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ABSTRACT

A laboratory-pilot plant correlative study of the coking of three heavy
reslidual oils has been carried out with a Knowles type oil-coking oven of
17 sq. ft. floor area for the pilot plant operation and a crucible, set in
e heating chember, for the laboratery unit.

Pilot plant equipment, operation, and results are described and dis-
cusped. High grade metallwrgical coke was made consistently in the pilot
plant oven.

A laboratory coking installation comsisting of a coking unit, a conden-
ser, and a product accumlation system was developed. Operating temperstures
up to 1550°F. were investigated in the laboratory wnit with very low material
losses in coke, liguid, and gas produsts.

When the laboratory coking data for the various temperatures were
extrapolated to the maximm pilot plant coking temperatures, very good correla-
tions of liquid, ges, and coke yields and coke densities were obtalned.
Comparisone of the quality of the liquid produced from a given feed stock
were, in gemeral, good.

As the temperatwre of laboratory coking i1s increased, the coke demsity
is increased while the coke yleld is decreased. This is accompanied by an
increase in gas yileld and a slight decrease In liquid yileld. The quality
of the 1iquid is not affected noticeably by the maximm coking temperature.



INTRODUCTION

Interest in the production of high grade metallurgical coke has grown
recently due to present and anticipeted market conditions. High grade metal-
lurgical coke is used for electrode manufacture (particularly by the aluminum
industry), carbon motor brushes, crucibles, dry cells, abrasives, end many
other similar applications. At present, the most widely used method of
production is the calcination of raw or refinery coke.'® This process is
a two-step operation involving the production of raw petrolewm coke by common
refinery coking methods and the calcination of the raw coke in rotating kilns
maintained at approximately 2700°F. Most of the volatile content of the
raw coke is driven off, leaving almost pure carbon. The chief disadvantages
of this process are the high material losses and the high costs of handling

end processing.
In 1931, the Tidal Refining Company of Drumright, Oklahoma, reported
on the conmercial production of high grade coke (real demsity = 1.8) in

& Knowles coking-oven unit.'l This was essentially a batch-type unit, con-
slsting of & conventional tube-stlll preheater, a charge system, a battery
of six Knowles ovens, a fractionating column, and coke-handling equipment.
The Knowles oven, as described by Tidal, had floor dimensions of 10 ft.
by 30 ft. The coke bed usually reached an average depth of & to 8 inches.
This type of coke bed permitted a high rate of heat flux per unit volume
of coke, allowing the driving off of the volatile fractions of the coke and
the production of a high density (high per cent fixed carbon) coke. The
floor, sides, and arched roof were lined with alumina or carborundwm refrac-
tory. Two doors at each of the 10 ft. ends of the oven could be ralsed,
allowing & hydraulic ram to push the coke from the oven. Heat was supplied
by gas burners at each end of the oven, each burner being enclosed in a
6 inch by 8 inch combustion tunnel. These tunnels led to 2 common flue



under the center of the oven which carried the combustion gases to a stack.
The residual oll charge was fed through two openings at the top of the oven.
The vapors were taken off through a vapoar outlet mein, quenched with gas
oil, and fractionated.

The charge stock (1500 bbls./day) for the Tidal oil-coking wnit was
a blend of 91.84 topped crude (11.5°%A.P.I. gravity) and 8.19% cracked tar
(6.5°A.P.1. gravity). The charge stock was preheated (800°F.) and fed to the
ovens (floor tempersture of 2350-2400°F.) in cycle for a charge period of
5 hours, 20 minutes followed by & gas-off or drying period of 2 hours.
The oven was operated under a vacwmm of 1/2 to 3/% inches of water. The
vepor (810-1000°F.) from the oven was quenched by cold gas oil and frac-
tionated. The bottom product wae gas oil. The overhead condenser liguid
roduct was gasoline distillate. The wet gas was processed in a recovery
plant. Pushing out coke and cleaning up took 40 minutes, completing an
oven cycle of 6 hours. Serious trouble was not encountered with coking in
the tube-still preheater. However, serious trouble with carbon-black forma-
tion and coking in the vapor system was encountered. This mey have been
caused by two factors, the very high initial oven floor temperature and
air leakage into the oven.

The following tables contain some typical product yields and analyses
from Tidal's unit:

Overall Yield (Wt. Coke
Gesoline (W%.0 A .'!.I.; .--,' 7.93 Sp. &r., #--

1.2
Gas o1l (20.9%A.P.I.) ===-= 55.02 8p. &., e =-eee-am 1.8
Gas (1.0 sp. gr.) =====e--- 16.93 Moisture, $ --==we-e== 0.6
Coke - 16.72 Fixed carbon, $ ------ 94.8
Loss 0.70 Ash, % l.g

2

Total .00 Volatile, % ==-eeeeee-




In 1933, the Atlantic Refining Company reported on a commercial Knowles
coking wnit.” Information was limited to epecific operating and cost data.
The plant had & capacity of 6,000 bbls./day of residuel oil charge. Opera-
tion vas similar to that of the Tidal unit. This report noted a correlation
between carbon residue values of charging stocks and ylelds of coke.

In 1937, the Lubrite Refining Company reported on & modification of
previous Knowles units in that a fuel oll reduction unit was uod..a Thermal
cracked tar (10-12°A.P.I.) was fed to a bubble tower after preheating to
a high temperature. The light ends of the hot tar flached off and were
removed overhead. The bottoms (1-2°A.P.I.) were fed to four Knowles ovens
operating in cycle. An operating cycle of 6 hours consisted of a charging
time of 1.75 hours, a drying time of 3 hours, and a coke removal and door
gealing time of 1.25 hours.

The only commercially successful continuous coking process ie the delayed-
coking process.® Dus to the relatively low coking temperatwre snd large
volume of coke, this process produces a coke of high volatile content (raw
coke) unsuitable for direct use as high grade metallurgical coke. The
residual oll is heated to about 910°F. and charged to a coking drum where
the coke is deposited by contained heat. The hot vapors (780°F.) are removed
to a fractionating system. Three coking drums operate in cycle to provide
for for continuous operation. Coke produced by the delayed-coking process
can be converted to high-density coke by calcimation.

In 19%%4, Berry and Edgeworth-Johnstone reported on an investigation
of the effect of temperature and time upon petrolewm coking.' Results of
this investigation indicated that the coking process could be regarded as
taking place in four stages, corresponding to the production of pitch, semi-
pitch, asphaltic coke, and carboid coke. Petroleum coke was defined as
e digperse system of graphite-like crystallites of pure carbon embedded in



an organic metrix. Coke produced by cracking and by externmal coking units
(delayed-coking) was considered to be chiefly asphaltic coke. Coke produced
by batch coking in Knowles ovens was considered te be almost entirely car-
boid coke. Carboid coke has a greyer color, & greater strength, and lower
volatile content then asphaltic coke. The four stages of coking were found
to be dependent upon tempersture and time. The quantity and quality of coke
produced wes also shown to depend upon these variables.

In 1945, Berry and Edgeworth-Johnstone reported on the production of
compact nonporous coke by subjecting mixtures of pulverized coke and residum
or cracked asphalt to secondsry coking.” For the production of strong non-
porous coke under conditions of rapid heating, two requirements were found
necegsary. The volatile content of the primary coke should not exceed T%,
and the calculated volatile content of the mixture of coke and binder should
not exceed 22%.

In 1949, Godfrey L. Cabot, Inc., of Boston, Massachusetts, and the
Deep Rock 0il Corporation of Tulsa, Oklahoma, carried out & joint pilot
plant investigation to determine if the Wroad oven coking process could pro-
duce economically from residual oils a maximm amount of high grade coke and,
as by-products, gas, gasoline, and a stock suitable for catalytic cracking.’
The pilot plant was constructed and operated at Deep Rock's Cushing, Oklahoms,
refinery and wes known as the CDR pllot plant.

The present laboratory scale investigation was undertaken to attempt
to correlate the CIR pilot plant results with laboratory bench scale date
and thus possibly permit the prediction of large scale operating results with
any charge stock from laboratory tests on such charge stocks. The laboratory
study consisted, first, of the development of sulteble equipment, second,
the carrying out of batch coking operations wmder various conditions, and,
third, the analysis of the products produced.



A. Pilot Plant.

1. Vie-breaker tar. This heavy residual oil was the bottoms
stream of a viscosity-breaking unit. Only one batch of this tar was used
in the pilot plant. The Conradson carbon residus as determined in the Deep
Rock laboratory was 15.3%.

2. Deep Rock thermal tar. This feed stock was the bottoms stream
of a Dubbs thermal cracking unit and was produced by the Deep Rock refinery
at Cushing, Oklahoma. Different batches of this tar were used during the
course of the pilot plant operation. This accomnts for some variation in
the analyses. The Conradson carbon varied from 13.5 to 14.0%.

3. Deep Rock virgin asphalt. This feed stock was the bottoms stream
of a vacuum fractionator and was produced by the Deep Rock refinery. Sev-
eral different batches of this tar were used during the course of the pilot
plant operation. This again accounts for some variation in the analyses.
The Conradson carbon varied from 18.5 to 21.9%.

Table I gives complete feed stock tabulations.

B. Iaboratory.

1. Vis-bresker tar. This tar was identical with that used in
the pilot plant operation. It was secured directly from the pilot plant
storage tank. The Conradson carbon value was checked and found to be
15.44%.

2. Deep Rock thermal tar. This feed stock was not identical
with that used in the pilot plant operation as it was obtained from the Dubbs
cracking wnit several weeks after pilot plant operation had ceased. The
Conradson carbon value was 16.4%. However, the gravity, sulphwr, ash, viscosity,



and characterization factor can be assumed to be reasonably close to the pilot
plant stock.

3. Deep Rock virgin asphalt. This stock was again not identical
with the equivalent in the pilot plant operation. However, the Comradson
carbon value was found to be 19.8f. This checked within the range of values
given for the pilot plant stock. The gravity, sulphwr, ash, and viscosity
can also be assumed to be very close to the values for the corresponding
pilot plant stock.



CDR PILOT PIANT
A. Equipment. The plant consisted of a feed storage, preheat, and
charge system which could handle heavy residual oils, a pilot plant broad
oven of the Knowles-type design (17 sq. ft. floor area), a reflux tower,
a condenser, tanks to collect liquid products, and necessary auxiliaries
(meters, instrumente, etc.), Figure 1 gives a flow disgram of the pilot
plant.

1. Feed storage and charge tank. The feed storage consisted of
three 40-barrel tanks, each equipped with bayonet-type steam heaters. Steam
traced, movable feed lines connected the storage tanks to the charge tank
which was provided with a steem coil. Steam at 125 pounds was used for heat-
ing throughout the plant.

2. TFeed gystem. !'ho. feed system comprised, in addition to the
charge tank, 2 10 gpm rotary pump and a gas fired coll-type preheater.

All transfer lines were steam traced and insulated. O0il entered the oven
through two 1/% inch Hauck linear discharge-type valves. The feed line
pressure was controlled by a valve in the recycle line.

3. Oven. The oven consisted of four gas fired flues connected
to an exhaust stack and a coking chamber directly above the flues which
connected to a condensing system. Each of the flues was provided with a
530,000 B.t.u./ hr. natural gas burner. The coking chamber and combustion
flues were lined with carborundum brick. The two oil inlet ports were
mounted dlagonally opposite each other in the arch of the coking chamber.
The chamber was provided with two mortar-filled steel doors with cable winches
for lifting. The top of the coking chember stack was fitted with a heavy
alloy machine-fitted cap which wes opened and closed by a lever and chain
system.
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4. Main condenser. The main condemser, vertical, was 18 inches
in diameter and contained sixteen perforated baffle plates spaced at approxi-
mately 1 foot. Reflux comnections were provided in the top of the condenser
to provide wash for the plates. A liquid level control valve in the bottom
of the condenser regulated the flow of liquid to the product accumulator
tank. A small water coll was also installed in the top of the condenser.

5. After condenser. The after condenser consisted of a short
section of 6 inch pipe comtaining a 3/8 inch pipe water coil. The bottom
of this condenser widened to provide approximately 10 gallons storage capa-
eity. An entraimment separator consisting of a length of 6 inch pipe con-
taining small pebbles followed the after condenser.

6. Reflux system. A 10 gpm rotary pump was provided for reflux-
ing light oil through a cooler and up to the top of the main condenser.

A smell amownt of light oll was sent also into the vapor mein to quench the
hot coking vapors. The cooler consisted of one twin "G" fin section

(130 sq. £t.). The oil passed through the anmuler or fimmed section while
water was used as the cooling wedium. Two tanks were used for the accumm~
lation of the liquid product.

7. Pressure control system. The non-condensable gases were measured
by an orifice and were exhausted by a 2 inch steam ejector. The ejector
was used for the safe disposal of the gas. A gate valve was located between
the orifice and ejector and was fitted with an extension handle. It served
as a pressure control for the system.

8. Coke handling. A hand coke pusher was provided for removing
the coke from the oven. A coke cart was constructed so as to fit under
the lip of the oven to catch the coke as it fell. A hose was provided for

quenching the coke with water.
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9. Temperature measwrements. Most of the temperature measurements
were made with chromel-alumel thermocouples. Higher temperatures were
measured by a Leeds and Northrwp optical pyrometer.

B. Operation. A run comsisted of a charging period, = de-gassing
period, and a calcining period. The oven was first brought to a floor tem-
perature of 1500°F. The oil charge was preheated to 550°F. by circulation
through the preheater, the charging loop and back to the charge tank., The
two oven doors were lowered into place and sealed with asbestos rope and
fire clay.

After preparation of the condensing system, the charging period was
started by opening the charging valves and regulating the feed line pressure.
For about 5 to 10 minutes the coking vapors were allowed to pass out the
open oven stack. When carbon black disappeared from the smoke issuing from
the stack, the stack dsmper wes shut, and circulation of reflux wes started.
The pressure on the system was regulated manuwally to get a small plume of
smoke from & 1/4% inch hole in the cap of ome of the oven peep-sights. 01l
was charged at the desired rate until the entire charging period was com-
pleted.

At the close of the charge period the oven inlet valves were closed
and the preheater shut off. De-gassing then took place for 0.5 to 1.5 howrs.
When the gas production was practically completed, the condensing system
wvas shut down, and the oven stack damper wes opened. The coke was then
calcined at the desired temperature and the run terminated.

C. Sampling and testing. The coke pulled from the oven was water-
quenched, dried, and weighed. A representative semple of the coke was tested
by both the Cabot and Deep Rock laboratories for real demsity by a kerosene
immersion method.
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The liquid collscted in the sccumulating tanks wes gaged. Spot and
compouite liguid samples were haken during each run. A.P.I. gravity measure-
mentes and A,S.T.M. dlstillations on ligquid samples were made by the Decp
ﬁack: lsboratory. Tho A.8.7.M. distlllation date wers reported as: I.B.P.
to ho0PF. (geasolime), %00°F. to cracking {(gas oll), and residuwe (rocycle stock).
Hempel distillatione to obbain the 4L0OYF. Hompel gasoline fraction were
mede on geoveral selected rims.

Bpot gos samples were taken in drums by water dlsplacement. The exhaush
temperature of the gas wae gbout 90 to 100°F. The ges was noticeably wet.
Oompleto Podbielnick analyses were made on four spot samples for each of

five rmms. Specific gravitles wers calculated from Podbielnisk analyses.
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IABORATORY INSTALIATION

A. Equipment. The laboratory coking installatlon consisted cf a cok-
ing unit, & condenser, a liquid product receiver, a gas meter, a gea recelver,
and & gas sampling sysbem.

The coking unit consisted of a Skidmore crucible (Fisher No. 8-190,
180 ml. capacity) set in & mild steel, open top cylindrical heating chamber.
A Wo., 3 wide-form Coors poreelain crucible containing the residual ¢il charge
wag 8ot in the Bkidmore crucible. The Skidmore cruclible wes constructed
of sheet iron; end 1its cover was constructed of ecast iron., A yoke asnd thumb
screw clamped the cover %o the crucible, The factory-fabricated crueclble,
when fitted with an asbestos gasket, developed seriou_e; coking vapor lesks.
The cover was then machined, bub, agrin, when Pitted with either asbestos
or copper goskets, the crucible developed serious leaks. A tight metal-to-
mstal seal wes obtained by grinding the cover and crucible together with
e mixture of glycerine snd emsry powder. This stopped vapor leaks for short
periods of time. Werping of the crucible duwe to thermal expaneion, however,
goon csused bad leske to recur. When the cover was spring loaded from the
yoke with a epring 1/2 inch in dlesmeter and 1 inch long, warping and serious
vapor leakage were greatly reduced. A new spring was used for each run.

The vapor line consisted of a 2 inch length of 1/k inch outside dismeter
and 3/16 inch instde diameter brase tubing brazed to & 2 1/2 inch length
of copper tubing of similar outside and Inside dismeters. Thls vepor line
conneched the eoking erucible to the condenser Tube by means of a flare fit-
ting which screwed to & reducer fitting (1/4 inch tubing to 1/2 inch pipe).

The heating chamber consisted of a short section of a 3 inch standaxd
pipe coupling with o circular section of 1/4 inch steel plate welded to the
bottom to form a cylindrical crucible. The bottom of the chamber was covered

with epproximately 3/8 inch of fine sand., The chamber was insulated with
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& 3./2 inch layer of asgbestos cement.

A 20 gage chromel-alumel thermocouple extended through & 3/16 inch
drilled opening in the side of the chawber jJust above the sand layer to
within about 1/8 inch of the coking crucible. A Hoskine pyrometer was used
to indicate the temperature. The thermocouple-pyrometer combination was
calibrated as a unit againet & standard thermocouple, itself previously
calibrated at several fixed pointe.

The entire coking unit was surrounded by = thin gage, sheset steel,
eylindrical section 6 5/8 inches in dismeter snd O inches high. The bottom
end of this wes completely open while the other end had & hole 3 1/2 inches
in dlameter which merved as a chimney to vent the burner gases. Appropriate
slots were cut in the side of the cylinder allowing it to be placed around
the coking unit. With the shield, there was a material reduction in radistion
and convectlion losses.

The heatling chamber wees supported by two ring stend supports and a
refractory ring of the dimensions specified in the Conradson carbon residus
tost, A S.7.M.-D 189—!%6.3 Hoat was supplied by three natural gas burners,
two Fisher Fo. 3-900 end one Fisher No. 3-902, each having epproximately
7,500 B.b.u. /hr. output.

The condenser wes of the conventional A.S.7.M. distillation type
{§5] l-hl).?’ Tt was equipped with cireculating cooling water and a steam
heating coill constructed from copper tubing.

The liguid product receiver consisted of a Berzelius besker (100 ml.
capacity) connected to the condemnser tube by means of a Wo. 10 rubber
stopper. A thermometer extended through the stopper into the vapor space.
Rubber tubing and gless fittings commected the liquid receiver to e precision

wot test meter equipped with a thermometer and manometer indicating the eystem
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Pressure. The meter sealing liquid was distilled water sstwrated with gas
from seversl proliminary runs. Rubber and glass tubing connected the wob

test moter to two Floremce flasks, cach having a 6000 ml. capacity, which

gorved as gas holders, the gae displacing e saturated solution of Nagl in

water. A thermometer extended into ome of the gas holdere.

Regulation of the pressure on the system was accomplished by o glass
and rubber tubing esiphon, the discharge end of which was submergsd in an
overflow welr of variable elevation. This veriable level overflow weir con-
sisted simply of an BErlemmeyer smetion flask {250 ml. capscity) commected
by 2 clamp to & ring stend support. The Erlemmeyer flask could be raised
or lowered as desired. A length of rvbber tubling connected to the side oub-
let of the flask transferred the overflow salt solution to sultable receivera.
The presgure was maintained at atmospheric to 0.2 lnoh water wacuwm at the
meter. _

The gae gravity sampling appareabus conslisted of a pyrex gas balloon
{208.5 ml. capacity) which was comnocted to the gas holders by & silice
gel drying U-tube, rvbher tubing, and glass fittings. Evacuation of the
ges balloon to about 1 mm. mereury sbsolubte pregswre prior to sampling wee
accompliished by & Hy-Vac pump. '

Figure 2 chows the 8stails of the ctking wpit, A& flov dlsgram of the
entire ecking ingballation is glven In Figure 3.

Figure ba is a photograph of the coking wnit acpembled, while Figure
b shows the coking wnit dlscssembled. Filgwre 5 ig a photograph of the entire
laboratory coklng installation. Figure € ig a photograph of the coking wmit
(shielded), the condenser, and the liquid recelver.

B. Operation. Solids and liquide were weighed on an apelytical balance

tox2.5 mg. Gas volumes were resd directly from the preciclon wet teal meter.
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Figure 2
Details of Coking Unit

__VAPOR OUTLET
D, 10.
A A
Top View
&
3 i THUMB SCREW
2 O o
T YOKE
~l¢ TRE
il 1 N N= SPRING LOAD HERE
l = g‘-’| 2"--' VAPOR OUTLET
¥
~|et I
TN 3% oo
HEATING CHAMBER W
\ # ORILL,

THERMOCOUPLE

e ™
~jo
i

N

m

l

N

@%%ﬁ%ﬁﬁ%%&%ﬁﬁ%?ﬂﬂ-*

| +_.. Section AA

\:

/
B

=
A

Scale: 3=1"




L7

Figure 3 ¢

Flow Diagram of Laboratory
Coking Installation
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Figure ha
Photograph of Coking Unit Assembled

Figure 4b
Photograph of Coking Unit Disassembled




Figure 5
Photograph of Laboratory Coking Installation
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Figure 6

Photograph of Coking Unit (Shielded),
Condenser, and Liquid Receiver
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A sgtandard type of run was developed from the resulte of the yreliminary
runs (1-11). It consisted of & preheating period, a coking period, and
a blasting period.

A B50-grem sample of the residual oll was welghed in e Ho. 3 wide-form
porcelain crucible, which was then placed in the Skidmore coklng crucible.
The coking cruclble cover was fitted in place and spring loaded. The vepor
line was connected to the condenser tube. The Fisher gas burners were lighted
and the coking crucible preheated. Meanvhiie, water was circulated through
the condenser, the gas holders fillsd with salt water, and the pressure
control siphon system msnipulated to give & pressure within the range of
atmogpheric to 0.2 inch water vacmm at the gas meter.

The appearance of the flrsh drop of liguld condensate in the lignid
rocalver signifled the beginning of the coking period. The pressure was
clomely maintained aeg the liquld end gpes make proceeded. The gas burners
wvere so regulated as to allow the proper coking time and tempersture (ses
‘below).

¥hen the liquid meke was practicelly completed, the blasting period
yes started and the coke blasted to the dsosired maximm tempersture. This
tempoerature was then meintained mtil the gas make was completed, st which
timo the gus burners were shub off.

The condenser water circulation wes shut off, and the steam heating
coil was turned on. The condenser water was allowed to boll for approxi-
mately 10 minutes to insure that viscous llquid drained completely from
the condenser mﬁe.

The coke and liquid were weighed end stored in sealed glass flasgks.

A pas sample was taken and weighed to determine 1Its specific gravity.

The standard runs for the vis-breaker tar and Doep Rock thermal

tar consisted of 1/2 homwr preheating to 1000°F., 1/2 howr coking at
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1006 to 1200°F., and 1 hour blasting.

Pue to frothing, the Deep Rock virgin asphalt was coked directly in
the Bkldmore erucible. A 5C-gren sample wos weed. One rvn vas mede using
& 20-gram sample in e porcelain crucible. Wo sigmificant difference in
product distribution was noted. The standard rum for virgin ssphalt con-
sicted of 1/3 howr yreheating to 900°F., 1/2 hour coking at 900 to 880CF.,
1/2 howr coking at 900 to 1200°F., and 1 howr blasting.

All rums wers made with maximm coking temperatures of 1200°F., 1350°F.,
and 1520 to 1550°F.

€. Apalytical Procedure.

1., Feed stocks. The Conradson carbon resldue value wae deter-
mined for each of the feed stocks as described in A.8,T.M.-D 189~1t-6.3

2. Coke. The real denslty of theo coke was determined by a Cabot
kerosene immevrsion mothed. The coke sample was crushod to passe & 100 nmesh
sereen, dried in a ventilated oven For at least 1 howr at 105%C., and cooled
in an ordinary desiceator.

Keroeene of known specific gravity at o definlte Yemperature 1s required
for this teat. A 25 ml. pycnometer wes welghed, filled with distilled waber
and weighed, dried ond then filled with kerosene and welghed. All operstions
wvere carried out at 25°C. Tho specific gravity of the kerosene wes calculated

by the fellowing equation:

fo

Specific gravity of kerocsene = g -

o]

-

where a = welght of empty pyconometer.
b = welght of pycnomcter end distillod water.
e = welight of pycnometer and kerosene.

For the coke denclty determination, aboubt 2 grems of the pulverlzed
coke was wolghed in the pycnometer. The pycnometer wase then about half-
filled with the stenderdized kerosene. The pyonometer wes plsced in &

pyrex vacuum desiccator for 1 hour under a vacuum of about 715 mm. of mercury
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rolative to shout THO mm. of mereury barometer reading. When air bubbles
yore no longer apparent, th@-'vaaum was released. The pycnometer wag filled
with ker-asené znd cooled slightly bolow 25°%¢. The thermomoter was incerted.
The pycnometer wes wermed slowly to 25°0., capped and weighed. The real

denslty was calculated by the followlng equation:

Ronl denelty o emc——— , (2)

b -a - d-c
o ep.gr. of kerosene

where ¢ © wolight of pycnometer and coke.
4 = weight of pycnometer, coke, and keroscne.

3. Liguid. A P.I. grevity meapurements wore mede ap deseribed
in 4.8.7.M.-D 287 --3933 A8.T.M., distillations wore made ap descrlbed in
4.5.7.M.-D 158-417 with ono modification: 50-ml, samples were used instead
of 200-ml. samples. The A.8.T.M., distillation data were divided inbto thres
portions, I.B.P. to 400°F., boO%F. to cracking, and residue. Complete dis-
tillation date are presented in Teble IIX.

L, Bas. The gas was collected at approximstely 70 to ?5’013"_. and
appearsd to be very dry. The specific gravity was determined by 2 gas balloon
evecuatlon method ag follows:

A celibrated glass balloon of known cepacity (208.5 ml.) equipped with
z capillary tube end ground glass stopcock was evacuated to about 1 mm.
mercury absolute pressure by z Hy-Vac air pump snd welghed. The gas sampling
system and eilica gel drying tube were purged by allowing the gas balloon
4o £111 with gas from the gas holders. The gas balloon was agaln evacuated
and filled with a fresh gas sample. The berowmetric pressure and gas holder
temperature were recorded. The filled gas balloon was welghed and the gpe-

cifie gravity calculated by eguations (3) to {8). (See Appendix).
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A. Pilot Plant. Forty-elght pilot plent runs ylelding material bel-
ances, product quallitles, and oporational date were made. Table I presents
the best procese data szvallable from the CIR pilot plant while it was oper-
ating nesr weximm capacity to produce maximmm liguid recovery and high
density coke from vis-breaker tar, thermal tar, and virgin asphalt.

B. Iaboratory. Eighteen standerd lsboratory runs were made, six on
each of the three feed stocks. Duplicete runs were made at each of three
maximm coking temperatures, and the liquld and coke samples were mixed for
tests. Materlal balances, product qualitiee, and operational data of these
standerd runs are presented »i’n Table II. Table III gives the complete A.8.T.M.
distillation data of the liquid producta. o

Preliminery runs were made to secure operating ;:haracteristics aend to
permit the setting up of a stenderd coking procedure. These were runs
1-11, 13, and 15 on vis-breaker tar, runs 20-21 on thermal tar s and runs
28-31 on virgin asphalt, The results of these preliminary rums are not
reportegl. ' o

The produet distributions were converted to a 1033&'1*9@ basis by =2
method described in ‘the A_ppendix._ A sample laboratory run sheet and sample
calau]ations are also given in the Appendix.

Typical A.8.7.M. distillation curves of laboratory and pilot plant
1iqui,é products from all three charge stocks are given in Figures 7; 8,
and 9,

~laboratory coke yields from all three stocks are shown as & funetion
of ma-ﬁm‘m coking temperature in Figure 10. Similar yleld plots for gae
end liquid aere given in Figures 11 and 12.

The real density of the coke produced in the laboratory es a function

of maximum coking temperature is shown in Figure 13,



DISCUSSIoN

&. Pilob Planmt. High grade metallurglcal coke was made consistently
in the pilot plent oven. The coke yield for a glven feed stock was found
to be approximetely equal to the CGonradson coarbon residue velue of the shock.

Carbon Black Tormeticon in previous Knowles coklng units had been o serious
problem. However, by operabting the pllot plent oven et a proper initial
floor tempersture end by fﬂ&izxtaining a posibive pressurs on the oven to pro-
vent alr leakege into the oven, this problem was eliminated. A% sn initial
oven floor temperstvre of 1500°F. or lower, the formation of earbon black
at the gstert of s ynn necessitated only 2 5 to 10 minube purging period.
Carbon black formatlon was qulte serious with initial floor temperatures
above 1500°F.3 at 1800°F., the system was rendered Inoperable.

The mopt serious operabional difflenliy encountered In the pilot plant
operatlion was thet of oven door leaks. These lesks sccounted for some of
the high loases.

Some trouble was caused by bter frothing into the vapor line, but proper
feod charglng procodure remedied this., The only effective pilot plant con-
trols wore the inltisnl overn Tloor temperature and the rate of oil feed to
the oven. Variatlon of heat oubput of the oven gas bwrmers had little effect
on the coking process due to the high heat conbont of the oven reflfractory.

Toble I inmdicated losses of L to 7% of the cherge for the pilot plant
process. These losses were probably due mainly to door lesks, floor leaks
and vapor purging at the stert of a run, and vapor lossesg durlng ecalcination.

B. Isboratory. The highest temperature atbtalned in the laboratory cok-
ing wnit was 1550%. The coking temperature was controlled effectively by
rogulation of the gag and alr ports of the burners. Righer temperatures
in the coking vnit would have been desirable during the blasting operation,

ag blgh denslty coke muegt be prodused at temperatures higher than 1556°F.
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However, the ccking unit, as desligned, wos not sulted mechanlcelly fop maxi-
mm tenperstures very much higher than 15007F. At 1500°%F., the irom coking
crucible sgealed badly due to oxidation. Werping of the crucible »im due to
thermal streins wes aslso evident. This had o tendency to caunsc gerious vapor
lecks. Vapor lsaks were stopped quito effectively, however, by mechining
and grinding the eruncible and cruclble cover to a tight metal-to-metal seal
end by spring loading of the cover from the yoko, as described previously.
Agbestos gaskets (plain or improgneted with water glasz) and copper gaskets
were not effective in preventing wvapor leszka.

The vapor line withstood the opereting conditions very well. However,
& vapor line of larger cross-gectional ares would have been more desirsble.
During the first portion of the actual coking period, the volume of coking
vapor produced was exbremely lorge. The emell vapor line definitely coused
g falrly high back pressurc to develop in the coking crucible. Thie preesure
hsd a tendency to appreciebly increase vapor leaks during the indtial coking
period. Colking or polymerization of coking vapors in the vapor line or
condenser tube was never obsorved.

While operating with vis-broeker bar and thermal tar, trouvble was not
encounteored with frothing of the ter into the vepor linme and condenser tube,
regardless of the severity of the cracking conditions., However, when vir-
gin asphalt was being coled, the problem of frothing end subsequent plugging
of the vapor line waps serlous. Evidently, this frothing waz caused by the
more rapld cracking of virgin esphalt, as this stock is very susceptible to
thermal cracking, having never been previously subjected to any cracklng
conditions. The rapldly evolved coking vapor probably cauvesed the liquid
asphalt to become violently agiteted. This caused froth to be generated.

By carrylng oub the major coking portion of tho rum abt a lower temperature

(880°F.~000°F. ), this problem was oliminated. Also, this asphalt sms coked
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in the iron SBkidmore crucible te allow more volume. When the liguid yroduc-
tion was practically completod, it was safo to begin reising the coking tem-
perature gradually to 1200°F. and then %o blast to the desired maximm
temperature.

" The plugging the vepor line due to tar frothing can be very dangerous,
glnce the heat content of the heating chamber can cause the coking to con-

tinue for & few minutes afbter the burners are shut off. Howev

r, the spring-
loaded yoko and erucible cover will allow the coking vapors to be lmmediately
vented to the eir and thus preovent high presswres from building up in the
coking crucible, although a slight fire hazard does thereby exist. Due to
the obvious hazards of mechanical fallure caused by excesslve presswre,
coking crucible 1ids which are faptensd solidly with threaded comnections

or bolts are not recommended.

The conventional A.85.7.M. distillation condenser equipped with the
steam heating coll proved very satisfactory. AlL liquid dralned completely
into the liquid receiver. The non-condensable ges from the liquid receiver
appeared to be very dry, ag drops of condensate were never observed in any
porbion of the gas recovery systen.,

The methods of gas mebering, gas accumulabing, and gas sempling were
satisfactory. Preecautions were teken to gee that air 4id not contaminete
the gas moter or gas sample drylng tube between runs.

Losses of 0.1 to 1.8% of charge were encountered in the standerd rums.
The losses were in most cages dug te vapor leaks from the coking crmcible.
Theso losses are represented as liquld and gas, for the coke was weighod dlrectly
in the crucible in which it was produced, reducing the poselbility of loss
at thie sowrce. The liquid was weighed directly in the liquid recelver.

The coking crucible had sufficient capacity for only 2 50-gram cherge.

Thig resulted in the production of sbout 30 te 35 grams of liquid, depending
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upon the charge stock. In order to analyze the liguid, it wae necessary to
combine the Jiquid from two rime made under the geme conditions. A larger
coking crucible permitting the use of largor cherges would have been desir-
able. The liquid snd gas recovery system had sufficlent capaclty for at
lpagt a lﬂﬁ;mm charge.

¢. Correlation. A rough comparison of ithe overall product distribu-
tione between the pilot plant and laborstory runs can be mede by direct
inspection. 'The resulis correspond reasonably well. A more refined apd
valid comparison, however, results whea the laboretory yield data (obtained
in the renge of 1200-1550°F.) are extrapolated to the temperatures at which
the pilot plant operations werc conducted. When thle 1s done the following
percentage points deviations are obiained:

% Yield in Pilot Plent minus
% Yield in Leboratory (Extrapolated)

- 8tock Goke Liguid Gen
Vie-breaker tar - 0.2% 1.6} +1.85
Theml tar - 1-5 :"—010 + 2.7
Virgin agphelt +1.8 +£0.0 -1.2
Avorage
abgolute deviation +1l.2 20.5 1.9

This correspondence represents quits a satlsfactory correlation, par-
ticularly when 1t ls noted that the thermal tar snd virgin asphelt were
not identical for the two investigabions, as explained previously.

When the laboratory coke density deta are extrapolated (by straight
lines) to the temperature at which the pillot plant coke wag calcined, the

following deviationg in real density were obtalned:



Pilot Plant Goke Density minus

Stock Laboratory Coke Density (Extrapolated)
Via-breaker top ' ' +0.0% '
Thermal tar =001
Virgin asphalt +0.05
Average absolute deviabtion +0.03

This, agaln, shows o remarkebly good correlation.

& study of Figures 7 endl & indicaton a good comparison between the
digtilletion cwrves for the liguid profuced by the pilot plent and labora;
tory from vieg~breocker tar and thermal tar. Howover, Figure 9 Indicates o
merked difference in the case of the virgin asphelt. The lsbhoratory coking
mit produced = much lower bolling end lower specific grevity liguid. This
may be due in part to lower laboratory condensing btemperabure apd the drier
laboratory gag. A small emount of light ligquid was probably exhausted in
the pllot plent gas., I5 is quite posslble, however, that a good part of the
discrepancy 1s due to differences in the cherge stock.

The specific gravitles of the laborabory gae were slightly lower than
those of the corvesponding vilot plant gas. This ig probably due to the
drier laboratory ges.

In the laboratory investigation, the maximwm coking temperature of the
run 4id not noticeably affect the guality of the liquid. This is explained
by the fact that the liquid moko wee nearly completed before 1200°F. As
the temperaturs was incrcased pash %., the additlonal product was mostly
gas, formed at the expensc of coke.

Maximm coklng temperatuwrs had no ayprociable effech on the gravity
of the gas produced in the leborateory. The highest temperstuwres produced
slichtly lighter zas due to more severs cracking.

Laboratory coke yislds decrcosed ce tho blagbing tempereture increased.
Conradson carbon residue valves compered reasonably closge to coke ylelds at

1520 to 1550°F., the greatest deviation occurring in the coee of virgin



asphalt. This mey bo explained by the fact that the Conradson cerbon test
wvag ifflcult to run on the virgin asphalt due to tho standerd rate at which
the temperature mmet be raised in the test. This rvesulted in frothing and,
therefore, a lower Conrajson carbon value.

Liguid yields decreased slightly as the meaximm coking temperature

increasod. Gap yields increased noticeably as the tempersture increased.
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SUMMARY

A laboratory-pilot plant corrslative study of the coking of vis-bresker
tar, thermal ter, and virgin agphalt hag been mede. The pilot plant results
were obtained at the Gabot;neep Rock pilot plant opersted at Cushing, Okla-;
hows,

A EKnowles oilécaking oven of 17 &gq. ft. floor area was used in tho pilot
plant operation. The Inherent operationnl difficulties involved with car-
bon black formation and ter frothing were elimineted by operating with a
proper oil feed cherglng rate and an initial oven {loor tempersture of aboukh
1500°F. Seriouws oven door lesks hampered operation st times., High grads
metallurgical coke wae mede vonsistently.

A laboratory coking unit, consisting of e crucible set in an insulated
heating chember, was developed for temperatures of operstion up to around
1550°F. Coking temperature was controlled by regulatlion of three Fisgher
gas burners. A good metal-to-metal seal between the cover and crucible was
found o be an effective mothod of decressing vapor leaks from the coking
crucible. Spring losding of the crucible cover ageinst the crucible wase
also found Important. Coking or polymerization In the vepor ilnme wos never
observed. However, virgln asphalt frothed badly if coked at too high 2
temperaturs. By coking under temperatwre conditions of 880 to 900°F., serious
frothing wes eliminated in this case.

Straight line extrapolation of the laborstory ylelds at various ten-
yeratures to the meximm pilot plant coking temperatwre for each of The three
feed stocks resulbed in gquite satlsfactory correlatlons, with average ebso-
lute deviations verying from+0.9 to £1.9 percentage mnits. Extrepolation
of leboratory coke density data o the meximmm pllot plant coking tompera-
ture resulted in very good comparlsons, with an average absolute deviation

of £0.03 gfcs.
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Iahoratory operation was carried oub with much lower losses than wos
pilot plant operstion.

Liguid quality comparison between pilot plant anld lsboratory products
wag good oxcept for the ceme of virgln agphalt, Here the laboratory liguid
wae lower boiling than the correspondling pilot plant liquid. Differences
in the stock may account for this.

The meximm temperatures Lo which the coking wae carried oubt in the
lsboratory veried from 1200 to 1550%F. Coke yield decreased end coke demsity
increased as poximum coking temperature increased. There wag a correspond-
ing slight decrease In liquld yield, but liguid gquality wee practically

wmchenged. Gas yileld increased noticeably es the temperature Increased.



Recommendations for further work on heavy residunl oll coking in the
laboratory are s follows:

1. The development of & more sebisfactory coking crucible with greater
chaxrge capscily, smalley leakage tendoncles, and a grester range of operw
ating temperatwres.

2. The investigation of the relatlonship between the veolatile conbent
of ecoke and 1te real density.
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TABIE I
Summexy of Average Pilot Plant Results

Basic Run 48 k5 43
Comparison Runs 3%,35,36 k6,47 k2
Feed Stock Virgin Vie-breaker Thermal
v i e Asphalt Tar Tar
Gravity, °API 8.4 8.6 8.6-9.2
Conredson Cerbon, wt.%  18.5-21.9 15.3 13.5-14.0
Sulphwr, wt.% 1.13 0.96 0.88
Ash, wt.% 0.075-0.08 0.03 0.38-0.49
Viscosity, SUS @ 210°F 150-155 180-240
Viscosity, SFS @ 250 900
Characterization factor 10.95 11.05
c
ge Period, hrs. 4.0 k.0 k.0
De-gas Period, hrs. 1.2 0.6 0.9
Calcining Period, hrs. 2.0 1.6 2.0
%ﬁ Conditions
ures,
Oven Floor, initial 1500 1500 1500
Feed Preheat 550
Colke 875-up 850-up 800-up
Vapor, average 830 870 810
Total Charge, 1bs. 1910 1910 1890
”» ”n g ET 227 2@’
Materilal Balance
Gas, wi.F on charge 19 8 9
Iiquid " " 53 72 73
Coke - 21 n 14
Loss . » T 6 3
Product ons
OAPI 26.4 16
Gravity ¢ 15 .5
Yol.% e‘oo°r, Hempel 19 7.5 6.5
Yol.$ @:00°F by 1 3 3
% 400°P-cracking 82 86 87
4 Residue st. 7 11
Gas
Average Mol. Wt. 26.0 2.0 2k.0



Bun No.

Feed Stock
Temperatures, °F
- Initial Coking
Maximun Coking
Condensato Recelvep
Product Distrlbution
Coke, Wt.5: of Charge
13

Li quia s "o un

G& g L2 N 4] W

LO E; T n % £11
=3

Product Digtribution
on Loss-Free Bagls
Goke, Wt.% of Charge
Ixiq_uid.’" LU W
G&B, #onon iz
Product Inspections
“Eoke Density, a/cc
Ligunid
Gravity, ©A.P.I.
A.8.,7.M. Distillation
Yol.$, IBP-LOO%F
Vol.%, 400%F-Cracking
Vol.%, Residue

Gas
- Speaific Gravity
Average Molecular Wi,

fe——————Vig-brecker Tor

98B0 990 1020 10k0 1010
1sko 1550 1350 1350 1200 1200

TABILE IT
Summary of ILeboratory Ran Dato

19 17 © 18 ik

7o 9 82 76

15.0 15.5  15.4 15.8 16.0
77.2  T7.6 TT.5 78,3 78.%
7.6 5.8 5.6 h.5 .
0.2 1.1 15 1.%
15.0 15.5 15.4 15.8 16
TT 3 78.0 T8.0  78.8 78,
7.7 6.5 6.6 5.4 5,¢
.72 1.53 1.0
16.5 16,2 16.1
7 6 6
81 82 81
1z i2 13

.72 0.82 0.82 0.80 0.7k 0.8
20.8 23.8 23.8 23.3 21,k 24,6

26

1020
1350
T

16.8

0.84
24,2

27

Thermsl Tar ——>

1020
35

ot

[#2]

-3

1
<> 0\_5\ u‘(.4:’\

»

o1 =2

.

-3
BB
o\ =3

0,81
23.3

6t



TABLE II (Cont.)
Summary of ILaboratory Run Data

Run Fo. & 25 2 B 37 38 35 36
Feed Stock o Thermal Tar |< Virgin Asphalt ————>4
B
1010 1020 95 88 920 920 900 920
Maximum Coking 1200 1200 1525 1520 1350 1350 1200 1200
Produst Distribution L AR S - G
on
» WE. ge 16,9 17.1 23.8 23.5 24.9 25.1 26.6 26,7
Mgdd " "> v 7.3 T7.4 58.5 58.7 60.4 60.2 61Lh 61,6
Gy TYE k9 5.0 16,0 16,2 Wk 13.9 1.0 1.2
e, "Rw e 0.9 0.5 - S 0.3 0.8 1.0 0.5
Product Distribution
on 8
o , WE, ge 6.9 17.1 23.8 23.8 24,9 25.1 26,6 26.3
Iiquia," " " " 7.6 T7.6 59.1 59.2 60.5 60.5 61,7 61,
Prm s "i " 5.5 53 1T I3 6 A BT 115
ons
" Coke L ik 1.64 1.50 1.%0
Liquid '
Gravity, °A,P.I. 16.7 33.0 32.9 33.1
M e 5 = o=
Vol. T -
Vol.%, 400%F-Cracking T 71 70 71
. Vol.%, Residue 16 6 8
T Bpecific Gravity 0.7% 0.78 0.82 0.8 0.8 0.8 0.83 0.8
Average Molecular Wt. 21.h 22,7 23.8 23.9 244 244 24,2 244



TABLE ITI

ASTM Distillations of Liguid Products
of All Standard Loboretory Runs

{Temporature, °F. vs. Yol. ¢ Distilled)

Iab Run Wo. 12861y 1 &16 17T&18 22883 ke 23 26827 32&33%3 3B&3E 3T e 38

Vol. % Distilled ,
I,8.P. 235 240 2ho 228 235 226 160 169 164
5 366 375 370 345 353 349 232 235 232
10 h65 W70 466 468 k77 468 281 282 282
15 534 530 540 5h3 554 538 328 336 336
20 568 501 572 596 590 585 368 361 379
25 605 602 613 62k 615 €1z hoo LL2 4ho
30 638 633 625 67 45 63k 468 580 478
35 630 650 6l 668 662 650 Lot 518 523
40 652 668 662 683 615 670 540 550 55k
] 665 634 686 696 682 650 575 581 588
50 G8h 695 698 T05 700 702 6ok 606 618
55 697 703 706 715 712 711 628 €35 ko
€0 709 709 712 723 718 718 65k 65k €59
65 716 716 71k 730 7oz Tk 670 668 67k
70 T26 135 718 736 132 730 686 €90 695
5 732 3 722 Th1 Thl 735 712 715 733
80 737 750 726 Th3 750 738 727 T2k 718
85 The Tk 730 5 736 The 738
50 Tl 743 758 Thk



METHOD FOR ESTIMATING FRODUCT DISTRIBUTION ON
LOBS-FREE BASIS IN IABCRATORY COXKING INSTALIATION

The losses in the lsboratory coking unit as finally develcoped weres
guite low. They veried from 0.1 to 1.8% by weight of the charge. Since
the coke was weighed directly in the crucible in which it was produced,
it wvas essumed thaet no coke was lost and that the loss flgures represented
the vapor lesks from the coking cruclhble.

In order to apportion these losses between liquid and gas meke, the
results of pairs of standerd runs, each palr made under different tempera-
ture conditions snd with each run of a palr having different losses, were

evaluated. The followlng ies an example, using vis-hreaker tear:

Temp. 1200°F . 1350°F . 1540-1550°F.
Run Wo. ik 16 17 18 12 19
Coke, % 15.8 16.¢C 15.5 15.% 15.2 15.0
Liquid, ¢ 76.3 78.% T7.6 TT7.5 76.6 T7.2
Gas, % .5 5.3 5.8 5.6 6.k 7.6
Loss, % 1.k 0.3 1.1 1.5 1.8 0.2
Aloes -1.1 +0.4 -1.6
AGas +0.8 -0.2 +1.2
ALiquid +0.1 -0.1 t0.6
AGas/A Loss 0.73 0.50 0.75
Aliguid/A Loss 0.09 0.25 6.38

Average Gas Loss = 0'73+Q§50+0’T5 x 100 = 664 of A Loss

0.09+ 0.25+0.38
3

Average Liguid Ioss = x 100 = 2k§ of A Loss

Agesuming that the fractionsg of the teotal loss represented by the
individual liquid and gme logses are constant and independent of the loss,
two~thirds of the total logs wag assigned to gee and one-third to liguid.

When the adjustmente are made as described above, the loss~free data
given in Table II are obbained. The degree of reproducibility of the adjusted
resulte is gquite good. This lends some support to the valldity of the adjusb-

mont technlque.



EQUATIONS FOR THE CAICUIATION OF THE SPECIFIC GRAVITY AND
THE TOTAL WEIGHT OF GAS PRODUCED IN THE IABORATCRY COEKING INSTALLATION

The perfect gas law was assumed 1o epply. LAssuming the wet test meter
to sabturate the gas with water vapor, the metered volume was corrected to

that of gas at dry standard conditions of 320.@. and 1 atmosphers as follows:

. 18.33 TV (P ~ p..) 2
V, = = %m Pyl (3)

In easlculating the specific gravity, o correctlon was made for approxie
mately 0.3k litere of dry alr assumed to have heen in tho system at the
start of a run. The fraction of air in the gas holder waes caloulated hy

the following equationt

0,220 P ,
? i St J} X

The density of the dry gas on en alr-fyree basls at stendard conditlions

was calculated ag Tollows:

W- - 1,203 g

B'nw = - : 85
& 3_ £ ya (5 )

The total weight of gas waep calculated from:

Vg = Vg Dy (6)

Tha gpecific gravity referred to air and the average moleculzr welght

were calculated from:

8p.Gr. ']-'P‘gggf (¥8!

M = 29.0 (Sp.Gr.) (8)



Sanmple Laboratory Run Sheot

Run No. 23

Peed Stock: Thermal tar, 50 g Date: March 31, 1950

Objeck: Goke to 1500°7 £ Barcmeter: T36.4 mm He
'ﬁc ‘51.5. tm Vm .

Time  (°F) (B} (OF) eu. g%, ____Remarks

(515 &8 ™75 755 0.000 Sterted prebeating.

0815 670 e weme cmman Turned on condenser woter.

0830 GO0 wm emes cmeee

0832 1020 T 75.5  0.002 Started coking {(first drop condensate).
08ho k0 73 75.5 5.012 Rate of llqudd mako high.

o84S 3060 T2 75.0  0.038 Rate of ligquid meke slowing.

0850 1120 T2 75.0  0.070 Tiquid meke simost Tinished.

0900 1220 T 75.0 0 0.180 Starbed blasting. Shielded coking wnitb.
0915 I435 76 T75.0 0.2
0930 koo 78 75.1F 0.143
oohks  I520 79 TH.2  0.150
1000 1530 79 Ts.A4 0 0.153 Terminated rm. Shub off copdenser
waber. Turned on stoam to condenser.

1015 Turned off steam. Sampled gas.

1030 Gollected and weighed 1lguid.
Wt, of Iiguid = 38.105 g

1100 {ooled coke in deslccetor and welghed.
Wt. of coke = 8,180 ¢



SAMPLE IABCRATCORY CALCULATIONS
Run Fo. 23
A. Coke, wt.% of charge.
Weight of charge = 50.000 g

Weight of coke = 8,180 g

Per cent coke = 52—-—%%—'8*% x 100 = 16.k

B. Liguid, wt.% of cherge.

Per cent liquid = %—ge%‘%%-g x 100 = 76.2

€. Ges, wt.% of cherge and specific gravity.

Substituting in equetion (3):

v = (18.33) (0.153) (736.4 - 22.2) _ 3,74 1liters

g 535

Substituting in equation (4):

Substituting in equation (5):

(7.51) (0.1820) (539) _ (n o |
( )”L"r‘sm ) (539) . (0.084) (1.253)

D =

33 1.000 ~ 0.08%
LA (0.955 g/fiiter) (3.74k liter) = 3.58 ¢
- 3988 =
Por cont gas = m@&é x 100 = 7.2

8p.Gr. = %f%%%'f 0.7h

M7 = 29.0 {0.74) = 21.5

= 0.955 gfliter

45



NOMENCIATURE
B, = denaity of gas on air-frec bacls at standard conditions, grams/liter.
M = molecular wolght
P = barometric pressivre, mm. MErcury.
D, = vepor pressure of water at ges meter temperature, mm. mercury.

8p.Gr. = gpecific gravity of gas referred to alr,

te * coking temperature, F.

by, = gae holder temperature, °F.

$3p» = licuid receiver temperaturs, °p,

T = gas holder temperature, .

Tp - wet test meter temperatwre, R.

Vg = volume of dry gas at standard conditions, literan.

Ve = volume of wet gos at meter conditlome, ou. £%.

'ﬁg = botal weight of dry gos produced, grawms.

W, = weight of 208.5 ml. of dry gas at gos holder condlitions, grams.
Yo = volumo fractlon of eir presemb in ges holder.

Subscripts

a = aly

coke

ik

G

43

g = dry s
gh = gas holder
Ir = ligeid recelver

w 2 webt togt moter



Typist - Evelyn Steinkuhler





