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TREATMENT OF MIDDLINGS STREAM FROM 
HOT WATER PROCESS FOR RECOVERING 

BITUMEN FROM TAR SAND 

BACKGROUND OF THE INVENTION 

This invention relates to a hot water process for re 
covering bitumen frorn tar sand. 
The invention has been developed using tar sand 

from the Athabasca deposit at Fort McMurray, Al~ 
berta, Can. While it is described with reference to that 
feed stock, the invention may ?nd bene?cial applica 
tion to tar sands present in other deposits. 
Athabasca tar sands comprises sand grains which are 

each sheathed in a thin layer of water. Bitumen is 
trapped in the void space between the water-wet grains. 
By way of example, the composition of the tar sand 
might be 10 percent by weight bitumen, 4 percent wa 
ter, and 86 percent solids. 
Athabasca tar sands are presently processed using a 

method commonly referred to as the hot water method. 
In accordance with this process, tar sand is mixed in a 
conditioning drum or tumbler with hot water and 
steam. While in ‘the tumbler, the tar sand disintegrates 
and at the same time liberated bitumen is aerated. By 
“disintegrate” is meant that the sand and bitumen par 
ticles are dispersed one from another in preliminary 
way. The tumbler product is a porridge-like slurry 
which typically might comprise 9.5 percent bitumen, 
22.00 percent water and 68.5 percent solids, at a tem 
perature of l85°—l90°F. 
The slurry is flooded with additional hot water to fur 

ther disperse the sand and bitumen. This ?ooding oper 
ation is usually carried out at a screen positioned at the 
outlet from the tumbler. The ?ooded slurry typically 
might have a composition of7 percent bitumen, 43 per 
cent water, and 50 percent solids, and a temperature of 
160°F. 
The ?ooded slurry is introduced into a separation cell 

at about its longitudinal midpoint; this cell is a cylindri 
cal vessel having a conical bottom. The major portion 
of the solids, particularly the coarse sand particles, set 
tle to the bottom of the cell; most of the bitumen parti 
cles, which have preferentially become attached to 
bubbles of air, rise to the top surface of the cell con 
tents, where they collect in the form of a froth. The 
sand leaves the vessel through a bottom outlet and is 
discarded as tailings. The froth over?ows the vessel 
wall into a launder and is removed for further treat 
ment. 
A middlings stream is continuously withdrawn from 

the separation cell at a point intermediate its upper and 
lower ends. This is done for two reasons. Firstly, a rela 
tively large quantity of water must be added in the 
?ooding stage to ensure that the bitumen and solids 
particles are sufficiently dispersed from one another in 
the separation cell to obtain reasonable froth product 
quality and bitumen recovery. Some of this water must 
be removed from the cell in the form of a middlings 
drag stream- otherwise it will report to the bottom 
tailings stream. If too much water leaves with the sand 
tailings, bitumen is carried out with it and oil recoveries 
drop accordingly. Secondly, the solids known as 
“?nes” (i.e., —325 mesh), present in the tar sands, tend 
to accumulate in the central portion of the cell. If the 
?nes are present in too high a concentration, they tend 
to form a thick blanket, through which the aerated bi 
tumen particles have difficulty in passing to reach the 
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2 
froth layer. It is therefore conventional to withdraw 
some of these fines in the middlings stream to relieve 
the congestion within the cell. 
The middlings stream typically comprises 2 percent 

bitumen, 15 percent solids and 83 percent water. 
The bitumen particles in the middlings stream are a 

mixed lot — some are non-buoyant, perhaps because 
they are non-aerated or because they are attached to 
both solids and air; others are buoyant but were with 
drawn through the middlings outlet before reaching the 
froth layer. 
conventionally, the middlings stream from the sepa 

rator cell is passed through a sub-aeration cell to re 
cover contained bitumen. In this latter secondary re 
covery cell, the middlings are turbulently mixed with 
air to bring the bitumen to the surface of the cell as a 
froth. This froth is badly contaminated with solids and 
water — a typical composition might be 16 percent 
weight solids, 54 percent water and 31 percent bitu 
men. 

Once the bitumen has been extracted from the tar 
sand in this fashion, the primary and secondary froths 
are combined, diluted with a specific gravity-altering 
diluent, such as naphtha, and treated in a centrifuge 
circuit to separate the solids and water from the bitu 
men. Erosion of these centrifuges, particularly by the 
?nes present in the froth, is a serious problem. There 
fore any reduction in fines content in the feed to the 
centrifuge circuit is desirable. 

SUMMARY OF THE INVENTION 

It is therefore one object of this invention to provide 
a process for treating middlings whereby a product 
which is comparatively lower in solids content is ob 
tained. 

It is another object to provide a process wherein the 
middlings are diluted by the addition of hot water, to 
improve secondary froth quality and in which the water 
added is conserved by recycling to the front end of the 
process. 

In accordance with the invention, the middlings 
stream is diluted with hot water, preferably contacted 
with minute air bubbles to aerate non-buoyant bitu 
men, and introduced into a settler vessel. In the quies 
cent and dilute environment within this vessel, the 
buoyant bitumen forms a froth product which is re 
duced in solids and water content in comparison to the 
prior art secondary recovery froth obtained by sub 
aeration ?otation. Solids, water and traces of bitumen 
are withdrawn from the vessel through the tailings out 
let. Part of this tailings stream may be recycled to the 
front end of the process for repeated treatment in the 
separation cell. In this manner, hot water is conserved 
within the process. The remainder of the tailings stream 
may be discarded or otherwise processed for recovery 
of contained bitumen. The froth product from the set 
tler is preferably combined with the primary froth from 
the separation cell and forwarded on to the froth treat 
ment circuit. 

DESCRIPTION OF THE’ DRAWINGS 

FIG. 1 is a block diagram illustrating the steps of the 
process; and 
FIG. 2 is a schematic illustration of the equipment 

used in the process. 
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DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

The invention and its bene?ts are illustrated in the 
following example; 

1360 pounds per hour of Athabasca tar sand, com 
prising l 1 percent by weight bitumen, 4 percent water, 
and 85 percent solids, including l2 percent ?nes, is fed 
to a tumbler l. Sufficient fresh hot water, approxi 
mately 290 pounds per hour, is added to the tar sand 
in the tumbler l to produce a slurry containing 22 per 
cent by weight water. The product slurry is observed to 
have a temperature of l60°F. The residence time in the 
tumbler is approximately 31/2minutes. 
The slurry is fed from the tumbler 1 into a separation 

cell 3. Water at 180°F is added to the slurry at the 
screen 4 to raise the water content to approximately 42 
percent. The separation cell 3 and settler 5 are both 
?lled with clear water at l80°F at the time that the test 
run is initiated. Froth, comprising 70 percent bitumen, 
6 percent solids, 24 percent water, is produced at the 
surface of the separation cell at a rate of I70 pounds 
per hour. A tailings stream, comprising 70 percent 
solids, 0.8 percent bitumen and 29.2 percent water, is 
produced from the cell at a rate of l,l80 pounds per 
hour. 
A middlings stream, comprising 2 percent bitumen, 

15 percent solids, and 83 percent water, is withdrawn 
from the separation cell by a pump 6 at a rate of 900 
pounds per hour. This stream is mixed with 200 pounds 
per hour of water and approximately 0.1 CFH air in a 
mixer 7 and is then pumped to the settler. 
The diluted middlings stream is introduced to the 

central portion of the settler through a rotating, perfo 
rated distribution pipe 8. A froth product is continu 
ously formed and withdrawn at the rate of 19 lbs. per 
hour from the settler. This froth product comprises 77 
percent bitumen, 5 percent solids, and 18 percent wa 
ter. A stream of dilute solids and water is continuously 
withdrawn through the tailings outlet of the settler ves 
sel and is recycled to the front end of extraction. 
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4 
By way of comparison, the same middlings stream, 

when fed directly to a sub-aeration secondary recovery 
cell, gives a froth product comprising 52 percent bitu 
men, 13 percent solids and 35 percent water. 
Obvious variations in the specific details described 

may be made without departing from the spirit of the 
invention and such embodiments of the invention as 
come within the scope and perview of the appended 
claims are to be considered as part of this invention. 
What is claimed is: 
1. In a continuous process for recovering bitumen 

from tar sand comprising combining the tar sand with 
air and hot water in a tumbler to disintegrate the tar 
sand and produce a hot slurry. diluting the slurry with 
water, introducing the dilute slurry into a separation 
cell wherein coarse solids settle out to form a tailings 
product, aerated bitumen rises to the surface of the cell 
contents and forms a froth product, and a middlings 
stream is withdrawn from the cell, said stream compris 
ing bitumen, ?ne solids and water, the improvement 
which comprises: 

diluting the middlings stream with hot water; and 
introducing the diluted middlings stream into a set 

tler vessel and holding it therein for a suf?cient pe 
riod of time to allow the major portion of the bitu 
men in the stream to rise to the surface of the vessel 
contents and form a froth product; 

withdrawing the froth product; and 
withdrawing a tailings stream from the base of the 

vessel, said tailings stream comprising the major 
portion of the ?ne solids and water introduced into 
the vessel. 

2. The process as set forth in claim 1 wherein: 
at least part of the tailings stream from the settler ves 

sel is recycled for repeated treatment in the separa~ 
tion cell. 

3. The process as set forth in claim 1 wherein: 
the middlings stream is aerated prior to entry into the 

settler vessel to facilitate bitumen flotation. 
>1‘ * * * * 


