Aug, 15, 1961

Filed April 23, 1958

L. G. DURANT ETAL 2,996,422
DIGESTION OF CELLULOSIC MATERIAL

FIG. 1.

3 Sheets-Sheet 1

080 T/ AV 080
s / \
A\\Vi EANFIAY A &
/ NEAN v
P \ Al
) =7
/ / /1o
7 N[/ / 2
/ \K/ T : ASEES|
070 vi AAS 070
FiAY e / y \] /1 . AV 4. RN
Sue
/ 7 / N ’
2 / K S
P /
/ /
v /| 5%
b / /
060 EISKR TAMNITIAN S 060
£/ / / K / / N
® / / VA
/ / /| N v / /
O] / / > 1
v [
X / 7 / N K.
2 S 7 /
/ / /] y N
0.50 SRS 050
z / / / / 4 &
I 3 N7
= ] / / / / /
Zle / 7 /| A = [
519 7/ /! /
I8 A N i1
[« o | o
2 °/ / // - /| / / 3 -
040 7 N X LTS 040
/ / / / / ot / ¥ AION) ' N
/ / K 2
3 / 7/ 4 N ™~
/ 7 PN N
/ / V. 71/
K, / A q
/ A. 7 N K
. { / C/NY./ N -
030 A1/ / / > AN /L > N7 S AT 030
] / / N ™ Y 2 ] <]
7 AL T/ /i A~ ’
/ g N A R’ 4 ~J ] ]
o ] ~ Y~
7 / -, -~ 7 4 <] =] ™~
/ 7 / o N ] ™~ & ] - g2
L7 7 7 b Y] a| S 17 = 71
™~ /| Al I~ 7 v I~ ] Hy, ~]
0.20 R AR ST S A A A e T 02
/ 7 ™~ Vi = / (] ™~ Vi =l 3 1|
7 7 7 =117 = =) 4 =
/ = AV ~ > ] ] AL
/ 7 ¥ AViV] I~ 4] ] ] =
s 7 1 ] i =ra) P17 Ay £
A - 7 -] 7 = ! B - 7
7 AW YiRW Aw s =4 A b 1L
7 / 7] V4 -y P 21| AR
7 = yimY, =] - = 4
olo 717 i . T A 0.0
~ / 7 A DA
— YAV.YA P / = Ve
IEViRYj = 7 s PR
=AW ARANY AV i i
7 Pamad 7 WAy asram E
FANTANVIR’ 4 I, e
/L /1 1/
36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74 76 78 80 82 84 86 88 90 92 94 96 98 100

% YIELD

INVENTORS
LEONARD G. DURANT

ROHE V. PENNINGTON



Aug. 15, 1961 L. G. DURANT ETAL 2,996,422
DIGESTION OF CELLULOSIC MATERIAL

Filed April 23, 1958 3 Sheets-Sheet 2
FIG.2
G
Liquor
(&>
Steaming Zonep P
Column
of chips
VIT
Steom—yk— d Eino%:rgr\}vgardly
through tank
Liquor level L 7
- 18
Black |iquor—{>-2rl‘ (Zone of
ww%?tkir?g" Digestion
liquor In non
submergence
[I :Va |
Sl: —19 H
4 E 13:\/0
4 Vd Zone of
.__.{>'l'<:,cQ stron
47 — impreggnafing A ——————
{ ;—)“L‘@ liquor
42 43
Strong liquor :
l
Impregnated Digested chips
chips .
in submergence
w,
"~ INVENTORS

LEONARD'G. DURANT
ROHE V. PENNINGTON

ATTY, _



Aug. 15, 1961

Filed April 23, 19582

L. G. DURANT ETAL

DIGESTION OF CELLULOSIC MATERIAL

I

2,996,422

3 Sheets-Sheet 3

FIG.3
67
A /
1
5 65 66
312
14 | 28 o _, 27 | oa
3| [ 6455
— I
53 261 (1 29
B
33 32
Wi  2g A 37
L G : 36
50 51 56 551 58
Ny 0 55 » %——“
145 245 1 62
48 7 >D . 59
43 |17
-
t
V& |45
i
i
|
1
J Vb
44, | 44
P Ve
\J |
.
1
1 c
1
t
t
:
] v
49!
N 2!
4749 oa
25
}éVI 20 20!
INVENTORS

LEONARD G. DURANT
ROHE V. PENNINGTON

By Ot T datarta

arTy



United States Patent Offi

2,996,422
Patented Aug. 15, 1961

1CC

el

2,956,4.
DIGESTION OF CELLULOSIC MATERIAL
Leonard G. Durant and Rohe V. Pennington, Pittsfield,
Mass., assignors to E, D. Jones Corporation, Plttsﬁeld,
Mass., a corporation of Delaware
Filed Apr. 23, 1958, Ser. No. 730,409
10 Claims. (CL. 162—19)

This invention relates to the digestion of ligno-cellulosic
material, exemplified by wood chips to render them more
suitable for being yielded to semi-chemical or prime
chemical pulps and more specifically to a method of
subjecting such chips to a plurality of treatment zones,
each of which renders the chips more suitable for further
reaction in subsequent zones.

A new type of digestion system in treating wood pulps
includes a primary enclosed tank or vessel wherein the
chips in columnar formation are first steamed and then
immersed in a pond of cooking liquor with which the
chips are then impregnated. The chips from such an
impregnator vessel are then evacuated therefrom, drained,
and introduced into a cooking or digestion vessel where
the chips are treated in a non-submerged condition to the
further action of the impregnating liquid. Such a system
is generally shown and described in FIGURE 1 of Patent
No. 2,858,213 of October 28, 1958.

In the cooking of such wood chips one of the major
problems is involved in removing undesirable lignin
materials from the wood while at the same time retaining
desirable carbohydrate materials such as pentosans. It is,
therefore, the primary object of this invention to provide,
in a continuous process digestion system, for the retain-
ing of a higher amount of pentosans while removing the
undesirable lignins in material such as wood chips, thus
increasing the amount of pentosans retained for a given
yield. Another object of this invention is to produce a
higher grade of reacted wood pulp material while keep-
ing the cost of the improved product well within competi-
tive commercial ranges.

"~ Another object is to mcorporate in a continuously
operable chip digesting system a series of treatment zones
through which the chips are moved and which are adapted
to be more closely controlled so that continuous amounts
of pulp may be produced with relatively constant adher-
ence to certain predetermined specxﬁca’uons o

. Another object of this invention is to control durmo the

_critical period at the start of wood chip digestion the
amount of pentosans which are removed therefrom while
simultaneously providing a method and apparatus for
retaining more of these desirable pentosans than was here-
tofore possible in continuously operable systems,

It is well known that both lignins and carbohydrates,
including pentosans, are removed from wood chips by the
_action of an alkaline cooking liquor acting on the wood
chips at elevated temperatures.

It has been noted in the digestion of wood chips that
the pentosans are removed by the alkaline cooking liquors
at elevated temperatures and will start to be removed
earlier during the process than the lignin material therein,
It has been determined that a particularly critical period
for undesirably removing pentosan is near the start of the
cooking procedure when the cooking chemical is first
introduced to the chips. In “batch” processes, used
until the recent development of the continuous process,
cooking liquor is introduced at very low temperatures in
order to retard the action of the chemicals so as to retain
pentosans while the chemical is being completely diffused
within the chip, at which time it can begin action on
the lignin materials, Then the temperature is allowed
to come up to maximum for cooking and in this way the
ratio of the loss of pentosan to the loss of lignins has been
controllable to a certain extent.
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In following this procedure with continuous equipment
difficulties were encountered in that restrictively long pe-
riods of time were necessary and prohibitive amounts of
expensive equipment were required. It was necessary,
therefore, in order to allow the use of continuous equip-
ment of practicable and economical size to find a new
way to accomplish this “delay of reaction” in order to
prevent the early release of peniosans in amounts which
would contribute to the degradation of the pulp product.

Applicants have found that steam at elevated tempera-
tures can be used in the early part of the process without
releasing an uncommon amount of pentosans prov;degl
that thereafter water or black liquor is used to wet the
wood. This “black liqguor” may be either the diluted
product obtained from previous utilized amounts of
cooking liquor or may be new liquor in considerably
weaker concentration of alkali, such as NagO. After the
steamed wood chips are wetted thoroughly, and then
moved through a new and stronger concentration of
cooking liquor, the wetness of the chips promotes a rapid
diffusion of the stronger chemical throughout the chip.
This wetness is simultaneously keeping the chemical
within the chip sufficiently diluted throughout the critical
period so that there is far less reaction of the alkali on
the pentosans in the hot chips than there would be if
normal cooking liquor of higher concentration were ap-
plied directly to the chip at their initially elevated
temperature,

In other words applicants have found that there can be
substituted in the continuocus digestion process a prac-
ticable decrease in temperature from that of superatmos-
pheric' steam and concurrent rise of concentration of
cooking liquor within the chip in place of the slow rise
to temperature as used in conventional batch type systems,
thus establishing a practical and economical cooking sys-
tem resulting in superior grades of pulp.

Emphasizing the major concept of the present inven-
tion there is provided in the same vessel or enclosure
an overlying superatmospheric pressure steam layer and
a subjacent layer of cooler strong, concentrated cooking
liquor, ‘an intermediate wetting layer containing weak
(black) liquor or water which has also been found to
be highly advantageous when the chips are subsequently
and separately digested in non-submergence.

Referring now to the drawings: ‘

FIG. 1 is a graphical representation of the superior pulp
yields which may be realized through the utilization of
this invention.

FIG. 2 is a diagrammatic showing, with legends, of
the main steps of the process of this invention.

FIG. 3 is a diagrammatic side eclevation with some
parts shown in section of a continuous digestion system
that forms the environs of the invention.

Ross diagram

Before proceeding with a description of the process and
apparatus shown in FIGURES 2 and 3 of the drawings,
reference will be taken first to the showing of FIG. 1
wherein a Ross diagram is shown with the horizontal lines
representing the percent of lignin, the vertical lines rep-
resenting the yield in percent realized during various stages
of the cooking process, the slanted lines represent lines of
constant percent of residual carbohydrates and the curvi-
linear lines represent, as labeled, lines of constant percent
residual lignin.

Referring specifically to the curves represented on the
graph, curve 1 of this Ross diagram shows a typical curve
for a desired yield of pulp cooked under the best condi-
tions noted present as the progression of normal cooking
of wood chips with kraft cooking liquor proceeds. Curve
No. 2 shows what happens with regard to yield, lignin,
and carbohydrate percentages when a cook is made under
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like conditions of temperature, time, pressure, etc. but
with liquor of stronger chemical concentration. Curve
3 represents the result of the controlled application of a
lower concentration of cooking liquor immediately after
the chips-leave the steaming zone and before they get to
the zone of strong impregnating liquor; in conformance
with the precepts of the present invention,

Experimentation has shown that in the areas of each
curve marked A, substantially only pentosans are being
removed from the wood chips. In the case of curve 1,
this period is relatively short so that only a small amount
of pentosans are removed, In the case of curve 2 the
period A is considerably extended and a larger amount
of pentosans are indicated as being removed from the
chips. The end result is that curve No. 2 indicates a
final pulp of higher objectionable lignin content for a
given degree of yield. It is noted that in curve 2 the
pentosan removal continues all the way down to the 77%
yield and that all during this time only about 1.2% of
lignin has been removed. Normal pulps such as depicted
by curve No. 1 will contain desirable pentosans in
amounts of about 6 to 8%. Experiments have shown
that pulps that are depicted by curve No. 2 have substan-
tially lower pentosan contents of from 3% to 4.5%.
While the lower parts of curves 1 and 2 are approxi-
mately parallel, the damage i.e. pentosan removal, has
already been done with the result that there is a loss of
yield on the wood, largely because of the excessive origi-
nal loss of pentosans. Thus, the loss in yield is actually
loss of a desirable component in the final product.

Curve No. 3 shows some points obtained on a series
of cooks wherein wood chips were subjected to a pre-
Timinary bath of black liquor (weak in concentration) and
‘then to a bath of normal concentration cooking liquor.
The chemically weak black liquor protected the wood
from the drastic results of alkali attack on the wood
during the early rise to temperature, before subjection
to the stronger liquor necessary to complete the cook.
This shows that greater yields are obtainable in this mat-
ter for the same amount of lignin removable which in
turn indicates that there is a retention of desirable pen-
tosan material and other carbohydrates while undesirable
lignins are removed.

Thus, comparing the curves at an arbitrary yield se-
lected at 50% we see that a normal cook would yield
approximately 9.5% of lignins, while a cook completed
wusing higher temperatures or higher concentrations would
result in a product containing 14% lignin, In a cook
conducted according to the present invention, it is seen
that for the given vyield of 50% there is a decrease in
the amount of undesirable lignin remaining, in that only
approximately 6% of lignin was retained. Projecting
curve 3 on up to the end point it ‘will be realized that
applicants’ system of wood chip cooking has resulted in
a much smaller amount of pentosan removal in the criti-
cal early stages of the cook, this rosult manifesting itself
in a much lower lignin content in any given final vield
selected.

Referring now to FIGURE 2, there is shown therein
the utilization of applicants’ invention. in a continuous
process digestion system, which is more specificaily de-
scribed in connection with FIG. 3. It is noted in con-
nection with FIG. 2 that the chips are introduced into the
impregnating vessel and are immediately subjected to a
steaming zone containing steam at super atmospheric
pressure, after ‘which they are submerged in a zone of
cooler weak or wetting liquor which may be either water
or black liquor as described hereinabove, which serves
to further wet the chips coming from the steaming zone.
After the chips move downwardly through the zone of
weak or wetting liquor, they are immediately introduced
into the zome of strong, impregnating cooking liquor of
full normal strength, from which they are, after a suit-

- able period of time, removed and drained of excess liquor
‘before they are introduced into the digestion vessel.

The wood chips remain in the steaming zone for -a
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maximum of approximately five minutes, the super at-
mospheric pressure helping to remove the air from with-
in the chip since air is being constantly replaced by con-
densed steam (moisture). By removing and compress-
ing the air from within the chip a serious impedance to
the penetration of liquid is effectively removed, so that
the chip is ready to rapidly accept liquid.

It is important to note that if the steaming were con-
tinued, it would take about ten minutes for a maximum
possible amount of water to become condensed in the
chip, the chip simultaneously rising in temperature be-
cause of the incoming steam with the following unde-
sirable effects taking place:

(1) Less than a maximum amount of moisture will
accumulate in the chip because the chip becomes top
hot to allow the steam to condense, and

{2) The temperature within the chip will promote
hydrolysis of the wood which in turn will degrade the
final pulp.

Therefore, in order to get a maximum amount of
liquid into the chip without exposing the wood to the
above undesired conditions, it is necessary to subject the
wood to a liquid bath, or intermediate zone of weak or
wetting liquor. The chips, having been prepared by su-
peratmospheric steaming absorb this liquid quite rapidly
in from 2 to 4 minutes, during which time the chip tem-
perature is not increasing because continuously supplied
liquid rather than incoming steam is being used. At the
same time, no drastic reactions as mentioned in 1 or 2
above are occurring. :

With the chip having absorbed a maximum amount of
liquid (about 2:1 liquid to wood ratio) the chip is now
ready to receive the chemical which will diffuse rapidly
throughout the chip because of the presence of the wetting
liquid. The use of low chemical concentrations during
all of this time simultanecusly assures that no drastic
chemical attack will take place on the pentosans in this
critical early period of contact of the wood chip with the
chemical liquor. .

Experience with various kinds of woods has shown that
the following times of residence in each of the zones is
most advantageous:

Total Time of Time
Residencs or Time | through
Bteaming| of Transit of | through | Impreg-
| Time, 2 Columnar | Wetting | nafi
minutes | Chipin Sub- Zone, Zous,
‘mergence, rinutes | minutes
minutes
1. Boft wood Kraft..... 35 12-15 2-3 10-12
2. Hardwood Kraft.... 3-5 156-18 3-4 12-14
3. Neutral Sulphite
(Bleaching grade) . 3-5 18-21 3-4 15-17
4. Soft-wood Sulphite.. 35 20-25 3-4 17-21
5. Hi-yield Sulphite...... 35 1721 24 1517

Description of apparatus

Referring now to FIG. 3 of the drawings showing the
environmental system, there is a chip bin A for receiving
chips, or other cellulosic materials to be treated, an arch-
breaker 11, and a suitable rotary chip-discharging mecha-
nism 12, operated by a variable speed motor-driven mech-
anism 13, which passes chips downwardly through the
feed pipe 14 at a regulatable rate into a multivane chip
feeding mechanism B for delivering chips through pipe
15, valved as at 16 to and into a primary enclosed cham-
ber shown as cylindrical tank or vessel C ‘having an over-
lying or upper steaming zone D having a steam atmos-
phere 17, and a subjacent bath or pond with a liquid-level
L comprising a Tower impregnating zone E made up of a
wetting zone 18 and a strong liquor impregnating zone
19. "While zones 18 and 19 are shown as having a some-
what definite line of distinction therebetween, it should
be recognized that the weak or wetting liquor making up
zone 18 flows downwardly and therefore continuously di-
lutes the liquor of zone 19 which is also ‘being constantly
replenished by strong liquor through the outlet rings 45a,
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45b, 45¢, 454, which aré supplied by pipe 44 through
valves Va, Vb, Ve, Vd. The weak or wetting liquor,
which may be either water or diluted liquor, enters the
wetting zone 18 through an annular ring 45’ which is
similar to annular rings 45a through 454 and which is
supplied by a pipe 44’ valved at V,, directed to ring 45
from a suitable source of wetting liquor, not shown. In
the bottom of tank C (sometimes called the impregnator
vessel or zone) there is an evacuator mechanism F for
accomplishing continuous discharge of chips from the
“column thereof in the tank by means of a motor mecha-
nism 20 driving a shaft 20’ that moves in circular paths
blades depending at a chip impelling angle from arms
21 extending radially from a shroud 22 providing a dome
covered vertical cylinder rotating with the blade bearing
arms 21’ and having a door-like opening 23 in the vertical
cylinder through which blade impelled chips are passed
downwardly through pipe 24 into pump 25 that forces the
chips while submerged in ccoking liquor and under pres-
sure up through delivery conduit 26 to deliver them under
pressure tangentially to a drainer station G that comprises
an outer inclined steam tight cylindrical tank 27 having
a steam dome 28 with an annular bottom 29 from which
uprises a stack 30 down which fall chips and liquor tan-
gentially to the steam dome 28 by the delivery conduit
26. The chips and lquors swirl upwardly to spill over
the upper weir-like edge of the stack 30 but meanwhile
tramp metal or other detritus gravitates to the amnular
bottom 29 from which it can be removed through an
aperture such as 31. Above the bottom of the inclined
tank 27, there is an inner tank or cylindrical drainer 32
having perforations 33, and rotatable therein is a screw
‘conveyor 34, Thus, chips and liquor descending through
stack 30 enter drainer 32 up which the screw conveyor
34 moves them while their liquor drains from them
-through the perforations 33 and flows from the tank
through outlet 35 and pipe 36 for recovery treatment
such as in accumulator tank J. The chips that are so
drained of the cooking liquor while retaining their ab-
sorbed and adsorbed liquor pass downwardly through pipe
-37, valved as at 38, into an enclosed chamber shown as
.cooking or digestion tank or zone H where the chips are
digested in non-submergence but in the presence of steam
and their own adsorbed and absorbed liquor. After be-
ing properly digested, they are removed from the entire
-cross sectional area of the bottom of the digester tank
‘or zone H by another evacuator mechanism F’ (like
station F) by means of a motor mechanism 20A driving
-a shaft 20A’, that rotates blade bearing arms 21’ extend-
ing radially from a shroud 22’ havmg an opening 23’
‘therein through which chips are passed downwardly
‘through pipes 24’. These primed numerals represent
-parts identical with their unprimed corresponding nu-
merals described in connection with evacuator station F.
-But here pipe 24’ leads into an axial flow ejector station
T from whence, through pipes 39 and 40, digested chips
are blown by a steam stream to further treatment such as
.into a blow tank from which they go to refining or any
other desired treatment. Since it usually becomes im-
-portant to'reclaim or otherwise control the cooking liquor
.used, J, indicates an accumulator tank or station. Cook-
-ing liquor of controlled strength is pumped by pump 47
from the tank J through a suitable valved liquor inlet
line 44 described hereinabove. This pipe 44 has con-
.nected therein a conventional automatic valve 42 con-
trolled and regulated by a differential pressure type re-
cording controller 43 for regulating the elevation of the
liquid level L of pond 18 of cooking liquor so that it is
:maintained constant, or at least as nearly so as possible.
-So the automatic valve 42 regulates the flow of liquor
through pipe 44 and its branches, each of which leads
into an annular manifold 45 having injection nozzles
such as at 46 (see FIG. 4) extending therefrom into the
“tank C, whereby liquor can be forced into the tank in a
-fairly well dispersed or distributed manner. The mani-
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folds 45 and 45’ are distributed along the'tank C as may
seem desirable. Another pipe 49 also leads from the
accumulator tank J and goes to and into the pipe 24 lead-
ing to pump 25 for giving control of the quantity of liquor
mixed with the chips discharged from tank C by evacua-
tor F to make them pumpable (at a consistency of say
10%) by pump 25 up through pipe 26 to the drainage
station G. An equalizing pipe 48 is used to lead from the
top of the accumulator tank J upwardly to the steam zone
28 of the drainage station G. This permits the use of simi-
lar pressures throughout the equipment and eliminates the
need for valved off sections in order to maintain different
temperatures therein. Thus, liquor can be heated out-
side the vessel (C) and introduced at a temperature of,
e.g., 120° C. while steam can be maintained at a tempera-
ture of 175° C. in the steam zone at a corresponding
pressure. The liquor, since it continuously moves down-
wardly after introduction is only in contact with the
steam zone for a fraction of a second as is not appreciably
heated thereby. Other valved pipes leading into the ac-
cumulator tank J are for conducting certain incoming
chemical bearing fluids thereinto and for discharge there-
from.

From any suitable source, steam under pressure is sup-
plied through steam inlet line 50 through the steaming
zone D in the primary tank C by means of an annular
manifold ring 145 in all respects like rings 45’ and 45¢
through 454 and having the same kind of injection nozzles
46 (see FIG. 4) to supply steam into the tank, in a well
distributed manner. The inlet of steam into the mani-
fold 145 is controlled and regulated by conventional
pressure-temperature recording controller 51, that also
conirols and regulates valve 52 in vapor outflow line 53.
And a final control is indicated generally at 55 that is a
chip level gaunge and controller that consists of a trans-
mitter containing a radoactive material, and a receiver is
connected electrically by connection W1 to the motor
drive 13 of chip discharger 12, to automatically regulate
the chip level to be substantially constant. The instru-
ment is so mounted that the “set point” can be lowered or
raised such as by pulley 56 by the operator. These ra-
diation measuring and monitoring devices are made by
the Ohmart Corporation of Cincinnati, Ohio. A similar
chip level sensing gauge in controller 55’ is applied to
the digestor zone or tank H, with its raising and lowering
pulley 56’ but in this case the controller 55’ regulates
the motor drive 20, the evacuator station F on the pri-
mary vessel C.

Digester zone or station H is provided with a steam
inlet line 58, for delivering steam under pressure to the
branch lines 59 and 60 each respectively feeding steam

‘to annular manifold rings 245 having injection nozzles,

patterned after rings 45" and 454 through 45d, with noz-
zles 46. Inlet of steam through line 58 is controlled and
regulated by a conventional pressure temperature record-
ing controller 61 (similar to controller 51) operating an
automatic valve 62 and also an automatic valve 63 in-
cluded in vapor outflow line 64. Valved vapor. outlet or
gas-off pipe 65 from the steam dome 28 of the drainage
station G, and also from valved vapor outlet or gas-off
pipe 66 from the high point of the inclined tank 27 of
that station, can all join into a common exhaust or gas-
off line 67 leading to further treatment of the vapors, as
desired, such as for turpentine recovery.

The continuous digestion of cellulosic material such as
wood chips carried out by this system in successive treat-
ment zones may be said to comprise feeding chips con-
tinuously to the steaming zone where, in columnar for-
mation, they are prepared for the ready acceptance of the
wetting and cooking liquors by appropriate steaming thus
releasing non-condensable gases and otherwise preparing
the chips for ready acceptance of the ligquor; next sub-
merging the thus conditioned chips in cooler but hot
wetting liquor, which may be either weak or “black”
liquor or water, under controlied conditions of time and
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temperature that assures complete penetration and diffu-
sion of the wetting liquor into the chips and limits the
chemical reaction therebetween so that in this zone of
wetting treatment there is minimized any fiber degrading
action; next subjecting the chips to the action of a strong
impregnating liquor of much higher chemical concentra-
tion, this impregnating liquor being readily diffusible into
the chips by reason of the already wetted condition pro-
duced by the action of the wetting liguor thereon. The
chips themselves now contain an amount of absorbed and
adsorbed liquor of controlled chemical concentration suf-
ficient to be cooked rapidly but insufficient to cause cellu-
lose degradation, so they are transferred while in submer-
gence and still under pressure from the impregnation zone
to a drainage zone where they are relieved of their excess
liquor which drains freely therefrom during their upward
conveyance along the perforated cylindrical drainer. The
drained chips are then cooked while in downwardly mov-
ing columnar formation in only their retained liguor and
in non-submergence in a gaseous or steam environment
enclosed in a digester vessel. After being so cocked, the
chips are evacuated from the digestor into an ejection
zone having a receiver for the digested chips, from whence
digested chips are ejected-while in suspension in a stream
of chip blowing steam and projected or blown to a place
of subsequent freatment. All of the action steps are
carefully conirolled as to pressure, temperature, and the
rate of downward movement or the time of transit of
the chips through each treatment zone and between such
zones, which is a reason why the chip level is maintained
substantially constant in each of the vessels C and H and
the temperature and pressure of the steam is also care-
fully automatically controlled.

Process steps and operation

For the sake of further clarification and understand-
ing of the invention, the process will now be followed
through the equipment. . Starting with wood chips which
are introduced into the impregnating vessel by way of
the chip bin A and the rotary injector units, the chips are

first introduced into the area D in the impregnating vessel

which contains steam at superatmospheric pressure sup-
plied. through pipe 50 and distributed into the vessel by
ring 145. This steaming procedure takes from three to
five minutes depending on the type of wood, the chip
level, the amount of moisture; the liquid level and speed
of put-through being conirollable. Thus, the operator
has only to set the equipment, for example, for five min-
utes steaming of the chips before they enter the liquor
bath. The wood will automatically absorb moisture and
release air due to the operation of the pressurized steam
thereon, and no further controls at this point are neces-
sary. It is noted that more than five minutes steaming
may produce hydrolysis of the wood chip, so the steam-
ing time is limited to five minutes regardless of whether

the chip has absorbed maximum water coatent, which has

been determined to be approximately a 2 to 1 liquid to
wood ratio.

“Prior experimentation has determined that -the chips
are in fact not up to maximum absorbed liquid content
when they pass through the steam zone and are in a con-
dition to accept further liquid rapidly. Therefore, as
they are introduced into the weak liquor or water area
18 in the cylinder through interface L, the fluid material

‘contained therein will further impregnate the chips, this

impregnation being aided by the steamed condition of the
chips. - It is noted at this point that the weak liquor or
water added through ring 45" supplied by pipe 44’ will
find its way into the next layer of stronger liquor which
is being added through each of the rings 454 through 454
supplied by pipe 44. However, this weak liquor or water
supply is being continuously replaced so that the top
layer of liquid in the impregnated vessel is always weak
in chemical concentration (not over 10 grams per liter
of alkali for example, if the weak liquor used is kraft
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3 .
black liquor). The volume of liquid which is being in-
jected into the vessel through the rings is constantly be-
ing controlled by automatic controllers and the height
of the total liquid ‘is, therefore, being controlled. It
should be noted that the rate of downward movement of
the chips through the liquid is also being controlled by
automatic devices as mentioned above.

The chips after steaming will absorb a certain amount
of liquid in approximately two minutes or less, depend-
ing on the wood. If the chips are held in this weak liquid
or water for more than the time necessary to allow max-
imum water or liquor absorption to take place, no dam:
age to the chip occurs. However, if the chips are held
in the weak or wetting liquor zone for too short a time,
damage to the chip may occur because of chemical reac-
tions which take place later in the process, i.e. action of
strong liquor at high temperature upon unwetted por-
tions of the wood chips, thus causing immediate reaction
therewith and degradation of the eventual quality of the
pulp produced. The equipment has, therefore, been de-
signed so that it can be automatically controlled to allow
chips to take three minutes or even four passing through
the wetting liquor A.

The next problem is to get sufficient chemical in the
chip to make the cook complete. It has been determined
from past history and experiment that it will take from
about 15.5% to 16% of effective alkali (for instance in
kraft) to complete the cook. We also know that it will
take approximately ten to twelve minutes holding time
to diffuse the chemical into the wood in the strong liquor
zone. Also it has been determined that the ratio of final
concentration to initial concentration in the impregnator
after impregnation will be about 65% when a ratio of
total liquid to wood of 8 to 1 is used.

Therefore, we start out with liquid and wood after
initial soaking in wetting liquid in the ratio of 2:1. The
chips are now passed through a chemical bath in which
there is a total liquid to wood ratio of 8:1. In other
words chemical solution is added in the amount of six
parts of solution to each part of dry wood.

If this chemical solution contains 75 grams per liter
of alkali (as Na,O) and the final concentration is ex-
pected to be 65% of the initial concentration, and the
wood will absorb a liquid to wood ratio of 2:1, it will
be seen that if six parts of solution at 75 grams per liter
are added, 450 grams of chemical will be required. The
solution at the end of diffusion time is 65% of original
strength, so 75 times .65 equals 48.8 gallons per liter.
Since two parts of liquid are in the wood already, the
total chemical amount in the wood is 6X48.8 or 292.
Therefore, the chemical in the wood then is 450 grams
minus 292 grams which gives the amount of chemical
finally in the wood at 158 grams or 15.8%. This is the
amount of chemical needed to complete a kraft cook
for easy bleaching. The same principles exist for other
kinds and qualities of pulp although not necessarily the
same amount of chemical requirements, which may vary
slightly according to the wood used and end product de-
sired. i

The excess chemical solution is now drained off of the
chips through the drainer section G and the chips are in-
troduced in the cooking vessel H where they will be
cooked for about thirty minutes at about 178° centigrade
in this digestor portion. It is noted that here again other
types of pulp may require slightly different cooking tem-
peratures and time but in any case the time needed for
this process is short in comparison with other methods
now used to produce prime grades of pulp.

As this invention may be embodied in several forms
without departing from the spirit or essential character-
istics thereof, the present embodiment is therefore illus-
trative and not restrictive since the scope of the inven-
tion is defined by the appended claims and all changes
that fall within the metes and bounds of the claims or
that formed their function as well as cojointly co-oper-
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ative equipments, are, therefore, intended to be em-
braced by those claims. For instance, whereas the treat-
ment of wood chips has been described, it should be un-
derstood that other lignocellulosic particles and material
could be substituted therefor which are desired to be
exposed to continuous type digestion processes.

Having thus described our invention what we claim
is:

1. In the continuous digestion process of treating ligno-
cellulosic material exemplified by wood chips, which is
characterized by impregnating the chips in an impregnat-
ing vessel, evacuating the chips therefrom and draining
them of excess liquor, moving the chips into a digestion
vessel from which they are removed for further process-
ing, the improvement which consists of the steps of sub-
jecting a continuously moving column of chips to steam
at superatmospheric pressure for not more than five min-
utes, causing the steamed chips to pass through a bath
of wetting liquor, cooler than said stream, selected from
the group consisting of water and black liquor for a time
sufficient to substantially completely saturate the chips
with said wetting liquor, followed by continuously passing
the column of chips through a bath of impregnating cook-
ing liquor, stronger than said wetting liquor, for a time
sufficient to replace the wetting liquor with stronger im-
pregnating liquor, before the chips are drained and intro-
duced into the digestion vessel.

2. The process of preparing ligno-cellulosic material
of digestion which comprises the steps of downwardly
moving the material in a single vessel to subject it se-
quentially to steam at superatmospheric pressure for from
three to five minutes to remove gases contained therein
and to partially saturate the material with moisture, then
to and through a wetting liquor, cooler than said stream,
selected from the group consisting of water and black
liquor for a period of from two to four minutes, and
next to and through a strong cooking liquor, stronger
than said wetting liquor, for a period of from ten to
seventeen minutes, all prior to draining the material and
digesting it in another vessel at elevated temperatures.

3. The process of preparing soft wood kraft material
for digestion which comprises the steps of downwardly
moving the material in a single vessel to subject it se-
quentially to steam at superatmospheric pressure for from
three to five minutes to remove the gases contained there-
in and to partially saturate the material with moisture,
then to and through a wetting liquor, cooler than said
stream, selected from the group consisting of water and
black liquor for from two to three minutes, and next to
and through a cooking liguor, stronger than said wetting
liquor, for from ten to twelve minutes, all prior to drain-
ing the material and digesting it in another vessel at ele-
vated temperatures.

4, The process of preparing ligno-cellulosic material
for digestion which comprises the steps of downwardly
moving the material in a single vessel to subject it se-
quentially to steam at superatmospheric pressure, immers-
ing the steamed material in a wetting liquor, cooler than
said stream, selected from the group consisting of water
and black liquor, and then immersing the material in
a cooking liquor, stronger than said wetting liquor, all
before the material is drained of liquor and digested in
another vessel at elevated temperatures, the material re-
maining in each of the steaming, wetting, and cooking
baths for a period of time sufficient to produce a yield
which is substantially the same as that denoted by curve
3 of the accompanying Ross diagram.

5. The continuous digestion of ligno-cellulosic mate-
rial such as wood chips which comprises maintaining
a steam-bearing digestion enclosure in which such chips
after initial separate liquor impregnating treatment are di-
gested in non-submergence with the only cooking liquor
being that carried into the enclosure by the chips them-
selves, removing digested chips from the digestion en-
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as follows: maintaining a chip-impregnating - enclosure
with an overlying layer of super-atmospheric steam,
maintaining a constant level subjacent bath having a top
layer of liquor at a temperature cooler than the steam
but at least 100° C. and at a sub-normal chip-cooking
strength for merely wetting the steam chips, maintaining
beneath that top layer of cooler weak liquor a layer of
stronger liquor at mormal cooking strength, moving a
column of chips downwardly through the impregnation
enclosure and through its sequential layers at a rate to
transit the steam layer therein in not more than five
minutes and through the stronger liquor layer therein at
a rate so that the chips absorb sufficient cooking liquor
to enable them to be completely digested in non-submer-
gence in the digestion enclosure when transferred there-
into in drained condition, whereby loss of pentosans from
the chips is minimized by moving the chips downwardly
through the respective layers in the impregnation enclo-
sure-to encounter (1) maximum temperature in the steam
layer and in the succedent liquor layers lower tempera-
ture than said maximum temperature and (2) weak liquor
in the top liquor layer increasing to full cooking strength
therebelow.

6. The continuous process of preparing ligno-cellulosic
material such as wood chips for digestion to render ligne-
ous material thereof readily removable while assuring cer-
tain desirable components thereof such as the pentosans
against removal, which comprises maintaining in a ver-
tically elongated enclosure that is a chip-impregnation
vessel having an overlying layer of super-atmospheric
steam and a subjacent bath of liquid at a temperature less
than the steam but at least 100° C., whose liquid level is
‘maintained substantially constant, adding to and main-
taining in the uppermost section of the bath in the impreg-
nation vessel a chip-wetting layer of weak liquid chosen
from a group consisting of water and black liquor, adding
incrementally to subjacent sections of the bath active
cooking liquor to form in the bath a layer thereof of nor-
mal cooking strength, moving a column of wood chips at
a conirolled rate downwardly through the impregnation
vessel so that chips of the column pass downwardly in the
same enclosure sequentially through the respective layers
in a time of transit of not more than five minutes through
the hotter steam layer and of from 12 fo 25 minutes
through the subjacent liquid layers depending upon the
kind of wood being treated which latter time is divided
into not substantially more than four minutes for the
cooler weaker wetting layer, and the remainder of the
time for the stronger liquor layer.

7. The continuous process of digesting ligno-cellulosic
material such as wood chips by which ligneous material
thereof is rendered readily removable while assuring cer-
tain desirable components thereof such as the pentosans
against removal, which comprises maintaining in a ver-
tically elongated enclosed chip-impregnation vessel an
overlying layer of super-atmospheric stcam and a sub-
jacent bath of liquid at a temperature less than that of
the steam but at least 100° C., whose liquid level is main-
tained substantially constant, maintaining a separate elon-
gated steam-bearing enclosure that is a digestion zone,
conveying impregnated chips to the digestion zone, tran-
siting the chips therethrough in non-submergence where-
upon the digested chips are removed, adding to and main-
taining in the uppermost section of the bath in the impreg-
nation vessel a chip-wetting layer of liquid chosen from
a group consisting of water and black liquor, adding in-
crementally to subjacent sections of the bath active cook-
ing liquor to form in the bath a layer thereof of normal
cooking strength, moving a column of wood chips at a
controlled rate downwardly through the impregnation ves-
sel so that chips of the column pass downwardly through
the respective layers in not more than five minutes for the
hotter steam layer and not substantially more than four
minutes for the weaker wetting layer, but for the stronger
liquor layer a time long enough for the chips to absorb
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enough cooking liquor so that they contain enough' with-
out further addition in the digestion zone to cook properly
therein, which time depending upon the wood used is
usually not over 21 minutes.

8. The continuous process of preparing 11gno-cellu1051c
material for digestion to render its ligneous material
readily removable while assuring certain desirable com-
ponents such as the pentosans against removal, which
comprises maintaining in a vertically elongated enclosure
impregnation vessel an overlying layer of super-atmos-
pheric steam at substantially 175° C. and a subjacent
bath of liquid at substantially 120° C. whose liquid level
is maintained substantially constant, maintaining a fur-
ther elongated steam-bearing zone that is a digestion zone
which contains no liguid bath, adding to the bath in its
uppermost section as a wetting liquid layer in the bath
wherein the steamed chips are first received, a chip-wet-
ting liquid chosen from a group consisting of water and
black liquor, adding incrementally to subjacent sections of
the bath lignin-digesting strong liquor to form in the bath
a layer thereof of normal cooking strength, moving a
column of ligno-cellulosic’ material such as wood chips
downwardly through the impregnation vessel at a con-
trolled rate, to pass downwardly through the layers in not
more than five minutes for the hotter steam layer, not sub-
stantially ‘more than four minutes for the cooler weaker
wetting layer, and from 10 to 21 minutes for the stronger
liquor layer depending upon the material to be digested,
conveying chips to the steam-bearing digestion zone while
impregnated  with enough digesting liquor so that they
need no more, and digesting the chips therein in non-
submergence whereupon the digested chips are removed.

9. A continuous process of digestion of ligno-cellulosic
material such as wood chips in which the material con-
tinuously descends in a self-supporting column in a cham-
ber in which super-atmospheric steam ds maintained in
the upper part and hot cooking liquid is maintained in the
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lower part the material and liquor are withdrawn con-
tinuously from the chamber, the material is drained and
then. subjected to hot gas in 2 column in a second cham-
ber, characterized by continuously injecting into the upper
part of the body of liquid in the first chamber a liquid of
weaker concentration than the hot cooking liquid, this
weaker liquid being drained from the material oply in
admixture with the hot cooking liquid.

10. A continuous process of dxgestlon of hgno-cellulosm
material such as wood chips in which the material con-
tinuously descends in a self-supporting column in a cham-
ber in which super-atmospheric steam is maintained in the
upper part and hot cooking liquid is maintained in the
lower part, the material and liquor are withdrawn con-
tinuously from the chamber, the material is drained and
then subjected to hot gas in a column in a second cham-
ber, characterized by continuously injecting into the
chamber near the steam-liquid interface a liquid of ma-
terially weaker chemical concentration than the cooking
liquid below the region of injection of the weaker lquid,
so that in the same chamber a chip passes from steam
first into weaker, then into stronger liquid, the super-
atmospheric pressure of the steam being transmitted to the
stronger «cooking liquid through the intervening weaker
liquid, to suppress vaporization of the cooking liquid.
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