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(57) Abstract

A method for improving pulp brightness utilizes a combination of a distributed total white liquor charge during the warm fill, hot fill
and cooking stages of a batch cooking process and low cooking temperatures during the cooking stage. The high total white liquor charge
ranges between 15 % AA 7 35 % AA, while the cooking temperatures range between 150 ~ 168 °C,
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"IMPACT OF TEMPERATURE AND ALKALI CHARGE
ON PULP BRIGHTNESS"

BACKGROUND Ol mle VENTION

The present invention relates to a process for improving the final
brightness of pulp. More particularly, the present invention relates to
modifications in both the cooking temperature and white liquor charge for a

rapid displacement heating cooking system.

Rapid Displacement Heating ("RDH") is a low energy batch cooking
process for producing kraft pulp. Combining the inherent advantages of batch
cooking with the energy efficiencies of a continuous digester, RDH reuses the
spent black liquors that are displaced from a cooked digester to pretreat the
wood chips in a consequent cook. Thus, both the chemicals and the heat in
these spent liquors are recycied to a consequent cook. The pretreatment of
fresh wood chips in a consequent cook begins with lower temperature liquors
(approximately 80 ~ 130°C), and is followed by high temperature liquors
(approximately 130° to 165°C) which heat the digester to the highest possible
temperature before raising the temperatures to the final cooking temperature
(3170°C) with steam.

RDH and other alkaline cooking processes produce pulp that is relatively
dark in color. Greater contrast is usually needed for the many uses of pulp and
paper, so pulp is usually bleached to a high brightness in order to make white
pulp for writing and printing papers and paperboard. Pulp color arises from
changes in the lignin component of the raw material which occur in the puiping
process. Unfortunately, with the use of high cooking temperatures and low

black liquor strength in the RDH process, low bleachability problems have
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occurred following the use of conventional, ECF and TCF bleaching processes.
High cooking temperatures and low black hiquor strength seem to accelerate
condensation reactions, resulting in the condensation of lignin with lignin and

other wood extractives. As a result, the bleachability of pulp decreasea.

An alternative method is, therefore, needed in the RDH cooking process

to eliminate such adverse side reactions and improve pulp bleachability.

MMARY C HE INVEN

The present invention provides a method for improving pulp brightness.

Based on modifications to a batch cooking process utilizing rapid displacement
heating, the method of the present invention combines the steps of adding white
liquor solution (% active alkalinity (AA) or effective alkalinity (EA)) or NaOH to
both the warm fill and initial hot fill stages and cooking wood chips at lower
temperatures than previously used in a batch type operation to produce pulp
that has improved bleachability. In this regard, a total white liquor charge
ranging from 15% AA ~ 35% AAIs distributed over the warm, hot and cooking
stages in a predetermined amount. If a cool pad is used in practicing the
invention. cool white liquor is also added to the black liquor that is released from
the cool liquor accumulator. Essentially, white liquor is added to every stage of

the batch cooking process prior to the actual cook.

During the cooking of the chips, white and black liquors are present in
the digester. Cooking temperatures are low, ranging from 150° ~ 167°C. With
the combination of a high AA or EA white liquor charge and low cooking
temperatures, final brightness of pulp is improved. As a result, poliutants and

bleaching chemical usage are decreased in pulp mill operations.
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FIG. 1 illustrates a schematic view of a digestes and its associated

equipment used in the current RDH cooking system.

FIGS. 2A, 2B and 2C each illustrate white liquor profiling or the addition
of white liquor at various stages of the RDH cooking process. In FIG. 2A, plot A
represents the addition of a small amount of white liquor at the beginning of the
warm fill mode. Plot B represents the cooking stage and illustrates the

presence of white liquor in the digester during the actual cooking of the chips.

FIG. 2B illustrates the continuous addition of white liquor to the biack
liquor at each stage of the RDH cooking process, beginning with the warm fill

and continuing through the end of the hot fill. White liquor, as shown, is also

present in the digester during the actual cook.

FIG. 2C illustrates the continuous addition of white liquor at each RDH

stage including the addition of white liquor to the washer filtrate from the

displacement tank.

FIG. 3 illustrates a Stage 3 RDH system without white liquor addition

during the warm and hot fill modes.

FIG. 4 illustrates a Stage 3 RDH system with the addition of white liquor

during the warm and hot fill modes.

FIG. S illustrates a plot of D1-brightness versus total (D100 + D1)
available chlorine charge for the best case and baseline case RDH pulps. Plot
A represents RDH pulp R3 (0.225 Kappa factor). Plot B represents RDH pulp
R4 (0.27 Kappa factor). Plot C represents RDH pulp R7 (0.225 Kappa factor).
Plot D represents RDH pulp R8 (0.27 Kappa factor). '
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FIG. 5A illustrates a plot of D1-brightness versys D1-chlorine dioxide
charge. Plot A represents RDH pulp R3 (0.225 Kappa factor). PlotB
represents RDH pulp R4 (0.27 Kappa factor). Plot C represents RDH pulp R7

(0.225 Kappa factor). Plot D represents RDH pulp R8 (0.27 Kappa factor).

FIG. 6 illustrates the D1-brightness versus the total available chlorine
charge in the D100- and D1-stages for all 0.225 Kappa factor bleaches. Plot A

represents RDH pulp R3. Plot B represents RDH pulp R12. Plot C represents
RDH pulp R7.

FIG. BA illustrates the D1-brightness versus the D1-stage chlorine
dioxide charges. Plot A represents RDH pulp R3 (0.225 Kappa factor). Plot B
represents RDH pulp R12 (0.225 Kappa factor). Plot C represents RDH pulp
R7 (0.225 Kappa factor). |

FIG. 7 illustrates the D1-brightness versus the total available chlorine
charge in the D100- and D1-stages for all 0.27 Kappa factor bleaches. Plot A
represents RDH puip R4. Plot B represents RDH pulp R12. Plot C represents
RDH pulp R8.

FIG. 7A illustrates the D1-brightness versus the D1-stage chlorine
dioxide charges. Plot A represents RDH pulp R4 (0.27 Kappa factor). Plot B
represents RDH pulp R12 (0.27 Kappa factor). Plot C represents RDH puip R8

(0.27 Kappa factor).

DETAILED DESCRIPTION OF

HE PRESEN PREFERRED EMBODIVIEN

The present invention provides a method for improving pulp bleachability,

which is based on modifications to the existing RDH Cooking System for the
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digestion of wood chips. More specifically, the method
involves the addition of a white liquor charge commencing
at the start of the RDH cooking cycle and continuing
until the time to temperature stage of the process, at
which time the actual cook begins. The method of the
present 1nvention 1s also predicated on the use of
somewhat lower cooking temperatures for the actual cook
as compared to cooking temperatures commonly used in the
RDH pulping process.

In accordance with the present invention, a total
white liquor charge ranging between approximately 15%AA

~ 35%AA 1s distributed over the warm black liquor,

initial hot black liquor and cooking stages. When used,
the cool pad or cool ligquor accumulator also receives a
white liquor charge. In addition to the use of a
distributed white liquor charge, the present invention
utilizes lower cooking temperatures ranging between

approximately 150°C ~ 167°C. As a result, pulp is

produced which, upon bleaching with any combination of
bleaching chemicals, is improved in final brightness.

The operational stages for a typical RDH Cooking
System are as follows: (1) chip f£ill; (2) cool black
liquor £ill; (3) warm black liquor f£ill; (4) hot black
liquor fi11l1l; (5) time to temperature; (6) time at
temperature; (7) displacement; and (8) pump out. The
basic principles of RDH operation are described in U.S.
Patent No. 4,578,149 (i1ssued March 25, 1986).
Accordingly, details of RDH operations will be discussed
only to the extent necessary for one of ordinary skill in
the art to appreciate the modifications in the RDH
cooking system, which produce the bleachable grade pulp
described herein.

FIG. 1 schematically i1llustrates the type of apparatus
for RDH that 1s used for the digestion of pulp. It should
be understood that this figure illustrates very general
features of the cooking apparatus, and modifications and
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variations in this system are indeed made as will be discussed in greater detail
below. Many instrumentalities such as gauges, pressure vents, pumps and
valves have been eliminated from the figures disclosed herein for reasons of
simplicity. FIG. 1 is used to iliustrate the existing RDH cooking process and to
facilitate an understanding of the improvements to the process in accordance

with the principles of the present invention.

Referring to FIG. 1, a digester is illustrated at 10 of the type generally
used in the chemical digestion of wood chips. The digester 10 has a truncated
bottom 12. An inlet valve 14 controls the entry of various reactive liquors into
digester 10. Although not shown, the contents of digester 10 can be heated to
a final cooking temperature by pumping cooking liquor through a heat
exchanger or steam sparger which is connected to digester 10 by a

valve-controllied line.

After the wood chips are added to digester 10, cool black liquor
(temperature around 70°-95°C) from the cool liquor accumulator (A tank) 16 is
pumped by means of pump 18 through line 20 which is controlled by a valve 22
into the bottom of the digester 10 through an inlet vaive 14. Next, warm black
liquor (temperature between approximately 90°-150°C) from the warm liquor
accumulator 24 is pumped out by means of a pump 18 through a valve 22 and
through valve 14 into the bottom of digester 10. During this warm liquor fill,
some black liquor is displaced from the diggster 10 and then returned by a line
26 to the cool liquor accumulator 16. Hot biack liquor (temperature between
150°-168°C) is then pumped from the hot liquor accumulator (C tank) 28 by
‘means of a pump 30 which is controlled by a valve 32 into the bottom of the
digester 10 utilizing valve 14. During the hot fill, black liquor is displaced from
the digester 10 and returned to the warm liquor accumulator 24 and hot liquor

accumulator 28 through lines 34 and 36, respectively. During the middle of the

hot fill, hot white liquor stored in the hot white liquor accumulator 38 is pumped
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out by means of a pump 30 where it combines with the hot black liquor leaving
the hot liquor accumulator 28, the combined liquors thgn passing through a

valve 32 and into the base of the digester 10.

After the hot fill is completed, the inlet and outlet valves to the digester
10 are closed as the time to temperature stage commences. Steam is injected
into the digester 10 and the temperature is increased to the cooking
temperature, which averages approximately 170°C. The temperature of the
digester is maintained at about this temperature until the wood chips are

digested, depending on white liquor charge and H-factor.

Upon completion of the cooking stage, washer filtrate (temperature
approximately 70 ~ 85°C) stored in a displacement tank (D tank) 40 is pumped
into the digester 10, utilizing pump 42 and vaive 44. The contents are washed
and the digester 10 is cooled. As the washer filtrate is added to the digester 10,
the spent liquors are displaced and returned to the warm liquor accumulator 24
and the hot liguor accumulator 28 by lines 46 and 48, respectively. The
displacement mode is concluded when all washer filtrate is used, which is
based on the dilution factor of the washer. After displacement is completed, the

digested pulp is then pumped out of the digester 10 to a discharge tank using

pump 50.

With the current RDH cooking system, cooking temperatures of greater
than 170°C are used for rapid cooking, resulting in the acceleration of
condensation reactions. As a result, bleachability problems occurred when the
pulp was subjected to conventional, ECF and TCF bleaching processes. The
present invention overcomes these problems and improves pulp bleachability
by modifying the cooking process for wood chips. This improved RDH process
utilizes a combination of higher alkalinity (or white liquor charge) and lower

cooking temperatures. More specifically, white liquor Is added during the warm
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and initial hot fill stages. This is in contrast to the existing RDH cooking
process, wherein white liquor is added only during the;middle of the hot fill
mode. Further, when a cool pad is used in the present invention, white liquor is
added to the cool black liquor leaving the cool liquor accumulator (or A tank).
Thus, from the beginning of the RDH cooking process until the time to
temperature stage, white liquor is added during each stage to the black liquor.
The addition of white liquor at every stage, also called white liquor profiling, Is
illustrated in greater detail below in FIGS. 2A, 2B and 2C.

In FIG. 2A, plot A illustrates the addition of a small amount of white liquor
at the beginning of the warm fill mode when warm black liquor leaves the B tank
or warm liquor accumulator and flows to the digester. White liquor can also be
added to the A tank or cool pad when used. At the end of the hot fill mode,
which utilizes two hot liquor accumulators C1 and C2, the mixture of white and
black liquors remains in the digester. Plot B represents the cooking stage and
illustrates the presence of white liquor in the digester during the actual cooking

of the chips. Black liquor is also present during the cook.

FIG. 2B illustrates the continuous addition of white liquor to black lhiquor
at each stage of the cooking process, beginning with the warm fill through the
end of the hot fill mode. |

FIG. 2C illustrates the continuous addition of white liquor throughout the

various stages, including the addition of white liquor to the washer filtrate from

the displacement tank.

The concentration of dissolved organic material in the initial hot fill
operation (C1 and C2 tanks containing black liquor) was compared with and
without white liquor addition during the warm and hot fill operations. FIG. 3

illustrates a Stage 3 RDH system where no white liquor is added during the
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warm and hot fill modes. Only warm black liquor is leaving the warm liquor
accumulator (B tank) 24 to flow through line 56 during.the warm fill mode and
into line 20, which then empties into the digester 10. Although this RDH sy;s.tem
contains two hot liquor accumulators 28 (C1 tank) and 58 (C2 tank),
respectively, there are RDH pulping processes which utilize only one hot liquor
accumulator. In practicing the present invention, it is contemplated that the

process of white liquor profiling can be applied to systems having any number

of black liquor accumulators.

As shown in FIG. 3, during the initial hot fill mode, hot black liquor leaves
the hot liquor accumulators 28 and 58 by lines 60 and 62, respectively, and
flows to the digester 10 through lines 64 and 20. During the middle of the hot
fill, hot white liquor from the hot white liquor accumulator 38 mixes with the hot
black liquor leaving hot liquor accumulator 58 by line 66. The mixture then

flows through lines 64 and 20 and into the digester 10.

FIG. 4 illustrates a Stage 3 RDH System with the addition of white liquor
during the warm and hot fill modes. First, during the warm fill, white liquor is
added to the warm black liquor leaving the warm liquor accumulator 24 by line
70. The warm fill flows through lines 56 and 20 into the digester 10. Either cool

or hot white liquor may be used during the warm fill mode. During the initial hot

fill mode, hot white liquor from the hot white liquor accumulator 38 is mixed with

black liquor leaving hot liquor accumulator 28 by line 72, and is further mixed
with the black liquor exiting "the second hot liquor accumuiator 58 by lines 62
and 66. The mixture of hot white and black liquors flows from the two hot liquor

accumulators 28 and 58 through lines 64 and 20 into the digester 10.

The results of the comparison are as follows:

2 Pl dt dansrssmne semassas ammeal a4 &
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Without White Liquor Addition at Warm and Hot Fill Operations (FIG. 3)

il ion Total Flow, gal/cook Dt Ic, %
C1 black liquor 20799 13.1
C2 black liquor 8709 14.9

With White Liquor Addition at Warm and Hot Fill Operations (FIG. 4)
White Liquor charges: 1.5% AA at C1 black liquor
1.5% AA at C2 black liquor

Initial Hot Fill Operation  Total Flow, gal/cook Dissolved Organic. %
C1 Black liquor 19877 10.1
C2 black liquor 7971 9.8

This case study clearly demonstrates that the concentration of dissolved
organic compounds at initial hot fill operation can be adjusted by adding white
liquor to the hot fill line. The concentration of dissolved organic compounds In

the C1 black liquor and in the C2 black liquor decreases from 13.1% to 10.1%
and 14.9% to 9.8%, respectively.

In order to maximize bleachability benefits and extend delignification for
the RDH process, warm black liquor (temperatures between approximately 70°
and 150°C and its strength between 3 and 20 g/l AA) and hot black liquor
(temperatures between approximately 100° and 168°C and its strength between
8 and 30 g/l AA) should be reinforced with any combination of white iquor or

NaOH solution.

As shown in the figures presented above, warm and hot black liquor can

be modified using white liquor profiling. These liquors can also be modified by

sodium hydroxide (NaOH) profiling. The addition of white liquor or NaOH
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controls the total dissolved solids (TDS) concentration and black liquor strength
using any combination of black liquor, white liquor and NaOH. The washer
filtrate displacement stage, in which the black liquor temperature is held
between approximately 50° and 105°C and black liquor strength between 1 and
18 g/l AA, can be reinforced with any combination of white liquor or NaOH

solution.

By way of example, and not limitation, the following examples serve to

further illustrate the present invention in its preferred embodiments.

As shown below, Tables 1, 1A, 2, 2A, 3 and 3A provide the pulping
results and conditions for a number of cooks used in preparing the RDH pulps

for subsequent bleaching studies. A summary of the pulping results is provided
in Table 3B.

TABLE 1

-. »

Post Post Post Post
Cook Number R1 R1 R2 R3 R3 R4
!I!!!!!!IIIIIIII!!HIIIIIIII“II!!!IIIIIIIIIII!!!“IIIIII|I!!!I|IIIIII

lIIiiIiIIIIIIIIlIiiIiIlIIIIII|Iii|i|'IIIlIIlIIiilIIIIIII
Sulfidity

(TAPPI) , %

on AA

aximum
temp,
Time
max, min

Time at
max, min
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Kappa, 7.2 9.2
unscreened
Kappa, 7.1 8.2 8.8 9.3
screened
Total 46 .3 477 .3 48.2 1.7
yield, %
Total
rejects, %
Screened
vield, %
iscosity, 0 :
.5% CED, cp

End of Cook Residual:

AA (Naz20), 28 .2 31.6 32.9 31.

Rl Bl B Ml A I A T
(Na20) ,

--------

8

Solids.g/L ------
Sulfidity % 47.1 52.9

on A.A.

(o

Hot liquor

charge,

Charge

time, min
iiiiiiiiiiilllIIIIIlIIIIIII“IIIIII“IIIIII"IIIIII“IIIIIIIIIIIIIIIIIII

IEEEN I I I I I T

iiiiiilllllll"llliiilIIIIIII“IIIIII“IIIIII'IIIiiiIlIIIIIIIIiiiIIIIIIII
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Chenmical Conditions in Accumulator:

EA (Na20),

g/L

Naz2sS . ) . . . .
(Na20), g/L 9

TTA (Naz20},

g/L

Sulfidity, 59.4 53.4 59.1 51.6 6l1.6 51.2 48.3
¥ on A.A.
iiiiﬁilllllllIIIIIII"IIIIIIIIIIIIII'IIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIII

Solids, g/L --_----

Total
elapsed
time, mint*

* includes heating time to 145C and time at 145C after initial hot black liquor injection and final hot
B/L with W/L mix.

TABLE 1A

A
’
9

'

@ a4 &
| 1L I 1L J1 | «|}i0®
- . - -

Cook Post Post | Post Post
Number '
EEEEE!!IIIII"IIIIII”IIIIIIIIIIIIIIIIIIIIlIIIIIIIlIIIIIIIIIIII'IIIIIII

Hot B/L,L | s| ] 433] | ss| | s.8[
jtime, min

Saa .
e,

—----
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Chemical conditions in accumulator: (TAPPI)

AR (Naz20), 99.2 10", 101.
g/L 2 5
EA (Na20) 83.1 84 .3 85 .8 86 .2
g/L

Exit pH, 12.8 13.5 13.3 13.3
initial

Charge 15 15 15 15
time, min

Temperatur

e, C

Top 100
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Solids, 894 .3 1477 131 155 141 152 141
g/L :

Total 31 34 33
elapsed

time, min*

¥ L AL O IVIECIN 1 3

Displaceme 32 32 32 32
nt Volume,

L

Charge 26 26 26
time, min

Chemical Conditions in accumulator: (TAPPI)

AA (Na20), 9.5 10.1 10.1

T B N e T I e
EA (Naz20), 9.5 10.1 -
T e I s T I

TTA
(Na20) ,
g/L
Sulfidity,
$ on A.A.

* includes fill time, heating time to 120C and time at 120C after warm fill.

TABLE 2

RDH Pulpinc
Cook Post Post Post Post
Number R5 R6 R7 R7 R8
H factor 116 765 831 832

1
AA 10. 10.0 10.0
(TAPP!) to 0
Hot Fill, %
Sulfidity 30. 30.3 30.3 30.2
(TAPP!), % 2
on AA |

Sl L ORES —addbber BAl X2 AN = B O oAl ¢ BN b o | B sk A it el Bl b L Shr e A e e vy ¢ Lk s N .
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Maximum 170 170 170 170
temp, C
Time to 23 27 21 “ 21
max, min
Time at 62 35 41 42
max, min
Kappa, 7.6 9.7
unscreene
d
Kappa, 7.2 9.1 8.8
screened
Total 47. 48.3 48.6 49.1
vield, % 3
Total 1.1 1.6 1.7 1.4
rejects, %
Screened 46. 46.7 46.9 47.7
vield, % 2

End of Cook Residual:

AA(Na20) 27. 2b.4 26 25.4
, 9/l 9

EA 19. 18 17.4 17.4
(Na20), 2

g/L

17. 14.9 17.4 16
4
g/l
TTA(Na20
), g/L

Soidse | 18] | tei] _[192] [teal
FBotasgl [210] [ 2n| __[218] [ zio]

Kon ....
4

% on A.A.
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nl® .

Hot liquor 18 18 18
charge, L

Charge 12 13 12 13
time, min

Temperatu

re, C

Top | 135] | 187] [ 187] | 136]
Bottom | 153| | 153 | 154] | 186]

Chemical conditions in Accumulator:

22.1 16.2| 18.6| 14.3| 18| 13.6
(NaZOL
IIIIII

6.1 14.9 : 17.41 13.6 . :

IIHIIII
5 BREEEEE
(Na20), §
g/L '

Sulfidity, 53. | 63.6 65.2167.3| 61.4| 67.3
% on A.A. 3 |
7

* includes heating time to 155C and time at 155C after initial hot black liquor injection and final hot
B/L with W/L mix.
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TABLE 2A
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Exit pH,
initial

Temper a
ture,

-------
--------

Chemical conditionsa in Accumulator: (TAPPI)

A (Na20) 28.1 19.2 27.9 18.6 26 .7
g/L

(Nazo

g/L

Sulfidit
y, T on

A
iiiiiilllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII"IIIIIIIIIIIIIIIIIIIII
Solids,
g/L

Total
elapsed
time,
min*

Hyu, b H M-

Displace
-ment

olume,
L

Chemical Conditions in accumulator:

4.3 - 4.31
(Na20) ,
g/L
(Na20)
g/L

T o R A S T BT IR M TR AN L. LR T L Nt e e g A 1 R I IR I e S . . -
: YEESMENASERNIS AR Sy v s @ T TR e b A RS T LRI P A AR SN TR M b s e L= e e S ek
.. © e e VA A TIET st S A i e M e s e e s
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* includes fill time, heating time to 120C and time at 120C after warm fill.
TABLE 3

Post Post Post
R10 R11 R11 R12 R12

RDH Pulping Conditions ang
t

Cook Number Pos
R9 R10

sulfidity
(TAPPI) , %

Time at 72 62 63
max, min

Kappa, 9.1 i0
unscreened

Kappa, 8.1 B.5 9.2 9.3
screened

Total 48 .1 48.1 49.1 49.1
vield, %

Total 1.1 1.2 1.5 1.3
rejects, %

Screened 47 46 .9 47 .6 47 .8
yvield, % |

Viscosity, 0O 33.5 33 39.3 32.1
.5% CED, cCp
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End of Cook Residual:

AA (Na20) , 37.6 32.8 34.1 33.5
A il N I I i
EA (Na20), 2B.6 25.3 25.9 25.3
S M I Wl sl A I
Naz2S5 17.8 15.2 16.4 16.4

Somass || [ wa|  [wa| [ wa|
L N Nl N 1 N Y

Sulfidity % 47.9 45.7 48.1
on A.A.

Hot llquor

charge,

Charge

time, min
iiiiiiiiiiilIIIIIII"IIIIIII|IIIIII“IIIIII"IIIIIIIIIIIINIIIIIIIIIIIIII

Top | tesf | 12| | 2] ) 2]
Boteom | 45| | 147) | w7| | S|

Chemical conditions in Accumulator:

AA (Na20), 27 .8 25.9 27 .3 25.3 27.1 24 .6 26.5 23 .4
S M M M M T I
EA (Na20), 12.9 18.9 19.9 18.3 20.2 18.3 19.5 17
S i M I T ] A
Naz2S 15.8 13.4 14.9 13.9 13.9 12.6 13.5 12.6
TTA (Na20),

Sl I I N N A A A
sulfidity, s6.8| 54.1| 54.2| 55.3| 50.9| 51.2 | 52.3| 54.7
Vo | | TRl

Total 42 42 42 38
elapsed
time, min¥

* includes heating time to 145C and time at 145C after initial hot black liquor injection and final hot
B/L with W/L mix.

TORET M L0t e SR R R o SRR CAc, ST N M D i e MO K P ot et L L S (b dakiemr i e o AR CaAA G et o i b aa A e Lo Loas aas
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TABLE 3A

Tempera-
ture, C
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= IIIIIIIIlIIIIIIlIIIIII|IIIIII|IIIIII“IIIIII|IIIIIIlIIIIIIIl
Exit pH, . : :

initial
‘IIIIiiIIIIIIIIIIIIiiI|IIIIII”IIIIiiIIIIIIIIIIIIIiiIIIIIIIIl
Tempera-

ture, C

fop | e | | e | e[ [ wes|
Borton | wm| | ww| | we| | we|

Chemical conditions in Accumulator: (TAPPI)

) (NaZO)
, g/L

EA 20.5 14 .5 18.9 14 .1 18.13 13.3 17.7 13.3
(Naz20) ,

g/L

IIIiiIiI|Iii|i|IliililIliiiil“lliiiinlliililIIiiIiI|IIiiIi|

Sulfidit

y, % oI
iiiiiillllllllllllllllllIIIIIIIIIIIIIIIIIIIII"IIIIIIIIIIIII”IIIIIII\
Solids,

g/L

Total 30 30 31 30
elapsed
time,
min*
S LACEMENT :
Displace 32 32 32 32
-ment
Volume,
L
IIIIiiIIIIIIIIIIIIiiI|IIIIII"IIIIii|IIIIIII"IIIiiIIIIIIIII
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* includes fill time, heating time to 120C and time at 120C after warm fill.

TABLE 3B

PULPING STUDY SUMMARY
COOK NUMBER

BEST COOK: NEW RDH COOKING PROCEDURE _
BASELINE COOK: OLD RDH COOKING PROCEDURE
—~ : R12

BEST DO-ABLE COOK: MODIFIED NEW RDH COOKING
PROCEDURE

COOKING CONDITIONS




WO 95/23891 2 ‘ 8 4 7 06 PCT/US95/02719

25

I LR N L N O

WARM FILL .

EA (g/l) as 18 18.6 18 18.6 | ©17.7
Nal0

Solids, v | w3 wei] wav] me] w5
HOT FILL

Solias, v | mis| w] w| w73
COOKING STAGE

fmcror | 4| w| eni| ewa| st

MAXIMUM TEMP. 160 160 170 170 | 160
DEGREE C :

DISPLACEMENT

EA (g/l) as 10.1 3.7 3.5 10.7
a20 |

solias, v | o] o] wo4] w3| 0

EXAMPLE 1

The foliowing definitive pulps were produced for the bieaching study:

e e e A A S O ———— e A — N — — A —— S AT I e . . e, TG AL W LI P e e S~ "~ S— B NN AN NN SNSSSS.._—_—.
—— I — A\ A AL AL Ay ——aAAY) AMA A A AN s A A AAMMAMA__AA A A Am  sa  ammis  sas asem

"Best" R3 8.8 45.3
| R4 9.3 45.0

"Baseline” R7 8.9 40.6
R8 8.8 41.3

"Best Do-able” R10 8.5 41.5
R11 9.2 40.8
R12 9.3 41.5

———— T T YV — ————— e ——— e\ ———— A A
- - . e A e e e e e e e e = T S~~~ W—' S \. | C—". I~ S—— W~ \ S———  — AS—\ L 0 \! S bbb

Five RDH pulps (R3, R4, R7, R8 and R12) were bleached using an
(O)(D100)(EO)(D) sequence. However, each of the five RDH pulps were first

oxygen delignified in stirred reactors using the conditions shown beiow in Table
4.
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TABLE 4

OXYGEN DE NIFICATION CONDITIC

"Do-able
Baest
case

identification , :
8.9 8.8 9.3

Viscosity, mPa.s 44.9 | 33.3 32.2 32.1

lUnbl . 45.3 | 45 40.6 41.3 41.5
brightness, %

Viscosity, mPa.s 14 .4 13.8 13.6 12.5

Kappa reduction, 46 .6 43.5 47 .2 48.9 50

s |

Yield on raw 95.2 95 .8 94 .3 98 .8
stock, %

For the bleaching studies, a 0.225 kappa factor was used in calculating
the chiorine dioxide charge in the D100-stage for pulps R3, R7 and R12. A 0.27
kappa factor was used for pulps R4. R8 and R12. Tables 5 through 10 below

show the (D100) (Eo)(D) bleaching conditions and results on the oxygen

delignified pulps from these cooks. The chlorine dioxide solution concentration
was adjusted by a 0.92 factor to compensate for losses of chlorine dioxide In

charging the reactors and polyethylene bags during bleaching.
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TABLE §

4

acnIng witn () (L) 704 0)D) on Opumal R

Kappa factor = 0.225

R CC I C N LN S N R R R
Species e | | | | [
A L N N R R R
R T Y N I N N R
Viscosity s | wa] | | | |

T T N S
Floz vassvenabte oy | woe| [ [ | |

Actual Cl02, % as avail. 1.15
Cl,

Sbsriteron, v [ wee| | | [
msor, v [ as| [ | |
N N NN I N R R
Residual g el on | ome| | | | [

e T T T T
o2 preseure pets | m| | | | [
oo time mmaees || ||| |
T N R I N .
KW @ Wy [ s | [ | |
Veosity mas [ wo| [ [ [
eldon rawetoor, v | ws| | [ | |

ClOo2 as Cl02,

g * '

Actual Cl02, 0.11 | 0.33 0.54 | 0.76 | 0.98| 1.2 | 0.98 1.2
¥ Clo2 ;

maon, v | | 0| oes|oas|0as] o5 0] oar
msor v | oa|ows| o] o] o] o o o

- T L R vy UL VR, R TSI L R ——_—— T T Ok LA LML, Yy o <R O wi Culud [Ty,  —




WO 95/23891 7218 4 7 0 6 PCT/US95/02719

28
Residual as 0.02 0.01 0.01 0.02 0.02 0.02
Clo2, %
Brightness, 89.7 91.2 1] 91.5 | 91.6 o 32 51.1 91.3
1S5S0
Viscosity, 13.1 11.2 9.2
mPa . s

* Actual ClO2 concentration x 0.92

TABLE 6

Bleachina with (OX(D100)(Eo)(D) on Optime

Kappa factor = 0.27

SawpTe Temeimeer W
Species  [mewen |
S L N R I R N
TR ) R
AT N TN N R N N

O 0

: -
)~ JU)- .ll. J O

4
Chlorination factor ICIEH I I I I
oz, wasavailable et | el | [ ] 1

nctual Cl02, % as avail. 1.53
Cl,

s, v | e [ [ [
SR ST I N R R R
ST ST ICECEN I N N R R

ol
w

K1ge: 0% cor
[ e[ [T 1 [
o2 pressure, psis | 25| | | 1 |
o2 vime, mimutes | | | [ 1 ]
Pl en | es| | 1 1
Kwo eswo | 2| | | 1 |
T P I N I I I R
T W2 I I N B
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. mir

Sample

HHHHHHIIIIIII"IIIIIIIIIIII"IIIIIIHIIIIIIIIIIII"IEIIIIIIIIIII"IiIIII

ClO2 as

EEi S I N el it e
Actual ClO2, . : : : : : :

T Clo2

NaoR, v | 0| 0| cos[oie|o2s| 03] o330

msor, v | oa|ews| o] o o o o] o

Residual as 0.01] 0.01 0.01 | 0.02} 0.01 ]| 0.01
ClOo2, %
Brightness, 89.8 90.5 91.2}| 91.5}| S81.8 91.8 91.4 | 91.5
IS0
iscosity, 12.5 11.6
mPa.s

* Actual CIO2 concentration x 0.92

TABLE 7

Bleachina with (OYD100YEo)D) on Baseline RDH Pulrc
Kappa factor = 0.225

Sarpie teentifioation — [® [ | ]
Spectes  mewen | | [
A L I R R
N T I R R
Vscosity, weas | wme| | [

—_-
cloz, % as available ¢ | 1ot] | |
Actual C102, % as avail. C1, | 11} | |
Substitution, ¥ 00| w0f | o
Weso4, ¥ 0| ey b1
Fimalpd 0 ey b
Residual, g/L avail. C1, ---

Tl D b AR O] A D S AW I A M RS e L s A TR et R S S S r e L T b e et L et L s L A -
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¢ age: 60 min, 74° 0% cor

o+ [ el [
e peis | e[ [ [
e wmees | s [
N R} N R
e w1 es[
ey weas | woal
el on s atoor v | o[ [ ]

.c )] |

. - - 4 O .

Actual Cl02, % 0.11 0.33 0.54 0.76 0.98 1.2
Cl02

Pl | 4| 38| 4| sal sal s

%

Tecowity, was | |- |- [ mal- | we

* Actual ClO2 concentration x 0.92

TABLE 8

a with (OXD 104

-
-

Kappa factor = 0.27

Cook s I A N
— T 1
—

N
3
(o
'—J
®
j=-
o7
D
-
t
-
FHh
-
0
b
n
P.
O
M.

Viscosity, mPa.s

D)TUV)- Qe D) min A8 A 2% cor

nctual Clo2, % as avail. Cl,
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Swseimemon v [ we] T T
T R R I R R
Residual, gt et o | o] | |

-Il---
02 pressure, PpPS ig _--_
02 time, minutes | 1s] | |
s [ e [ |
KNo. 2sMy) | 23] o 1
Viscosity, mpa.s | 12.6] | |
m—--

m—

Actual ClO2, % 0.11 0.33 0.54 0.76 0.98 1.2
ClO2

veor v | o] 0| ool e3| 0w oan
msor, v | oa| oes| o o] o] @

% .

Viscosity, meas | 1ez|- |- | we|- | 5%

* Actual ClO2 concentration x 0.92)

L TR RGeSO AR Mo o H 0 B P S IR Ny 0.2 ¥ : R .
v 2 T R R S i 7 oW ’-MWWWWW-WHW-W o an e S ke e ARt = 3 i )
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TABLE S

L
U

Sleal INC lh 8 ’.. —0)(D)) ON BE "Do-at "
Kappa factor = 0.225

Sample identification
02 Pulp Kappa

AR
| O
(D
-

- d
" .. @ . ..
-
- -

Residual, g/L avail. Cl,

NaOH, %
02 pressure, pPSig
02 time, minutes

Sample number

\I\ I| I| 253 I
o ‘
ClO2

B )

— o v
SN NN NN EE

Reszl.dual as Cl0oz, -- 0.01 0.01 0.01
£ I D .

Brlghtness 1S5S0 B8.9

* Actual CI02 concentration x 0.92

m---
Viscosity, mPa.s I
Yield on raw stock, —---

0D min
‘Iiilll'lﬁillll“iilllll

-
O
0
] -
N

W
NN
()
T R
o
w .
. W
> W
O
) .
' >
() N
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TABLE 10

Bleachina with (O} D100
Kappa factor = 0.27

Samre Teemifionen [ms [ [
Spectes e || |
R LR R R N
SR S Y N I
ety e wel |1

TN . N N N
Clo vaseeniamte e | wos| | |
Aovwal Cios, es avanl | | | |
Swetiteion, v | e ||
pasor, v [ a| [ [
T TN N R R
T A N TN R N R

" -~ -
J0O-aC atbin

pa, e e T T T
b preseure, peis | m| ||
02 cime, mmwes | as| | [
Fmion | wme| [ [
Kvo_@wn | es| [
ooty mas | wa| | [
T R N I R R

mm—

Actual Cl0O2, % 0.11 0.33 0.54 0.76 0.98 1.2
Cl02

veom, v | 0| o| ooa| o3| o33] oar
msos v | il ews| o o] o] 0

%

righiness viso | 5| 0| woe| mia| sis| sie

* Actual ClO2 concentration x 0.92

e B BT T TN B AN+ VRANID] 5 B AN AT et a1 AR Tk L cin 2
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As shown in FIGS. 5 and 5A, the use of a higher kappa factor did not
appear to reduce the D1-stage chlorine dioxide requirements. The best case
RDH pulps (R3 and R4) produced 1.5 to 2 points higher brightness than the

baseline case RDH pulps (R7 and R8) at equivalent chlorine dioxide charges.

From FIGS. 6 and 6A, it is shown that the best do-able case RDH pulp
(R12) produced intermediate brightness between the best case RDH pulp (R3)
and the baseline case RDH pulp (R7).

FIGS. 7 and 7A show that the best do-able case RDH pulp (R12) gave

intermediate brightness between the best case RDH pulp (R4) and the baseline
case RDH pulp (R8).

From the pulp bleaching studies, a summary of the results is shown

below in Table 11. The easiest pulps to bleach were the best case pulps. The

most difficult to bleach were the baseline case pulps with the bleachability of the

best do-able case falling between the first two cases. Results indicated that a

combination of high alkalinity (white liquor addition at the warm and hot fill mode

plus cooking stage, AA charge between 15% AA and 35% AA) and a low
cooking temperature (approximately 150°C ~ 167°C) improves pulp
bieachability and, thus, final brightness of pulp. It should be noted that the

black liquor strength during the RDH cook should be maintained.
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TABLE 11
BLEACHING STUDY SUMMARY

COOK NUMBER

T cooR e GOk FrecsE | T8 | W]
N A N

BASELINE COOK: OLD RDH COOKING R7
PROCEDURE

BEST DO-ABLE COOK MODIFIED NEW RDH
COOKING PROCEDURE

BLEACHING RESULTS

KAPPA 0.225IN THE D (100% CIO2 SUBSTITUTION)
FACTO
R

FINAL BRIGHTNESS, % ISO

ClO2 CHARGES IN THE LAST D STAGE, %

—oi]es Gs[ or] ee] wh

89.7 90.4 91.5
BEST
COOK)
BASE~
LINE)

KAPPA
FACTOR 0,27 IN THE D (100% CIO2 SUBSTITUTION)

FINAL BRIGHTNESS, %ISO
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CI02 CHARGES IN THE LAST D.STAGE, %

It should be understood the various changes and modifications to the
presently preferred embodiments described herein will be apparent to those In
the art. Such changes and modifications can be made without departing from
the spirit and scope of the present invention and without diminishing its

attended advantages. It is, therefore, intended that such changes and

modifications be covered by the appended claims.
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CLAIMS: 2184706

1. A batch digesting process of the type using rapid
displacement heating to produce delignified pulp, wherein
spent liquor produced in a digester as a result of
cooking a mass of cellulosic material with cooking liquor
is displaced and collected in accumulators as hot black
liquor and as warm black liquor so as to conserve and
utilize the heat of the spent liquor to preheat another
mass of cellulosic material in warm black liquor and hot
black liquor displacement type pretreatments with
progressively hotter spent liquors prior to cooking,
wherein:

white liquor is added to the warm black liquor
during the warm black liquor pretreatment and to the hot
black liquor during the hot black liquor pretreatment
stages and to the cooking liquor during the cooking stage
in the digesting process, the total white liquor added
having a distributed charge between approximately 15%
active alkalinity and about 35% active alkalinity; and

the temperature of the cooking liquor is raised to

between 150° ~ 167°C for the cooking stage.

2. The process of claim 1, wherein the white liquor
solution is added to the warm black liquor (temperature
between 90° and 150°C) and to the hot black liquor

(temperature between 150° and 167°C) in a predetermined
amount .

3. The process of claim 1, wherein white liquor 1s
added to a cool black liquor (temperature between 70° and
90°C) and the mass of cellulosic material is pretreated
with said cool black ligquor with white liquor added
thereto, before the warm black liquor pretreatment.

4 . The process of claim 1, wherein the preferred total
white liquor charge 1s > 20% AA.
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5. The process of claim 1, wherein the preferred

cooking temperature ranges between 155° ~ 167°C.

6. A method for producing bleachable grade pulp
according to the process of claim 1, comprising the steps
of:

(a) introducing wood chips into the digester;

(b) pretreating the chips with a mixture of warm
black liquor and white liquor below cooking temperature;

(c) displacing the mixture from the digester with
at least one mixture of a hot black liquor and hot white
liquor;

(d) increasing the temperature of the digester to
the cooking temperature;

(e) maintaining said temperature until the chips
are digested;

(f) displacing the contents of the digester with a
liquid filtrate derived from pulp washing; and

(g) emptying the contents of the digester Dby
applying gas pressure to the interior of the digester or
pumping out.

7. The method of claim 6, i1ncluding the step of
pretreating the chips with a mixture of cool black liquor
and white liquor (or NaOH solution), before the step of

pretreating with warm black liquor.

8. The method of claim 6, wherein the total white
liquor used has a total charge ranging between 15% AA

~ 35% AA.

9. The method of claim 6, 1including the step of
displacing the contents of the digester with any
combination of washer filtrate and white liquor (or NaOH

solution) .
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FIG. 5
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FIG. 6
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FIG.7
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