
US 20010032711A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0032711 A1 

STROMBERG ct al. (43) Pub. Date: Oct. 25, 2001 

(54) PULP COOKING WITH PARTICULAR (22) Filed: Oct. 26, 1998 
ALKALI PROFILES 

Publication Classi?cation 
(76) Inventors: C. BERTIL STROMBERG, GLENS 

FALLS, NY (Us); AUVO K, (51) Int. Cl.7 ............................ .. D21C 3/26; D21C 3/02; 
KETTUNEN, NEUVOTON (Fl); JIAN D21C 7/10 
E. JIANG, KARHULA (FI); KAJ O, (52) US. Cl. ............... .. 162/17; 162/19; 162/29; 162/39; 
HENRICSON, KOTKA (FI) 162/237; 162/250; 162/251 

Correspondence Address: (57) ABSTRACT 
NIXON AND VANDERHYE Yield, particularly When treating hardWood chips, can be 
8TH FLOOR improved by at least 1-2% in a kraft cellulose pulping 
1100 N GLEBE ROAD process by keeping the temperature and effective alkali (EA) 
ARLINGTON, VA 22201 loW during impregnation, and by keeping the EA loW in at 

least a ?rst cook stage. After cooking, the pulp is subjected 
( * ) Notice: This is a publication of a Continued pros- to cooling loW EA liquor, eg to reduce its temperature to 

ecution application (CPA) ?led under 37 beloW 120° C. (preferably beloW 100° C.) With an EA beloW 
CFR 1_53(d)_ about 5 g/L (expressed as NaOH). Continuous treatment in 

a continuous digester system is preferred, With the EA beloW 
(21) Appl. No.: 09/178,512 about 20 g/L during impregnation and the ?rst cook. 

A/A'q?he & A/ka/fne & A/ko/f/le & 
lil/f/flg? Dz/u?on 17/702700 —————— -—1 
WU’ 9W0’ Uqu/b’ 5 

(L2, 22 
/\_ l8 /\_ ,9 /\_20 :I 

7/ | 

9 l 1; 
frag/mam‘ Treatment & If 1‘ I 

49 0/ 420°C i Heat/?g f0 ‘ 385/553; ___,: Traci/meg! :|___ Coo/mgo i 
E K I; >720? i a K L02‘ >740 _QJ| 70420 6‘ 

” e s H ; ~ Kw km 
E . . n- 790 l 
i__ 0/1/2700 __J' ; 

llkyu/b’ :' 
s A200 



Patent Application Publication Oct. 25, 2001 Sheet 1 0f 9 US 2001/0032711 A1 

so QNVE 3%8 
E 

SE WU .... 3%:15 hrktmgtsmt? “ y 

so QSA E u?bmm at EQENSEN 

so s?a B NEEEEN ‘ 

bog» s Ewing 

ESQ 

gcgq QQQQQ gcax? @Q EQQQ $0 2E3‘ % 3%? 



Patent Application Publication Oct. 25, 2001 Sheet 2 0f 9 US 2001/0032711 A1 

g Q 
a 
l 

(\1 
k 

8w 
‘I 9 U3 
Lu ; 

\\ 

Q 
Q N 
O . 

ff‘ ‘bv\§ .9 
'A L' 

N 

if “'3 E "'3 

5 =1\ 
s 

\__>§ 
E EVE 

q \ 
Lu Chips " 

3/ 



Patent Application Publication Oct. 25, 2001 Sheet 3 0f 9 US 2001/0032711 A1 

Temp, 0 C 780 750 740 720 700 80 60 40 20 0 

J00 .350 

250 

200 

750 T/me, m/nuz‘es 
700 

45 

60-0 0 O 

50 

25 20 75 

54, g// (/VaOH) 

70— 5 _ 

Fig.3 
0 

0 



Patent Application Publication Oct. 25, 2001 Sheet 4 0f 9 US 2001/0032711 A1 

‘N QN m“ N\ m 

if 32. g & §§ \EQ 



Patent Application Publication Oct. 25, 2001 Sheet 5 0f 9 US 2001/0032711 A1 

30 

20 25 Kappa Number 

56 

Z0” 50 wood 

52— 48 
70 

Flg 5 



Patent Application Publication Oct. 25, 2001 Sheet 6 0f 9 US 2001/0032711 A1 

sE S5 EQQQQ ‘m 

swim gm, SN QQN 

am SQ 

9Q QS E. Q 

Q QQEQQSw % 

mm, mw 



Patent Application Publication Oct. 25, 2001 Sheet 7 0f 9 US 2001/0032711 A1 

5 3 

m, 3 B 

Q & ?g 55 w §§ @855 

@w 5, 

§& 3% .a 35 .3 5* Q 

/ 
E, 

Ema E, 
mhaf 

eh I 

%3 .5: S 3&3 em *3 g 

8% :6 
N “Smi 58R 

9%. 



Patent Application Publication Oct. 25, 2001 Sheet 8 0f 9 US 2001/0032711 A1 

[A 9// NaOH IIMPE/PAfU/PE c ‘1105 I00 
5 20 100 150 ,04 f/ 

100 

A 10/ 1170 "3* “nil/15 
100 ,F 1 

| 

_ L/ 

122 ‘it-T LLB/M40710” 
102 W110 720 

I 79 
105i 1 i //0 

127 726 L 0001000 1100011 
1 1,251 AND 0/10/1011 

150 f1 4 '29‘ I 734 

l ----- --i M 135 

I38 

109% U; 2 0001/1110 1100011 
11/0 01101101/ 

/50_ 

(142 142 
w /41 

F 1/7 
: " r 

-L _______ --1 \ w 140 

706 C 
140 / '47 0001000 1/0000 

AND 0/! Uf/ON 

Fig .8 "'4 145 ‘Km; 



Patent Application Publication Oct. 25, 2001 Sheet 9 0f 9 US 2001/0032711 A1 

200 

105 

1/5 '——> 125 <21 737 II1> 
I "-——> 

20 30 7444‘ 

(g// as NaOH) '50 

Digesfer Loca?on Fig.9 E ffec?ve Alkali 



US 2001/0032711 A1 

PULP COOKING WITH PARTICULAR ALKALI 
PROFILES 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0001] The term “chemical pulping” applies to the process 
of treating comminuted cellulosic ?brous material, for 
example, hardwood or softwood chips, With an aqueous 
solution of chemicals Which dissolve the non-cellulose com 
ponents of the material, and some of the cellulose compo 
nents, to produce a slurry of cellulose ?bers that can be used 
to produce cellulose paper products. The commercially 
signi?cant chemical pulping process in the late tWentieth 
century is the alkaline process. TWo such alkaline processes 
are the “kraft” process and the “soda” process. In the kraft 
process, the active chemicals With Which the Wood is treated 
are sodium hydroxide [NaOH] and sodium sul?de [NaZS]. 
The aqueous solution of hydroxide and sul?de is referred to 
as “kraft White liquor”. In the soda process, very little or no 
sodium sul?de is present. 

[0002] The treatment is performed at a temperature of over 
100° C., and the process is typically under superatmospheric 
pressure, preferably 5-10 bar. The hydroxide is a strong base 
and the process is performed in a highly basic, or alkaline, 
state, for example, at a pH typically greater than 12. As the 
chemistry is presently understood, the hydroxide dissolves 
the non-cellulose compounds of the Wood Which bind the 
cellulose ?bers together, that is, the “lignin”, and the sul?de 
acts to protect the cellulose from degradation by the hydrox 
ide. 

[0003] The rate of reaction of the kraft and soda pulping 
processes is dependent upon the temperature of the reaction 
and the concentration of cooking chemical. The higher the 
temperature and the higher the chemical concentration, the 
more rapid the reaction of the sodium hydroxide, also knoWn 
simply as “alkali”, With the Wood material. The concentra 
tion of cooking chemical is typically expressed as “active 
alkali” or “effective alkali” In this application 
the term “effective alkali as equivalent NaOH” Will be used 
exclusively to express the concentration of cooking chemi 
cal. EA is typically given by the sum of the concentration of 
NaOH plus one-half the concentration of Na2S expressed in 
grams per liter (g/L) of equivalent NaOH, that is, 

[0004] In earlier chemical pulping processes employing 
the kraft process, in either batch or continuous mode, the 
cooking chemical Was introduced essentially in its entirety at 
the beginning of the treatment. As the treatment progressed 
the alkali concentration diminished as the cooking chemicals 
Were consumed in the pulping reaction. For example, in 
What is typically referred to as a “conventional kraft cook”, 
the initial EA concentration to Which the cellulose is 
exposed may be 40 g/L or higher. This initial EA then 
declines during the treatment such that the ?nal EA at the 
completion of the cook may approach 5 g/L or loWer. 

[0005] In the late 1970s and early 1980s, in the pioneering 
Work done by the SWedish research ?rm STFI, the bene?ts 
of “leveling out” the alkali pro?le throughout the cooking 
process by decreasing the initial EA concentration and 
increasing the ?nal EA concentration Was introduced. Johan 
son, Mj oberg, Sandstrom and Teder (SvenskPapperstidning, 
87(10):30 (1984)), in discussing this process, calculate an 
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EA concentration, in a continuous digester employing 
counter-current treatment, of betWeen 10-15 g/L initially and 
5-10 g/L at the end of the cook. The EA concentrations rise 
and fall during the treatment by introducing White liquor and 
extracting spent cooking chemical, knoWn as “kraft black 
liquor”. This process of “split White liquor addition” and 
counter-current treatment, knoWn as “modi?ed kraft cook 
ing”, Was adopted broadly throughout the pulping industry 
in the 1980s. For example, the process and associated 
equipment Were sold under the trademark MCC by Ahlstrom 
Machinery Inc., of Glens Falls, NY. Later, the counter 
current process Was extended even further by the addition of 
White liquor to the counter-current Wash Zone, knoWn as the 
Hi-Heat Wash Zone, in a process marketed by Ahlstrom 
Machinery under the trademark EMCC. 

[0006] In the 1990s, Marcoccia, et al. introduced the 
Lo-Solids® cooking process and equipment Which provided 
the next dramatic improvement to the kraft cooking process. 
See US. Pat. Nos. 5,489,363; 5,536,366; 5,547,012; 5,575, 
890; 5,620,562; and 5,662,775. Marcoccia, et al. recogniZed 
that the concentration of dissolved reaction products, includ 
ing dissolved lignin, dissolved cellulose, and dissolved 
hemicellulose, among other dissolved compounds, Were 
detrimental not only to the latter stage, or “residual delig 
ni?cation” stage, of the pulping process, as proposed by 
Johanson, et al., but also to the principal stage of deligni 
?cation, that is, the stage knoWn as the “bulk deligni?cation” 
stage. By the selective removal of spent cooking liquors and 
replacement With cooking chemical and dilution liquors, for 
example Washer ?ltrate having a loWer concentration of 
dissolved materials, early or at the beginning of the pulping 
process a stronger, cleaner cellulose pulp could be produced. 

[0007] In co-pending U.S. patent application Ser. No. 
08/911,366 ?led on Aug. 7, 1990 (Attorney Docket 
10-1216), the bene?ts of treatment of the cellulose material 
in a kraft cook at loWer cooking temperature is disclosed. 
This process is especially effective When used in conjunction 
With the Lo-Solids® cooking process and equipment 
described in the above-referenced patents. 

[0008] In all chemical treatment of Wood to produce a 
cellulose pulp, the cellulose and non-cellulose constituents 
are not segregated in the Wood but are typically intermingled 
With each other. It is dif?cult to dissolve the undesirable 
non-cellulose constituents Without dissolving some of the 
desirable cellulose. As a result, in the chemical treatment of 
Wood, though the original Wood may typically consist of 60 
to 70% desirable cellulose (and hemicellulose), typically 
only about 50 % of the usable cellulose is retained in the 
?nal product. (It is to be understood that the product of the 
pulping process typically also contains other tolerable, non 
cellulose constituents of the Wood, such as some residual 
lignin.) Some of the desirable cellulose is dissolved at the 
same time as the undesirable non-cellulose. This percentage, 
by Weight, of the amount of cellulose retained compared to 
the amount of Wood introduced to the process is referred to 
as the “yield” of the process. Note that a 1% increase in yield 
for a typical 1000 ton-per-day pulp mill, Which sells pulp at 
approximately $500.00 per ton, can mean over a million 
dollars in revenue per year. Thus, single-digit increases in 
yield can have signi?cant impact upon the pro?tability of a 
pulp mill. 

[0009] In a paper entitled “Improved Pulp Yield by Opti 
miZed Alkaline Pro?les in Kraft Deligni?cation” (Presented 
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at the TAPPI symposium “Breaking the Pulp Yield Barrier” 
on Feb. 17-18, 1998), the inventors, and others under the 
direction of the inventors, shoWed that a loW and uniform 
alkali pro?le and a loW temperature pro?le in a kraft cook of 
birch chips improves the cellulose and hemicellulose yield, 
as pursuant to the invention. (Speci?cally, the yield of the 
hemicellulose “xylan” is improved.) This publication dis 
cusses laboratory experiments shoWing the theoretical basic 
aspects of the invention, rather than hoW the preferred alkali 
and temperature pro?les can be effected in a commercial 
pulp mill. 

[0010] The present invention comprises or consists of 
methods and apparatus for effecting the desired loW and 
uniform alkali treatment that has been found desirable 
according to the present invention. One embodiment of this 
invention comprises or consists of a method of treating 
comminuted cellulosic ?brous material to produce cellulose 
pulp, comprising: (a) Treating the material With a ?rst 
alkaline liquid having a ?rst effective alkali concentration 
and at a temperature less than 120° C. (b) Treating the 
material With a second alkaline liquid having a second 
effective alkali concentration While heating the material to a 
temperature above 120° C. (c) Treating the material With a 
third alkaline liquid having a third effective alkali concen 
tration at a temperature greater than 140° C. to delignify the 
material. And (d) treating the material With a cooling liquid 
to cool the material to a temperature less than 120° C.; 
Wherein the ?rst, second, third initial effective alkali con 
centrations are all less than 30 g/L, typically less than 25 
g/L, preferably less than 20 g/L as NaOH, and the EA 
concentration in (b) and (c) is less than 25 g/L, preferably 
less than 20 g/L. The cooling liquid typically has an EA of 
from 0-5 g/L so that the EA gradually decreases to a level 
beloW 5 g/L as the temperature is gradually reduced; and the 
temperature of the cooling liquid is typically beloW 110° C., 
e.g. beloW 90° C. 

[0011] The method may also further include (e), betWeen 
(c) and (d) of treating the material With a fourth alkaline 
liquid at a temperature greater than 140° C., the fourth 
alkaline liquid having a fourth effective alkali concentration. 
This fourth initial EA concentration may be less than 30 g/L, 
for example, less than 25 g/L or less than 20 g/L (eg about 
15 g/L) as NaOH, but according to the invention the fourth 
EA concentration need not be limited to this loWer EA 
concentration. The fourth initial EA concentration may also 
be greater than 30 g/L. The method may also further include 
(f, betWeen steps (e) and (d), of treating the material With a 
?fth alkaline liquid at a temperature greater than 140° C., the 
?fth alkaline liquid having a ?fth initial EA concentration. 
The ?fth initial EA concentration may be less than 30 g/L, 
for example, less than 25 g/L or less than 20 g/L as NaOH, 
but according to this invention the ?fth EA concentration 
need not be limited to this loWer EA concentration. The ?fth 
initial EA concentration may also be greater than 30 g/L. 

[0012] The desired EA concentrations are preferably 
achieved by introducing dilution liquid to the alkaline liq 
uids prior to contacting it With the material, in particular, at 
least introducing dilution liquor to the second alkaline liquor 
of This dilution liquor preferably consists of or com 
prises Washer ?ltrate, evaporator or heat exchanger conden 
sate, spent cooking liquor, fresh Water, or combinations 
thereof. It Will be understood by those skilled in the art that 
the introduction of dilution to the cooking chemical may 
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also be effected during the preparation, storage or transfer of 
the cooking chemical. For example, it is Within the scope of 
this invention to reduce the alkali concentration of the 
cooking chemical introduced to the material by diluting the 
cooking chemical during the recausticiZation process, or in 
any other phase of the liquor preparation process. 

[0013] The method of the invention preferably produces a 
cellulose pulp having increased yield compared With con 
ventional methods (eg (a) With an initial EA over 30 g/L 
and a temperature over 120° C., and (b) or (c) With an initial 
EA over 25 g/L), for example, yield increases of at least 1%, 
and preferably at least about 2% can be produced. This is 
particularly true of the application of this process to the 
treatment of hardWood chips, for example, birch chips. 

[0014] In the method described above, the second and 
fourth and ?fth alkaline liquors may be obtained by adding 
to cooking liquor heated dilution liquor having a loW or 
substantially Zero alkali concentration. Preferably (a) is 
practiced so that the EA gradually decreases While the 
temperature remains substantially the same; and preferably 
(a)-(d). or (a)-(f), are practiced continuously, in fact even in 
the same upright vessel, though these steps may also be 
practiced in more than one vessel. Though this speci?cation 
Will almost exclusively discuss the implementation of the 
present invention for continuous treatment, it Would be 
understood by one skilled in the art that the present invention 
can also be implemented in a non-continuous or “batch” 
process. 

[0015] According to another aspect of the invention a 
method of continuously treating hardWood chips, using a 
continuous digester system Where the chip slurry primarily 
?oWs doWnWardly during treatment, is provided. The 
method comprises: (a) Impregnating the hardWood chips of 
the slurry in a ?rst stage using a ?rst alkaline liquid With an 
initial EA at the start of the ?rst stage of about 25 g/L or less, 
and at a temperature of betWeen about 90-11° C., the EA 
gradually diminishing by at least 10 g/L during the ?rst 
stage, and so that at the end of the ?rst stage it is about 10 
g/L or less. (b) Gradually heating the hardWood chip slurry 
to a cooking temperature of about 140-180° C. as the slurry 
continuously moves through a second stage substantially 
contiguous With the ?rst stage, by treating the slurry With a 
second alkaline liquid, the EA of the slurry starting at the 
beginning of the second stage at less than 15 g/L, and 
increasing at least about 5 g/L during the second stage, but 
not exceeding about 25 g/L. (c) Cooking the hardWood chip 
slurry in a third stage, using a third alkaline liquid, at a 
temperature that remains substantially constant and is 
betWeen 140-180° C. and at an initial EA at the start of the 
third stage of beloW 25 g/L, and gradually decreasing by at 
least about 5 g/L and so that the EA at the end of the third 
stage is beloW 20 g/L. (e) Optionally subjecting the hard 
Wood chips to at least a second cooking in a fourth stage at 
approximately the same substantially constant temperature 
in the third stage, using a fourth alkaline liquid. (d) And in 
a last stage, using a last alkaline liquid, gradually cooling the 
hardWood chips slurry to a temperature less than about 110° 
C. and so as to reduce the EA of the slurry at least about 5 
g/L from the beginning to the end of the last stage, and so 
that the slurry has a ?nal EA of less than about 5 g/L; 
Wherein (a)-(d) are practiced so as to increase yield of pulp 
produced by at least 2% compared to practicing (a) at a 
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temperature of greater than about 120° C. and an initial EA 
of over 30 g/L, and practicing (b) or (c) at an initial EA of 
over about 25 g/L. 

[0016] In the above method, (e) is practiced, so that the EA 
increases from the beginning to the end of the fourth stage 
by at least 5 g/L. Also, (a) may be practiced at least in part 
by extracting liquor from the slurry at approximately the 
interface betWeen the ?rst and second stages; and Wherein 
(b) may be practiced at least in part by adding a combination 
of heated cooking and dilution liquor at approximately the 
interface betWeen the second and third stages so that the 
heated liquor ?oWs substantially countercurrent to the chips 
slurry; and (c) may be practiced at least in part by extracting 
liquor at approximately the interface betWeen the third and 
fourth stages; and (e) may be practiced at least in part by 
adding a combination of heated cooking and dilution liquid 
beloW the extraction at approximately the end of the fourth 
stage, to How substantially countercurrent to the hardWood 
chips slurry; and (d) may be practiced at least in part by 
introducing dilution liquor at a temperature beloW about 
110° C. adjacent a discharge of pulp from the digester 
system. 

[0017] According to another aspect of the present inven 
tion there is provided a continuous digester system com 
prising: At least one substantially upright digester vessel 
having ?rst, second, third, fourth, and last consecutive 
stages, each stage substantially contiguous With the previous 
stage and having an interface thereWith. An inlet adjacent the 
top of the ?rst stage. A ?rst liquor extraction device at 
approximately the interface betWeen the ?rst and second 
stages, including an extraction screen. A?rst WithdraWal and 
recirculating system at approximately the interface betWeen 
the second and third stages, including a ?rst recirculation 
screen, pump, heater, at least one cooking and dilution liquor 
addition conduit, and a recirculation pipe at approximately 
the level of the ?rst recirculation screen. A second extraction 
screen at approximately the interface betWeen the third and 
fourth stages. A second WithdraWal and recirculating system 
at approximately the interface betWeen the fourth and next 
consecutive stage, including a second recirculation screen, 
pump, heater, at least one cooking and dilution liquor 
addition conduit, and a second recirculation pipe at approxi 
mately the level of the second recirculation screen. Cooling 
liquor introducing devices adjacent the bottom of the 
digester vessel, at the bottom of the last stage. And a pulp 
discharge from the last stage, adjacent the bottom of the 
digester vessel. 

[0018] In the digester system the second recirculation 
screen may be substantially at the interface betWeen the 
fourth and last stages, or a ?fth stage (With associated 
recirculation system as described With respect to the above 
systems) provided at approximately the interface betWeen 
the fourth and ?fth stages. All of the ?rst through last stages 
may be in a single upright vessel (i.e. the at least one vessel 
consisting essentially of one vessel). The ?rst through last 
stages may also be performed in more than one vessel. For 
example, the ?rst stage or the ?rst and second stages may be 
performed in a ?rst vessel, for example, in a pretreatment or 
impregnation vessel, and the rest of the stages performed in 
a second vessel, or digester. 

[0019] It is the primary object of the present invention to 
provide increased yield in the kraft pulping of cellulose, 
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including hardWood chips. This and other objects Will 
become clear from a detailed description of the invention, 
and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a simple block diagram illustrating one 
exemplary form of a method of the present invention; 

[0021] FIG. 2 is a block diagram illustrating a laboratory 
technique that may be used to evaluate a method of the 
present invention; 

[0022] FIG. 3 is a graph that displays the alkali and 
temperature pro?les of the laboratory trials of a method 
shoWn in FIG. 2. 

[0023] FIGS. 4 and 5 are graphs that display the yield 
results of the trials shoWn in FIGS. 2 and 3; 

[0024] FIG. 6 is a graph Which displays another set of 
alkali and temperature pro?les for laboratory trials of a 
method according to the present invention; 

[0025] FIG. 7 is a graph that displays the yield results of 
different components of the pulp produced by using the 
pro?les shoWn in FIG. 5; 

[0026] FIG. 8 shoWs an exemplary apparatus for practic 
ing a method of the present invention, along With graphical 
displays of representative alkali and temperature pro?les at 
various locations in the apparatus; and 

[0027] FIG. 9 schematically shoWs a continuous digester, 
and an actual alkali pro?le of the continuous digester 
operating according to a method of the present invention, 
compared to conventional operation. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0028] FIG. 1 is a schematic illustration 10 of the method 
of the present invention. The method comprises or consists 
of a series of treatments of a slurry of comminuted cellulosic 
?brous material, for example, hardWood chips 11. In the ?rst 
stage 12, the slurry is treated With a ?rst alkaline liquid 18 
at a temperature less than 120° C. The initial alkalinity of the 
liquid 18, expressed as effective alkali (EA) is typically less 
than 30 g/L as NaOH, for example, less than 25 g/L, 
preferably, betWeen 15 and 25 g/L (or any narroWer range 
Within this broad range, e.g. 18-22 g/L). This loWer EA is 
preferably achieved by introducing loW-EA-containing dilu 
tion liquid to stage 12, for example, by adding dilution liquid 
to the alkaline liquid introduced at 18 or by adding dilution 
liquid directly to the slurry by a conduit 18a. Dilution liquid 
may comprise or consist of Washer ?ltrate, evaporator or 
heat exchanger condensate, Weak black liquor, fresh Water, 
or combinations thereof. The dilution of the cooking liquor 
may also be effected during preparation, storage or transfer 
of the cooking liquor. The temperature in stage 12 is 
typically betWeen 80 and 120° C., preferably, betWeen about 
90 and 11° C. 

[0029] After treatment at 12, the slurry passes to a second 
treatment stage 13 in Which the slurry is treated With a 
second alkaline liquid 19 While the slurry is heated to a 
temperature greater than 120° C. Again, the liquid 19 
typically has an EA concentration of less than 30 g/L as 
NaOH, for example, less than 25 g/L, preferably, betWeen 15 
and 25 g/L (or any narroWer range Within this broad range, 
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e.g. 18-22 g/L). Again, this lower EA is preferably achieved 
by introducing loW-EA-containing dilution liquid to stage 
13, for example, by adding dilution liquid to the alkaline 
liquid introduced at 19 or adding dilution liquid directly to 
the slurry by a conduit 19. Again, the dilution liquid may 
comprise or consist of Washer ?ltrate, evaporator or heat 
eXchanger condensate, Weak black liquor, fresh Water, or 
combinations thereof. The heating that occurs during stage 
13 is typically achieved by circulating heated liquor through 
the slurry. The temperature of the slurry is typically raised to 
a temperature approaching typical kraft or soda cooking 
temperatures, for eXample, to a temperature of at least 140° 
C., typically betWeen 140-180° C., preferably, 140-160° C. 

[0030] FolloWing the treatment and heating stage 13, the 
slurry is then treated With a third alkaline liquid 20 While the 
temperature of the slurry is maintained at the temperature 
above 140° C., again, typically betWeen 140-180° C., pref 
erably, 140-160° C. The initial EA of the treatment liquid 20 
is again kept to a relatively loW concentration of less than 30 
g/L as NaOH, for eXample, less than 25 g/L, preferably, 
betWeen 15 and 25 g/L (or any narroWer range Within this 
broad range, e.g. 18-22 g/L). This loWer EA is preferably 
achieved by introducing loW-EA-containing dilution liquid 
to stage 14, for eXample, by adding dilution liquid (eg the 
types described beloW) to the alkaline liquid introduced at 
20 or adding dilution liquid directly to the slurry by a 
conduit 20a. During stage 14, typically referred to as the 
“bulk deligni?cation” stage, the principal deligni?cation 
reaction takes place. 

[0031] Stage 14 may be folloWed by a further deligni? 
cation stage 15 in Which the slurry is treated With alkaline 
liquid 21. Unlike the earlier stages, the liquid 21 introduced 
to stage 15 may contain a broad range of EA concentrations. 
For eXample, a loW EA in stage 15, for eXample, an initial 
EA of less than 30 g/L as NaOH, or less than 25 g/L, or 
preferably, betWeen 15 and 25 g/L, can result in the 
decreased dissolution of hemicellulose and result in a pulp 
having greater hemicellulose content. On the other hand, a 
higher initial EA in stage 15 can result in more hemicellulose 
dissolution and less hemicellulose in the resulting pulp. 
Since the content of hemicellulose in the pulp affects the 
properties of the resulting paper, the EA of stage 15 can be 
varied to produce the desired properties in the resulting pulp. 
Stage 15 is typically maintained at a temperature above 140° 
C., typically betWeen 140-180° C., preferably, 140-160° C. 
More than one treatment stage 15 may folloW stage 14. In 
addition, stage 15 may be omitted, as indicated by the dotted 
lines, and stage 14 may be folloWed immediately by stage 
16. 

[0032] Stage 16 is a cooling stage in Which the treatment 
is terminated by introducing cooler liquid 22, typically 
having a much loWer EA concentration, to the slurry dis 
charged from stage 14 or 15. Typically, liquid 22 is intro 
duced to cool the slurry to a temperature less than 120° C., 
typically less than 100° C. Cooling liquid 22 is typically 
Washer ?ltrate, evaporator or heat eXchanger condensate, 
Weak black liquor, fresh Water, or combinations thereof. The 
liquid 22 typically has an EA less than 10 g/L, for eXample, 
betWeen 0 and 5 g/L as NaOH (or any narroWer range Within 
this broad range). The slurry 17 discharged from stage 16 
typically comprises or consists of deligni?ed chips or pulp 
having little or no EA concentration and a temperature less 
than 100° C. Typically, slurry 17 is forWarded on to further 
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processing, such as broWn stock Washing for chemical 
recovery and bleaching, if desired. 

[0033] The method described With respect to FIG. 1 may 
be effected in conventional cooking devices, including in a 
batch digester or a continuous digester. One preferred appa 
ratus for effecting continuous treatment is described beloW. 
The application to a batch process is effected by varying the 
concentration of cooking liquors and temperature via the 
liquor circulation common to conventional batch digesters. 

[0034] FIG. 2 illustrates a schematic diagram of a labo 
ratory procedure used to evaluate the process disclosed in 
FIG. 1. Stages 32, 33, 34 and 35 correspond to stages 12, 13, 
14, and 15, respectively, of FIG. 1. The cooks Were carried 
out in a university laboratory as described in the Achren, et 
al. article referenced above. Speci?cally, the hardWood 
material used Was fresh birch chipped and screened at a 
commercial pulp mill. Before cooking, the chips Were 
screened for the thickness fraction 2-6 mm to be used in the 
study. All visually observed pieces or barks and knots Were 
removed prior to pulping. 

[0035] The cooks Were divided into four stages, i.e., tWo 
impregnation stages, and tWo cooking stages. Three EA 
pro?les of A)-C) Were applied in the impregnation stages 
and the ?rst cooking stage. Initial EA concentration Was 
adjusted Within the range of 4-32 g/L (NaOH) in the cooking 
stage 2 for all three EA pro?les. Three cooks Were prepared 
from each combination of EA pro?les With a ?nal target 
kappa number of 24, 18 and 14. EA charges and EA 
concentrations used are summariZed beloW. 

TABLE 1 

Impregnation Impregnation Cooking stage Cooking stage 
1 (32) 2 (33) 1 (34) stage 2 (35) 

Pro- EA charge EA charge EA charge Initial EA 
?le on Wood % on Wood % on Wood % concentration, g/L 

A 10 7 3 5, 8, 12, 18, 25, 32 
B 10 7 0 4, 8, 11, 18, 25 
C 10 4 3 5 8, 11, 18, 24 a 

[0036] In the above Table, EA represented as a charge on 
Wood is a Weight percent of the chemical charged per Weight 
of the Wood treated or pulp produced. Note that the EA of 
the liquid With Which the chips Were treated in the tests 
indicated by FIG. 2 is shoWn by the curves of FIG. 3. In this 
case, a charge of 10% EA on Wood corresponds to an EA of 
about 22-23 g/L as NaOH, as indicated by the initial peak of 
FIG. 3. 

[0037] The pro?le in Table 1 most representative of the 
invention is Pro?le C; hoWever, Pro?les A and B are not 
prior art, merely less representative of the results achieved 
according to the invention. 

[0038] The White liquors used in the laboratory cooks 
Were arti?cially prepared from technical grade chemicals 
(NaOH and NaZS). The White liquor used in impregnation 
step 1 (32) contained 100 g/L. (as NaOH) and its sulphidity 
Was 50%. The same EA but a loWer sulphidity (35%) Was 
used in impregnation step 2 (33) and cooking stage 2(35 ) as 
the White liquor used in cooking stage 1 (34) contained 200 
g/L and had a 35% sulphidity. The birch black liquor (13 
g/L) used in the ?rst and second impregnation stages Was 
from the commercial pulp mill. The black liquor used in 
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cooking stage 2 (35) Was obtained from cooking stage 1 
(34). The digester used for the steaming as Well as for the 
tWo-stage impregnation and cooking stage 1 (34) Was a 
forced circulation unit With a volume of 25-L. the Wood 
charge Was 400 g OD chips. Cooking stage 2 (35) Was 
carried out in 1-L autoclaves Which Were kept rotating in an 
oil bath. The pulp charge Was 100 g OD obtained from 
cooking stage 1. 

[0039] The birch chips Were steamed for 20 min. at 100° 
C. and at atmospheric pressure. The steamed chips Were then 
pretreated in impregnation step (32) With a preheated miX 
ture of black and White liquor. The impregnation liquor Was 
forced into the digester With the aid of 4 bar N2 pressure. The 
impregnation step 1 (32) lasted for 60 min. at 95° C. and the 
liquor-to-Wood ratio Was 4.5 :1. At the end of impregnation 
step 1 (32) the spent liquor Was drained off and analyZed. 
The spent liquor contained 5-6 g/L. 

[0040] In the impregnation step 2 (33) the liquor consisted 
of mill black liquor and Water (a: 1 v/v), With the appropriate 
amount of White liquor to give the desired EA charge. The 
impregnation liquor Was forced into the digester With the aid 
of 4 bar N2 pressure. The impregnation time in this step (32) 
Was about 40 min. including the time it took to bring the 
digester from 95° C. to the cooking temperature 153° C. At 
the cooking temperature a liquor sample Was taken and 
cooking stage 1(34) began by forcing White liquor into the 
digester With the aid of 10 bar N2 pressure. The liquor-to 
Wood ratio Was 4.6:1 for A) and C)-pro?les and 4.511 for B). 
the chips Were then deligni?ed for 60 min. for A) and B) and 
80 min. for C), all at 153° C. After cooking stage 1 (34) the 
liquor Was drained off, analyZed, and saved for use in the 
subsequent cooking stage 2 (35). The pulp Was de?brated in 
a Wennberg disintegrator With a minimum amount of Water, 
centrifuged and homogeniZed. 

[0041] After impregnation step 2 (33) the spent liquor 
contained about 10 g/L EA (expressed as NaOH) from both 
pro?le A) and B), and approximately 4 g/L from pro?le C). 
After cooking stage 1(34) the spent liquor from pro?le A) 
contained about 8 g/L, from pro?le B) about 4 g/L and from 
pro?le C) about 2 g/L. The kappa number after cooking 
stage 1 (33) Was 44.9 for pro?le A), 57.0 for pro?le B) and 
55.3 for pro?le C). 

[0042] The pulps cooked according to pro?les A), B) and 
C) Were divided into portions of 100 g (OD) and deligni? 
cation Was continued in cooking stage 2 (35) in a 1-L 
autoclave. The cooking liquor comprised 0.6 L black liquor 
from the respective cooking stage 1(34) and of varying 
amounts of Water and White liquor to give the desired EA 
concentration. The consistency in cooking stage 2 (35) Was 
10% and cooking temperature Was either 153° C. or 165° C. 
and the cooking time varied to reach the desired kappa level. 
At the end of a cook, the autoclave Was cooled for 20 min. 
in tap Water. Spent liquor Was drained and analyZed. The 
pulp Was rinsed in Water, centrifuged and put in a plastic jar 
With 2 L of Water. After 16 hours of soaking, the pulp Was 
de?brated in a 2-L disintegrator, Washed and screened With 
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a Sommerville screen, centrifuged, homogeniZed and 
Weighed. The reject from the Somerville screen Was dried at 

105° C. and Weighed. 

[0043] A heXeneuronic acid (HexA) content analysis Was 
carried out after application of the acid hydrolysis of the 

pulp (100° C., 4 hours at pH 3). The kappa number Was 
determined before and after the hydrolysis, and the HeXA 
content Was calculated by considering that 1 kappa unit 
corresponds to 10 meq/kg HeXA in the pulp. 

[0044] Selected pulp samples from the C) pro?le Were 
bleached by an ECF-bleaching sequence (DO-E-D) in plastic 
bags immersed into a Warm Water bath. During bleaching the 
pulp Was miXed manually. The pulp consistency Was 10% in 
all stages. The retention time Was 60 min., 90 and 180 min. 

respectively. Conditions used in the ECF sequence (DO-E-D) 
are given beloW. 

Stage Conditions 

Do Retention time 60 min. at 60° C. 

ClO2 dose (act. Cl) 3.6% 
end pH 2.2-2.3 

E Retention time 90 min. at 60° C. 

NaOH dose 1—2.5% 

end pH 10.9-11.7 

D Retention time 180 min. at 80° C. 

ClO2 dose (act. Cl) 3% 
end pH 2.4-2.8 

[0045] Analysis methods used are summariZed beloW. 

Dry solids content of chips SCAN CM:39:88 
Dry solids content of pulp SCAN-C 3:78 
Effective alkali in cooking liquors SCAN-N 33:94 
Kappa number SCAN-C 1:77 
ISO brightness (pulp) SCAN-C 11:75 

SCAN-CM 15:88 
according to Vuorinen et al. /14/ 
according to Laver et al. /16/ 

Viscosity of pulp 
Hexeneuronic acid (HeXA) content 
Carbohydrate content of pulp 

[0046] Table 2 on the neXt page contains the cooking 
conditions and results for the trials described With respect to 
FIG. 2. Table 3, tWo pages hence, contains the carbohydrate 
composition of the pulps produced in the trials described 
With respect to FIG. 2. The most representative results 
according to the invention are identi?ed as Pro?le C in the 
?rst column of each of Tables 2 and 3. The data in FIG. 4 
is limited to cooks at 153° C. and the yield data has been 
corrected by calculating the equivalent yield for a kappa 
number 18. That is, data in Table 2 having higher and loWer 
kappa numbers compared to kappa 18 Was adjusted by 0.2% 
yield per kappa unit. 
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TABLE 2 

Cooking results and key pulping conditions for cooking stage 2 (35) 

Cooking Cooking Initial Residual Kappa Total yield Rejects Viscosity Brightness HeXA 
Pro?le temp. ° C. time, min EA g/L EA g/L no % on Wood % on Wood mL/g ISO % meq/kg H-factor 

A 153 240 5,0 1,2 18,6 51,1 0,7 1349 33,5 67 872 
A 153 120 8,4 4,4 21,1 50,7 1,1 1343 32,5 — 436 
A 153 180 8,4 4,0 18,1 50,9 0,6 1317 34,8 68 654 
A 153 150 11,8 7,1 17,9 — — 1329 35,0 69 545 

A 153 135 17,6 12,2 16,2 49,3 0,8 1341 39,7 64 491 
A 153 120 24,2 19,0 15,6 47,7 0,6 1347 42,4 — 436 
A 153 80 32,4 27,4 21,9 47,7 1,2 1439 36,7 — 291 
B 153 360 4,6 0,3 20,0 53,0 0,3 1421 27,1 — 1308 
B 153 500 4,6 0,0 18,9 52,9 0,2 1391 26,4 70 1817 
B 153 200 7,9 3,6 21,5 53,8 0,4 1461 30,3 — 727 
B 153 280 7,9 3,0 19,2 53,4 0,1 1403 31,1 — 1018 
B 153 460 7,9 1,8 17,6 51,8 0,5 1309 29,6 77 1672 
B 153 150 11,2 6,7 22.4 53,0 0,8 1420 29,6 — 545 
B 153 290 11,2 4,9 17,6 51,7 0,1 1316 30,7 75 1054 
B 153 460 11.2 4,0 17,1 50,2 0,3 1251 29,5 — 1672 
B 153 180 17,6 11,2 17,2 51,6 0,2 1357 33,0 — 654 
B 153 300 17,6 9,8 16,5 50,2 0,0 1226 32,1 73 1090 
B 153 140 24,3 18,0 18,0 50,0 0,3 1409 32,9 — 509 
B 153 200 24,3 16,8 16,2 49,0 0,1 1306 34,2 — 727 
B 165 130 7,6 3,1 21,6 52,6 0,6 1404 29,5 — 1331 
B 165 305 7,6 1,2 17,5 50,6 0,2 1293 29,9 73 3122 
B 165 260 17,6 8,3 15,2 48,5 0,1 1082 31,9 50 2662 
B 165 95 24,3 18,3 18,5 49,8 0,7 1380 33,6 61 973 
C 153 340 4,2 0,8 18,9 54,8 0,3 1506 26,3 — 1236 
C 153 540 4,2 0,3 17,6 54,4 0,5 1412 26,4 63 1962 
C 153 280 7,9 3,2 18,3 54,3 0,2 1434 28,2 — 1018 
C 153 500 7,9 2,2 16,9 54,1 0,3 1343 29,6 75 1817 
C 153 260 11,4 5,9 18,3 53,9 0,1 1390 29,9 — 945 
C 153 460 11,4 3,6 16,4 52,6 0,7 1303 30,5 73 1672 
C 153 150 17,5 11,8 20,3 53,1 0,4 1476 30,4 — 545 
C 153 300 17,5 10,2 16,5 51,4 0,3 1267 31,2 74 1090 
C 153 130 24,6 19,5 18,4 51,4 1,3 1475 33,1 — 472 
C 153 200 24,6 17,2 16,3 50,7 0,3 1338 32,9 66 727 
C 165 280 7,5 1,2 17,8 53,0 0,2 1246 28,8 — 2866 
C 165 360 7,5 0,7 17,5 52,4 0,0 1222 27,9 70 3685 
C 165 125 16,3 11,0 17,6 52,3 0,2 1362 34,0 — 1280 
C 165 310 16,3 6,9 14,9 49,8 0,1 1006 31,3 51 3173 
C 165 95 23,8 18,5 19,6 51,7 0,6 1453 34,4 — 973 
C 165 240 23,8 12,4 14,1 48,6 0,0 956 32,7 41 2457 

[0047] 

TABLE 3 

Carbohydrate compositions of broWn stock pulps 

Temp, Residual Kappa Glucan Xylan Mannan Tot. hemis Tot. sugars Lignin-free 
Pro?le ° C. g/L EA number % % % % % yield, % 

A 153 1,2 18,6 74,0 25,7 0,3 26,0 94,3 49,7 
A 153 7,1 17,9 74,6 25,2 0,3 25,5 93,5 — 
B 153 1,8 17,6 74,2 25,5 0,3 25,8 93,4 50,5 
B 153 18,0 18,0 76,6 23,2 0,3 23,5 93,2 48,7 
C 153 0,8 18,9 74,3 25,4 0,3 25,7 91,4 53,3 
C 153 3,2 18,3 74,1 25,7 0,3 25,9 92,9 52,8 
C 153 5,9 18,3 74,2 25,5 0,3 25,8 94,0 52,5 
C 153 10,2 16,5 75,4 24,3 0,3 24,7 95,0 50,1 
C 153 19,5 18,4 77,2 22,5 0,3 22,8 94,2 50,0 
C 165 1,2 17,8 75,2 24,5 0,4 24,8 93,7 51,6 
C 165 11,0 17,6 75,6 24,0 0,4 24,4 94,0 51,0 

Glucan, Xylan, and Mannan content and Total Hemis have been calculated by dividing the corresponding num 
ber With total sugars. 
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[0048] FIG. 3 is a graph of representative effective alkali 
and temperature pro?les for the three cooking trials 
described With respect to FIG. 2. In FIG. 3, the alkali pro?le 
A from Table 1 above is shoWn by graph line 40, While the 
pro?les B and C from Table 1 are shoWn by graph lines 41, 
42, respectively. The temperature graph for all pro?les is 
shoWn by graph line 43. 

[0049] FIG. 4 is a graph of the Total BroWnstock Yield 
versus Residual EA concentration, that is the EA at the end 
of stage 35 of FIG. 2, for the trials described With respect to 
FIG. 2. In FIG. 4, the alkali pro?les A-C from Table 1 are 
shoWn by graph lines 45-47, respectively; all cooks Were at 
about 153° C. Clearly, the pulp produced by the most 
representative practice of the method of the present inven 
tion (graph line 47) produces a higher total yield than the 
less representative, referenced, rnethods (graph lines 45, 46). 

[0050] FIG. 5 is a graph of the Total Yield as a function 
of kappa number for the trials described With respect to FIG. 
2. In FIG. 5, the alkali pro?les A-C from Table 1 are shoWn 
by graph lines 49-51, respectively; all cooks Were at about 
153° C. Again, the yield at kappa number for the pulps 
produced by the most representative practice of the method 
of the present invention (51) are greater than the pulps 
produced from the less representative, referenced, methods 
(49, 50). 
[0051] FIG. 6 illustrates another alkali and temperature 
pro?le for a series of laboratory cooks for hardWood, accord 
ing to the invention and the prior art. The data shoWn in FIG. 
6 compare the alkali pro?le according to the present inven 
tion 53 to a “conventional” cook 54 and to a “High EA” cook 
55. [The temperature pro?le for each is shoWn by 56.] The 
resulting yield data for these trials are shoWn in FIG. 7. The 
loW EA pro?le 53 according to the present invention pro 
duces a hardWood pulp have a greater total yield, cellulose 
yield, and Xylan yield, than either the conventional cook 54 
or the high EA cook 55. In the conventional cook 54, as can 
be seen from FIG. 6, the initial EA concentration in the 
cooking liquor Was about 44 g/L as NaOH, and the tern 
perature in the representative stage leading up to cooking 
Was over 120° C. 

[0052] For the “High EA” cook 55 in FIG. 6, the initial 
EA concentration Was 28 g/L, While for the cook 53 of the 
invention the initial EA concentration Was about 22 g/L. 

[0053] FIG. 8 illustrates a continuous digester system 100 
that can be used to practice the method of the present 
invention and comprising apparatus according to the inven 
tion. FIG. 8 also shoWs the respective alkali concentration 
pro?le 101 and temperature pro?le 102 of the treated slurry 
as it passes through the vessel 105. The Zones lettered A 
through E on the left-hand side of FIG. 8 correspond to steps 
(a) through of the method of the present invention. 

[0054] Typically, the slurry of cornrninuted cellulosic 
?brous material 103, for example Wood chips, is introduced 
to the top 104 of the digester vessel 105. Vessel 105 may be 
a single vessel or may be part of a rnultiple-vessel system, 
for example, the slurry 103 may have been treated in an 
initial pretreatrnent or irnpregnation vessel. For example, 
step A or steps A and B shoWn in FIG. 8 may be performed 
in a ?rst vessel, for example, an irnpregnation vessel, and 
steps C-F may be performed in a second vessel, for example, 
a digester. The slurry 103 may be fed by a conventional feed 
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system or preferably by a Lo-Level® Feed Systern, sold by 
Ahlstrorn Machinery Inc. of Glens Falls, NY, as described 
in US. Pat. Nos. 5,476,572; 5,622,598; 5,635,025; 5,736, 
006; 5,753,075; 5,766,418; and 5,795,438. The fully-treated 
pulp slurry 107 is discharged from the bottom 106 of vessel 
105. The slurry 107 enters the vessel at a temperature of 
about 80 to 120° C., for example, at about 100° C. as shoWn, 
and at an initial EA concentration of less than 20 /L as 
NaOH, for example, at about 18 /L as shoWn. EXcess liquor 
is removed from the slurry introduced to the vessel by means 
of separator 108 and returned to the feed system or previous 
vessel via conduit 109. 

[0055] While the slurry travels doWnWard in the vessel 
105 from the inlet, the temperature of the slurry is main 
tained at about 100° C., as shoWn by pro?le 110, While the 
EA concentration decreases, as shoWn by pro?le 101, as 
alkali reacts With the constituents of the Wood. When the 
slurry encounters ?rst extraction screen 111, at approXi 
rnately the interface betWeen stages A and B, sorne liquor is 
removed from the slurry and passed via conduit 112 to a 
Chemical Recovery System, as is conventional, or is used 
elseWhere as needed, for example, as a source of heat in a 
heat exchanger. Some of the liquor removed by screen 111 
may be re-circulated by purnp 113, heater 114, and conduit 
115 to be reintroduced to the vessel 105 in the vicinity of the 
screen 111. This recirculated liquor may be augmented With 
additional liquors, including cooking liquors (for example, 
kraft White liquor, green liquor or black liquor), dilution 
liquids or liquids containing yield or strength enhancing 
additives, such as anthraquinone or polysul?de or their 
equivalents or derivatives, or combinations thereof. HoW 
ever, as shoWn by the dashed lines, this recirculation is not 
necessary to perfect the present invention. Upon reaching 
screen 111 the alkali content of the slurry decreases to less 
than 10 g/L, typically betWeen 3-10 g/L as shoWn by curve 
101. The treatment stage AbetWeen the top of the vessel 104 
and screen assembly 111 corresponds to step (a) of the 
method of the present invention. 

[0056] Screen assembly 111 may be a double screen 
assembly with one set of screens and associated liquor 
rernoval conduit located above a second screen and its 
associated liquor rernoval conduit. The upper screen assem 
bly of screen 111 may be used to remove liquor as in conduit 
112 and the loWer screen assembly may be used to remove 
and recirculate liquor as described above With respect to 
structures 113, 114 and 115. 

[0057] After passing screen 111, the slurry enters a heating 
Zone or stage B betWeen screen 111 and a ?rst recirculating 
screen 116. Though the arroWs 117 indicate that this heating 
Zone is a counter-current heating Zone, this zone may 
alternatively be a co-current heating Zone. The removal of 
liquid via conduit 112 causes an upWard How of hot liquor 
117. This hot liquid is introduced via a ?rst circulation 
conduit/reintroduction pipe 121 associated With screen 116. 
As the slurry passes screen 116 liquor is removed and 
recirculated by means of pump 119, heater 120, and conduit 
121. The liquor removed and circulated is augmented by 
cooking liquor and dilution liquor introduced via conduit 
118, though cooking and dilution liquor may be introduced 
via separate conduits. As the slurry passes beloW screen 111, 
the counter-current How of hot, alkali-laden liquor 117 heats 
the slurry as shoWn by curve 102 to cooking temperature, for 
example, to a temperature above 140° C., preferably 
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between 140 and 160° C. The slurry is simultaneously 
exposed to liquor having increasing alkali content as shoWn 
by curve 122. As the alkali passes upward in stage B, it is 
gradually consumed such that the alkali decreases as shoWn 
by curve 122. 

[0058] According to the present invention, the greatest 
alkali concentration introduced at the screen 116 is less than 
30 g/L, preferably less than 20 /L as shoWn. This loWer 
concentration is established by diluting the cooking liquor 
introduced by adding dilution liquor to it. The nature of the 
dilution liquor is as described previously and is preferably 
Washer ?ltrate from a doWnstream Washer, often referred to 
as “cold bloW ?ltrate”. 

[0059] The loW alkali concentration beloW screen 111 is 
typically beloW 10 g/L, preferably betWeen 5 and 10 g/L. 
This effective alkali concentration immediately beloW 
screen 111, though shoWn as being slightly higher than the 
concentrations above the screen 111, may be higher or loWer 
than or essentially equal to the EA concentration above the 
screen 111. The difference shoWn is that of only one typical 
alkali concentration that may be used according to this 
invention. The stage B betWeen screen 111 and screen 116 
corresponds to step (b) of the method of the present inven 
tion. 

[0060] The How of liquor 117 and the introduction of 
steam to heater 120 is preferably controlled so that after 
passing screen 116, the slurry is at or near cooking tempera 
ture, that is, at at least 140° C., preferably betWeen about 140 
and 160° C. The “bulk deligni?cation” occurs in the Zone 
betWeen screens 116 and 123 (a second extraction screen). 
As the slurry ?oWs beloW screen 116, the free liquid in the 
slurry ?oWs in the same direction as the How of the cellulose 
material, that is, co-currently, as shoWn by arroWs 125. Upon 
reaching screen 123, liquor is removed from the slurry via 
conduit 124 and passed to recovery or other uses. The 
temperature of the slurry betWeen screens 116 and 123 is 
preferably maintained relatively constant, for example, at 
about 150° C., as shoWn by curve 126. The alkali concen 
tration in this Zone gradually decreases from a peak alkali at 
screen 116 as the alkali is consumed in the pulping reaction, 
as shoWn by curve 127. The alkali concentration is typically 
decreased to at least 10 g/L, preferably betWeen 5 and 10 g/L 
as shoWn by curve 127. 

[0061] The stage C betWeen screen 116 and screen 123 
corresponds to step (c) of the method of the present inven 
tion. 

[0062] In one embodiment of this invention, the cooking 
phase is terminated at or beloW screen 123 by cooler dilution 
liquor introduced and draWn upWard by the removal of 
liquid in conduit 124. Such is the case in older digesters, 
knoWn as “cold bloW” digesters Where the extraction, as 
from screen 123, Was located in the bottom of the vessel and 
folloWed by cold bloW dilution. For example, such a con 
?guration can be seen by removing Zones E and F from 
digester 105 and folloWing screen 123 by a cooling dilution 
stage or Zone D. HoWever, in a preferred embodiment of this 
invention, at least one additional counter-current cooking 
Zone is present beloW screen 123, for example, Zones E 
and/or F. 

[0063] In the preferred embodiment, for example, in a 
con?guration indicative of hoW a neW digester Would be 
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built, after passing screen 123, the slurry passes into a 
counter-current cooking Zone betWeen screens 123 and 128 
(a second recirculation screen). The removal of liquid via 
conduit 124 produces a counter-current How of free liquor as 
shoWn by arroWs 129. As in Zone B above, the doWn-?oWing 
slurry in stage E is exposed to a gradually increasing 
concentration of alkali as shoWn by curve 130. The tem 
perature in this Zone is maintained at cooking temperature, 
for example, at approximately 150° C., as shoWn by curve 
131. This alkali is introduced by conduit 135 associated With 
screen 128. As the slurry ?oWs doWnWard passed screen 
128, some liquor is removed and recirculated via pump 133, 
heater 134 and second conduit/recirculation pipe 135. This 
circulated liquor is preferably augmented With cooking 
liquor and dilution liquid via conduit 132, similar to that 
described With respect to conduit 118. Again, the How of 
cooking liquor and dilution via conduit 132 is controlled so 
that the alkali concentration betWeen screens 123 and 128 is 
regulated as desired to produce the most optimum carbohy 
drate content in the resulting pulp. Providing a higher alkali 
concentration, for example greater than 15 g/L, dissolves 
more hemicellulose so that less hemicellulose is present in 
the resulting pulp. Conversely, providing a loWer alkali 
concentration in this Zone, for example, less than 15 g/L, 
causes less hemicellulose dissolution and more hemicellu 
lose present in the resulting pulp. Again, the cooking process 
can be terminated after screen 128 by introducing a cooling 
dilution step as shoWn by Zone D in FIG. 8. 

[0064] As discussed above With respect to screen 111, the 
difference in alkali concentration above and beloW screen 
123 is representative only. According to the invention, these 
alkali concentration may be different or relatively the same 
depending upon the desired characteristics of the treatment 
and the species processed. The Zone betWeen screen 123 and 
screen 128 corresponds to step e) of the method of the 
present invention. 

[0065] In another embodiment of the invention shoWn in 
FIG. 8, the counter-current Zone E is folloWed immediately 
by counter-current Zone F. In this case, the slurry passing 
screen 128 encounters another counter-current How of liquor 
136. Again, as described With respect to Zone E above, the 
doWn-?oWing slurry is exposed to a gradually increasing 
concentration of alkali as shoWn by curve 138. Also, as 
before, the temperature in this Zone is maintained at cooking 
temperature, for example, at approximately 150° C., as 
shoWn by curve 139. The alkali is introduced by conduit 142 
associated With screen 137. As the slurry passes screen 137, 
some liquor is removed and recirculated via pump 140, 
heater 141 and conduit 142. This circulated liquor is pref 
erably augmented With cooking liquor and dilution liquor 
via conduit 143, similar to that described With respect to 
conduits 118 and 132. Again, the How of cooking liquor and 
dilution liquor via conduit 143 is controlled so that the alkali 
concentration betWeen screens 123 and 128 can be con 
trolled as desired to produce the most optimum carbohydrate 
content in the resulting pulp, as described With respect to 
conduit 132 above. Again, the difference in alkali concen 
tration from above screen 128 to beloW screen 123 is only 
one representation of the alkali pro?les that can be achieved. 
These concentrations may be different or relatively the same 
depending upon the desired treatment and the species being 
treated. 
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[0066] Finally, below screen 137 the noW essentially-fully 
cooked pulp encounters cooler (e.g. beloW 110° C. prefer 
ably beloW 90° C.), loW-alkali-containing dilution liquor 
introduced via one or more conduits 144 and 145, typically 
by Way of a conventional ring header. This cooler liquor 
terminates the pulping reaction, cools the pulp, and loWers 
its alkali concentration so that it can be discharged via 
conduit 107, typically With the aid of a conventional rotating 
discharge device (not shoWn in FIG. 8, schematically shoWn 
at 150 in FIG. 9). As shoWn by curves 146 and 147 the 
temperature of the pulp preferably is reduced to beloW 100° 
C., for example to 80-90° C. While the alkali concentration 
is reduced to less than 5 g/L, typically 0 to 4 g/L. 

[0067] FIG. 9 illustrates a comparison of actual mill alkali 
concentration data for a continuous digester 200 operated 
according to the present invention, as shoWn by graph line 
61 and a digester operated conventionally, as shoWn by 
graph line 62. The digester 200 shoWn in FIG. 9 is similar 
to the one shoWn in FIG. 8, though the digester in FIG. 9 
only includes Zones A, B, C, F and D, in that order. [In FIG. 
9 structures that are the same as those in FIG. 8 are shoWn 
by the same reference numerals, the illustration in FIG. 9 
being more schematic than in FIG. 8.] Compared to the 
alkali pro?le 62 in a conventional mode of operation (initial 
EA over 30 g/L as seen in FIG. 9), the alkali concentration 
pro?le 61 according to the present invention, particularly the 
initial EA, is much loWer during impregnation A and heating 
B to cooking temperature and much higher in the ?nal stage, 
or residual deligni?cation stage F, of the cook. 

[0068] While the invention has been described in connec 
tion With What is presently considered to be the most 
practical and preferred embodiment, it is to be understood 
that the invention is not to be limited to the disclosed 
embodiment, but on the contrary, is intended to cover 
various modi?cations and equivalent arrangements included 
Within the spirit and scope of the appended claims. 

What is claimed is: 
1. A method of treating comminuted cellulosic ?brous 

material to produce cellulose pulp, comprising: 

(a) treating the material With a ?rst alkaline liquid having 
a ?rst effective alkali concentration and at a tempera 
ture less than 120° C.; 

(b) treating the material With a second alkaline liquid 
having a second effective alkali concentration While 
heating the material to a temperature above 120° C.; 

(c) treating the material With a third alkaline liquid having 
a third effective alkali concentration at a temperature 
greater than 140° C. to delignify the material; and 

(d) treating the material With a fourth liquid to cool the 
material to a temperature less than 120° C.; Wherein the 
?rst, second, third initial effective alkali concentrations 
are all less than 30 g/L, and Wherein the second and 
third effective alkali concentrations are about 25 g/L or 
less. 

2. A method as recited in claim 1 Wherein (a)-(c) are 
practiced With the ?rst, second and third initial alkali con 
centrations all less than 25 g/L. 

3. A method as recited in claim 1 Wherein (a)-(c) are 
practiced With the ?rst, second and third initial alkali con 
centrations all less than 20 g/L. 
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4. A method as recited in claim 1 further comprising (e), 
betWeen (c) and (d) treating the material With an alkaline 
liquid having a fourth effective alkali concentration at a 
temperature greater than 140° C. 

5. A method as recited in claim 4 Wherein (e) is practiced 
at a fourth initial alkali concentration of greater than 30 g/L. 

6. A method as recited in claim 4 Wherein (e) is practiced 
at a fourth initial alkali concentration of less than about 15 
g/L. 

7. A method as recited in claim 4 further comprising (f), 
betWeen (e) and (d), treating the material at a temperature of 
greater than 140° C. at a ?fth initial alkali concentration of 
less than 25 g/L. 

8. A method as recited in claim 2 Wherein (a)-(d) are 
practiced using hardWood chips as the comminuted cellu 
losic ?brous material. 

9. A method as recited in claim 2 Wherein the second 
effective alkali concentration is obtained by adding dilution 
liquor having a loW or substantially Zero alkali concentra 
tion. 

10. Amethod as recited in claim 3 Wherein (b) is practiced 
to heat the material so that its temperature gradually 
increases, and so that the second EA concentration gradually 
increases, but stays beloW about 20 g/L. 

11. A method as recited in claim 10 Wherein (c) is 
practiced so that the EA concentration gradually decreases 
While the temperature is maintained substantially constant. 

12. A method as recited in claim 11 Wherein (d) is 
practiced With a cooling liquid having an EA of less than 5 
g/L so that the EA is gradually reduced to a ?nal level beloW 
5 g/L While the temperature is gradually reduced. 

13. A method as recited in claim 12 Wherein (a) is 
practiced so that the EA gradually decreases While the 
temperature remains substantially the same. 

14. A method as recited in claim 1 Wherein (a)-(d) are 
practiced continuously. 

15. A method as recited in claim 7 Wherein (a)-(f) are 
practiced continuously in the same vessel. 

16. A method as recited in claim 1 Wherein (a)-(d) are 
practiced so as to increase yield by at least 1% compared to 
practicing (a) at a temperature of greater than about 120° C. 
and an initial EA of over 30 g/L, and practicing (b) or (c) at 
an initial EA of over 25 g/L. 

17. A method as recited in claim 3 Wherein (a)-(d) are 
practiced using hardWood chips as the cellulosic material, 
and so as to increase yield by at least 2% compared to 
practicing (a) at a temperature of greater than about 120° C. 
and an initial EA of over 30 g/L, and practicing (b) or (c) at 
an initial EA of over 25 g/L. 

18. A method of continuously treating hardWood chips to 
produce kraft pulp, using a continuous digester system in 
Which a hardWood chip slurry primarily ?oWs doWnWardly 
during treatment, comprising: 

(a) impregnating the hardWood chips of the slurry in a ?rst 
stage using a ?rst alkaline liquid With an initial EA at 
the start of the ?rst stage of about 25 g/L or less, and 
at a temperature of betWeen about 90-110° C., the EA 
gradually diminishing by at least 10 g/L during the ?rst 
stage, and so that at the end of the ?rst stage the EA is 
about 10 g/L or less; 

(b) gradually heating the hardWood chip slurry to a 
cooking temperature of about 140-180° C. as the slurry 
continuously moves through a second stage substan 
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tially contiguous With the ?rst stage, by treating the 
slurry With a second alkaline liquid, the EA of the slurry 
starting at the beginning of the second stage at less than 
15 g/L, and increasing at least about 5 g/L during the 
second stage, but not exceeding about 25 g/L; 

(c) cooking the hardWood chip slurry in a third stage, 
using a third alkaline liquid, at a temperature that 
remains substantially constant and is betWeen 140-180° 
C. and at an initial EA at the start of the third stage of 
beloW 25 g/L, and gradually decreasing by at least 
about 5 g/L and so that the EA at the end of the third 
stage is beloW 20 /L; 

(e) optionally subjecting the hardWood chips to at least a 
second cooking in a fourth stage at approximately the 
same substantially constant temperature in the third 
stage, using a fourth alkaline liquid; and 

(d) in a last stage, using a last alkaline liquid, gradually 
cooling the hardWood chips slurry to a temperature less 
than about 110° C. and so as to reduce the EA of the 
slurry at least about 5 g/L from the beginning to the end 
of the last stage, and so that the slurry has a ?nal EA of 
less than about 5 g/L; 

Wherein (a)-(d) are practiced so as to increase yield of 
pulp produced by at least 2% compared to practicing 
(a) at a temperature of greater than about 120° C. and 
an initial EA of over 30 g/L, and practicing (b) or (c) 
at an initial EA of over 25 g/L. 

19. A method as recited in claim 18 Wherein (e) is 
practiced, and so that the EA increases from the beginning 
to the end of the fourth stage by at least 10 g/L. 

20. A method as recited in claim 19 Wherein (a) is 
practiced at least in part by extracting liquor from the slurry 
at approximately the interface betWeen the ?rst and second 
stages; and Wherein (b) is practiced at least in part by adding 
a combination of heated cooking and dilution liquor at 
approximately the interface betWeen the second and third 
stages so that the heated liquor ?oWs substantially counter 
current to the chips slurry; and Wherein (c) is practiced at 
least in part by extracting liquor at approximately the 
interface betWeen the third and fourth stages; and Wherein 
(e) is practiced at least in part by adding a combination of 
heated cooking and dilution liquid beloW the extraction at 
approximately the end of the fourth stage, to How substan 
tially countercurrent to the hardWood chips slurry; and 
Wherein (d) is practiced by introducing dilution liquor at a 
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temperature below about 110° C. adjacent a discharge of 
pulp from the digester system. 

21. A continuous digester system comprising: 

at least one substantially upright digester vessel having 
?rst, second, third, fourth, and last consecutive stages, 
each stage substantially contiguous With the previous 
stage and having an interface thereWith; 

an inlet adjacent the top of the ?rst stage; 

a ?rst liquor extraction device at approximately the inter 
face betWeen the ?rst and second stages, including an 
extraction means; 

a ?rst WithdraWal and recirculating system at approxi 
rnately the interface betWeen the second and third 
stages, including a ?rst recirculation screen, purnp, 
heater, at least one cooking and dilution liquor addition 
conduit, and a recirculation pipe at approximately the 
level of said ?rst recirculation screen; 

a second extraction screen at approximately the interface 
betWeen the third and fourth stages; 

a second WithdraWal and recirculating system at approxi 
rnately the interface betWeen the fourth and next con 
secutive stage, including a second recirculation screen, 
purnp, heater, at least one cooking and dilution liquor 
addition conduit, and a second recirculation pipe at 
approximately the level of said second recirculation 
screen; 

cooling liquor introducing devices adjacent the bottom of 
the digester vessel, at the bottom of the last stage; and 

a pulp discharge from the last stage, adjacent the bottom 
of the digester vessel. 

22. A continuous digester system as recited in claim 21 
Wherein the second recirculation screen is substantially at 
the interface betWeen the fourth and last stages. 

23. A continuous digester system as recited in claim 21 
Wherein all of the ?rst through last stages are in a single 
upright vessel, said at least one vessel consisting essentially 
of a single vessel. 

24. A continuous digester system as recited in claim 21 
further comprising a ?fth stage betWeen said fourth and last 
stages, and another recirculation system at the interface 
betWeen said fourth and ?fth stages. 

* * * * * 


