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(57) ABSTRACT 

In the feeding of a slurry of comminuted cellulosic ?brous 
material to a digester (continuous or batch) in the production 
of chemical pulp, one of the tanks used in the feed system 
(Which preferably includes a high pressure feeder) may be 
eliminated Without consequent loss of its function by pro 
viding a single tank With the combined functions of con 
trolling the level of liquid in a slurrying conduit Which 
supplies slurry to a slurry pump, and storing and substan 
tially continuously supplying liquid to a make-up liquid 
pump connected to the digester. The single tank preferably 
surrounds the slurrying conduit and is substantially concen 
tric, and in liquid communication, With it. A gap of 3-48 
inches may be provided betWeen the bottom of the conduit 
and a connection to the slurry pump. A screen or strainer 
may be provided in the gap, Which is substantially sur 
rounded by the tank. The return system from the loW 
pressure outlet of the high pressure feeder to the slurrying 
device (like the conduit and tank surrounding it, or a 
conventional clip tube) may be devoid of one or more of an 
in-line drainer, level tank, centrifugal separator, and surge 
tank. 
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CHIP FEEDING TO A COMMINUTED 
CELLULOSIC FIBROUS MATERIAL TREATMENT 

VESSEL 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This is a divisional of application Ser. No. 09/871, 
970, ?led Jun. 4, 2001, noW pending, Which in turn Was a 
divisional of application Ser. No. 09/520,761, ?led Mar. 7, 
2000, now US. Pat. No. 6,368,453, issued Apr. 9, 2002, 
Which claims the bene?t of US. Provisional Applications 
Serial No. 60/124,890 ?led Mar. 18, 1999 and Serial No. 
60/138,280 ?led Jun. 9, 1999, the entire content of Which is 
hereby incorporated by reference in this application. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

[0002] 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 disclose 
methods and devices for feeding a slurry of comminuted 
cellulosic ?brous material to a treatment vessel that have 
revolutionized the art of treating comminuted cellulosic 
?brous material to produce cellulose pulp. The disclosed 
inventions, sold under the trademark LO-LEVEL by Ahl 
strom Machinery Inc., of Glens Falls, NY, employ one or 
more slurry-type pumps for treating and transferring com 
minuted cellulosic material to one or more treatment vessels. 

Not since the initial development of the continuous cooking 
process in the 1940s and 1950s have such dramatic improve 
ments been made to the equipment used to transfer material 
to a treatment vessel, for eXample, a continuous or batch 
digester. This is con?rmed by the broad acceptance of this 
technology by the Pulping Industry. 

[0003] The present invention introduces improvements to 
the systems described in the above patents Which further 
simplify and enhance the effectiveness of the methods and 
devices disclosed in the above referenced patents. 

[0004] US. Pat. No. 5,622,598 discloses a process of 
using a slurry-type pump to transfer a slurry of comminuted 
cellulosic ?brous material to a digester, for eXample, by 
pumping the slurry to a high-pressure transfer device and 
then transporting the slurry via the transfer device to one or 
more digesters. In particular, the method and apparatus 
disclosed in US. Pat. No. 5,622,598 provide a separate 
supply of liquid to the slurry pump inlet to, among other 
things, facilitate the transfer of comminuted cellulosic 
?brous material to the pump. Typically, this liquid is sup 
plied by a separate storage vessel having a conduit Which 
can discharge liquid to the inlet of the pump. A level of 
liquid is maintained and regulated Within this vessel. 

[0005] The present invention further simpli?es the equip 
ment necessary to effect the feeding of comminuted cellu 
losic ?brous material to a digester by, among other things, 
substantially eliminating the need for a separate liquor 
storage vessel and substantially eliminating the need for a 
separate level controlling vessel or tank. The liquid supply 
ing function of this vessel or tank and the maintenance of the 
level of liquid Within this tank are replaced by a liquor 
storage vessel located integrally With the conduit that passes 
the slurry of material from the pretreatment vessel, for 
eXample, a chip bin, to the inlet of the slurry pump. 
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[0006] One aspect of this invention comprises or consists 
of a comminuted cellulosic ?brous material treatment sys 
tem, comprising (or consisting of): a digester having a 
comminuted cellulose material inlet at the top thereof; a ?rst 
vessel, at a ?rst pressure, containing comminuted cellulosic 
?brous material, and having a top, a bottom, and an outlet 
adjacent the bottom; a conduit having an inlet communicat 
ing With the outlet of the ?rst vessel, and an outlet; a second 
vessel, having a Width dimension greater than the conduit, 
for receiving the cellulosic material from the conduit and 
having a level of liquid therein; and a slurry pump having an 
inlet for receiving material from the second vessel and an 
outlet operatively connected to the inlet of the digester. The 
digester may be one or more continuous or batch digesters. 

[0007] The system preferably includes some form of 
metering device, such as a star-type or screW-type metering 
device, located betWeen the outlet of the ?rst vessel and the 
inlet of the conduit. Apressure isolation device, for eXample, 
a star-type pressure-isolation device, may also be located 
betWeen the outlet of the ?rst vessel and the inlet of the 
conduit, With or Without the presence of a metering device. 

[0008] The second vessel preferably substantially sur 
rounds a peripheral portion of the conduit, and the second 
vessel has a top through Which the conduit passes and a 
bottom having an outlet communicating With the inlet of the 
slurry pump. In a preferred embodiment, the second vessel 
is concentric With the ?rst vessel and the conduit, and the 
outlet of the conduit is located beloW the top of the second 
vessel, but above the outlet of the second vessel. 

[0009] The present invention also preferably includes a 
high pressure rotary transfer device having a loW pressure 
inlet, a loW pressure outlet, a high pressure inlet, and a high 
pressure outlet. The high pressure inlet is operatively con 
nected to the outlet of the second vessel and the high 
pressure outlet is operatively connected to the digester for 
feeding the comminuted cellulosic ?brous material slurry to 
the digester. 

[0010] The second vessel of the present invention also 
preferably includes a conduit for introducing cooking liquor 
into the second vessel. The ?rst vessel is preferably a chip 
bin for storing and treating the cellulose chips, preferably a 
chip bin having one-dimensional convergence and side 
relief geometry, for example, a DIAMONDBACK Chip Bin 
as described in US. Pat. Nos. 4,958,741; 5,500,083; 5,617, 
975; 5,628,873; and 5,700,355 and sold by Ahlstrom 
Machinery Inc. The ?rst vessel may also have “chisel”-type 
geometry as disclosed in co-pending application Ser. No. 
09/055,408 ?led Apr. 6, 1998. The pressure in the ?rst vessel 
is typically betWeen about 0 and 5 bar gauge, preferably 
betWeen about 0 and 2 bar gauge. The second vessel may 
also have one-dimensional convergence and side-relief 
geometry or chisel-type geometry to minimiZe the potential 
for bridging or plugging. 

[0011] The present invention also includes a method of 
feeding a slurry of comminuted cellulosic ?brous material in 
liquid to a digester having an inlet utiliZing a pretreatment 
vessel, and a slurry pump having an inlet. The method 
comprises (a) pretreating the comminuted cellulosic ?brous 
material in the pretreatment vessel; (b) passing the pre 
treated material from the pretreatment vessel into a ?rst 
conduit; (c) discharging the material from the ?rst conduit 
into a vessel having a Width dimension greater than the ?rst 
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conduit; (d) entraining the comminuted cellulosic ?brous 
material in liquid to form a slurry; (e) feeding the slurry to 
the inlet of the slurry pump; and transporting the slurry 
to the inlet of the digester. 

[0012] The invention preferably also includes a high 
pressure transfer device having a loW-pressure inlet and a 
high pressure outlet and the method further includes, 
betWeen (e) and (f), (g) pumping the slurry With the slurry 
pump to the loW-pressure inlet of the high-pressure feeder, 
and (h) discharging the slurry from the high-pressure outlet 
of the high-pressure feeder. The method may also include, 
betWeen steps (c) and (d), metering the How of commi 
nuted cellulosic ?brous material from the pretreatment ves 
sel. The method may also further comprise passing the liquid 
from the loW pressure outlet through an in-line drainer; 
pressuriZing the liquid from the in-line drainer in a pressur 
iZing device, and passing liquid from the pressuriZing device 
to the digester; passing some liquid directly from the tank to 
just prior to the pressuriZing device; and/or passing some of 
the pressuriZed liquid from the pressuriZing device to the 
high pressure inlet to or outlet from the high pressure feeder. 

[0013] The present invention also includes a system for 
feeding comminuted cellulosic material entrained in liquid 
to a high pressure feeder connected to a digester, compris 
ing: a vertical treatment vessel having a discharge at the 
bottom thereof; a metering device connected to the dis 
charge of the treatment vessel; a generally vertical chute 
extending doWnWardly from the metering device; a high 
pressure feeder connected to a digester; a slurry pump Which 
pumps a slurry of comminuted cellulosic material in liquid, 
the slurry pump having an inlet, the pump connected to the 
high pressure feeder; and a vessel having a Width dimension 
greater than the Width dimension of the chute, positioned 
concentric With the chute, and having a liquor level therein 
and an outlet operatively connected to the slurry pump inlet. 

[0014] According to another aspect of the present inven 
tion there is provided a system for feeding comminuted 
cellulosic ?brous material in a liquid slurry to at least one 
digester, comprising: A device Which slurries comminuted 
cellulosic ?brous material in liquid. A ?rst pump for pump 
ing slurry from the slurrying device to at least one digester. 
Asecond pump for supplying make-up liquid to the digester. 
A source of liquid for slurrying the comminuted cellulosic 
?brous material. And, a single tank Which performs both the 
function of controlling the level of liquid in the slurrying 
device, and the function of storing and supplying liquid in 
association With the source to the second pump, so that the 
?rst pump is properly and effectively substantially continu 
ously supplied With liquid slurry, and the second pump With 
liquid. 

[0015] Preferably the slurrying device includes a substan 
tially vertical conduit, and the single tank substantially 
surrounds the conduit and is in liquid communication there 
With. Typically the ?rst pump is operatively connected to the 
substantially vertical conduit by a connecting conduit or 
transition; and there is a gap betWeen the substantially 
vertical conduit and the connecting conduit or transition; and 
the single tank substantially surrounds the gap. Normally the 
gap has a substantially vertical dimension of betWeen about 
3-36 inches, and a screen or strainer is provided at the gap 
to minimiZe the amount of comminuted cellulosic ?brous 
material passing into the single tank through the gap. 
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Optionally, the substantially vertical conduit is in further 
liquid communication With the single tank by at least one 
opening in the conduit vertically above and spaced from the 
gall 

[0016] The single tank may be substantially concentric 
(preferred), or offset, With respect to the substantially ver 
tical conduit. In one embodiment a single tank comprises or 
consists essentially of a substantially right cylindrical upper 
portion and a substantially right circular one frustum loWer 
portion. In another embodiment the single tank has a sub 
stantially right cylinder shape. In another embodiment the 
single tank is spaced and distinct from the slurrying device. 

[0017] The system also preferably comprises a high pres 
sure feeder connected to the ?rst pump and having a loW 
pressure outlet; an undesirable solids separator connected to 
the loW pressure outlet; an in-line drainer connected to the 
separator; the in-line drainer having a ?rst outlet line con 
nected to the second pump, and a second outlet line con 
nected to the slurrying device; and an automatically con 
trolled ?oW-controlling valve in the second outlet line Which 
controls the proportion of liquid from the in-line drainer 
?oWing in the ?rst outlet line compared to the second outlet 
line. Preferably the second outlet line, doWnstream of the 
valve, is substantially directly connected to both the sub 
stantially vertical conduit above the single tank and to the 
single tank. 

[0018] The invention also comprises a method of feeding 
comminuted cellulosic ?brous material to a digester using a 
high pressure transfer device having a high pressure inlet 
and outlet, and loW pressure inlet and outlet, comprising: a) 
Slurrying the material With liquid prior to feeding the slurry 
into the loW pressure inlet. b) Returning liquid and any 
entrained material from the loW pressure outlet to the loW 
pressure inlet in a return system devoid of an in-line drainer 
and level tank. c) PressuriZing the slurry in the high pressure 
transfer device by pumping high pressure liquid into the 
high pressure inlet of the transfer device. And, d) passing the 
liquid from the high pressure outlet of the transfer device to 
the digester. 

[0019] In the above described method b) may be further 
practiced using a return system also devoid of a centrifugal 
separator (sand separator), and/or also devoid of a surge 
tank. The method may further comprise removing tramp 
material from liquid circulating to or from the high pressure 
transfer device using a tramp metal trap. Further a) through 
d) may be practiced Without a screen in the loW pressure 
outlet. 

[0020] According to another aspect of the present inven 
tion there is provided a feed system for a digester, compris 
ing: A high pressure transfer device having a high pressure 
inlet and outlet, and loW pressure inlet and outlet. Aslurrying 
device connected to the loW pressure inlet Which slurries 
comminuted cellulosic ?brous material With liquid. A high 
pressure pump for pressuriZing liquid being fed to the high 
pressure inlet. Aconnection betWeen the high pressure outlet 
and a digester. A return system for returning liquid from the 
loW pressure outlet to the slurrying device. And, the return 
system devoid of an in-line drainer and level tank. 

[0021] The system as described above may further com 
prise a pump (eg a screW pump) not adversely affected by 
the presence of comminuted ?brous material in ?uid 
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pumped thereby, the pump connected betWeen the return 
system and a digester. The loW pressure outlet may be 
devoid of a screen. The return system may also be devoid of 
a centrifugal separator and/or surge tank. The system may 
further comprise a tramp material trap Which removes tramp 
material from liquid circulating to or from the high pressure 
feeder. 

[0022] Typically there is a pump betWeen the slurrying 
device and the loW pressure inlet, and the slurrying device 
may be a substantially vertical conduit substantially sur 
rounded by a single tank Which performs both the function 
of controlling the level of liquid and storing and substan 
tially continuously supplying liquid to the pump (as 
described more fully above). 

[0023] It is the primary object of the present invention to 
provide a simpli?ed system and method for effectively 
feeding a comminuted cellulosic ?brous material slurry to 
continuous or batch digesters in the production of chemical 
cellulose pulp. This and other objects of the invention Will 
become clear from the folloWing detailed description of the 
invention, and the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic vieW of a continuous digester 
system employing a prior art feed system over Which the 
present invention is an improvement; 

[0025] FIG. 2 is detailed perspective schematic vieW of 
the prior art feed system used in the digester system of FIG. 
1; 

[0026] FIG. 3 is a schematic illustration of one embodi 
ment of the system of the present invention; 

[0027] FIG. 4 is a schematic side vieW of a main com 
ponent of another embodiment of the system of the present 
invention; 

[0028] FIG. 5 is a vieW like that of FIG. 3 of another 
embodiment according to the invention; 

[0029] FIG. 6 is a vieW like that of FIG. 2 of another 
exemplary-conventional prior art system; 

[0030] FIG. 7 is a vieW like that of FIG. 6 only shoWing 
an embodiment according to the present invention Which 
modi?es the prior art system; 

[0031] FIG. 8 is a vieW like that of FIG. 2 only modifying 
the prior art system of FIG. 2 according to the present 
invention; 

[0032] FIG. 9 is a schematic illustration of an exemplary 
feed system according to the present invention Which is a 
modi?cation of the system of FIG. 8; 

[0033] FIG. 10 is a schematic detail vieW of the tramp 
metal trap of FIG. 9; 

[0034] FIGS. 11 and 12 are isometric and cross-sectional 
vieWs, respectively, of a conventional high pressure transfer 
device that may be modi?ed according to the invention; and 

[0035] FIGS. 13 and 14 are schematic vieWs shoWing the 
device of FIG. 11 in association With other components 
shoWing the functionality thereof, and Which may be modi 
?ed according to the invention. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

[0036] FIGS. 1 and 2 illustrate typical prior art systems 
for handling the feeding and treatment of comminuted 
cellulosic ?brous material to produce cellulose pulp. FIG. 1 
schematically illustrates a feed system 11, and FIG. 2 is a 
detailed vieW of a similar feed system 11‘ for introducing, 
steaming, slurrying and pressuriZing comminuted cellulosic 
?brous material, for example, hardWood or softWood chips, 
and feeding the slurry to a continuous digester system 12. 
Though comminuted cellulosic ?brous material may take 
many forms, including saWdust; grasses, such as straW or 
kenaf; agricultural Waste, such as bagasse; recycled paper; 
for the sake of simplicity, the term “chips” Will be used When 
referring to comminuted cellulosic ?brous material, but any 
and all of the listed materials, and others not listed, may be 
processed by the present invention. Also, though a continu 
ous digester in shoWn in FIG. 1, it is understood that the 
present invention is also applicable to discontinuous or batch 
digesters. 

[0037] As shoWn in FIGS. 1 and 2, chips 13 are intro 
duced to the system, for example, by a conveyor (not shoWn) 
from a chip storage facility, for example, a Woodyard, by an 
isolation and metering device 14, 14‘ for example FIG. 1 
illustrates a star-type Air-lock Feeder 14 as sold by Ahlstrom 
Machinery Inc. of Glens Falls, NY. FIG. 2 illustrates a 
screW-type isolation device 14‘ as described in US. Pat. No. 
5,766,418 and having a similar function to the device 14 of 
FIG. 1. The devices 14, 14‘, driven by an electric motor (not 
shoWn), introduce the chips to a chip retention and steaming 
vessel 16 via a counter-Weighted gate assembly 15. Though 
various types of vessels knoWn in the art may be utiliZed, 
vessel 16 is preferably a Diamondback® Steaming vessel as 
marketed by Ahlstrom Machinery and described in US. Pat. 
Nos. 5,500,083; 5,617,975; 5,628,873; and 4,958,741, or a 
CHISELBACK vessel as described in co-pending applica 
tion Ser. No. 09/055,408 ?led Apr. 6, 1998. The vessel 16 
typically includes a gamma-radiation level-detection sys 
tem, a regulated vent for discharging gases Which accumu 
late in the vessel and one or more steam introduction 

conduits (16‘ in FIG. 2), as is conventional. The pressure in 
the vessel 16 may be slightly beloW atmospheric pressure or 
slightly above atmospheric pressure, that is, the pressure in 
vessel 16 may vary from about —1 to 2 bar gage (that is, 
about 0 to 3 bar absolute). 

[0038] During treatment With steam in vessel 16, the air 
that is typically present in the chips is displaced by steam 
and heating of the chips is initiated. The removal of air from 
the cavities Within the chips permits more ef?cient diffusion 
of cooking chemical into the chips and minimiZes the 
buoyant forces on the chips during subsequent processing. 

[0039] The steamed material is discharged from the bot 
tom of the vessel 16 to a metering device 17, for example, 
a star-type metering device or Chip Meter as sold by 
Ahistrom Machinery, though any type of conventional 
metering device may be used. The metering device 17 is 
typically driven by an electric motor (not shoWn) and the 
speed of rotation of the metering device is typically con 
trolled by operator input to de?ne a set rate of introducing 
chips to the system. The chips discharged by the metering 
device 17 are introduced to a vertical conduit or pipe 18, for 
example, a Chip Tube sold by Ahistrom Machinery. Cooking 
chemical and other liquids are typically ?rst introduced to 
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the chips in conduit 18 via one or more conduits 19 so that 
a level of liquid is established in conduit 18 and a slurry of 
chips and liquid is present in the bottom of conduit 18. This 
level of liquid is typically monitored and controlled by a 
level detection device, for example, a gamma-radiation level 
detection device or a “d-p” cell. The metering device 17 
typically does not act as a pressure isolation device, though 
it may, and the pressure in conduit 18 typically varies from 
about 0 to 2 bar gage (or about 1 to 3 bar absolute). 

[0040] Conduit 18 discharges the slurry of chips and liquid 
by a radiused section 20 to the inlet of slurry pump 21. 
Though any slurry pump can be used, pump 21 is preferably 
a Hidrostal screW centrifugal pump sold by Wemco Pump of 
Salt Lake City, Utah. Slurry pump 21, driven by electric 
motor 21‘ (see FIG. 2), pressuriZes and transfers the slurry 
in conduit 18 via conduit 22 to the loW pressure inlet 23 of 
a high pressure transfer device 24. The high pressure transfer 
device 24 is preferably a High-pressure Feeder as sold by 
Ahistrom Machinery. High-pressure feeder 24 includes a 
pocketed rotor mounted in a housing typically having a 
loW-pressure inlet 23, a loW-pressure outlet 25, a high 
pressure inlet 26, and a high-pressure outlet 27. The loW 
pressure outlet 25 typically includes a screen plate (not 
shoWn) Which minimiZes the passage of chips out of loW 
pressure outlet 25 While alloWing the liquid in the slurry to 
pass through outlet 25 to the conduit 28. The chips Which are 
retained in the feeder by the screen are slurried With high 
pressure liquid provided by pump 29, preferably a Top 
Circulation Pump (TCP) provided by Ahlstrom Machinery, 
to inlet 26 via conduit 30, and discharged out of high 
pressure outlet 27 into conduit 31 and to the digester 32 of 
digester system 12 at a pressure of betWeen about 5 and 15 
bar gage, typically betWeen about 7 to 12 bar gage. 

[0041] Digester 32 (see FIG. 1) may be a single or 
multiple-vessel digester and may be a hydraulic or steam 
phase digester, or another type of conventional digester. 
Digester 32 may also consist or comprise one or more batch 
digesters. The cellulose material With added cooking chemi 
cal is treated under temperature and pressure in digester 32 
and essentially fully-treated cellulose pulp is discharged into 
conduit 50 at the bottom of the digester 32. Digester 32 
typically includes a plurality of screen assemblies 51, 52, 53, 
and 54; liquor circulations 55, 56, and 57 having pumps 58, 
59, and 60 and heat exchangers 61, 62, and 63; and cooking 
liquor introduction conduits 64, 65, and 66, supplied by 
pump 67, as is conventional, in order to treat the cellulose 
material. Though many types of processes may be per 
formed in digester 32, one preferred process is the process 
described in US. Pat. Nos. 5,489,363; 5,536,366; 5,547, 
012; 5,575,890; 5,620,562; 5,662,775; 5,824,188; 5,849, 
150; and 5,849,151 and marketed by Ahlstrom Machinery 
under the trademark LO-SOLIDS. According to this pre 
ferred process, one or more dilution liquid (for example, 
Wash ?ltrate) introduction conduits 68, 69, and 70 are 
provided Which are supplied by ?ltrate pump 71, also knoWn 
as a Cold BloW Pump (CBP). The liquid pressuriZed by 
pump 71 may be heated or cooled as desired by heat 
exchangers 72 and 73. 

[0042] As shoWn in FIG. 1, excess liquor in the slurry in 
conduit 31 at the top of the digester 32 is separated from the 
slurry by a liquor separator 33 and returned to the feed 
system 11 via a conduit 34 (also shoWn in FIG. 2). The 
liquid in conduit 34 is pressuriZed by pump 29, driven by 
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electric motor 29‘ (FIG. 2), and provides the pressuriZed 
slurrying liquid introduced to the high-pressure inlet 26 of 
feeder 24 via conduit 30. Feeder 24 is typically driven by an 
electric motor (not shoWn), the speed of Which is monitored 
and controlled. 

[0043] As shoWn in both FIGS. 1 and 2, the liquid 
discharged from the loW-pressure outlet 25 of the high 
pressure feeding device 24 passes via conduit 28 to a 
cyclone-type separator 35 Which removes undesirable mate 
rial and debris, such as sand, stones, etc., from the liquid in 
conduit 28. The separator 35 is preferably a Sand Separator 
as sold by Ahlstrom Machinery. Liquid having little or no 
undesirable material. or debris is discharged from separator 
35 and is passed through a liquor separating device 37 via 
conduit 36. At least some liquid is removed from the liquid 
separator 37, Which is preferably an Inline Drainer as sold by 
Ahistrom Machinery, via conduit 38 and sent to vessel 39. 
Vessel 39 is preferably a Level Tank as sold by Ahlstrom 
Machinery. Liquid is discharged from vessel 39 to conduit 
40 by pump 41 and is supplied to digester 32 (see FIG. 1) 
as liquor make-up as needed via conduit 42. Pump 41 is 
preferably a Make-Up Liquor Pump (MLP) as sold by 
Ahlstrom Machinery. 

[0044] The liquid discharged from separator 37 into con 
duit 43 may be supplemented With cooking chemical, for 
example, kraft White, green, orange (that is, liquid contain 
ing polysul?de additives), or black liquor, introduced via 
conduit 44 (see FIG. 1) prior to being introduced to tank 45. 
Tank 45 is preferably a Liquor Surge Tank as sold by 
Ahlstrom Machinery and described in US. Pat. No. 5,622, 
598. The cooking chemical introduced via conduit 44 may 
be heated or, preferably, cooled as needed by indirect heat 
exchanger 46 (see FIG. 1). Some of the liquid in conduit 43 
may bypass tank 45 and be introduced via conduit 19 to 
conduit 18 as described above. Tank 45 communicates With 
conduit 18 and the inlet of pump 21 via conduits 47 and 20. 

[0045] According to the prior art, as described most 
clearly in US. Pat. No. 5,622,598, tank 45 is preferably 
provided to supply suf?cient liquid to the inlet of pump 21 
via conduit 47 to ensure that the pump inlet is alWays 
provided With liquid, that is, it substantially eliminates the 
possibility of running the pump 21“dry”. At the same time, 
this large volume of liquid Which communicates With the 
liquid in conduit 18, that is, the Chip Tube, minimiZes the 
potential for large variations in the level of liquid Within 
conduit 18. As Will be shoWn beloW, the present invention 
further improves and also simpli?es the apparatus needed to 
provide this function. 

[0046] FIGS. 3-5 illustrate three embodiments of the 
present invention. The typical embodiments illustrated in 
FIGS. 3 and 5 are improvements over the prior art system 
shoWn in FIGS. 1 and 2 and comprise or consist of many 
of the structures shoWn in FIGS. 1 and 2. Structures or 
devices that appear in FIG. 3 Which are essentially identical 
to the structures or devices shoWn in FIGS. 1 and 2 are 
labeled With similar identifying numbers but these numbers 
are prefaced by the numeral “1”. Structures or devices that 
appear in FIG. 5 that are similar to those in FIGS. 1-3 are 
shoWn by the same tWo digit reference number only pre 
ceded by a “2”. 

[0047] In the embodiment shoWn in FIG. 3, comminuted 
cellulosic ?brous material 113, for example, Wood chips, is 
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introduced to a treatment vessel 116 of feed system 111. 
Vessel 116 is preferably a DIAMONDBACK Steaming 
Vessel as described above. In FIGS. 3 and 4, for ease of 
illustration, only the bottom of vessel 116 is illustrated. The 
cross-hatching at the top of the vessel is meant to indicate 
that the vessel is actually larger in siZe and is similar if not 
identical in siZe and geometry to vessel 16 shoWn in FIGS. 
1 and 2. 

[0048] After treatment in vessel 116 the chips are passed 
to a metering device 117 via a transition conduit 80 as is 
conventional. Again, as before, metering device 117 may be 
any type of star-type or screW-type metering device but is 
preferably a Chip Meter provided by Ahlstrom Machinery. 
The chips are then metered by metering device 117 to a 
substantially vertical conduit 118, similar to conduit 18 of 
FIGS. 1 and 2, but conduit 118 does not eXtend doWn to 
radiused conduit 120 and the inlet of pump 121 as conduit 
18 eXtends doWn to radiused conduit 20 and the inlet of 
pump 21 in FIGS. 1 and 2. Instead, in a fashion Which 
distinguishes the present invention from the prior art, con 
duit 118 terminates at an elevation above the top of a conduit 
81 so that a gap 82 is present betWeen the outlet 83 of 
conduit 118 and the inlet 84 of conduit 81. Conduit 118 may 
be circular or non-circular in cross section, for eXample, 
rectangular, in cross section. 

[0049] According to the present invention conduit 118 
passes into a larger vessel 85 having a Width or diameter 
dimension larger than the Width or diameter of conduit 118. 
This vessel (tank) 85 may by a right cylindrical vessel 
having a rectangular pro?le as shoWn in phantom by outline 
85‘ in FIG. 3, or preferably, as shoWn in solid line in FIG. 
3, vessel 85 may consist of or comprise a right cylindrical 
part 86 folloWed by a doWnWardly-converging, right-coni 
cal-shaped or frustum-shaped part 87. Conduit 118 may be 
concentric With vessel 85 or may be offset from the center 
line of vessel 85, but preferably vessel 85 substantially 
surrounds the periphery of conduit 118; vessel 85 is shoWn 
cut aWay in FIG. 3 to expose the conduit 118. Vessel 85 may 
be rotationally symmetric about its centerline or may be 
non-symmetric about its centerline. 

[0050] According to the invention, the loWer part of vessel 
85, be it right-cylindrical or right-conical, is connected to the 
upper inlet 84 of conduit 81. A level of liquid 88 is 
maintained in vessel 85, and a similar liquid level is main 
tained in conduit 118; that is, the inside of conduit 118 may 
typically communicate With the inside of conduit 85 though 
openings, e.g., openings AAin FIG. 3, in conduit 118 so that 
the pressure and liquid level 88 Within the conduit 118 and 
the vessel 85 are essentially the same. The level of liquid 88 
Within conduit 118 and vessel 85 may also be different, e.g., 
by providing no additional (except at gap 82) or restricted 
communication therebetWeen. The slurry of chips and liquid 
created When the chips in conduit 118 are immersed in the 
liquid in vessel 85 How through conduit 81 to the radiused 
conduit 120 and to the inlet of pump 121. Conduit 81 is 
shoWn in FIG. 3 as a converging conduit, but this conduit 
may preferably be a straight non-converging or, possibly, a 
diverging conduit. Though FIG. 3 illustrates a radiused 
conduit 120 feeding the inlet of pump 121, it is understood 
by those skilled in the art that the pump 121, for eXample, 
a Wemco Hidrostal pump, may be mounted so that the inlet 
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of the pump is directed upWard so that the inlet can be mated 
directly to vertical conduit 81 and no radiused conduit 120 
is necessary. 

[0051] The liquid de?ned by the liquid level 88 provides 
the liquid that ensures that suf?cient liquid is available at the 
inlet of the pump 121 and minimiZes the potential of letting 
the inlet to the pump 121 run dry. That is, the vessel 85 and 
the liquid it contains provides the function of liquor surge 
tank 45 in FIGS. 1 and 2 so that such a tank 45 is no longer 
needed. 

[0052] The pump 121 feeds the chip slurry to the top of the 
continuous or batch digester 32 via high-pressure transfer 
device 24, 124 and conduit 31, 131 as shoWn in FIGS. 1 and 
2. The slurry may also be pumped directly to a batch or 
continuous digester by one or more pumps 121 as disclosed 
in US. Pat. No. 5,753,075. The slurry may also be pumped 
to a plurality of batch or continuous digesters as disclosed in 
US. Pat. No. 5,795,438. 

[0053] The internal Width dimension, either diameter or 
Width, of conduit 118 is typically betWeen about 3 and 36 
inches, preferably betWeen about 3 and 18 inches, for 
eXample, about 6 inches in diameter. The internal Width 
dimension, either diameter or Width, of vessel 85 is typically 
betWeen about 2 and 12 feet, preferably betWeen about 3 and 
9 feet, for eXample, about 6 feet in diameter. The gap 82 
betWeen the outlet 83 of conduit 118 and inlet 84 of conduit 
81 may vary from about 3 inches to 3 feet, but is preferably 
betWeen about 1 to 2 feet, for eXample, about 18 inches. 

[0054] In a preferred embodiment of the invention the gap 
82 betWeen the outlet 83 of conduit 118 and the inlet 84 of 
conduit 81 is replaced by a perforated cylinder or screen 89 
(see FIG. 3). The perforated cylinder 89 directs the slurry 
from the outlet 83 of conduit 118 directly to the inlet 84 of 
conduit 81 and minimiZes the entry of chips into vessel 85. 
The perforated cylinder 89 may be made from perforated 
plate or may be a parallel-bar type construction. 

[0055] Many of the other structures and device used in the 
prior art may also be used for the present invention. For 
instance, pressuriZed liquid may be introduced to the high 
pressure inlet of feeder 124 via conduit 130, for eXample, by 
a pump 29 (see FIG. 2) to propel the slurry from feeder 124 
to the digester 32. Liquid discharged from the loW-pressure 
outlet of feeder 124 is passed via conduit 128 to a conven 
tional separator 135, again, preferably a Sand Separator, and 
then via conduit 136 to separator 137, again, preferably an 
In-line Drainer, having ?rst and second outlet lines 138, 143, 
respectively. Though the illustrated (in FIG. 3) How through 
separator 137 is vertically upWard, it is to be understood that 
the How through separator 137 may also be vertically 
doWnWard and still effect the desired liquor separation. The 
liquid Which passes though separators 135 and 137 is 
typically passed by conduit 143 to conduit 118 or vessel 85 
to provide the level of liquid 88 in vessel 85. Also, some 
liquid in conduit 143 may also be directed to the bottom of 
conduit 81 or to conduit 120 via conduit 143‘, for eXample, 
to prevent the introduction of eXcess heat by the liquid in 
conduits 90 and 143 to the space above the liquid level 88 
in vessel 85; hoWever, this mode of operation may only be 
preferred during start-up conditions—introducing eXcess 
liquid directly to the inlet of pump 121 may not be preferred 
during normal operation. 
[0056] The liquid removed by separator 137 may be 
passed via conduit 138 to conduit 140 and to pump 141 to 
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supply make-up liquor to the digester 32 via conduit 142 as 
is conventional. However, due to the level controlling func 
tion noW performed in vessel 85, the tank 39 shoWn in 
FIGS. 1 and 2, that is, the Level Tank, is no longer 
necessary according to the present invention. If necessary, 
some of the liquid removed from separator 137 can be 
passed to the vessel 85 (or to conduit 118) via conduit 90. If 
necessary, the liquids in conduits 90 and 143 may be passed 
through a heat exchanger (not shoWn) to heat or cool the 
liquid in these conduits prior to introducing them to conduit 
118 or vessel 85. This may be desired When the liquor in 
these conduits is at a temperature above the ?ash tempera 
ture of the pressure in conduit 118 and vessel 85 so that 
?ashing in conduit 118 and vessel 85 Will be minimized. 

[0057] Cooking liquor 109, for example, kraft White, 
green, orange, or black liquor, or liquor containing strength 
or yield enhancing additives such as anthraquinone, polysul 
?de, sulfur, surfactants, or their equivalents or derivatives, 
may be added to the feed system 111 either via conduit 110, 
to conduit 143, or directly to vessel 85 via conduit 110‘. 
Vessel 85 also preferably includes a vent 150 for venting 
gases Which accumulate in the space above level 88, for 
example, steam, sulfur-bearing gases, or non-condensable 
gases (NCGs). These gases can be forWarded to the mills 
NCG collection system or, preferably, these gases are used 
as part of the gases introduced to conduit 116 to treat the 
incoming chips. 

[0058] Some of the more signi?cant control features of the 
present invention are also illustrated in FIG. 3. First, the 
level of liquid 88 in vessel 85 is monitored and controlled by 
Level-Indicator-Controller 7 (LIC-7). LIC-7 receives an 
electronic level indication via connection 92 from a con 
ventional level indicating device 91 on vessel 85. The device 
91 is typically a simple “d-p” cell or a gamma radiation level 
detection device, though other forms of level detection/ 
indication may be used. Based on this signal and the preset 
desired level in vessel 85 (typically supplied by an operator), 
LIC-7 transmits an electronic control signal 93 to Level 
control Valve controller 7 (LV-7) Which regulates the ?oW 
through control valve 94 and thus the ?oW of liquid from 
pump 141 through conduit 142 to, for example, digester 32. 
As the level 88 in vessel 85 increases beyond the set value 
or range of values, LIC-7 sends a signal to controller LV-7 
opening valve 94 and alloWing more ?oW to be pumped 
from conduits 140 and 138 and thus less ?oW passes to 
vessel 85 and conduit 118 via conduits 90 and 143. Regu 
lating the level 88 via a control loop associated With valve 
94 is a particularly desirable method of regulating the level 
of liquid in vessel 85 When little or no liquid is introduced 
to the vicinity of the inlet of pump 121, for example, via 
conduit 143. When operating With little or no ?oW directly 
to the inlet of pump 121 it is especially desirable to monitor 
the level 88, for example, by using a gamma-radiation level 
detection device. 

[0059] APressure-Indicator-Controller (PIC) 95 also pref 
erably controls the operation of pump 141. A pressure 
indicator 96 on conduit 140 senses the pressure in conduit 
140 and sends a corresponding electrical signal 97 to PIC 95. 
Should the pressure in conduit 140 fall beloW a predeter 
mined pressure at Which the pump 141 Will not operate 
properly, the controller PIC 95 Will send an electrical signal 
to a conventional controller (not shoWn) controlling the 
pump motor (not shoWn) to reduce the speed of or stop pump 
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141 to protect pump 141 from cavitating. For example, 
should separator 137 become plugged and no liquid ?oW is 
present in conduits 138 and 140 the pressure in these 
conduits Will drop so that an insu?icient net positive suction 
head is provided to pump 141. This loss of pressure can 
cause cavitation and damage to the pump 141 should it 
continue to operate. 

[0060] The ?oW of liquid to vessel 85 and conduit 118 is 
preferably controlled by FloW-Indicator-Controllers 13 
(FIC-13) and 15 (FIC-15). PIC 13 is the primary control 
loop Which controls the ?oW of liquid through valve 99 and 
conduit 143. The ?oW in conduit 143 is detected by ?oW 
sensing device 100, for example, a magnetic ?oW meter (or 
“mag meter”) or ori?ce-plate-type ?oW indicator, and a 
corresponding electrical signal 101 is sent to PIC 13. Based 
upon a predetermined desired ?oW rate, typically input by an 
operator and based upon the production rate (though the 
?oW rate may also be determined by computer computation 
from other parameters), FIC-13 sends a corresponding elec 
tronic control signal 102 to automatic control valve 99 to 
regulate the ?oW through valve 99, or to substantially 
completely open or close valve 99, and increase or decrease 
the ?oW of liquid to conduit 118, or to vessel 85 via conduit 
103 (Which is doWnstream of valve 99 and substantially 
directly connected to tank 85). 

[0061] In a similar fashion, if necessary, for example, 
during ?uctuations in the normal operation of feed system 
111 or under start-up conditions, FIC-15 may supplement 
the ?oW of liquid to vessel 85 via conduit 90. FloW indicator 
104, similar to indicator 100, detects the ?oW in conduit 90 
and sends a corresponding electrical signal 105 to PIC 15. 
Then based upon a predetermined ?oW value, either input by 
an operator or computed, FIC-15 sends an electronic control 
signal 105 to automatic ?oW control valve 106 to vary the 
?oW to vessel 85 via conduit 90. Again, the primary ?oW of 
liquid to vessel 85 and conduit 118 typically passes through 
conduits 143, 103 alone and little or no ?oW may pass 
through conduit 90. 

[0062] Also, FloW control Valve 4 (FV-4) may also be 
provided to control the ?oW of liquid through valve 107 and 
conduit 108. Typically, the liquid in conduit 108 is supplied 
to conduit 140 and to the inlet of pump 141 to provide the 
su?icient liquid pressure and volume needed during start-up 
conditions. The liquid in conduit 108 may be any available 
source of liquid, but is preferably Weak black liquor obtained 
from a doWnstream Washing process or spent cooking liquor, 
that is, black liquor removed from the digester 32, preferably 
after having its temperature reduced either by ?ashing or 
indirect cooling in a heat exchanger. Once operation begins 
and the feeder 124 is operating, the liquid in conduits 138 
and 140 is obtained from conduits 128 and 136 via separator 
137, and FV-4 can be closed so that little or no ?oW is 
introduced to conduit 140 via conduit 108. FV-4 can also be 
used to supply liquid to the inlet of pump 121 during start-up 
via conduits 140, 90, vessel 85, and conduit 81. 

[0063] Compared to the prior art system shoWn in FIGS. 
1 and 2, the system of FIG. 3 With the liquor level 88 
maintained in a vessel 85 surrounding conduit 118 the liquor 
storage tanks 39 and 45 are not needed. The function of 
controlling the amount of liquid provided to the inlet of 
pump 21, 121 and to digester make-up via pump 41, 141 is 
provided by a single vessel 85, integral With the chip feeding 
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conduit 118. It is to be understood by those skilled in the art, 
that the storage and level controlling function of vessel 85 
can also be effected by a vessel not integrally related to 
conduit 118 but Which has liquid communication With 
conduit 118. By combining the level controlling function 
With the liquor storage and supply function into a single 
vessel (for example, vessel 45 in FIG. 2), at least one vessel, 
that is, vessel 39 (FIG. 2) of the prior art, may be eliminated 
Without affecting the desired operation of the feed system. 

[0064] One bene?t of passing liquid from the separator 
137 directly to the inlet of pump 141 via conduits 138 and 
140, that is, Without passing through a conventional vessel 
39 (see FIGS. 1 and 2), is that the liquid in conduits 138 and 
140 Will have been pressuriZed by pump 121. Under such 
positive pressure, it is more likely that suf?cient pressure is 
available at the inlet of pump 141 to provide suf?cient Net 
Positive Suction Head (NPSH) for pump 141, so that pump 
141 operates properly. For eXample, passing liquid from the 
separator 137 directly to pump 141 reduces the potential for 
cavitation to occur in pump 141 due to insuf?cient NPSH. 
Providing a higher pressure liquid to the inlet of pump 141 
(for eXample, an increase of about 2 bars compared to 
passing the liquid vessel through a vessel 39) can also 
increase this pump’s pumping capacity and, as a result, 
increase the capacity of the entire digester system. 

[0065] FIG. 4 illustrates another embodiment of the tank/ 
conduit structure of the present invention. Almost all the 
structures of FIG. 4 are identical to the structures of FIG. 3 
and many of these structures have ether been omitted for 
clarity or included and identi?ed by identical reference 
numbers. FIG. 4 includes a vessel 116, a transition 80, a 
metering device 117, a conduit 118, a radiused conduit 120, 
pump 121 and a conduit 122 Which are essentially identical 
and perform substantially the same functions as the struc 
tures identi?ed and discussed With respect to FIGS. 1, 2 and 
3. HoWever, unlike the embodiment of FIG. 3, in the 
embodiment of FIG. 4 the conduit 81 has been replaced by 
a transition 181. 

[0066] The transition 181 comprises or consist of one or 
more transitions eXhibiting one-dimensional convergence 
and side-relief geometry similar to the transition at the 
bottom of vessel 116, that is, a transition geometry as 
marketed by Ahistrom Machinery under the trademark DIA 
MONDBACK and disclosed in Us. Pat. Nos. 4,958,741; 
5,500,083; 5,617,975; 5,628,873; and 5,700,355 (Which are 
incorporated by reference herein). Transition 181 receives a 
slurry of chips and liquid from vessel 185 having an upper 
section 186, a loWer transition 187, and a liquid level 188 as 
shoWn by similar structures in FIG. 3. The outlet of tran 
sition 181 is connected to radiused conduit 120, pump 121, 
and conduit 122, and to digester 32 as discussed With respect 
to FIG. 3. The outlet of conduit 118 may include a perfo 
rated cylindrical screening element similar to screen 89 in 
FIG. 3. This screen element, similar to screen 89, may be 
attached to transition 181 so that the How of chips into vessel 
185 is minimiZed. 

[0067] The embodiment of FIG. 5 differs primarily from 
that of FIG. 3 as folloWs: 

[0068] an integral level tank/chip tube 285 in Which 
the chip tube passing through the tank comprises a 
cylindrical screen 289 along substantially its entire 
length; 
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[0069] the feeding conduit 281 beloW the tank 285 
feeds the slurry directly to the inlet of the chip pump 
221 Without a radiused conduit (120 in FIG. 3); 

[0070] the chip slurry is fed to the HPF 224 in an 
upWard direction to simplify this pipe run (though a 
bar screen 277 is shoWn in the HPF loW pressure 
outlet, it is to be understood that this screen 277 may 
be omitted); 

[0071] the optional in-line drainer 237 is mounted 
directly above the loW pressure outlet of the HPF 
224, the chip and liquor slurry from the in-line 
drainer is returned to the chip tube through line 243; 
and 

[0072] an optional controlled How of liquid (line 301) 
is removed from the integral chip chute/level tank 
285 and directed to the inlet of the make-up liquor 
pump 241. 

[0073] FIG. 5 illustrates a preferred embodiment of the 
system shoWn in FIG. 3. The system of FIG. 5 includes a 
chip bin 216, a metering device 217, an integral chip 
tube/level tank/surge tank 218, 285, a chip pump 221, a 
High-pressure Feeder 224, an optional In-line Drainer 237, 
a Make-up Liquor pump 241, and a Top Circulation pump 
229 that are essentially identical to and perform the same 
function as the same devices described With respect to FIG. 
3. FIG. 5 also shoWs the direction of rotation of chip meter 
217 by arroW 217‘, and the direction of rotation of the 
High-pressure Feeder 224 by arroW 224‘. 

[0074] Though the integral chip chute/level tank 85, 
shoWn in FIG. 3, or 185, shoWn in FIG. 4, may be used in 
the system of FIG. 5, an alternative chute/tank 285 having 
a cylindrical vessel 286 and a through-going conduit 218 is 
shoWn in FIG. 5. Inside vessel 286, conduit 218 includes a 
perforated (or screen) section 289, for eXample, comprising 
(substantially over its entire length) perforated plate or 
spaced parallel bars such that the liquid in tank 286 com 
municates With the liquid in conduit 218 having a essentially 
common liquid level 288. 

[0075] Though the High-pressure feeder 224 is shoWn 
With screen 277 in its loW-pressure outlet, in a preferred 
embodiment of this invention, this screen 277 is omitted. As 
a result, Without the screen 277, comminuted cellulosic 
?brous material, for eXample, Wood chips, may pass through 
the feeder 224 and in-line drainer 237 and via conduit 243 
be re-introduced to the chip tube 218. The How in conduit 
243 is typically controlled by a How control valve 299. This 
How control valve typically receives a control signal from a 
automated ?oW-indicator-controller (FIC) 201 Which 
receives a How signal from How detector 200, for eXample, 
a magnetic ?oW meter, in conduit 243. FIC 201 also typi 
cally receives the input of a desired ?oW from a human 
operator. In one embodiment of this invention, the in-line 
drainer 237 is omitted and conduit 243 receives a How of 
liquid, and possibly chips, directly from the loW-pressure 
outlet of feeder 224, and returns it to conduit 218. 

[0076] When the in-line drainer 237 is present, the essen 
tially chip-free liquor removed from the drainer 237 is 
passed via conduit 238 to the inlet of pump 241, referred to 
as the “Make-up Liquor Pump” (MULP). Pump 241 pres 
suriZes the liquor removed from drainer 237 so that it can be 
introduced to the digester 32 (see FIG. 1). As an alternative, 














