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DILUENT 
FROTH PRODUCT 

[5 7 ] ABSTRACT 

The present invention provides a procedure for re 
moving mineral matter and water from a primary bitu 
men froth recovered from tar sands which comprises 
diluting the raw bitumen froth with a hydrocarbon dil 
uent boiling in the range of 350°—750°F. and thereaf 
ter settling the diluted bitumen froth in an autoclave 
settling zone to provide a froth product and a tailings 
product. The tailings product is thereafter subject to 
centrifugal force to vprovide a centrifugal tailings prod 
uct and a centrifugal froth product. The centrifugal 
froth product is recycled to the settler zone. 

3 Claims, 1 Drawing Figure 
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METHOD FOR UPGRADING BITUMEN FROTH 

BACKGROUND OF THE INVENTION 

The present invention relates to an improved process 
for upgrading bitumen froth such as that recovered by 
a hot water procedure for recovering bitumen from tar 
sands. The present invention, more particularly, relates 
to a method wherein the raw bituminous froth product 
containing mineral matter and water is diluted with a 
liquid hydrocarbon boiling in the range of 350°-750°F. 
and thereafter settled in an autoclave settling zone 
whereby mineral matter and water are removed from 
the bitumen froth. 
Numerous deposits of bituminous tar sands exist 

throughout the world. The most extensive deposits are 
found in Northern Alberta, Canada. The sands are 
composed of a siliceous material, generally having a 
size greater than that passing a 325 mesh screen, satu 
rated with a relatively heavy, viscous bitumen in quan 
tities of from 5 to 21 weight percent of the total compo 
sition. More typically, the bitumen content of the sands 
is between 8 to 15 percent. This bitumen is quite vis 
cous and contains typically 4.5 percent sulfur and 38 
percent aromatics. Its speci?c gravity at 60°F. ranges 
typically from about 1.00 to about 1.06. The tar sands 
also contain clay and silt. Silt is de?ned as material 
which will pass a 325 mesh screen but which is larger 
than 2 microns. Clay is material smaller than 2 microns 
including some siliceous material of that size. 
There are several well-known procedures for effect 

ing separation of bitumen from tar sands. One particu 
larly effective method is that disclosed in Canadian Pat. 
No. 841,581 issued May 12, 1970 to Paul H. Floyd et 
al. The method of this disclosure provides that the bitu 
minous sands are jetted with steam and mulled with a 
minor amount of hot water at a temperature in the 
range of 140°—2l0°F. in a conditioning drum. 
An alkaline reagent can also be added to the condi 

tioning drum usually in amounts of from 0.1 to 3.0 lbs. 
per ton of tar sands. The amount of such alkaline rea 
gent preferably is regulated to maintain the pH of the 
middlings layer in a subsequent separator zone within 
the range of 7.5 to 9.0. Best results seem to be obtained 
at a pH value of 8.0 to 8.5. The amount of the alkaline 
reagent that needs to be added to maintain a pH value 
in the range of 7.5 to 9.0 may vary from time to time 
as the composition of the tar sands as obtained from the 
mine site varies. The best alkaline reagents to use for 
this purpose are caustic soda, sodium carbonate, or so 
dium silicate, although any of the other monovalent al 
kaline reagents can be used if desired. 
Mulling of the tar sands produces a pulp which then 

passes from the conditioning drum to a screen. The 
purpose of the screen is to remove from the tar sand 
pulp any debris, rocks, or oversized lumps. The pulp 
then passes from the screen to a sump where it is di 
luted with additional water including middlings recycle 
stream from the separation cell. Recycling of the mid 
dlings is not essential in all cases, particularly when the 
clay content of the tar sands is high. In this event a rela 
tively high rate of fresh feed water is employed to com 
pensate for the high clay content while a correspond 
ingly high rate of transfer of middlings layer to a sec 
ondary scavenger zone can be maintained. 
The process as above described can also include 

sending a minor portion of the middlings recycle 
stream to the conditioning drum to supply all or a part 
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2 
of the water needed therein other than that supplied 
through condensation of the steam which is consumed. 
Also, a stream of the middlings recycle is sometimes in 
troduced into the screen to ?ush the pulp therethrough 
and into the sump. As a general rule, the total amount 
of water added to the natural bituminous sands as liq 
uid water and as steam prior to the separation step is 
in the range of 0.2 to 3.0 tons per ton of the bituminous 
sands. The amount of water needed within this range 
increases as the silt and clay content of the bituminous 
sand increases. The resulting pulp is thereafter carried 
into a separation cell maintained at a temperature of 
about 150°-200°F. 

In the separation cell, sand settles to the bottom as 
tailings and bitumen rises to the top in the form of an 
oil froth which is the primary bitumen froth product. 
An aqueous middlings layer containing some mineral 
and bitumen is formed between these layers. A scav 
enging step is normally conducted on this middlings 
layer in a secondary ?otation zone normally referred to 
as a scavenger zone. In the scavenger zone, the feed 
material is aerated so as to produce a scavenger froth 
product and a scavenger tailings product. The scaven 
ger cell froth product normally contains a substantial 
amount of water and mineral matter and is thereafter 
treated in accordance with the procedure disclosed in 
Canadian Pat. No. 857,306 issued Dec. 1, 1970 to Er 
nest W. Dobson. This method comprises passing the 
scavenger froth to a settling zone wherein a froth prod 
uct rises to the surface and the mineral matter within 
the froth product settles to the bottom of the settler 
zone. The froth product from this settling zone is there 
after combined with the froth product from the hereto 
fore disclosed primary separation zone and subse 
quently combined with a diluent to provide a bitumi 
nous froth product suitable for further treatment prior 
to upgrading to synthetic petroleum crude. 
The raw bitumen froth normally suitable for use in 

the process of this invention can be described as a raw 
bitumen froth which normally comprises 20 to 45 per 
cent and more typically 30 percent water, 2.0 to 6.0 
and more typically 3.0 to 5.0 percent mineral and the 
remainder being principally hydrocarbons. The raw bi 
tuminous froth containing these high concentrations of 

’ mineral matter and water is not suitable for typical re 

?nery processing and, therefore, must be further up 
graded to reduce mineral matter and water to substan 
tially low concentrations. In the process of the present 
invention, this end is accomplished in an economic and 
efficient manner. 

Heretofore this froth product recovered as a combi 
nation of the primary separation zone froth and the set 
tled scavenger zone froth has been diluted with a hy 
drocarbon diluent and then upgraded by centrifuging 
to reduce the amount of mineral in the centrifuged bi 
tumen product to about 1 to 2 weight percent. Gener 
ally, the weight ratio of diluent to bitumen (D/B) in the 
combined froths lies within the range of between 0.3 to 
1.0. When the bitumen is later coked to produce syn 
thetic crude, the minerals are concentrated to about 6 
to 8 weight percent in the coke. This quantity of min 
eral matter is generally undesirable and renders the 
coke product somewhat difficult to recover. In com 
mercial operation, this coke is burned to provide 
power. When the coke is burned in boilers, the con 
tained minerals or ash must be removed to keep the 
boiler tubes from fouling. Excessive quantities of min 
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erals reduce operational abilityand require expensive 
maintenance and air pollution control equipment. The 
combined froth products also contain from 20 to 45 
percent water which must be removed prior to the cok 
ing procedure. 
One procedure for upgrading froth is disclosed in 

U.S. Pat. No. 3,607,721 issued Sept. 21, 1971. By this 
procedure, raw bituminous froth is diluted with a light 
hydrocarbon diluent such as coker naphtha and settled 
in a settling vessel. The sludge recovered as tailings 
from the settler is thereafter treated in a centrifuge to 
recover additional bitumen. Unfortunately, use of a 
light hydrocarbon diluent often leads to unreasonable 
losses of diluent to waste water streams which makes 
the process economically less attractive. 
Heretofore, ef?cient and economical procedures 

which provide high volume production of substantially 
mineral and water-free bitumen froth from crude or 
raw bitumen froth have been overlooked. By way of the 
present invention, a new procedure for recovering a 
substantially water and mineral-free bitumen froth 
product from a raw bitumen froth product produced by 
a hot water separation procedure for recovering bitu 
men from tar sands is provided. 

DESCRIPTION OF THE INVENTION 

By the method of the present invention, raw bitumi 
nous froth is ?rst diluted with a liquid hydrocarbon 
boiling in the range of 350°—750°F. and thereafter 
transferred to an autoclave settling zone wherein the 
diluted froth, in combination with a recycle centrifugal 
froth hereinafter described, is settled to provide an 
upper froth layer, a water layer, and a lower mineral 
tailings layer. The tailings layer is thereafter withdrawn 
from the autoclave settling zone, diluted with diluent 
similar to that added to the raw bitumen froth, and 
thereafter transferred to a centrifuge which is prefera 
bly a scroll centrifuge wherein a centrifugal froth prod 
uct is recovered and recycled to the autoclave settling 
zone. By this process, a froth product substantially re 
duced in mineral matter and water and thereby suitable 
for further re?ning with well-known petroleum re?ning 
techniques is provided. 
A distinct advantage of the present method lies in the 

dilution of the settler tailings with added hydrocarbon 
diluent. By this procedure, diluent can be added to the 
tailings prior to the centrifuge step in ratios of 1 to l to 
as high as 20 to l diluent to bitumen by weight. This 
high ratio of diluent to bitumen provides more ef?cient 
recovery of bitumen from this stream. The addition of 
diluent to the settler tailings stream provides a method 
whereby the diluent is most effective in recovery of bi 
tumen from minerals. By this method, the amount of 
diluent added to the froth prior to the settling step can 
be reduced. The diluent not added to the froth fed to 
the settler can be added to the tailings from the settler 
where it is more effective in freeing bitumen from min 
erals. Thus, the overall quantity of bitumen losses in the 
tailings is appreciably reduced. 

In order to more completely de?ne the method of the 
present invention, the following description is pres 
ented. Referring to the drawing, raw bituminous froth 
of the type normally recovered from hot water extrac 
tion techniques, hereinabove disclosed and described, 
is transferred via line 11 and combined in line 13 with 
hydrocarbon diluent boiling in the range of 
350°—750°F. received from line 12. The diluent added 
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4 
to the froth at this step can be in the range of 0.3 to 1.0 
volume of diluent per volume of froth. In this example, 
0.5 volume of diluent per volume of bitumen is used. 
The diluted bitumen froth is thereafter heated to a tem 
perature in the range of 300°—1000°F. by way of heat 
exchanger 14 and thereafter transferred to line 15 
where it is combined with a centrifugal froth product 
hereinafter described. From line 15, the 'combined 
froth is transferred to autoclave settling zone 16 which 
can be defined as an autoclave-type pressure vessel 
having heat exchange means such as a steam jacket or 
other means. The froth product is settled in this zone 
at a temperature in the range of 300°—1000°F. and a 
pressure in the range of 0 to 1000 psig to provide an 
upper froth layer comprised substantially of bituminous 
froth, a middle layer comprised substantially of water 
containing minor amounts of mineral matter and bitu 
men, and a lower tailings layer comprised substantially 
of mineral matter and containing minor quantities of 
bitumen. The re?ned froth product is recovered via 
line 17 from autoclave 16 which product is a froth sub 
stantially reduced in mineral matter and water and suit 
able for further petroleum re?ning. Water is removed 
from autoclave settling zone 16 via line 18. This water 
can thereafter be recycled to other areas where fresh 
water is required or can be discarded. The tailings from 
autoclave settling zone 16 are withdrawn via line 19 
and combined in line 21 with ?ve volumes of liquid hy~ 
drocarbon diluent boiling within the range of 
350°—750°F. per volume of bitumen in the tailings from 
line line 20. The diluted tailings are thereafter trans 
ferred to scroll centrifuge 22 wherein a centrifugal 
froth product is recovered via line 24 and recycled to 
line 15 where it is combined with the raw diluted bitu 
men froth. A tailings stream is withdrawn from scroll 
centrifuge 22 via line 23 and discarded. 

Typically, the bituminous froth product recovered 
from autoclave settling zone 16 can be characterized as 
containing at least 96 percent hydrocarbon and no 
more than 0.5 percent mineral matter and 3.5 percent 
water. The advantages of this froth re?ning technique 
are particularly realized by greater volume throughput 
of froth as well as improved quality of the bitumen 
froth product as compared to other known techniques. 
Equally important is the fact that substantial bene?ts 
and economics are realized by low maintenance and 
low capital investment resulting from use of the bitu 
men froth process of the herein disclosed invention. A 
particularly suitable advantage of the present invention 
is the use of the higher boiling liquid hydrocarbon dilu 
ent which provides greater viscosity reduction to the 
froth and further provides ef?cient settling of the froth 
at elevated temperatures, an advantage heretofore not 
disclosed in the art. This greater viscosity reduction 
comes about because at constant pressure, a higher 

temperature can be employed with a higher boiling dil 
uent than with a lower boiling diluent. The higher the 
temperature to'which the diluent-bitumen mixture is 
heated, the lower its viscosity. 
Thus, one embodiment of the present invention com 

prises a method wherein a bituminous froth product is 
substantially improved by removal of mineral matter 
and water comprising the steps of: 
a. combining a raw bitumen froth product containing 

substantial quantities of mineral matter and water 
with a hydrocarbon diluent boiling in the range of 
350°—750°F.; 
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b. thereafter heating said diluted froth to a temperature 
in the range of 300°—l000°F.; 

c. combining said heated diluted froth product with 
centrifugal froth herinafter recovered via step f, 

d. settling said combined diluted froths in an autoclave 
settling zone at a temperature in the range of 
300°—l000°F. at a pressure in the range of 0-1000 
psig to provide an upper bitumen froth layer, a mid 
dle water layer containing minor quantities of bitu 
men and mineral matter, and a lower tailings layer 
comprised substantially of mineral matter with minor 
quantities of bitumen; 

e. transferring the tailings layer to centrifuging step; 
f. centrifuging said tailings in a centrifuge to provide a 

centrifugal froth product which is thereafter recycled 
and combined with said diluted froth feedjand 

g. recovering from the settling zone a froth product 
having substantially reduced mineral matter and wa 
ter. 

The liquid hydrocarbon diluent suitable for use in the 
method of the present invention can generally be de 
?ned as a petroleum naphtha containing aromatics, sat 
urates, and ole?ns boiling in the range of 350°—750°F. 
The invention claimed is: 
l. A method for removing mineral matter and water 

from bituminous froth containing bitumen, mineral 
matter, and water which comprises: 
a. combining a raw bituminous froth containing sub— 

stantial quantities of mineral matter and water with 
a hydrocarbon diluent boiling in the range of 
350°—750°F.; 
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b. heating said diluted froth from step (a) to a tempera 

ture in the range of 300°—l000°F.-, 
c. combining said heated diluted froth with centrifugal 

froth hereinafter recovered via step (f); _ 
d. settling said combined diluted froth from step (c) in 
an autoclave settling zone at a temperature in the 
range of 300°—1000°F. at a pressure in the range of 
0—1000 psig to provide an upper bitumen froth layer, 
a middle water layer containing minor quantities of 
bitumen and mineral matter, and a lower tailings 
layer comprised substantially of mineral matter with 
a minor quantity of bitumen; 

e. combining said lower tailings layer with a liquid hy 
drocarbon diluent boiling in the range of 350°—750°F. 
and transferring the diluted tailings to a centrifuging 
step; 

f. centrifuging said tailings to provide a centrifugal 
froth which is thereafter recycled and combined with 
said heated diluted froth in step (c); and 

g. recovering from the settling zone of step (d) said bi 
tumen froth as product having substantially reduced 
mineral matter and water. 
2. A method according to claim 1 wherein the ratio 

of said diluent to bitumen in step (a) is in the range of 
0.3:1 to 1:1. 

3. A method according to claim 1 wherein the diluent 
to tailings ratio of step (e) is in the range of l to 20 vol 
umes of said diluent per volume of bitumen in the tail 
ings. 


