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OIL RECOVERY FROM BITUMINOUS SAND 

Richard J. Stegemeier, Fullerton, and Paul W. Fischer, 
Whittier, Calif., assignors to Union Oil Company of 
California, Los Angeles, Calif., a corporation of Cali 
fornia 

Application July 26, 1957, Serial No, ‘674,358 
3 Claims. (c1. 208-11) 

This invention relates to the‘ recovery of hydrocarbons 
from hydrocarbon-containing solids such as tar sand, oil 
soaked diatomite, and the like. This invention particu 
larly relates to an improved process and apparatus‘ for 
treating such materials at relatively low temperatures and 
which may utilize particularly efficient storage pretreat 
ment together with sand washing and separation steps to 
effect a substantially complete recovery of the hydro 
carbon material present. ' 

Extensive deposits of tar sands or bituminous sands are 
known to exist at widely separated places in the world. 
These materials are essentially a silicious material, such 
as sands, loosely agglomerated sandstones, or diatoma 
ceous earth, saturated with relatively heavy or viscous hy 
drocarbon materials resembling low gravity crude pe 
troleum. They exist near the surface of the earth and 
are generally discovered through location of their out 
croppings. Extensive deposits of such materials have 
been discovered in the Athabaska region of Northern 
Alberta, Canada, in the Uinta Basin near Vernal in 
Northeastern Utah, and in the Santa Maria area of South 
ern California about 130 miles northwest of Los Angeles. 
In this area extensive deposits are found in the Sisquoc 
River Valley, near Casmalia, and elsewhere. 

Surveys of these deposits have revealed that they con 
tain tremendous quantities of hydrocarbon materials very 
similar to low gravity crude petroleum and individual 
deposits have been estimated to contain on the order of 
60 to 70 million barrels of tar sand oil. Extensive re 
covery of these oils has not been achieved, primarily 
because of the expense in relation to crude petroleum in 
spite of the fact of the accessibility of the material near 
the earth’s surface. However with rising costs of crude 
petroleum due to production and depletion of known 
petroleum reserves, an ef?cient and economical process 
and apparatus for the treatment of such bituminous sands 
has become highly desirable. 
The principal disadvantage in previous processes lay 

in the extensive requirement of reagent and in the dif 
?culty of separating the very heavy oil from the sand or 
other solid grains after the pulping or treating step. The 
present invention successfully overcomes these disadvan~ 
tages, and is based upon the discovery of a particularly 
e?icient method of treating the pulped material to effect 
sand separation while avoiding oil rewetting. 

In the following description the phrases “bituminous 
sand” or “tar sand” are used to refer generally to all 
granular solid materials soaked with a usually highly 
viscous liquid or semi-liquid hydrocarbonaceous mate 
rial, although it speci?cally refers to a characteristic type 
of bituminous solid consisting of discrete particles of 
sand bound together by a continuous viscous hydrocar 
bon oil phase. This terminology is used for the sake of 
simplicity of description, and it should be understood 
that the process and apparatus herein described may be 
applied to other solids similarly containing a bituminous 
or viscous hydrocarbon coating. 
The present invention is directed to a ‘low temperature 
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process using a warm aqueous solution of a special alkali 
metal silicate, with or without other reagents, and a 
moderately heavy hydrocarbon diluent ‘to separate the I 
heavy oil from the bituminous sands, and in which proc 
ess special procedures and apparatus are used in handling 
the e?iuent from the mixing step in which these materials 
are heated and agitated with one another to effect the 
separation of the heavy oil from the sand. 
‘ It is a primary object of this invention to provide an 
improved process for the separation and recovery of 
hicavy oil from bituminous solids such as tar sand and the 
‘K6. 

‘It is a more particular object of this invention to pro 
vide a tar sand treating process involving an immediate 
treatment of the tar sand with an aqueous material im 
mediately after mining the sand so as to prevent water 
evaporation therefrom, oil wetting of the sand, and in 
some cases to effect a partial digestion of the mined mate 
rial during preliminary storage. 

It is a particular object of this invention to provide 
in this process a preliminary separation step applied to the 
pulp ?owing from a pulper or mixer to produce substan 
tially clean sand and a mixture of the aqueous chemical 
and the oil phase, together with the step of treating the 
sand to free from it all of the mechanically occluded oil. 

It is a further object of this invention to provide an 
improved apparatus adapted to effect the foregoing ob 
]ects.. 

Other objects and advantages of this invention will be-v 
come apparent to those skilled in the art as the descrip 

vtion and illustration thereof proceed. 
Brie?y, the present invention comprises an initial step 

of feeding the tar sand in chunks continuously through 
a feed hopper which controls the rate of ?ow to a mixer. 
Here it is mixed and pulped with an aqueous sodium 
silicate solution and a hydrocarbon solvent at a slightly 
elevated temperature. This mixing continues for a 
period of between about 0.2 and about 2.0 hours and at a 
temperature of between about 160° F. and about 250° 
F. Preferably this mixer is of the rotary kiln type pro— 
vided with internal ba?ies and conveyor ?ights so as to 
control the residence time of the material in the mixer. 
This treatment reduces the tar sand chunks to a heavy 
slurry or pulp of sand, water, and oil. 
The e?iuent from the mixer or pulper is a slurry or 

pulp of treated sand, aqueous chemical solution, and a 
hydrocarbon phase including the separated bitumen and 
the relatively light diluent oil. This slurry or pulp is dis 
charged immediately to a primary separation zone in 
which a very rapid separation of the treated solids is 
effected. This leaves a stream of ?uid including the hy 
drocarbon and aqueous phases. Since there is a con 
siderable quantity of sand present at all times in this 
processing step, it is essential that some slight sand agita 
tion be effected during the dropout of the sand grains 
from the ?uid phases in order to liberate residual oil 
droplets which are trapped in the downwardly progress 
‘ing sand. The sand is discharged at the bottom of the 
primary separator into a washer-drier in which a con 
siderable quantity of the water present in the sand stream 
is recovered for' recirculation. If desired, makeup water 
to the process may be added at this point to recover re 
sidual silicate solution from the sand as well. 
From the top of the primary separator are dischanged 

the aqueous and hydrocarbon phases substantially free of 
sand grains, but containing variable amounts of very ?ne 
solids such as silt and clay. In the separator thickener 
zone, to which these phases are sent, a substantially com 
plete removal of these silt-like solids is effected from the 
aqueous phase and a clean water stream is produced for 
recirculation. A concentrated wet oil phase is discharged 
therefrom into a settling zone such as a wash tank in 
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which the material is allowed to stand for periods of be 
tween about 5 and 25 hours to produce essentially water 
and silt-free oil, the oil being a dilute mixture of hydro 
carbon diluent and the relatively heavy hydrocarbon or 
bitumen separated from the sand in the process. This 
oil phase is at some point treated as by distillation to re 
cover the diluent oil for recirculation to the pulper. An 
aqueous phase containing this silt is recirculated from 
the wash tank back to the thickener zone to produce clear 
water. From the thickener zone is removed a c0ncen~ 
trated slurry of silt and water which is discharged to 
outdoor settling basins. 
As illustrated by the following examples and as de 

scribed herein the speci?c steps taken in the separator 
and settling zones to prevent contact of the sand with 
separated oil and to recover mechanically trapped oil 
from the settling sand have been found to be extremely 
important in the successful recovery of up to 99.9% 
of these heavy oils and in the production of clean sand 
containing less than 0.10% of the original oil. 
The process of the present invention is best described 

and illustrated by reference to the accompanying draw 
ings in which: 

Figure 1 is a schematic ?ow diagram showing portions 
of the apparatus in elevation view. 
Figure 2 is an elevation view in partial cross section of 

the primary settling zone into which the digested pulp of 
sand, oil, and water is discharged, and 

Figure 3 shows the critical etfect of aeration rate vari 
ation on the contamination of the oil and sand products. 

Referring now more particularly to Figure 1, the essen 
tial equipment elements employed in the process and ap 
paratus of the present invention include pulper or mixer 
10, primary separator 12, sand washer and drier 14, thick 
ener 16, and product settler 18. The subsequent dis 
cussion of the invention in connection with Figure 1 will 
be conducted as a typical example of the process and 
apparatus of this invention applied to the treatment of 
Sisquoc bituminous sand at a rate‘ of approximately 200 
t./d. (tons per day). Although the tar sand may contain 
between 20 and 40 gallons of oil per ton and have a 
gravity of from 2 to 10° API, typical bituminous sand 
contains about 30 gallons per ton of about 4° API grav 
ity bitumen. 
The freshly mined bituminous sand is introduced into 

pulper 10 by means of conveyor 20 at a rate of 200 t./d>. 
controlled by solids feeder 21. A light coker gas-oil as 
diluent oil is introduced at a rate of 191 b./d. (barrels 
per day) and a temperature of 180° F. through line 22 
at a rate controlled by valve 24. Also introduced into 
the pulper is the aqueous alkali metal silicate solution 
(with or without other reagents) which ?ows through 
line 26 at a rate of 286 b./d. controlled by valve 28. 
This material is maintained at a temperature of about 
180° F. by means of heater or exchanger 30. To main 
tain a pulper temperature of about 180° F. within pulper 
10, steam at the rate of 482 pounds per hour is also 
introduced through line 32 at a rate controlled by 
valve 34. 
The relative rates at which the foregoing ingredients 

are introduced into pulping zone 10 are speci?c. to one 
typical operation. In general however they‘are pref 
erably maintained Within certain limits in order to eifect 
the most rapid and efficient liberation of the bituminous 
material from the sand or other solid grains. Pursuant 
to this the diluent hydrocarbon rate is that su?icient to 
produce an oil phase having an API gravity above 10” 
and is preferably maintained between limits of about 
0.1 and about 2.5 b./t. (barrels per ton) of raw bitumi 
nous sand feed. The aqueous silicate solution is in 
troduced at a rate maintained between about 0.75 and 
about 5.0 b./t. of raw sand feed, and preferably between 
about 1.0 and 1.5 b./t. This aqueous solution contains 
between about 0.5 and 20 and preferably between about 
0.75 and about 10.0 pounds of an aqueous sodium silicate 
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concentrate per barrel. This concentrate is a 34% by 
weight aqueous solution and is a special material mark 
eted commercially under the name “Silicate 120.” It has 
an NazO to SiOz ratio of about 0.55 mol per mol. Other 
high basicity sodium silicates may be substituted provided 
this ratio is above about 0.4 and‘preferably greater than 
about 0.5. The commercial water glass of commerce 
is not satisfactory since it has a ratio of about 0.25. 
The pulping temperature must be maintained higher 

than about 160° F. and preferably is maintained above 
180° F, although it ordinarily should not run above 
about 250° F. The operation of the pulping zone is con 
trolled relative to the set rate and the size of the pulper so 
that the raw bituminous sand is subjected to the action of 
steam, the aqueous silicate, and the hydrocarbon diluent 
withinthe pulping zone for a period of between about 
0.1 and 2.0 hours. Under the conditions given previously 
a pulping time of about 0.25 hour will liberate substan 
tially all of the bitumen from the sand and produce a 
spent sand containing less than about 3 pounds of hydro 
carbon per ton. 
The discharge end of pulping zone 10 is provided with 

trash screen 36 by means of which rocks and nondis 
aggregated lumps of tar sand are discharged from the 
system by means of conveyor 38. The ?uid pulp dis 
charges through the screen 36 and flows by means of 
line 40 into the top of primary separation zone 12. This 
stream contains approximately. 58 t./d. of water, 55 t./d. 
of oil and 172 t./d. of sand. ~ Primary separation zone 12 
operates at a temperature afew degrees below that of the 
pulper. This is attained by making line 40 as short as 
possible and providing for the immediate transfer of the 
pulp from the pulper into the primary separator. Pref— 
erably line 40 is an inclined pipe having a slope of not 
less than 60° relative to the horizontal. 
The interior of primary separation zone 12 is provided 

with a plurality of ba?ies 42 over which the settling 
sand progresses in sequence to provide the gentle agita 
tion necessary to liberate mechanically trapped oil drops 
from the sand stream. Additional agitation is provided 
by introducing ?uid, hereinafter more fully described, 
into the bottom of primary separation zone 12 through 
line 44 at a rate controlled by valve 46. 
From the bottom of primary separation zone 12 the 

treated sand discharges through line 48 at a rate con 
trolled by valve 50, which may be a density valve re 
sponsive to the density of the sand and water slurry col 
lecting in the bottom of primary separation zone 12. In 
any event, the sand discharges at a rate of 172 t./d. into 
washer 14 along with 193 b./d. of water. The sand is 
picked up and conveyed upwardly by means of conveyor 
52 whereby a gravity separation of the aqueous phase is 
provided. Preferably, part or all of the makeup water 
to the system is introduced by means of line 54 con 
trolled by valve 56 as wash water to the washer-drier. 
The clean'oil-free sand is discharged from washer-drier 
14 by means of line 58 and is conveyed to a suitable dis 
posal point. 
The aqueous phase removed with the sand from the 

primary separation zone 12 is separated from washer 
drier 14 through line 60 and is discharged into the cen~ 
tral well 62 of thickeningzone 16. This stream ?ows 
at about 160° F. at a rate of about 1168 b./d., contain 
ing about 5 t./d. of sand and 1 b./d. of oil. 

Thickener 16 is an essentially cylindrical vessel pro 
vided internally with a coaxial central well 62 into 
which all of the ?uids for treatment are introduced. The 
?oor of thickener 16 is provided with a plurality of radial 
rake arms 64. rotated by means of a verticalcentral shaft 
66 or by other means, driven by rotating means 68. In 
the present example the central well is such that the ?uid 
residence time is about one hour devoted to the settling 
of silt from the oil phase as well as the separation of the 
oil and water phases. The annular volume outside well 
62 is sized to give a water residence time of about 6-8' 
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hours during which time substantially all of the silt 
' Rake arms 64 are pro 

vided with rakes inclined at such an angle so that rota 
tion of the rakes- move the settled silt as a thickened 
sludge radially inward toward silt outlet 70. The thick 
ened silt is removed through line 70 at a rate controlled 
by valve 72, the silt concentrate containing about 87 
b./d. of water and 15.0 t./d. of solids. . 
The clear water elfluent is removed from collector 74 

surrounding the upper periphery of thickener 16 by 
means of line 76 at a rate of 1821 b./d. This material 
actually constitutes the aqueous silicate solution to which 
makeup aqueous silicate concentrate is introduced by 
means of line 78 at a rate of 2.5 gallons per hour con 
trolled by valve 80. Fresh water is introduced by means 
of line 82 at a rate of about 355 b./d. controlled by 
valve 84. This may, if desired, ?ow into the clear 
aqueous stream in line 76. As previously indicated this 
is preferably employed, wholly or partly, as wash water 
for the spent sand and is introduced through line 54 
previously described. The total aqueous stream from 
thickener 16 continues through heat exchanger 30. It is 
heated to about 180° F. and is introduced into pulping 
zone 10 through line 26 as previously stated. 
The over?ow of the wet oil phase from primary sep 

arator zone 12 passes through line 86 also into central 
well 62 of thickener 16. This stream ?ows at a rate of 
about 1081 b./d. and includes 754 b./d. of water, 327 
b./d. of oil, and 12 t./d. of silt and sand. The tem 
perature of the stream is about 175° F. 

Also introduced into the central well 62 at a tempera 
ture of about 155° F. is a relatively small stream of 
water from the bottom of settling zone 18. This passes 
through line 88 into central well 62 and contains 67 
b./d. of water, 1 b./d. of oil, and a trace of silt and 
sand. - 

In central well 62 broken line 90 indicates the approxi 
mate position of the oil emulsion-aqueous phase inter 
face. This is maintained at a distance about two-thirds 
of the way down in the central well. The aqueous 
streams ?owing through lines 60 and 88 from washer 
drier 14 and settling zone 18 respectively are introduced 
below this level because they contain only slight‘quanti 
ties of oil. The primary separator e?luent ?owing 
through line 86 and containing about 30% by volume of 
oil is introduced above level 90 into the supernatent 
phase consisting of separated oil and possibly a layer 
of oil-water emulsion. Preferably the interface denoted 
by line 90 is detected continuously and the rate of re 
moval of the supernatent wet oil phase from weir box 
92 or other removal means is controlled so as to main 
tain a substantially constant position of the interface. 
In any event, the residence time for the oil phase is ap 
proximately one hour and the wet oil stream is removed 
from weir box 92 through line 94 at a rate of 409 b./d. 
controlled by valve 96 or other means. The tempera 
ture of this stream is approximately 168° F., and it con 
tains 328 b./d. of oil, 81 b./d. of water, and 2 t./d. of 
sand. 

This wet oil stream is discharged into separator zone 
18 by means of distributor 98 disposed in the lower 
portion of the settling zone. Heating coil 104 is pro 
vided within settling zone 18. Preferably the volume 
of settling zone 18 is su?icient to give the wet oil a 
residence time of about 12 hours permitting it to sep 
arate into dry oil and aqueous phases. 
aqueous phase is removed from the bottom of settling 
zone 18 through line 88 and contains a trace of solids, 
but is otherwise essentially all water. The dry oilis re 
moved from the top of settling zone 18 by means of 
take-01f weir 100. This stream is pumped by means 
of a pump not shown through line 102 to distillation 
facilities which may be located at the plant site or at a 
remote area where it is associated with oil re?ning fa 
cilities for treating the recovered oil. This stream ?ows 
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at a ‘temperature of about 153° F. and contains 321 b./d. 
of oil, 2 b./d. of water and 0.1 t./d. of solids. The 
effluent dry oil is heated in exchanger means 106 and 
is distilled in distillation column 108. A stripping gas 
such as steam is introduced into the bottom of distilla 
tion column 108 through line 110 at a rate controlled by 
valve 112.v The overhead vapor ?owing through line 
118 from still 108 is condensed in condenser 120, part 
of the condensate is returned through line 122 as re?ux, 
and the remainder is pumped by means of a pump not 
shown through line 22 into pulping zone 10. The 
stripped diluent oil-free bitumen is removed through line 
114 at a rate of 137 b./d. controlled by valve 116. 
This product oil has the following properties: 

TABLE I 

Product oil characteristics 

Viscosity, SUS at 180° F __________________ __ 50,200 
Carbon Residue, percent by wt _____________ __ 16.05 
Sulfur, percent by wt _____________________ __ 4.4 
Nitrogen, percent by wt ___________________ __ 0.95 
Gravity, ° API_ 4,4 

By means of the above-described process, bituminous 
sands are readily treated to effect better than 96% by 
volume of the bitumen contained therein at moderate 
temperatures and pressures and with only slight con 
sumption of chemicals. The sand discharged from the 
sylstem contains less than 5 pounds per ton of residual 
o1 . 

Referring now more particularly to Figure 2, an en 
larged detail drawing of primary separator 12 is shown 
in which the details of the internals and particularly the 
battles are shown. As previously described, a lower out 
let line for treated sand is provided in the form of line 
48 controlled by valve 50. Also a lower inlet line 44 
controlled by valve 46 is further provided with a dis 
tributor 130 by means of which an aeration gas is intro 
duced and broken up into small bubbles distributed 
uniformly throughout the entire cross sectional area of 
the primary separator zone. 

In primary separator vessel 12 there is superimposed 
above each other a series of transverse perforated baffles, 
such as relatively small-meshed screens 132 having mesh 
sizes between 0.1 and about 1.0 inch, supported internally 
from the walls of the column. As a speci?c example, ex 
cellent success was attained in removing residual oil from 
the sand in a column which was 10 feet in height, and 22 
inches in diameter which contained 9 screens having 0.25 
inch mesh spaced apart from one another by a distance 
of about 10 inches, or between about 0.25 and 1.0 column 
diameters. The pulp introduced from pulping zone 10 
?ows through line 40 into the top of separator 12 where 
in it contacts several conical distributors 134.v From the 
distributors the sand ?ows downwardly successively 
through the superimposed screens countercurrent to a 
rising stream of aeration gas bubbles. If desired, the 
aqueous and oil phases may be removed together inthe 
manner shown in Figure l by means of line 86. However, 
in the speci?c apparatus shown it was found that an ex~ 
cellent separation of the aqueous and oil phases could 
be obtained and accordingly separate weir boxes 136 for 
the oil and 138 for the aqueous phases were provided. A 
gooseneck line 140 opens from weir box 136 through 
which the oil discharges as fast as it accumulates at 
the top of separator 12. A second gooseneck take-01f 
line 142 opens from weir box 138 by means of which 
the aqueous phase is removed at a controlled liquid level ‘ 
within the column. 

Whereas the sand separated by simple settling in an 
unba?led tank to which no aeration gas was provided 
contained 60 pounds of residual oil per ton, and sand 
from the screen ba?led tank with no gas aeration con 
tained 32 pounds of oil per ton, the process of aeration 
gas agitation in the presence of superimposed screens 
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described above successfully reduced the residual oil 
content toxabout 4 pounds per ton at 150° F- and with a 
gas rate of 75 s.c.f./ft.2/hr. (standard cubic‘ feet ,per 
square foot of column cross section per hour). 

Referring ?nally to Figure 3, experimental data ob 
tained in the semi-conunercial size apparatus are shown 
plotted to illustrate the variation in the degree of contami 
nation of the sand with residual oil and the variation in 
the degree of contamination or” the product oil with 
solids, each as a function of aeration gas rates. 
Curve 150 graphically illustrates the rapid reduction 

in residual oil content in the spent sand with the in 
troduction of aeration gas into the bottom of separation 
zone 12. As littleas 20 s.c.f./ft.2/hr. aeration gas 
reduces the residual oil content to about 25% of its 
original value in the absence ‘of aeration. Further re 
ductions are obtained with moderate increases in the 
gas rate and contaminations less than 3 pounds per ton 
are readily obtained at aeration gas ‘rates of about 100 
s.c'.f./ft.2/hr. In the‘present process, the increases 'in 
gas rate may not be continued inde?nitely since simultane 
ously with the reduction in 'oil‘concentration in the sand, 
there is an increase in the solids or silt contamination 
of the product oil. This is represented by curve 152 
also shown in Figure 3. Accordingly in the process of 
the present invention the aeration gas rate must be limited 
between values of about 20 and .140 s.c.f/ft.2/hr. and 
preferably the aeration rate is restricted to between about 
50 and about 100 s.c.f./ft.z/hr. There is also a limitation 
on the sand rate, and desirably the solid grains have a 
falling retention time of from about 1.5 to about 5 
minutes. The solids rate should be maintained between 
about 0.5 and about 5.0 tons per square foot of column 
cross section per hour, and preferably between about 
1.5 and about 2.5 tons per square foot per hour. 
A particular embodiment of the present invention has 

been hereinabove described in considerablev detail by way 
of illustration. It should be understood that various other 
modi?cations and adaptations thereof may be made by 
those skilled in this particular art without departing from 
the spirit and scope of this invention asset forth in the ap 
pended claims. 
We claim: 
1. In a process for the recovery of hydrocarbon values 

from naturally»occurring hydrocarbonaceous mineral 
solids wherein said solids are contacted with an aqueous 
sodium silicate solution and a hydrocarbon diluent at 
a moderately elevated temperature for a period suf?cient 
to reduce saidsolids to a homogeneous pulp, and said 
pulp is then treated to separate it into a solids phase and 
a liquid phase comprising liquid hydrocarbons and 
aqueous sodium silicate, the method of effecting said 
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separation treatment'which comprises (.1) introducing said 
pulp into‘ the upper end of a con?ned vertically elongated 
separation zone ata ratecorresponding to between about 
0.5 and about-5 tons ofsolid per hour per square foot 
ofcross-sectio-nal area of said separation zone, said separa 
tion Zone being’maintained'?lled with a liquid body con 
sistingof liquid components of said pulp; (2) allowing the 
solid components of ‘said pulp to descend by gravity down 
through vsaid liquid body; (3) during the descent of said 
solids throughsaid liquid body distributing said solids sub 
stantially uniformly over the cross-sectional area of said 
separation zone; (4) simultaneously introducing a stream 
of air into the lower end of said separation zone at a 
rate between about 20 and about 140 s.c.f./hr./sq. ft. of 
cross-sectional area ofsaidseparation zone;- (5) allowing 
said air to rise through said liquid body in the form of-bub— 
bles passing countercurrentto the solids descending there 
through; (6) during the ascent of said air bubbles through 
said liquid .body distributing said. bubbles substantially uni‘ 
formly over the cross-sectional-area of said separation 
zone; (7) withdrawing settled solids from the lower end 
of said separation zone; (8) withdrawing liquid com 
ponents of said pulp from the upper end ofsaid separa 
tion zone; and (9) withdrawing air from the upper end 
of said separation zone. 

2. A process as de?ned .byclaim 1 incombination with 
the steps of allowing liquid components of said pulp to 
settle in the upper part ofsaid separation zone-into an 
upper hydrocarbon layer and a lower. aqueous layer, and 
separately withdrawing said upper and lower layer from 
said separation zone. 

3..A processv as de?ned by claim 2 wherein, in step 
(4), the .said air is introduced into said separation zone 
at a rate of between about 50 and about 100 s.c.f./hr./sq. 
ft. of cross sectional area of said separation zone, and in 
step (1), said pulp is introduced into said separation zone 
at a rate corresponding to between about 1.5 and about 
2.5 tons of solids per hour per square foot of cross-sec 
tional area of said separation zone. 
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