see mixture
"M® and Pulp N"),

Pulp mixtures of this typs would tend to somewhat parallel the
situation produced in recirculation bleaches, where the bleached product consists
of a mixture of a single-stage treated pulp (bleached with a relatively low
chemical application) and a combination of multi-stage treated pulps (bleached
with a higher chemical application), Thus, at a givén level of bleaching
chemlcal utilization, the recirculation bleaching process could concelvably
produce blecached pulps of lower, equivalent, or higher brightnesses than
produced by conventional single~-stage processes (see Figure 13). Also, one of
the factors influencing the relative brightness characteristics of single-stage
and recirculation bleaches would be the extent of brightness increase produced
. when a pulp is subjected to a multi-stage rather than a single-stage process ( see
Figure 13, particularly Pulps "F" and “S™ and mixtures "M" and "N*),

The previous analysis of pulp mixtures presented in Figure 13 was made
in a region where the slope of the brightness wvs. bleaching chemical demand curve
progressively decreased, Actually, as indicated by Flgure 14, there are usually
three general regions in a brightness yg, bleaching chemical demand curvey a region

of constant slope, a region of decreasing slope, and a region of zero slope,
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(6) The ability to produce better brightness results with a re-
circulution bleach would partially depend upon the region of the brightness
¥8. chemical demand curve in which the bleaches were conducted, In general,
recirculation bleuches would seem to have an improved chance of producing better
brightness reéults than single-stage bleaches if the bleaches were conducted in
the constant slope or zerc slope regions of the curve rather than in the region
of decreasing slope,

(7) The ratioc of pulp recirculated in a recirculation operation
would be expeoted to influence the relative brightness characteristics obtained
with recirculation gnd conventional single-stage bleaching processes. Very little
experinental information was obtained on this factor, but it would appear that
ipcreased recirculation ratios would tend td produce more favorable results with
the recirculation process, |

(8) The actual split in bleaching chemical utilization between the
‘single~stage treated component and the multi-stage treated component of the
bleached pulp product would be expected to influence the brightness results
obtained with recirculation bleaches, Likewlse, such split would influence
the relative brightness characteristics produced with recirculation and conventiona
single-stage processes. In the present work, no numerical values could be obtained
for this split in bleaching chemiecal, and consequently possible detailed effects
could not be thoroughly analyzed. {It was possible, however, to determine the
relative quantities utilized by each of the pulp components in the recirculation
charge. )

It shouldbe pointed out that the preceding analysis of pulp mixtures
(see Figures 13, 15 and 16) was based on the assumption that the brightness

characteristics of two bleached pulps in a mixture were directly additive,
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Thia assumption, however, deoes not strictly apply in actual practice--i.a,,

work by Foote (1), as well as Maclaurin amd Aflenzer (2), indicates that actual
mixtures of dissimilar brightness pulps would exhibit brightness characteristies
which would be somewhat lower than those calculated by the additive technique used
in these discussions, This fact would, of course, not alter the general nature of
the brightness characteristics of pulp mixtures developed in this report. It
would, however, affect exact rnumerical relationships. Thus, although the direct
addition technique was a simplified approach for characterizing the brightness
characteristics of mixtures, it was sufficiently accurate and adequate for the
present discussions. It should be noted, however, that a more accurate treatment
of mixtures would perhaps be possible through the use of the empirical relation-

ships employed by Foote, Maclaurin, and Aflenger ,

CONSIDERAT&ON OF CONDITIONS UNDER WHICH
RECIRCULATION BLEACHING MIGHT PROVE ADVANTAGEQUS
OR DISADVANTAGEOUS
On the basis of previous consideraticns, it would appear that:
(1) Recirculation bleaching might tend to produce advantagsous
brightness and chemical consumption characteristics wmer the following conditiong:
(a) When the pulp sxhibits a large brightness differential between
multi.stage and single-stage bleaching operations,
(b} When the blsaching takes place in the constant slope region
of the brightness vs, chemical demand curvs.
(¢} When the bleaching takes place in the zero slope region of the
brightness vs. chemical demand curve,
{2) When employing a strength degrading tleaching agent (such as hypo-
chlorite ;. recireulation bleaches would tend to produce advantagecus brighiness

and strength results under the same conditions listed in (1) above--i.s., in this
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case, the attalnment of & given brightness with less chemical would automatically
tend to result in better strength characteristics at the given level of brightness,

(3) Perbaps no strength advantage s would tend to result when using
non-degrading bleaching agents (such as chlorine dioxide and peroxides) in re-
ci;culation bleaches, but brightness and chemical consumﬂtion advantagea might
result under the conditions 1listed in (1) above.

(4) In a recirculation bleach, the bleaching agent tends to react
faster with the unbleached components and slower with the more highly bleached
components, This action has a tendency to level out the action of the treatment
on the various portions of pulp, A complete leveling action is, of course, not
obtained, but the effects appear to be sufficient to prevent the attainment of
drastically different balapces between the different properties in recirculation

'processed pulps and in single.stage processed pulps. As stated before, haweverp
différent levele of gtrength properties could apparently be attained at a given
brightness level,

(5) Recirculation bleaches might tend to exhibit detrimental brightness
and chemical consumption characteristics under the following conditions:

(a) When the pulp exhibits a low brightnass differential between
multi-stage and single-stage bleaching cperations,
(b} Wnen the bleaching takes place in the decreasing slope region

of the brightness ¥s. chemical demand curve,

(6) Vnen using a degrading bleaching agent in a recirculation bleach,
the conditions listed in (5) above might also tend to vroduce detrimental strength

results at a given level of brightness.
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CONCLUSIONS

(1) The recirculation bleaches investigated in the exploratory work
tended to produce somewhat lower pulp strengths, higher bleaching chemical costs
and longer bleaching time requirements than conventional single-stage bleaches,
Inproved brightness stability characteristics offset these detrimental effects
to some extent, but an over-=all consideration of the processes did not favor the
recirculation technique,

(2) An analysis of the experimental data indicated a possibility that,
under certain conditons, recirculation bleaching might prove more advantageous
than conventional single-stage bleaching, whereas, under othsr conditions, the
conﬁentional-singleastage bleaching processes would tend to prove more advantagecus
than the reciruulation bleaching techniques.

{3) The relative advantagessand disadvantages of recirculation bleaches
might depend upon such. factors as the extent of the brighiness differential exe
hibited when the pulp is bleached by multi-stage processes rather than a single-
stage process, the shape of the brightness ys. chemicsl demand curve for the pulp.
and the level of bleaching chemical applications empleyed,

(4) Tt is apparent that recirculztion bleaching would not tend to
prove universally beneficial, Also, further work would be required to sub-
stantiate whether recirculation bleaching techniques might tend to crove ad-
vantageous in certain situvations, and under certain specific experinental
conditions, BExperimental conditions which might prowve suitable for such further
work have already been determined from the completed work, and consequently 1t would

appear thal at least a limited amount of additional work might be warranted,
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in a present process without t.ha full cost of one or two additional stages.
Consequently, it is’ sugges‘bedﬁtﬁht }urther work be performed aleng the lines
of the following outlﬁ;ex’zmﬁ‘r'flfi‘ﬂz“%?f :‘%“ g -

(1) Subject a b'leachable grade of lraft pulp to chlorination and
caustic extraction treatment stages.

(2) Perfmaé‘n‘u{;%\;% ?Lfa)all-soale bleaches with chlorine dioxide
and obtain the brightness: zgp chemi.oal demand curve for this third stage chlorine
dioxide treatment (see Figure 17 ‘for an illustration of the type of curva expscted
in this work,)

(3) Select the point on the curve where brightness starts to level off
{see Point "A"),

(4) Prepare a number of third stage chlorine dioxide bleaches at this
point (Point "A"), Combine the pulps, caustic extract them, and perform two or

three fifth-stage chlorine dioxide bleaches {see Points "B,", "C® and "D® in
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Figure 17).

(5) Perform 8 pa'—ssas of a nécirculat.ion bleach in which 25% of the
bleached pulp product is recirculated. In each pass apply the amocunt of chlorine
dioxide indicated by' point "A"” and caustic extract the recirculated portion of

.tha charge before it enters the bleaching process.

(6) An advantage would be indicated for the recirculation technique
1f it produced a brightness level above that obtained in the third stage chlorine
dioxide stage (see point "E" in Figure 17), The quality characteristics and
economics of the three.stage, five-stage, and recirculation bleaching techniques
could then be compared and the possible desirability of a recirculation technigue

evaluated,
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