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SUMMARY

- This report covers experiments dealing with the refinery
treatment of wet, diluted, separated bitumen produced in the Mines
Branch cold water separation pilot plant. This work describes
methods investigated for removal of the diluent oil and water in-
troduced in the separation stage, and for further treatment of the
bitumen by coking. Coking removes the small amount of mineral-
matter remaining in the bitumen following its separation from the
bituminous sand by flotation of the bitumen from the bulk of the
accompaﬁying mineral-matter, It was found that:

(1) The water can be removed by either of the two methods

investigated - Burrough dehydration and flash dehydration.
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(2) The water and diluent can be removed simultaneously by
flash dehydration. In addition a portion of the bitumen can also be
removed to make up any reasonable diluent losses incurred in the
overall process.

(3) The bitumen can be cokgd employing eitherx of two
methods investigated - Knowles oven coking and flash coking ~ prod-
ucing a hafd coke amounting to between 14 and 17 percent of the
bitumen, depending on the amount of diluent left in the bitumen feed
to the coking unit.

(4) The calorific value, sulphur content and mineral-matier
content of the coke produced were 14, 000 Btu/1b, 6.9 percent and
8.1 percent, respectively,

(6) The coker distillate recovered from flash coking amounted
to 75 percent of the bitumen,

(6) The specific gravity of the coker distillate was 0.93 at
60°/ 60°F and the sulphur content was four percent,

(7) 'The cracking gas formed by flask coking was six percent
of the bitumen.,

(8) Process losses amounted to approximately three percent

of the bitumen.
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INTRODUCTION

The Mines Branch of the Department of Mines and Technical
Surveys undertook, in the year 1949, a pilot plant investigation of the
cold watexr separation of bitumen from the bituminous sands of
Alberta. This investigation covered two distinct operations involved
in the treatment of the bituminous sands,

The first operation was the separation of the bitumen from
the main bulk of the sand by the cold water process. This process
separated the bitumen-diluent phase from the water and sand pulp
by virtue of the difference in specific gravity of these immiscible
phases. This work has been described in detail by Djingheuzian (1).
The second operation consisted of the intermediate refining of the
bitumen-diluent phase by removing the water, diluent oil, and fine
mineral matter., This report treats this intermediate refining in

detail and forms the fourth of a series of reports describing the

research undertaken to develop techniques for preparing commercially

acceptable hydrocarbon fuels from bitumen, The first report (2) of
this series presented the analytical methods used for control a1‘1d
evaluation of the cold water separation process. The second report
(3) presented a complete compilation of the results of analyses of

all samples taken. The third report (4) was an evaluation of surface
active agents for use in promoting the separation of water and mineral

matter from the diluted bitumen,



The " refinery section' of the bitumen separation plant had
a twofold purpose, - firstly, to dehydrate fhe wet o0il from the cold .
water separation section, simultaneously recovering part or all of
the diluent and secondly, to submit the dry topped oil to thermal
cracking conditions, producing a cracked oil product free from
solids, with by-products of coke and gas. Although the coke and gas
by-products were not utilized in these operations, in a full scale
plant they could be used asv fuels for the overall process. " The gas
could also provide raw material for hydrogen production for sub-
sequent refining operations by hydrogenation,

A time limit was imposed on the entire project due to a ‘
proposed Mines Branch machine shop slated to occupy the pilof plant
site. Thus, the plant design, the procurement, fabrication and
erection of equipment, and all the experimental work had to be com-~
pPleted in less than two years. Because of this, the experimental
program was considerably curtailed and optimum performances and
efficiences were not attained.

Two alternative systems were provided in the refinery
section for dehydration and/ or diluent recovery. These were known.
as Burrough dehydration apd flash dehydration. There were also
two alternative methods of cracking to remove the mineral matter
and distill the oil to coke. These were known as Knowles oven
coking and flash coking. An outline of these four systems and their

interconnection in the pilot plant is shown on the simplified flow



sheet, Figure 1. Fach method was examined individually and as
extensively as the limited time available pe-rmitted.

‘ All equipment was designed on a scale to process the antici-
pated product from the cold water separation section resulting
from an original feed of 200 pounds of bituminous sand per hour,This
product was estimated, for design purposes, to be 100 pounds per
hour consisting of 32 pounds of bitumen, 32 pounds of diluent, 30
pounds of water and 6 pounds of solids. The actual water and solids
contents of the product from the flotation section were considerably
lower than estimated, amounting to less than 20 pounds and 2 pounds,
respectively, per 100 pounds of product.

High-strength or corrosion-registing materials were no.t
employed in the refinery construction, In view of the original
urgent desire to set up the plant, and its ultifnate limited life, and
since no hiéh pressures were involved, ordinary steel piping and
low carbon steels were used almost exclusively.

The presence of large quantities of inflammable liquids
and gases in the apparatus necessitated the elimination d¢f.all
sources of ignition, as well as any possibility of leakage. Smoking
was of course prohibited. All motors and electrical switiches
were explosion-proof. Any other sources of ignition, such as the
gas-fired heaters, were under constant surveillance. The flash

columns were purged with carbon dioxide gas at the beginning '
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DEHYDRATION

At the time the dehydration equipment was designed it was
assumed that the product from the separation section would contain
30 per cent water and 6 per cent mineral matter. It was anticipated’
that this mixture would froth badly on heating and that if high vel-
ocities existed in any piece of equipment this would lead to severe
erosion caused by the mineral matter, On the other hand low vel-
ocities and poor heat transfer would cause coking., The use of con~
ventional pipe-type heaters was considered and rejected on the
grounds that the high velocities would cause erosion of the tubes,
and that frothing would be extremely objectionable in this type of
equipment. At the time there also existed a misconception, based
on repeated statements of early workers, that this bitumen was
subject to cracking at relatively low temperatures, This suggested
that frothing would be even more troublesome in a pipe heater if the
temperatures were raised to remove the diluent as vs}ell as the water.
The view that bitumen cracked more readily than normal petroleum
was subsequently contradicted by Sterba (5) so that the rejection of
the pipe heater on this basis may not have been entirely justified.

Two alternative systems of dehydration, and possible diluent
removal, were designeci which were expected to produce a migimum
of frothing, coking and erosion difficulties. These systems were

known as Burrough dehydration and flash dehydration and will be



discussed separately on the following pages.

Burrough Dehydration

The Burrough method of dehydration employed a principle
that has been patented by E. J Burrough (6). Figure 3 is a detailed
flow diagram illustrating the process as adapted to the requirements
for dehydration of the wet product from the separation section,

The wet 0il was pumped in at the bottom of the dehydrator,
graduallir heated by exchange with the product, and finally heated to
the required temperature by means of pipes lying at the surface of
the oil, Only the thin layer of oil at the surface of the main body of
oil in thc; dehydrator was heated to the maximum temperature.' In
this way, the frothing hazard was reduced. Dowtherm vapours
inside the pipes were used as the heating medium giving accurate
temperature control and thus preventing coke formation caused by
local overheating. The vapourized water and the light oil which
distilled off with the water were passed overhead to the condenser
and cooler, after which they were separated in the decanter by
taicing advantage of their immaiscibility and the difference in their
specific gravities. The dry oil flowed into a receiver from which

it was pumped to storage.

Description of Apparafus

The product from the cold water separation plant was not fed

directly from the thickener overflow as it was more convenient to
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carry on the experimental work of each section separately. Instead,
the separated bitumen-diluent product was '.éent to a large 1000-gal-
lon settling tank, followed by storage in 46-gallon drums., When re-
quired for feeding, the o0il was transferred from the storage drums
to an open 46-gallon feed drum mounted on a portable platform weigh-
scale, enabling a constant check to be keptl on the amount of feed and
the rate of feeding. An electrically-driven propeller-type top-enter-
ing mixer was used to keep the contents of the feed drum constantly
agitated, thereby more nearly simulating the unsettled thickener
overflow. Also, it was found that, without the mixer, under ‘certain
conditions slugs of water which had settled out were fed into the hot
dehydratic;n apparatus with consequent undesirable and troublesome
pressure surges.

The material was fed using a 1/ 4-inch straight-cut gear pump
rated at 0.2 gallons per 100 revolutions at open discharge. The pump
was driven by a one quarter horsepower motor at a speed of approx-
imately 300 revolutions per minute. It was realized that the fine
mineral matterAin the feed would cause wear and loss of efficiency
in this type of pump, but it was found economical on this scale to
replace it with a new pump when required. The pump provided suf-
ficient suction to draw the feed through a 3/ 4-inch hose from the
feed drum. The operating speed of the pump was set to give a
considerably higher pumping ra.Lte than necessary and the actual

feed rate was then adjusted as desired by recirculating the excess

fluid, using a valve in a by-pass line connecting the pressure side
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of the pump to the suction side,

A self-acting temperature controller of the direct-acting
type with double-seated valves was used in this by-pass line. It was
actuated by pressure transmitted from a bulb inserted at the control
point which was inside the dehydrator tank where the hot liquid
product overflowed a weir. When the teméerature of the product
fell below the set point causing a proportional change in pressure
within the actuating bulb the by-pass control valve opened, thereby
reducing the feed to the dehydrator and allowing the product temper-
ature to recover,

In actual practice it was found more satisfactory to establish
and main'tain a fairly constant feed rate, using a manually—opefated
valve in a second by-pass around the pump. Some trouble was exper-
ienced with both methods of control, apparently caused by a gradual
accumulation of mineral matter in the by-pass line with a consequent
increase in the feed rate. Use of an electric vibrator on the by-pass
line alleviated this condition but did not correct it entirely,

The actual feed rate was regularly checked by timing one or
two pound increments on the feed drum scales. An instantaneous
check was provided by a flowmeter of the rotameter type, Since the
fluid was opaque, it was necessary to use a top-extension tube on
this meter, with an indicating piston in this tube attached to the
metering float. The range of these flowmeters is somewhat limited

and at times it was found necessary to exceed their capacity. It
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The Burrough dehydrator was a closed rectangular tank 15
inches wide, five feet long and four feet <_ie’ep, with the bottom two
feet above the floor, Access to the interior was provided by the
bolted top plate. The tank was insulated with glass wool blankets
two and one half inches thick., The liquid level was maintained at
approximately 30 inches above the Bottom by means of an internal
overflow weir across one end of the tank, The Dowtherm vapours
used for heating the oil were contained in three longitudinal tubes
made from 2-inch extra-strong pipe connected to common headers
and so arranged that their top surfaces coincided with the liquid
level. Three rows of heat interchanger tubes were spaced i)elow the
heater tubes,‘ each row consisting of three 1 inch diameter.bra‘ss |
tubes., The liquid feed passed through a ball-type check valve and
entered the tank at the bottom near the centre. It was prehéated as
it passed the three rows of heat interchanger tubes and brought to
the final desired temperature at the Dowtherm tubes, The steam and
light oil vapours formed passed off from the top of the vapour space.

The dried oil passed over the overflow weir into a removable
external header, and then through the interchanger tubes into a
second external header at ‘the opposite end. Here it overflowed by
gravity through a pipe to a storage drum. Provision was made to
by-pass all or part of the weir ovgrflow externally instead of through
the interchanger tubes, to avoid overheating the m.a.in bo;iy of iiquid

in the tank, The by-pass was controlled manually by two valves,
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according to the temperature indicated by a thermocouple situated
about 6 inches below the surface of the 1iqﬁid, the %;o-called " preboil”
temperature.,

In spite of this provision, on occasion difficulties were en-
countered when overheating of too large a proportion of the wet oil
occurred, with consequent excessive froth formation, This happened
particularly when operating with low feed rates during attempted
topping experiments. A connection was made to a three-foot water
manometer to give an indication of pressure conditions in the vapour
space. It was found necessary to enclose and vent theA second header
to prevent overflowing under surging conditions, The product over-
flow pipe‘ was lowered to provide accomodation for excess liquid
which was forced through the tubes. However, the vapour seal
through the interchanger tubes was then too easily broken. This was
corrected by closing off the top row of tubes, and subsequent ex-
periments indicated that this still left sufficient heat exchange cap-
gtcity.

The hot liquid product which overflowed through the pipe from
thé final header, or which travelled through the by-pass around the
interchanger tubes, passed to an intermediate storage drum which
was vented through a vertical air condenser, AFrom here the oil was
pumped either to a storage tank or to drums. The pump employed
was a 1/ 4-inch gear pump, mounted and driven in a similar

manner to the wet feed pump, with its pumping rate controlled by a
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manually regulated by-pass. Provision was also made to recirculate
this hot oil to the feed line using the same pump. This arrangement
allowed the apparatus to reach operating conditions more rapidly since
a feed of some sort was necessary when startiné up to prevent o'\'rer—
heating of the surface layer.

The steam and light oil vapours formed in the dehydrator
passed overhead to a condenser. This condenser was a vertical
cylinder 16 inches in diameter and two and one half feet high, with
cooling water circulating through a coil of 1 - inch pipe, and provided
with a vent for non-condensable gases, The condensate was cooled
by passing through a coil of 1 - inch pipe immersed in a second ver-
tical cylin.der mounted directly beneath the condenser., This cyiinder
was roughly the same size, with the cooling water maintained at con-
stant level by an overflow pipe.

The condensed water and light oil passed by gravity from the
cooling coil to the decanter, where they were allowed to separate by
tl_le difference in their specific gravities. The decanter was 12 inches
in diameter and the liquid level within was maintained about 12 inches
above the bottom., Provision was made to vary the thickness of the
0il layer above the water layer by varying the height at which the oil
overflowed to a receiver. The water was continuously drawn off
from the bottom of the decanter to another receiver. The condenser,

aftercooler and decanter are illustrated in Figure 5.
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vapour temperatures'atv low pressures. Operating pressures for this
process were as high as 30 pounds per squa;re inch gauge, with a
corresponding temperature of 600°F. To eliminate the need for a
return pump, the dehydrator tank was placed on an overhead gallery,
permitlting gravity return of the condensate.

The Dowtherm vapour tempei'ature was held constant by con-
trolling the pressure through a pressure-actuated mercury switch that
operated a motorized valve in the gas line. This valve was also
operated by a safety pilot control, a safety high pressure control and
a low liquid level control, All Dowtherm piping was extra-strong,
2-inch for the vapour line, and 1-1/2-inch for the condensate. Glass
wool (Fibérglas) pipe insulation, two inches thick, was used on this
piping., The Boiler itself was insulated by a 4 inch thick glass wool
blanket (Fiberglas). Welded joints were used wherever possible,
with standard 300 pound flanges elsewhere., Some difficulty was ex-~
perienced in obtainiﬁg tight flange joints, but this was eventually
overcome by using solid aluminum gaskets. Control valves were
steel, with extra long stuffing boxes and special packing. The system
waé provided with manual vent valves at the high points to permi;t':
removal of air and water vapour,

The Dowtherm vapoﬁrizer is visible unxier the gallery in the

centre background of Figure 4.




Experimental Operations

solely for dehydration.

was also investigated.
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The Burrough dehydrator was originally intended and designed

Eight experiments were made under varying conditions.

However, its capability of removing diluent

In

Experiments 1 to 5 and 7 and 8, the feed rate and product temperature

were varied and the observations detailed in Table 1 were made.

TABLE 1

Conditions and Results: Burrough Dehydration Experiments

‘ , Water
{ Water {Rate [Dowtherm . | Product |Content |Distillate
Experi-{Content | of Vapour Feed |[Overflow| of 0il
ment [of Feed | Feed Temp, Temp | Temp [Product [Collected
No. % by 1b/ hr o o o % by Pbo of AMF*
wt wt feed
1 15.0 350 500 66 220 3,6 4,0
2 11.5 |350 500 67 250 trace 5.9
3 15.7 |140 565 64 310 trace 15.4
4 14,4 |310 475 64 265 1.0 11.0
5 16,0 |250 500 53 250 0.6 5.9
7 16,0 |200 595 63 285 0.5 12.6
8 15.8 |160 600 57 260 0.8 9.2

%  Ash and moisture free.

As was to be expected, by decreasing the feed rate and

raising the product temperature the amount of oil distilled off and

collected was increased. Therefore, in Experiment 6 the prodﬁct

from Experiment 4 was fed back through the dehydrator at a slow
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rate and the product overflow temperature‘was raised. In this way'
it was hoped to remove a large proportion of the diluent, However,
under these conditionvs, the main body of the charge became overheated-
and frothed, filling the s'ystem and forcing a shut down., The rate of
feed at the time of frothing was 40 pounds per hoﬁ.r, and the product
overflow temperature was 405°F, Approximately 46 pounds of oil
were fed into the apparatus. The distillate recovered amounted to
eight pounds or 17,4 per cent of the ash and moisture free feed,
During Experiments 7 e{r;d 8 the available heat from the
Dowtherm heating tubes fell off considerably. It was thought possible
that coking was taking place on the exterior of the tubes. The appar-
atus was ..;,ubsequently opened and the tubes were examined, A.very
thin layer of semi-brittle material was found consisting of 45 per
cent mineral matter. This formation was possibly caused by over-
heating when the liquid level was below the tubes, A thin layer of oil
on the tubes would t;hus become overheated and leave a hard ‘shell-
like formation of asphalt reducing the heat transfer. Another pos-
sibility was tha£ this asphalt was formed during the attempted topping
experiment when the product temperature was over 400°F, A1:so
there was probably deposition of mineral matter on the top of the
tubes due to settling at elevated temperatures. In any case, it was
not deemed advisable to use this particular apparatus as a topping

still.
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Evaluation

From the results obtained it appears that, using a Burrough
dehydrator similar in size to the one used in these tests, 200 pounds
of feed per hour consisting of settled, wet, diluted, separated bitumeén,
containing about 15 per cent water and .equa.l portions of diluent and
bitumen, can be successfully dehydrated at a product overflow temp-
erature in the neighbourhood of 275°F, This type of apparatus does
not appear to be suitable for extensive topping opera.tic;)ns because of

difficulties arising from frothing.

Flash Dehydration

The alternative method of water removal was the so-called
flash dehydration sysfem. Figure 6 is a detailed flow diagram of
this process. The wet 0il was pumped int§ the top of the dehydrator
column, where it dripped down over a series of internal sloping
adjustable plates. Superheated steam and hydrécarbon vapours were
pumped into the bottom of the column, by means of a constant-volume
gas pump, coming into intimate contact with and heating the down-
coming fluid, The water and some o0il were vapourized a.ndl passed
off with the heating vapours at the top of the column through an
entrainment separator. The gas pump recirculated the vapours
through the superheater and back to the bottom of the column. The

additional water and oil vapourized could not be accomodated by the
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constant-volume pump. They were passed to the condenser and
cooler, and separated by gravity in a decanter, The dried oil product
passed through a vapour seal at the bottom of the column into a re-

ceiver.
Description of Apparatus

The remarks and the description concerning the method and
apparatus used for feeding the wet mixture to the flash dehydrator
are the same as set down when describing the apparatus for Burrough
dehydration and this equipment may be seen in Figure 4. A similar
but separate piping system was used, although it was necessary to
interchanée the liquid flowmeter between the two feed lines.,

The flash dehydrator itself was a vertical column 12 inches
square and approximately eight and one half feet long, with its top
13 feet from the floor. It was insulated with glass wool (Fiberglas)
blankets two and one half inches thick, The feed entered at the top
through a 1/ 2-inch pipe and a ball-type check valve, and was spread
evenly across the width of the column by -a shallow trough. It then
que its way down over a series of nine sloping plates. Thesg were
adjustable to various angles between 15 and 35 degrees from the
Borizontal. The front of the column consisted of two coverplates,
which were bolted on and permitted access to the interior for inspec-
tion or for changing the slope of the plates. The superheated steam

and hydrocarbon vapours entered the column near the bottom through
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a check valve and a slotted 2-1/ 2-inch pipe and then swept up past
the inclined plates meeting the descending iiquid. The water and
part of the oil feed were vapourized, the extent of vapourization
depending on the temperature and rate of recirculation of the heating
vapours. The resultant vapour mixture left at the top centre of the
column by a 2-1/ 2~inch pipe, after passing through a cyclone-type
separator which removed entrained liquid droplets and mineral
matter and re-introduced them to the column back at the point where
the feed met the top plate. Three thermocoupleé were inserted at
various helghts in the column to provide an indication of the temper~
ature gradient,

"I‘h@ lower portion of the flash dehydrator column and its
goneral arrvangement may be seen in Figure 4, The arrangement of
the sloping plates as well as other interior detalls are shown in
Figure 7, which lillustra,t@a the column with both front cover-plates

removed,

The liquid product, dry, and either partially or completely
toppead, loft at the bottom of the column through a sealing devica,
Aﬁ first this was a seal pot, but it was found inadequate under even
aﬁaa.ll pressure surges. To replace it, a contlnuous seal of t:lr;e
gooseneak type wa,é made with a surge pot at ﬁhe top, and this
allowed a much greater pressure differential, The liquid product
everflowed just below the surge pot and was fed inte a storage -drum,
The temperature of the product was indicated by uaing a thermo-~

eouple located at the point of exit, This thermocouple, or rather
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its protecting tube, tended to be a source of trouble when extensive
topping was taking place as it seemed to be a focal point for solidi-
fication, followed by plugging of the entire seal. This could have
been overcomoe by continuous heating of the seal pipe, but it was
found possible to alleviate the situation sufficiently with careful
operation and additional insulation e;.t the thermocouple well.

As the gas pump was of the positive displacement type, the
increase in the amount of steam and hydrocarbon vapours leaving the
column over the amount entering could not be accomodated, Instead,
this excess passed off to the condenser. The balance of vapours
went to the gas pump and were recirculated. The gas pump was a
twin-impeller type driven at constant speed by a three horsep_éwer
motor. Its rated capacity was approx:imately 200 cubic feet of gas
per minute against a back pregéure of two pounds per square inch,
A by-pass containing a valve was constructed around the pump to
allow control of the recirculation rate of the vapours., The topping
runs imposed rather severe conditions on the gas pump because of
the high vapour temperatures requiréd, but no permanent difficulty
was encountered, Provision was made to introduce carbon dioxide
at the gas pump before each experiment to ensure the absence of
air from the system.

The recirculating vapours, after leaving the gas pump,
passed through a flowmeter of the ratosleeve (variable area) type

with a dashpot underneath and a bottom indicating extension. The
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.metering sleeve with float was mounted between two 5-inch flanged
pipe tees. A connection was also made at this point to a.three foot
mercury manometer for the purpose of reading the maximum»pressure
in the system. With the above type of flowmeter, condensate tended
to settle out at the float head. This condensate was drained off from
the top of the dashpot chamber throﬁgh a seal. The original seal pot
was satisfactory until some of the later experiments which operated
under slightly higher pressures. It was then necessary to devise a
gooseneck seal with a surge pot at the top, and this proved satisfactory.
The hot condensate ran through a pipe from the top of thé seal to a
receiver,

From the flowmeter the vapours were sent through the super-
heater. The line from the column through the flowmeter and blower
to the heater was insulated with one inch of glass wool (Fiberglas)
pipe insulation., The superheater was a horizontal heater about 10
inches in diameter and four and one half feet long, with the hot prod-
ucts of combustion baffled through the shell to the stack, The steam
and hydrocarboﬁ vapours made a single pass through 13 tubes, seven
eigilths inches in diameter, which were provided with a ﬂoating header
on the cool end to permit expansion. The heater tubes were of brass
originally and after running for some time they became loose in the
header, | They were replaced with steel tubes which allowed higher
temperatures to be employed for the topping runs., The shell of the .

heater was insulated with two inches of high temperature insulation
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(Newtempheit) and two inches of 85 per cent magnesia.

Heat was provided by city gas burr;ing in a'14 inch diameter
wheel-type atmospheric gas burner, For topping og‘gerat.iops more
heat was required, and a positive displacement gas pump with a man-
ually controlled by-pass was placed in the gas-line., This increased
the gas pressure 'sufficiently. A three foot water manometer was
used to give an indication of burner pressure. Piloﬁ: protection was
_ provided by a solenoid gas valve, controlled by a switch operated by
a thermocouple at the pilot flame, The burner itself was controlled
by a self-acting controller of the direct-acting type. The actuating
bulb was placed in the line carrying the heated val:'noxsxrs from t;he
heater; thus, if the temperature at this point became too hot, tﬁe flow
of city gas to the bux;ner was reduced as necessaryi

Figure 8 shows the arrangement of the gas~-pump, the flow-
meter and the superheater in the recirculating vapour line of the flash
dehydration system,

From the heater, the hot vapours were returned to the
botfom of the flash golumn through a 2-1/ 2-inch pipe insulated with .
two inch thick glass wool (Fiberglas) pipe insulation, As previpl':tsly
mentioned, thét portion of the vapours leaving the top of the column
which could not be accommodated by the gas-pump was sent to the
condenser. This condenser was a vertical cylinder, 12 inches in
diameter and two and one half feet high, with cooling water ciréul;

ating inside through a coil of 3/ 4-inch pipe. A vent through the top

of the condenser was provided for non-condensable gnses. The
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seen in Figure 5, which also shows the decanter with its receivers.,
Experimental Operations,

Twenty experiments were conducted with the flash dehydrator,

During the first experiment, samples of product were taken
at various product temperatures to determine the required temper-
ature for dehydration. The feed rate varied slightly throughout the
run, between 175 and 200 pounds per hour, Two barrels of feed were
used during the experiment., The first contained 6.4 per cent water
and the second 13,8 per cent water,

The results of analyses are shown in Table 2,

TABLE 2

Analyses of Liquid Product Samples:Flash Dehydration Experiment 1

k"-'15rod.w.u_:,t.LI‘empe‘:c"a.tl;l.r%ie, Feed-Water. Content. . [Product.Water Content.
°F % by wt % by wt
220 6.4 0.7
240 6.4 0.7
250 6.4 0,7
260 ' 6.4 0,3
270 6.4 0.1
220 13.8 0.7
275 13.8 0.2
2175 13.8 0.1
280 - 13.8 0.1

During the final hour and a half of this experiment, when the
last three samples were taken, the recirculating heating gas entered

the col®mn at approximately 475°F and left at approximately 245°F,
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From the results of Experiment 1, it was decided that, in
Experiment 2, a product temperature of 2.7A5°F would be maintained.
The product temperature is influenced directly by three factors: feed
rate, recirculating gas rate and recirculating gas temperature. By
adjusting these factors, the required product temperature was main-:
tained, However, some difficulty was encountered in maintaining a
constant rate of feed. An operator was required to continually adjust
the control valve on the feed by-pass line.

Four hundred pounds of feed, containing 16,2 per cent water,
were charged under operating conditions at an average feed rate of
100 pounds per hour, The recirculating heating gas entered the
column at approximately 425°F and left at approximately 245°F.

The product contained 1, 0 per cent Water. Sixteen pounds of
distillate oil with a specific gravity of 0, 808 were recovered at the
meter seal and 21 pounds with a specific gravity of 0.793 were re-
covered from the decanter.v Total distillate oil recovered amounted
to approximately 11 per cent of the total oil fed. Distillation of the
.digtillate oil recovered showed a very low residue of 2,0 per cent
by volume, indicating negligible entrainment overhead from the
column..

Considerable difficulty was experienced in maintaining a seal
at the product outlet, and at the condensate seal pot on the flow meter.
This was especially true when changing from one feed barrel to the

next. Therefore, before Experiment 3, alterations were made in
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seal construction allowing a larger back pressure.

Experiment 3 was made with the obj‘ect of determining the
capabilities of this unit as a topping still for recovery of diluent. For
this first trial, a feed with a low water content of 4.4 per cent was
used, Under operating conditions the recirculating heating gas en-
tered at 415°F and left at 350°F, ngples of product were taken at
various temperat;ures to determine the extept of topping, with the

results shown in Table 3,

TABLE 3

Analyses of Liquid Product Samples:
Flash Dehydration and Topping Experiment 3

- o Percent by Weight of
Product Water Content I.B. P, | Product Removable by
Temperature | of Product of Product | Engler Distillation up

°F % by wt ' ey to 550°F
300 0.2 396 8.5
315 trace : 396 8.5
335 trace 390 12.5
350 ~ trace 386 12.4

The decrease in the extent of topping at 335°F and 350°F was
probably due to the rate of feed which was increased from 100.to 125
pounds .per hour, |

Previous analyses of bitumen from the same region (7) in~
dicate approximately eight to ten per cent by weight can be removed
by an Engler distillation up to 525°F. This suggested complet;a

recovery of diluent, or its equivalent in bitumen light ends, could
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be obtained with this unit.

Samples of distillate oil were removed from the meter seal

and the condensate decanter at various product temperatures, Re-

sults of analyses are listed in Table 4.

TABLE

4

Analyses of Distillate Oil Samples:

Flash Dehydration and Topping Experiment 3

Sample Product Engler Engler Specific Gravity
Taken |Temperature|Distn Range |[Distn Residue| of Sample
at °F °F % by vol at 60°/60°F
Meter Seal 300 384-580 2.0 0.821
Meter Seal 315 340-636 2.0 0.828
|Decanter . 335 340-562 1.5 0. 807
Meter Seal 335 400-620 1.5 0,828
Decanter - 350 365-572 6,4 0.829
Meter Seal 350 404-610 12.5 0.854

The large residues and high specific gravities at 350°F in-

dicated entrainment from the flash column.,

This may have been

caused by the feed rate, which was increased to 125 pounds per hour,

or by too high a recirculating gas rate, or by a combination of both

these factors.

"Experiment 4 was made with the purpose of investigating the

possibility of topping a feed containing higher percentages of water

than that in the feed in Experimént 3. The initial feed contained 5.5
per cent water. When the product temperature had risen past 300°F

and the temperature of the recirculating gas was 415°F, the water
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content of the feed was increased to 7.4 per cent. As the experiment

continued, the water in the feed was gradually increased to a final

content of 8,4 per cent,

Condiilons and results of Experiment 4 are shown in Table

5.
TABLE 5
Conditions and Results:
Flash Dehydration and Topping Experiment 4
Sample Feed | Water | Product Water L.B,P.| % by wt
' : -~ |of-Product
in in of Removable
: ‘ by Engler .
, | Rate | Feed | Temperature|Product |Product [Distillation
Time | % by | % by up to 550°F
| W/ b | wt °F wt °F
2:00 pm | 70 T4 o 320 0.1 366 31.2
2:30 pm {100 8.0 220 0,1 336 28,0
3:00 pm | 70 8.4 317 trace 364 36.3

Assuming that 12.0 per cent by weight of bitumen is remov-

‘able by Engler .distillation up to 550°F (7), then an average of app'rom

imately 23 per cent of the dry, mineral matter-free product f:t:om

this toliping experiment was original diluent.

Results of analyses of the distillate oil removed by the

dehydrator are given in Table 6.



33

TABLE 6

Analyses of Distillate Oil Samples:
Flash Dehydration and Topping Experiment 4

Sample Engler Engler Sample
Distn Range | Residue ‘Specific Gravity
Time °F % by vol at 60°/ 60°F
2:00 pm 370-558 1.6 0.812
2:30 pm 388-562 1.6 0.810
2,2 0.802

3:00 pm | 328-535

The results from Experiment 4 indicated that a longer
residence time in the column was required for complete topping.
This was obtainable by decreasing the throughput, or by decreasing
the slope of the plates. Accordingly, in Experiment 5, a decreased
rate of feed of approximately 50-60 pounds per hour was used.

‘Conditions and results of Experiment 5 appear in Table 7.

Assuming 12,0 per cent by weight of bitumen is removable
by Engler distillation up to 550°F, at a feed rate of 50-55 pounds per
hc;ur a dry final product was recovered consisting of approximately
eight per cent original diluent and 92 per cent bitumen on a mi.neral
matter-free basis.

Experiments 6 and 7 were for the purpose of producing a
materiél suitable for feeding to the Knowles oven coking unit. A water-
free material Qith a large proportion of the diluent removed was re-
quired. Removal of all the diluent would produce a material too viscous.

to be pumped at room temperature,
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TABLE 7

Conditions and Results:
Flash Dehydration and Topping Experiment 5

Sample Feed | Water [Recirculation|Recirculation{Water [I.B.P. | % by wt -
of Product
in Gas Gas in of Removable
by Engler
Rate | Feed Inlet Temp | Outlet Temp | Product|ProductDistillation
Time b/ hr |% by wt °F °F % by wt °F |up to 550°F)
12:00 noon 50 13.0 398 274 v 0.1 430 18.9
12:30 pm 50 13.0 402 280 i trace| 336 28.3
1:30 pm 50 13,0 412 300 | trace| 384 18.9
2:30 pm 60 12.4 405 302 trace| 384 26,7
3:30 pm 55 12.4 409 304 ' trace| 404 17.9
4:20 pm 55 12.4 412 314 ' trace| 372 19.8

Experiment 6 was of 13-1/ 2 hours duration. One thousand pounds
of feed were consumed under operating conditions as indicated in Table
8. This feed was a product of previous dehydration experiments and con-
tained épproximately one per cent water. One hundred and ninety eight
pounds of distillate oil were recovered from the meter seal and 26 pounds
from the decanter. The average mineral matter content of the feed was
approximately one per cent, Thus the total distillate oil reéovered

amounted to 23 per cent of the dry, mineral matter-free feed.
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Conditions and results of Experiment 6 are shown in

Table 8.

TABLE 8

Conditions and Results:
Flash Topping Experiment 6

Feed | Water [Recirculation|Recirculation|ProductWater | I.B.P.| % by wt
of Product
Time in . Gas Gas in of Removable
by Engler
Rate Feed. Inlet Temp | Outlet Temp | Temp |ProductiProduct|Distillation
b/ hr |% by wt ST T “F |0 by wt| °F lup to 550°F
12:15 pm| 75 1.2 393 270 315 [trace 388 | 29.9 |
2:30 pm| 75 1.0 396 294 326 trace 274 35,4
5:30 pm{ 100 0.6 422 321 357 trace 376 | 33.4
8:30 pm| 100 0.7 434 313 350 trace 374 32,2

Experiment 7 was of 12-1/2 hours duration, Nine hundred and
sixteen consumed under the operating conditions given in Table 9. As
in Experiment 6, this feed was a product of previous dehydration ex-
periments and contained less than one per cent water and approximately
one per cent mineral matter., One hundred and ninety poﬁnds of
distillate oil were recovered at the meter seal and 24 pounds from the
decanter. The total amount of distillate oil recovered was 24 per

" cent of the dry, mineral matter-free feed.
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Conditions and results of Experiment 7 are given in

Table 9.
TABLE 9
.Conditions and Results:
Flash Topping Experiment 7
Feed | Water [Recirculation|Recirculation{Product| Water I.B.P. | % by wt
of Product
Time in Gas Gas in of  |[Removable
by Engler
Rate | Feed | Inlet Temp |Outlet Temp | Temp |Product |Product |Distillation
1b/ hr|% by wt| °F °F °F % by wt °F up to 550°F
12:45 pm | 71 0.7 |I - 418 305 338 trace 380 17.3
2:45 pm | 115 0.7 i,‘, 410 289 338 trace 380 37.9
6:15 pm| 90 0.3 f 435 325 355 trace 378 27.7
10:00 pm| 90 0.3 'iv' 438 328 365 trace 390 32,3

was decreased, The conditions and results of Experiment 8 are listed

Prior to Experiment 8, the slope of the plates in the flash column

in Table 10,

Assuming 12,0 per cent by weight of bitumen is removable by

Engler distillation up to 550°F, at a feed rate of 55-70 pounds per

hour a final dry product was recovered consisting of approximately

11 per-cent original diluent and 89 per cent bitumen on a mineral

matter-free basis., This indicated even less extensive topping than

that achieved in Experiment 5, when the slope of the plates in the

flash column was greater, While this was pro_bably partly due to the

increased feed rate, it was believed possible that the heater tubes

were becoming covered with coke, reducing the available heat from
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TABLE 10

Conditions and Results:
Flash Dehydration and Topping Experiment 8

Feed |Water [Recirculation Recirculationl Product| Water | IL.B.P.| % by wt
of Product
Time in Gas Gas in of Removable
by Engler
Rate | Feed Inlet Temp |[Outlet Temp | Temp {Product {Product|Distillation
1b/ hr |% by wt °F °F °F % by wt{ °F up to 550°F
1:00 pm 110 8.6 432 271 340 nil 380 32.8
3:00 pm 70 8.6 401 287 325 nil 388 22.1
4:20 pm 55 8.6 395 292 310 ‘nil 352 21,8

the heater which was operating at its peak capacity. However, an ex-
amination of the tubes showed no untoward coking had taken place.
Experiment 9 was a dehydration experiment with the conditions

and results as shown in Table 11.

TABLE 11

Conditions and Results:
' Flash Dehydration Experiment-9

Feed | Water [Recirculation|Recirculation| Product] Water
Time in Gas Gas . in

Rate Feed Inlet Temp |Outlet Temp | Temp |Product

1b/ hr | % by wt °F °F oF % by wt
1:50 pm | 100 8.4 360 217 240 0.8
2:20 pm | 110 8.4 350 205 270 0.8
5:00 pm | 110 8.2 360 207 260 trace
7:00 pm | 175 7.8 375 200 262 trace
8:30 pm | 135 1.2 372 200 270 “trace
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It was noted that the available heat varied considerably through-
out Experiment 9, The same difficulty was being encountered with the
operation of the flash coker, It was believed that this was due to
variations in pressure of the city gas supplied to the burners, This
would also explain the lowering in available heat which was noted in
Experiment 8, To counteract this Q#riation, and also to increase the
capacity of the heaters, a small Roots blower was installed in the
main gas supply line. A valve in a by-pass on the blower controlled
the burner pressure.

With this arrangement, eleven combined dehydration and top-
Ping experiments were made. These were Experiments 10 to 20 in-
clusive, During Experiment 15, leaks developed in the heater between
the tubes and the header plates. The heater was returned to the man-~
ufacturer and the brass tubes were replaced with steel ones. With
steel tubes the heater could be brought safely to a higher temperature,.
During Experiment 19, the outlet from the column partially plugged,
bécking up product in the column, causing entrainment in the overhead
and eventually plugging the product seal completely so that the experi-
mént had to be discontinued, Table 12 shows the conditions angl the
results of these expefiments. The results showéd t;hat': this a.pparatus

could dehydrate and top in one operation, They did not show con-
clusively the optimum conditions for dehydration and topping, These
conditions coqld only be determined by extensive tests, for which the

time was not available.



Flash Dehydration and Topping Experimernts 10 - 20

TABLE 12

Conditions and Results:

Experiment No.

10

11 12 13 14 15 16 17 18 20

Total weight of feed, 1b.......| 560 |1185 11123 1062 | 1114 | 606 581 533 522 600
Feed rate (average), 1b/hr ... 105 | 120 | 110 | 110 | 110} 125 130 115 115 130
Product rate, % by wt of feed .. 45 48 44 47 46 50 51 41 47 47
Water content of feed, % by wt.|{ 8.7 | 6.2 7.0 7.4 7.8 | 7.1 5.7 4,5 6.7 7.5
Mineral matter content byfeed,

% DY Wt veveoeoseeosnenensaal 0.5 | 0.5 0.5 0.5 0.6 { 0.6 0.7 0,6 0.6 0.6
Water content of product,

% DY Wt eecovonsesnsosseaass} nil nil nil nil nil {trace | trace nil nil nil
Mineral matter content of

product, % by Wt eeveeeeaeeas 1.1 1.2 1.3 1.2 1.3 | 1.3 1.2 1.1 1.5 1.6
I.B.P. of product, °F ...v.eea.y 412 392 417 402 415 | 400 420 395 370 416
Percent by wt of product

removable by Engler : ,

distillation up ta 550°F ......410.6 (18,2 [11.7 {12.3 112.2 |12.1 14.8 12.6 13.6 9.8
Product temperature, *F ..... | 395 | 420 | 425 | 420 | 410 | 450 | 400-500 |500-535| 515 520

. Recirculation gas, column inlet

temp, °F .ccesenscasssessss | 515 515 515 520 520 | 520 520-560 |535-585 575 585
Recirculation gas,column - : .

outlet tempP, °F teeenceccens 330 375 370 355 370 | 360 310-410 |440-460 420 425

6¢
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In Experiment 20, where the most extensive topping took place,
the distillate oil from the meter seal had a'specific gravity of 0,865
and that from the-decanter a gravity of 0.824, both at 60°/ 60°F,
Sixty f\'ive per cent of the distillate oil recovered was collected at the
decanter so that the specific gravity of the combined oil was 0.838 at
60°/ 60°F. Comparing this with the specific gravity of the original
diluent, which was 0,809 at 60°/ 60°F, indicates that a portion of the
bitumen was distilled off in the flash column.

A comparison of the distillation range of the distillate oil
with the distillation range of the original diluent also bears this out

as shown in Table 13,

TABLE 13

Engler Distillations of Kerosene Diluent and of Distillate
Oil from Experiment 20

Distillate Oil | Distillate Oil]
from from Kerosene
Meter Seal ‘Decantex

I.B.P. 426 346 330
10% off 453 390 380
20% " 470 406 400
50% ' 523" 443 443
70% 596 471 468
90% " 708 542 ‘ 503
E.P. 738 612 54.0
Residue | 3% by vol 4% by vol 27 by vol

Distillation of the product from Experiment 20 showed that

9.8 per cent was removable up to 550°F by Engier distillation,
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Assuming that 12. 0 per cent of bitumen is removable up to 550°F by
Engler distillation, then all the diluent and 2,4 per cent of the bitumen

had been removed.
Evaluation

Results from the flash dehydrator indicate that this type of
apparatus is suitable for dehydrating and toppiz;lg either as individual
or as combined operations. If required, -it appears that a flash
dehydrator could take the product from the separation section, remove
the water and diluent, and also remove a portion of the bitumen lower-
boiling fraction sufficient to replace any reasonable diluent losses ip-
curreci in'the separation section,

Maximum throughputs for this apparatus have not been ascer-
tained. The maximum recirculation gas temperature employed in
this work was 585°F, Subsequent work on the distillation of heavy
crude oils (8, 9) has shown that gas inlet temperatures in excess of |
1000°F are pos siblé without significant qracking of the oil product
taking place. However, under the mild conditions empl;)yed, maximum
throughputs were of the order of 175 pounds per hour for dehydration
of a feed containing 16 per cent water and 130 pounds per hour for
dehydration of, and complete removal of diluent from, a feed coﬁtain-
ing 8 per cent water. Original desigh was based on the dehydration
of an anticipateci 100 poﬁﬁds per hour of product from the cold water

separation section containing 30 per cent water,
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COKING '

One of the twoalternative procedures for coking was a con-
ventional onc for cracking heavy residues and tars using a Knowles
oven, The other procedure deviated from conventional methods and
employed a flash column similar in design to the flash dehydrator.
Both units were designed to treat the anticipated product from the
dehydration system consisting of 30 pounds of bitumen, 30 pounds of
diluent and six pounds of mineral matter per hour., Actually, the
product from the dehydration system contained considerably smaller
proportions of diluent and mineral matter with a consequent larger
proportion of bitumen.,

These coking systems, which will be referred to as Knowles
oven coking and flash coking respectively, will be separately des-

cribed on the ensuing pages.

Knowles Oven Coking

The Knowles oven method of coking follqwed standard proc-
edure for batch coking. Figure 9 is a detailed flow diagram of the
. process. The feed was pumped to the floor of the oven. Distillate
vapours were drawn off to the condenser by a suction blower., Un-
condensed gases were drawn through an entrainment separator' by the
Blower and were then vented to the external atmosphere. The con-

densed oil passed to a storage drum and constituted the final oil
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product, assuming previous recovery of the diluent fraction. Coke

containing mineral matter, was left on the floor of the oven.
Description of Apparatus

The product from the dehydration section, with varying amounts
of diluent removed, was transferred to an open 46-gallon feed drum
mounted on a portable platform scale., Since,. at room temperature,
bitumen containing only small amounts of diluent is very viscous, it
was necessary to heat the feed to permit pumping. This was done by
means of three 500 watt strip heaters curved to encircle the drum to
prevent local overheating, a propeller-type, top-entering mixer was
used., Feeding was done by means of a 1/ 2-inch straight cut gear
pump driven by a one half horsepower motor at a sl;eed of approxi-
mately 300 revolutions per minute, with the rate of feed controlled
manually by a by-pass valve.

Provision was made for using a rotameter type of flowmeter
for measuring feed rates, but sufficient time was not available to
adapt this meter to the feed, which was more viscous than originaily
expécted. The feed rate was regularly checked by timing one or two
pound increments on the fegd-drﬁm scales.

The Knowles oven v;/as of brick construétion. The interior
floor was three feet wide and four feet deep. The height from the
oven floor to the crown of the arch was three feet and the oven floor

was itself three and oné half feet above ground level, A steel shell
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enclosed the oven at the. bottom and extended one foot up the sides and
back. The sides of the oven consisted of four and one half inches of
clay firebrick (2600°F), two and one half inches of light weight insul-
ating firebrick (2000°F) and one and one half inches of vermiculite
block insulation (1800°F). The roof was a curved arch of clay fire-
brick (2000°F) covered by four and one half inches of insulating con-
crete (2000°F). This concrete was later replaced by rockwool batts
to permit pointing some leaking joints in the arch brickwork., The
door was a steel shell filled with a six inch thickness of light weight
insulating concrete (2000°F)., The door was arranged to be raised and
lowered manually, and in operation was sealed with clay mortar and
held tightly closed by means of wedges. The floor of the oven was
made of lap-jointed carborundum tile two inches thick supported by
carborundum blocks. In practice, with a fluid feed it was necessary
to use a shallow steel tray on the floor to reduce leakage. A view of
the Knowles oven is shown in Figure 10, with the door raised to show
the interior,

Heat was provided electrically by six Globar heaters, one and .
one quarter inch in diameter, with an active heating length of 36 inches
of high resistance silicon carbide. These Globars were contained
under the tile floor in a cﬁamber six inches deep, and they passed
through walls of specially poured high temperature refractory cement
(2800°F).to external connections, The heat input was controlled by

a large magnetic contactor directly across the line, operated through
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connections, This allowed the power input to be varied up to a max-
imum of 65 kilowatts without resorting to a multiple-tap transformer,

The feed to the oven passed at a uniform rate, through a 1/ 2~
inch pipe inserted through one side of the arch and onto the tray on
the oven floor. The charge.temperature was obtained from an iron-
constantan thermocouple inserted just above the floor at the rear of
the oven, The vapours pasged off to the condenser through a 3-inch
‘ pipe at the top centre of the oven. The condenser was a horizontal
shell-and-~tube type. The shell was 10 inches in diameter and seven
and one half feet in length, The tubes consisted of a single pass of
21 brass tubes, one inch in diameter, provided with a floating header
at the cool end to allow for expansion, . The hot vapours were baffled
through the shell outside the tubes and the cooling water passed
through the tube bank counter-current to the hot vapours, The con-
densate - the cracked oil product or coker distillate - passed off
continuously by gravity through a seal pot to a receiver, Vapours
which did not condense in the condenser were vented to the atmos-
phere, after measuring their volume in a dry gas meter of the two-
dié.phragm type. Provision was also made to measure the volume of
" these gases with a 10 cubic foot meter prover, The condenser for
this oven system is shown in the background of Figure 11.

After the feed was introduced into the oven, heating was

continued until the rates of production of cracking gases and oil

condensate became negligible. After the heat was turned off the
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employing the Knowles oven. In all of these experiments, there was
considerable leakage through the oven briqlcxﬁork and, even withA the
exhaust blower connected to the condenser to reduce the pressure in-
side the oven, the losses were extensive., However, all these losses
were vapour or gas losses and the coke yields obtained were essenti-
ally unaffected by the vapour leakageé. Analyses of the feeds and a.
summary of the operating conditions for the three experiments are

given in Table 14.

TABLE 14

Feed Analyses. and Operating Conditions:
Knowles Oven Coking Experiments

Experiment Number
1 2 3
Mineral matter content of feed, % by wt 1.1 1.1 1.1
Water content of feed, % by Wt eeesvoas 0.0 0.1 0.0
Diluent content of feed, % by Wt ceveuse 22.3 26,3 23.8
Bitumen content of feed, % by Wt «oveoe 76,6 72.5 75,1
Duration of feeding period, hr «.veveee 1.7 3.0 5.3
Total weight of charge, 1b sceeeesoeacs 387 321 775
Rate of feed, 1b/hr vvevevarocoeannans 225 107 146
Duration of coking period, hr seeeesess 2.0 0.0 4,0
Duration of cooling period, hr .....v00 18.0 | 19.0 13.0
Temperatures, °F
Feed teoeeveesesesecssssscsssnnns 70 105 © 97
Oven at start of feeding period ..... 640 721. 790
- Charge at start of coking period .... 747 1000 884
Charge at end of coking period ..... 895 - 939
Vapours at start of coking period ... 520 710 670
Vapours at end of coking period .... 575 - 155
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The yields and analyses of the distillate and coke recovered are

shown in Table 15.

TABLE 15

Yields and Analyses of Products:
Knowles.Oven Coking Experiments

Experiment Number
1 2 3
Coke yield(a), % by wt of feed vvveuo.. | 11.4 10.6 12.6
Coke yield(b), % by wt of bitumen ..... | 13.7 13.6 15,4
Distillate yield, % by wt of feed .......[ 45,2 63.8 71.8
Distillate yield, % by wt of total oil

infeed vuveeeeeneenecssensnconsnaes| 45,7 64.6 72.7
Process losses(c), % by wt of feed .... | 43.4 25.6 15.6
Ash content of coke, % by Wt eveveeans 6.5 5.8 7.1
Mineral matter content of coke(d),

o DY Wt evevevaseovnesssosscsssnnnns 7.5 6.7 8.2 |
Volatile content of coke(a), % by wt ... - 7.4 14.4 |
Fixed carbon content of coke(a),

To DY WE eeeeennsssescnaconnssnnsnas - 85.9 77.4
Sulphur content of coke(a), % by wt .. .. - 6.0 5.2
Calorific value of coke(a), Btu/1b ..u..| =~ 13,355 [13;350
Caking properties of coke residue

at 950°C Livesernnsesoroersscsacsens - agplom~-{ non-

erate agglom-
-erate
Engler distillation range of distillate,

OF tieocecnssnssssssssacscnsssasss |240-750]1214-720| -
Engler distillation residue of distillate,

T by VOl eveveessensocssncsonsssanas | 17.0 13.5 -

(a) On mineral-maftter-included basis.

(b) On mineral-matter-free basis.

(¢) Includes gases formed in process not

condensable in condenser.

(d) Mineral matter to ash factor taken as 1,15 (10).
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Evaluation

Results from the Knowles oven indicate that, with a feed con-
taining 75 to 77 per cent bitumen, 24 to 22 per cent diluent and one
per cent mineral matter, an amount of coke can be recovered equal
to approximately 14 per cent of 1_:he bitumen in the feed. The calorific
value of the coke, which contained approximately six per cent sulphur
" and seven fo eight per cent miner'al matter, was approximately 13, 350
" Btu/1b . No tests were run with the Knowles oven using a feed con-
sisting essentially of undiluted bitumen,

A satisfactory estimafe of the proportion of gas and liquid
product formed was rendered impossible due to the high losses en-
countered in the limited number of test runs made. For the same
reason, it was not possible to' 6btai;rl significant analyses of these
products., In general this method of coking was regarded as unsatis-~
factory due to the high losses which resulted from the difficulty in

constructing a gas tight oven of this type.

Flash Cokin_g_

Figure 12 shows a detailed diagram of the flash cracking
method of coking, A flash column similar in design to the flash
dehydrator was employed. The feed was pumped into the top of the
column and flowed down from plate to plate coming intb contact with,

and being treated by, hot hydrocarbon gases which entered at the
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bottom of the column, Ijistillation and cracking took place and the
products vapourized from' the feed accompanied by the heating gases
passed through a,;l entrainment separator at the top of the column to a
condenser. .\ constant volume gas-pump recirculated a portion of
the uncondensed gases through the heater and back to the bottom of
the column, while the balance was vented. The final oil product

passed from the condenser through a vapour seal to the storage drum.
Description of Apparatus

Feeding procedure used for flash coking was identical to that
used in feeding to the Knowles oven and is fuliy described on page
34,

The flash coker - see Figure 13 - was a vertical column 18
inches square and approximately 11 feet long, with its top 12 feet
from‘ the floor. It was insulated with four inch thick glass wool
blankets. The feed entefed at the top through a ball-type check valve
in a 1/ 2-inch pipe, and was spread across the width of the column by
a shallow trough. It then made its way down over a series of seven
sloi)ing plates and through a funnel which directed it into the coke
container, where it remained as the cracking process was continued.
The coke container was a vessel of approximately one cubic foot
capacity. Four thermocouples were inserted at various heights in
the column to indicate the temperature gradient. The sloping plates

were adjustable to various angles between 15 and 35 degrees from
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horizontal. The front of the column consisted of three cover plates
which were bolted on and whicﬂ permitted access to the interior of
the column for inspection, for changing thé slopg of the plates, or for
removing the coke container. Some difficulty was experienced with
gaskets for these surfaces, at an operating temperature of about '
1000°F, but one type of compressed-asbestos fibre gasket (Durabla)
froved satisfactory. The heating gases entered the column at the
bottom centre through a check valve and 2-1/ 2 -inch pipe. These
gases encircled the coke container and swept up by the inclined
plates. The resulting mixture of vapourized oil and heating gases
passed through a cyclone type of separator which removed any en-
trained liéuid and returned it to the column through the feed trdugh.
The hydrocarbon vapours were then drawn overhead through a‘ 2-1/2-
inch pipe to the condenser,

Figure 13 shows the lower portion of the flash coking column,
with the bottom cover-plate removed to show the coke receiver, It
also illustrates the feeding arrangement used for both coking systems.

.The condenser was a horizontal shell-and-tube condenser 14
inches in diameter é,nd seven and one half feet long, with the hot
gases baffled through the shell. The condenser water made a s‘,ingle
pass through 118 brass tubés, five eighths incﬂes in diameter,
provided with a floating header at the cool end. Difficulty was ex-

perienced with season cracking of these tubes because of the presence

of ammonia and the probable presence of amines, and it was necessary
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sampling. The condenser is illustrated in Figure 11.

The remainder of the gases were drawn to the gas pump
through a 1-1/ 2-inch pipe line insulated with one inch of glass wool
(Fiberglas) pipe insulation. The gas pump was identical in size and
type to the one used for the flash dehydration system and was also
provided with a by-pass valve to control the recirculation rate., This
gas pump experienced no difficulties from high temperatures since,
in this case, the gases had been cooled by passing through the con-~
denser. Provision was made at the suction side of the gas pump for
purging the system with carbon dioxide. On the pressure side a con-
nection was made to a three foot mercury manometer to indicate the
system's maximum pressure. From the gas pump the gases pé.ssed
through a ratosleeve (variable area) type flowmeter with an under-
neath dashpot and a bottom indicating extension. The metering sleeve
with float was mounted between two 5-inch pipe tees. The condensate
which settled out at the float was drained off from the top of the dash-
pot chamber through a seal pot to a receiver,

After passipg through the flowmeter, the gases entered the
lower pass of a horizontal shell-and-tube heater. The latter was 16
inches in diameter and roughly seven and one half feet in length, with .
the heating gases baffled thfough the shell to the stack.,. The recir-
culated hydrocarbon gases made two passes, each pass through 17
steel tubes, seven eights inches in diameter. The tubes were fitted

with a sliding header at the stack end. The shell was insulated with



six inch thick asbestos blocks. Heat was provided by city gas burned
in a 21 inch diameter sectional atmospherié gas burner, with the
pressure boosted slightly by a gas pump previously mentioned. A
three foot water manometer gave an indication of hurner pressure,
Pilot protection was the same as for the smaller gas burner used in
flash dehydration. The burner was éontrolled by a valve in the gas
line operated by air pressure from an indicating controller, which
was in turn actuated by a bulb inserted in the vapour line leaving the
heater. When the temperature of these vapours exceeded the set
point, the flow of city gas to the burner was reduced as required.
The heater is visible in the background of Figure 8.

Fr.om the heater, the hot vapours were returned to the Eottom
of the flash column through a 2-1/ Z~-inch pipe line insulated with two
inches of high temperature insulation (Newtempheit) and two inches of
85 per cent magnesia.

After the feed had been charged, heating was continued during
a coking period. At the end of this period the rates of production of
cracked gas and coker distillate were negligible.

The bottom front panel of the column was removed When} the
apparatus had cooled sufficiently, and the colcé box was taken out,
The coke was transferred from the box by means of a removable-

bottom,

Experimental Operations

Six expe.fiments were made with the flash coking unit., The
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proportion of diluent in the feed varied somewhat from experiment to
experiment, depending on the extent of the previous topping operations.
Analyses of the feeds and a summary of the operating conditions for the

six experimcnts are given in Table 16.

TABLE 16

Feed Analyses é,nd Operating Conditions:
Flash Coking Experiments

Experiment Number
1 2 3 4 5 6
Mineral matter content of feed, )

To DY Wt evevensnncssnssnssasansas, | 1.1 1.1 1.3 1.4 1.3 1.3
Water content of feed, % by wt ...... | 0.2 | 0.2 | 0.0 | 0.0 0.0 | 0.0
Diluent content of feed, % by wt ..... | 29.5 | 29.5 6.8 2.0 0.6 3.5
Bitumen content of feed, % by wt ..., | 69.2 [ 69.2 | 89.9 | 96.6 98.1 | 95.2
Specific gravity of feed at 60°/ 60°F . - - 0,996 (1.022 | 1.022 |1.029
Specific gravity at 60°/ 60°F of

fraction up to 550°F .uveeevesenesss - - 0.84 | 0.85 0.85 | 0.87
Duration of feeding period, hr ...... | 1,0 3.0 2.7 | 2.3 3.2 3.4
Total weight of feed, 1b .seeveesvoene 89 200 | 200 200 200 200
Rate of feed, 1b/ BT veerernnannnnnns 89 67 74 87 63 59
Duration of coking period, hr ....... 1.3 4.0 7.3 3.6 3.0 3.1
Temperatures, °F

Feed tvoivierernnneecsnnnssannns 64 67 160 180 170 175
Recirculation gases at tower inlet ' :
, at start of feeding period ,...| 941 961 868 952 994 952
,» at end of feeding period .....| 915 882 808 | 1005 1009 985
, at end of coking period ,.,....| =~ 964 871 | 1040 1019 {1019
Recirculation gases at tower outlet .
, at start of feeding period’ ...| 592 618 464 | 323 557 445
, at end of feeding period .,....} 508 600 445 505 650 600
y at end of coking period ..... - 722 711 779 819 760
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The residue in the bottom of the column following Experiment 1

was a very hard pitch when cooled to room temperature.

The residue

from each of the other five experiments was a hard compact coke. The

yields and analyses of the residue and distillate produced are given in

Table 17,

TABLE 17

Yields: and Analyses of Productst

Flash Coking Experiments

Experiment Number

1 2 3 4 5 6
Pitch or coke yield(a), % by wt

Of feed vovrrunresnnsesnnnssnnns | 23,6 11.0 17.0 16.0 [17.0 17.0
Pitch or coke yield(b), % by wt

of bitumen «oevevdessrssevoosanss 32,7 13.2 16.9 15.0 {16.0 16.5
Distillate yield, % by wt of feed ... | 65,2 85.5 76.0 75.0 [74.5 74.5

»..% by wt of total

oilin feed sovvvveossnancnsonancs 66,0 86.5 76.8 75.9 |(75.3 75.3

Gas yield, % by wt of feed vevesnns - - 4,2 6.2 6.4 5.6
s % by wt of bitumen - - 4,6 6.4 6.5 5.9
Unaccounted for losses, % by wt

Of feed vuvvrrnereenrennnsennees| 1120 350 208 | 2.8 | 2.1 2.9
Ash content of pitch or coke, %

DY Wi ceeeesonscernoecsoscannnse 3.4 7.9 7.2 7.7 6.4 6.6
Mineral matter content of pitch

or coke (d)y, % by Wt eeeeeoonoves 3.9 9.1 8.3 8.9 1.4 7.6
Volatile content of coke(a), % by wt - 17.2 28.7 15.7 |11.8 14.5
Fixed carbon content of coke(a),

Do DY Wt eeveosnnersassosossccansns - 73,7 63.0 75.4 [80.8 77.9
Sulphur content of coke(a), % by wt - 6.6 6.9 7.1 6.7 6.8
Calorific value of coke(a), Btu/ 1b - 13,605 [ 14,310} 13,818 [13,710 |14,015
Caking properties of coke residue

at 950°C s inerearenvasaccaccnns - non non non non

agglom good | agglom | agglom| agglom
Engler distillation range of

distillate, ®°F cvveieanevossseoas| 296-700348-745 - - - -
Engler distillation residue of

distillate, % DY VOl cvvvevenanans 9.0 25.0 - - - -
Specific gravity of distillate at

60°/60°F uviuviniiinninnrnnn, - - 0. 92 0.931 0.93 | 0.94

|

(2) On mineral-matter-included basis.
(b) On mineral-matter~free basis.

(c)

(d)

Includes gases formed in process not condensable in condenser.
Mineral-matter to ash factor taken as 1.15 (10),
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Fngler distillations to 550°F were made on the feeds and dis-

tillate products of Experiments 3, 4, 5 and 6. The Engler distillation

products were collected into two fractions, one consisting of distillate

up to 400°F : ad the other of distillate recovered between 400°F and

550°F. The increases in the amounts of material boiling in these

ranges were calculated on the basis of 100 pounds of bitumen feed, The

results are shown in Table 18,

TABLE 18

Results of Engler Distillations of Feeds and Distillate Products:
Flash Coking Experiments 3,4, 5 and 6

Experi- | £ raction up to 400°F Fraction 400-550°F | Fraction up to 550°F

% % Increase’ % %  |Increase| % Yo ncrease

ment by by |in1b/ 100} by by . [inlb/100| by | by in 1b/ 100
vol of [vol of 1b. of vol of |vol of 1b of vol of |vol of 1b of

No. feed 'groducgubitirrﬁjén feed |product pitumen .| feed |product |bitumen
3 2.1 | 4.8 1.7 15.9 { 29.8 73 |18.0 | 34.6 9.0
4 0.5 4,1 2.7 13.3 | 19.4 1.2 [13.8 23.5 3.9
5 0.0 5.5 4,2 12.5 | 19.4 2.0 [12.5 | 24.9 6.2
6 0.0 5.3 4,2 15.1 | 19.2 [-) 0.8 15,1 24,5 3.4

Analyses of the feed, coke and distillate from Experiment 6

gave the following sulphur percentages:

'Feed........-.... 5-3(70

Coke-o--'.oa-uoo-- 6-8(70

Distillate

LI 4:00170

Therefore, on a basis of 100 pounds of feed we have the
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following sulphur distribution:

Feed covveasacssnnsse .3 pounds
COKE tvteevsaccesnsess 1.2 pounds

Distillate «.eeveesssss 3.0 pounds

The remaining sulphur amounting to 1.1 pounds is located in
the cracking gases and in the unaccounted for losses.

Assuming the percentage of sulphur in theunaccounted for
losses as 5.‘3, the same as in the feed, then the sulphur in these

1

losses amounted to 0.2 pounds. Thus, the total sulphur balance is:
Feed ceeesencecssaseecs D3 pounds

COKE veesscannncesnsns lo2 pounds
Distillate svoeecesenease 3.0 pounds
Cracking gases seeeeess 0.9 pounds

1L0SSES eaveseansecssene 0.2 pounds
5¢3

The gases amounted to 5.6 per cent by weight of the feed.
Therefore, the total sulphur in the gases, calculated as hydrogen
sulphide, was 17.0 per cent by weight,

The composition of the gases is given in Table 19.
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TABLE 19

Composition of Cracking Gases:
Flash Coking:Experiment 6.

Constituent Percent by Vol Percent by Weight
‘Methane 21,7 12.5
Ethylene 5.1 5.1
Ethane 13.3 14.2
Propylene 8.7 13.0
Propane 5.6 8.7
Iso~Butane 1.3 2.8
N-Butane 5.6 11.5
Iso-Pentane 2.8 7.1
N-Pentane 1.2 3.0
Hydrogen 17.1 1.2 ‘
Carbon Monoxide 3.9 3.9
Hydrogen Sulphide 13,7 17.0
Total 100.0 100.0

The calculated density of the gases, at 32°F and one atmosphere
pressure, was 0.078 pounds per cubic foot. A calculation of the cal-

orific value of the gases gave 17,598 Btu/ 1b.

Evaluation

The flash cracking method of coking had two main advantages
over the Knowles oven method. Firstly, it was easier to obtain and
maintain a gas-tight system. Secondly, the danger of fire was con-
siderably less as the probability of leakage of oil or vapour onto the

globar heating elements of the Knowles oven presented a constant

hazard.
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Resulits from the flash cracker indi_cate that, with a feed
similar to that used in the Knowles oven tests, the coke produced was
very similar in quality and quantity. With a feed containing 69 per
cent bitumen, 30 per cent diluent and one per cent mineral matter,
the coke recovered amounted to 13 per cent of the bitumen in the feed..
The calorific value of the coke was 13,605 Btu/1b. The sulphur con-
tent was seven per cent and the mineral matter content was nine per-
~cent,

Decreasing the proportion of diluent in the feed apparently
increased the amount of coke produced as a percentage of the bitumen
in the feed. In four successive runs with a feed having a bitumen
content varying between 92.1 per cent and 98. 3 per cent and avéraging
95.5 per cent, the mineral-matter-free coke recovered varied be;tween
15.0 per cent and 16,9 per cent of the bitumen fed, averaging 16.1
per cent,

The calorific value of the coke recovered varied between
13,710 and 14, 310 Btu/ 1b, and averaged 13, 963 Btu/ 1b. The average
sulphur content was 6.9 per cent and the average mineral matter

content was 8.1 per cent. An average proximate analysis was:®

.A.Sh.o-l..'!... 7'070
Volatile voeeees 17. 7%

Fixed carbon .. 75.3%

The distillate recovered, correcting for the contained diluent
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which was assumed to distill over unaltered, had a sulphur content of
four per cent and varied between 74,4 per éent and 75.4 per cent of
the bitumen fed, averaging 74.9 per cent. The specific gravity of the -
distillate, corrected for the contained diluent, averaged 0. 93 at
60°/ 60°F corresponding to an A.P.I. gravity of 20.7.

The cracking gases formed averaged 5.9 per cent of the
bitumen fed, with a calculated gas density of 0. 078 pounds per cubic
foot at 32°F and one atmosphere pressure. The calorific value of the

cracking gases was calculated to be 17,598 Btu/ 1b,
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