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THE BOWIE-GAVIN PROCESS: ITS APPLICATION TO THE
CRACKING OF TARS AND HEAVY OILS, ALSO TO THE RE-
COVERY OF OIL FROM OIL-SOAKED SANDS OR SHALES OR
FROM OIL SHALES

By C. P. Bowie

INTRODUCTION

Petroleum engineers estimate that, under present methods of
production, when an oil field is-at the point of abandonment the
sands still hold 80 to 85 per cent of the oil they originally contained.
The total production of the world from 1857 to 1925 was approxi-
mately 12,384,473,000 barrels of oil. On this basis, when the oil
fields that have produced in the past and are now producing have
reached the point of abandonment, the sands will retain nearly
50,000,000,000 barrels of oil.

As many of the best wells in the United States are producing from
sands 4,000 to 5,000 feet beneath the surface, to mine these success-
fully will not be possible until the price of petroleum products has
increased greatly and present methods of mining have been revolu-
tionized. Itis estimated, however, that the oil shales of Colorado,
Wyoming, Utah, Nevada, and Montana alone contain more than
100,000,000,000 barrels of crude oil.

In Santa Barbara County, Calif., are accessible deposits of oil-
soaked sands and shale more than 1,000 feet thick. The oil-sand and
“tar-spring’’ deposits of Alberta, Canada, all of which may be con-
sidered accessible, are estimated to contain more than 250,000,000,000
barrels of oil. These are only three instances of numerous places in
the world where accessible deposits exist.

In view of the rapidly increasing demand for petroleum and
its products, the Bureau of Mines believes that at least a study
should be undertaken of ways and means to recover the ‘“last drop”
of usable oil in the ground, no matter what the conditions of its
occurrence and what the other substances are with which it may be
associated.

This paper describes a process and an apparatus designed to recover
oil from such deposits. It also gives the results of extensive experi-
mental work done by the bureau with the apparatus in cracking tars
and heavy oils which, being perhaps the most accessible, will first
be utilized to eke out the waning production from wells. This
process can be used to recover oil from oil shale and oil-soaked sands,
and the authors believe that when the necessary economies in its
operation are worked out the process can be applied to cracking
asphalts, still bottoms, and similar heavy residuals at refineries.

1



2 THE BOWIE-GAVIN PROCESS
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OCCURRENCE OF SURFACE BITUMENS, OIL-SOAKED SANDS,
AND SHALES

DEPOSITS IN THE UNITED STATES

Asphalts and bituminous rocks are widely distributed in the
United States.! Asphalts are found in West Virginia, Oklahoma,
Colorado, and Utah; bituminous limestones in Oklahoma, Texas,
and Utah; bituminous sandstones in Kentucky, Missouri, Okla-
homa, Texas, Utah, and Cal-
ifornia; veins of earthy bi-
tumens of great purity in
California; and brea in Okla-
homa, Wyoming, California,
and some parts of Montana.

In some of the States these
deposits are extensive.
Springs of tars and heavy
oils in places have formed
large deposits on the surface.
In the Coast Range Moun-
tains in California are oil-
producing rocks nearly 1
mile 2 thick. Near Santa
Paula,Ventura County,with-
in 3 miles between Seesaw
Creek and the Ojai Valley, is
a deposit that is estimated to
contain not less than 1,000,-
000 tons of material. Some
of the wells drilled in the
Edna field, San Luis Obispo
County, Calif., show nearly
1,000 feet of oil-soaked

FIGURE 1.—Out crop of oil-soaked sand about 40 feet thick
sar}ds. These We]ls p roducg near the Edna oil field, San Luis Obispo County, Calif.
daily 12 to 15 barrels of oil

having a gravity of 12° to 14° A.P.1. Figure 1 shows an outcrop
about 40 feet thick of the sands near that field.
To the author’s knowledge no estimate has ever been published

of the quantity of oil that could be recovered from these deposits,
but the total would unquestionably amount to billions of barrels.

1 Eldridge, George H., The Asphalt and Bituminous Rock Deposits of the United States: U. S. Geol.
Survey Twenty-second Ann. Rept., 1900-1901, pt. I, p. 219.

? Fairbanks, H. W, 8an Luis Obispo County—The Oil-Yielding Formations: Calif. State Mining
Bureau Bull. 19, 1900, p. 146.



4 THE BOWIE-GAVIN PROCESS

Retorting tests show that the oil-soaked sand and bituminous rocks
contain 15 to 40 gallons of 20° to 24° A. P. I. oil per ton, and many of
the asphalts and tars are so pure that when cracked they can be con-
verted into an oil with a gravity of 20° to 24° A. P. I. through a loss
in volume of not more than 12 to 15 per cent. The products “lost”’
are fixed gas and carbon, the former highly valuable as a fuel and the
latter also having a fuel value that depends on the proportion of
combined inert material and the method of treatment. These
products will be discussed later.

Table 12 gives analyses of sand from oil wells and outerops in
various parts of California.

TaBLE 1.—Amnalyses of sands from wells and outcrops in the California oil fields

Gravity Gravit
of oil pro-| Amount| Amount of ¥ | Cracked| Gaso-
Field Location| duced | of sand | of oil ob- cracked product | line to Remarks
from well| used | tained! per ton | 428° F.
product
Sec. T.R.|°A. P.1.| Grams C.c |(°4.P. I G’allons Per cent
Coalinga.._| 12 20 14 15.0 | 1,000 90 19. 81 1.5 13.0 | O1d sand from sump.
Do 20 14 14.5 877.5 200 21. 84 54 [ PO Fresh sand from wells.
19 15 22.0 | 1,247 90 26. 00 17.0 01d sand from sump.
28 27 13.0 | 1,000 160 21 52 38.3 Do.
28 27 13.0 | 1,000 89 21. 52 21.3 Do.
28 28 14.0 | 1,000 70 21. 52 16.7 Do.
28 28 14.0 | 1,000 102 23. 68 24. 4 Do.
2028 | ... 1, 000 108 20.70 25.8 Outcroppmg near sur-
ace.
Midway_._| 36 31 22 22.0 | 1,000 111 27.68 26.6 Old sand from sump.
Sunset_____ 211 24 13.0 | 1,000 19. 25 14.3 Surface sand from
sump.
13.0 | 1,000 62 20.70 14.8 Sand from sump, 5 feet
under surface.
13.0 | 1,000 110 24. 61 26.3 01d sand from sump.
12.8 | 1,000 25.90 15.3 0.
16.0 | 1,000 46 25.90 11.0 Do.
16.0 910 58 20. 62 14.7 Do.
1400 |oom o foaeee 22, 80 16.0 Outcropping near sur-
ace.
Salt Lake. _ ® 15.0 872 226 24. 52 62.1 0Old sand from sump.
1 Oil recovered from sands by retorting. 2 Niles lease.

HEAVY OILS

In California a large production of heavy oils ranging in gravity
from 715° to 14° A. P. I. might possibly be developed if a means can
be found to convert them into lighter products that can be marketed.
In 1924 the Associated Oil Co. was able to produce, at Casmalia,
near Santa Maria, Calif., about 1,000 barrels a day of 10° A. P. L.
oil because it could pump still bottoms with a gravity of approxi-
mately 32° A. P. I. from its Gaviota pump station, about 40 miles
distant on the coast. Enough of these still bottoms is mixed with
the heavy oil to reduce the viscosity so that the mixture can be
pumped through pipe lines and marketed as fuel oil. The oil occurs

3 Elliott, A. R., Recoverable Oil in By-Product Sands and Outerops: Reports of Investigations, Serial
No. 2182, Bureau of Mines, November, 1920,
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with hot water (about 160° F.), and the limit of the production is
the amount of still bottoms obtainable.

Such heavy oils could seemingly also be developed in large quan-
tities in the vicinity of Santa Paula, in Ventura County, near Los
Angeles, and in the Sunset-Midway and Kern River oil fields in
Kern County..

OIL SHALES

As is well known, there are enormous quantities of oil shale in
Colorado, Wyoming, Utah, Nevada, Montana, and parts of California;
it is estimated that more than 100,000,000,000 barrels of crude oil can
be produced from these shales if suitable process and apparatus can
be devised.

DEPOSITS OUTSIDE THE UNITED STATES

Large quantities of heavy oils occur in Mexico and Canada;
Trinidad, Colombia, and other parts of South America; in Central
America; along the west coast of Africa; in Russia and in Galicia;
in Persia; and in other districts of the Old World.

In virtually all fields where the heavy oils occur are also extensive
deposits of oil-soaked sands, shales, and limestones. Dawson * de-
scribes the tar sand deposits along the Athabaska River, in the Prov-
ince of Alberta, Canada, as follows:

The occurrence of great quantities of bitumen or maltha along a portion of
Athabaska River has long been known, having been noticed and commented
upon by the very earliest travelers in the region. Beds of sand or very soft
sandstone of Cretaceous age, varying from 140 to 225 feet in thickness, are there
found to be more or less completely saturated with bitumen, for a distance of
some 90 miles along the river. These beds are known as ‘“tar sands.” More
recently a number of smaller occurrences of bitumen in the form of ‘‘tar springs’’
as well as sources of combustible gas, have been found in different; places over a
very extensive district. All these circumstances point to the probable existence
of a great petroleum field, of which possibly some parts have already exhausted
themselves in saturating the lowest Cretaceous sands, but of which probably
the greater portion is still effectually sealed by the thick covering of overlying
rocks. It is believed that the source of the petroleum which has given rise to
the deposits of bitumen is in the Devonian strata, which here immediately underlie
those of Cretaceous age.

CRACKING PROCESSES FOR HEAVY OILS AND TARS

Many so-called cracking processes have been patented for ob-
taining low-boiling hydrocarbons from heavier hydrocarbons by de-
structive distillation. The first patent of this kind seems to have
been granted by the British Government in 1865 to a certain George
Young. At present several cracking processes producing gasoline and

i Dawson, G. M., Summary Report on the Operations of the Geological Survey for the Year 1894 : Canada
Geol. Survey, 1895, p. 6A.

102495°—26———2



6 THE BOWIE-GAVIN PROCESS

some of the lighter hydrocarbons are in commercial operation in the
United States, but these use for their original oil relatively light
products, which when subjected to destructive distillation yield only
small amounts of free carbon. So far as the author is informed, none
of these processes can be successfully applied to the destructive dis-
tillation of tars or very heavy oils, because so much free carbon is
produced that deposits of it soon form on the inner shell of the still
and cause local overheating, or clog the vapor lines, thus stopping

operation.
THE BOWIE-GAVIN PROCESS

PRINCIPLE OF THE PROCESS.

In 1916 and 1917 the Bureau of Mines spent much time and money
attempting to perfect a process for cracking heavy oils and tars
but was unable to overcome the difficulties caused by the large
amount of free carbon produced. The inventors of the Bowie-
Gavin process, while examining the results of an experiment in the
retorting of oil-soaked shales, noticed that the oil produced had a
distinctly “cracked’” odor, and that in its production the free carbon
liberated during the destructive distillation did not adhere to the
sides of the retort or deposit in the vapor lines, but was entrained
in the shale that contained the oil. These facts suggested the possi-
bility of overcoming the carbon difficulties in cracking processes by
mixing inert materials in proper proportion with the oil before it
entered the cracking zone.

BENCH RETORT USED FOR TESTS

To make a series of preliminary experiments, a small bench retort
(shown in fig. 2) was devised. It was made by welding disks cut
from 34-inch boiler plate over the ends of a piece of 4-inch extra-
heavy pipe about 14 inches long. In one of these covers a hole was
drilled and a 2-inch plug containing a thermometer well was inserted.
On the side near one end was welded an outlet to which a vapor line
and condenser could be attached. Ordinary red brick was used for
the temporary furnace, which was heated with Bunsen burners.

Using this small bench apparatus the author made a series of
experiments with various types of inert material in varying propor-
tions, ground to various meshes, and hydrocarbon compounds ranging
from refined asphalt, such as would be chopped from a barrel, to oil of
16° A. P.I. Experimental runs were also made with oil-soaked sands
and shales from different localities and with oil shales, such as occur
in Utah, Colorado, and Nevada.

RESULTS

The process thus devised, termed the ““ Bowie-Gavin process,” gave
remarkable results. For instance, asphalts and tars of such heavy
gravity as to remain virtually solid at ordinary temperatures could
be converted into a cracked oil having a gravity of from 20° to 24°
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A. P. I, with a loss in volume of 12 to 15 per cent. This loss, as
stated before, consisted of fixed gases and carbon; the former is
very valuable as fuel, as its heating value is about 1,300 B. t. u. per
cubic foot against 550 B. t. u.per cubic foot for San Francisco city gas.

Table 2 gives the results of some of the more important experi-
ments made with the bench still. The main points illustrated by

FIGURE 2.—Bench retort made from 4-inch extra-heavy pipe

these preliminary experiments are: 1, The relatively high yield of
cracked oil recovered by the process—from 80 to 86.6 per cent by
volume; 2, the fact that the carbon did not stick to the sides of
the retort or collect in the vapor lines but was entrained in the inert
material with which, when the proper mixture had been made, it
could be easily removed from the retort,.



TaBLE 2.—Results of experimental work with small bench retort (Bowie-Gavin process)

|

Cracked
oil r%-d
; Weight ; ko’
N ‘Weight H Approxi- : approxi-
Run | Grapty | VOP | woign | It | imett | PERE™ | Volume | voume | Gy |*at
nUM- | Loinal original | of inert by | and car- weight of | ~ " - | water re-| " o (oil and Remarks
ber g;l oil and | materia 'yht b oil re- d covered ed water
water welg 00 Ie- | oovered | OVere cover in shale
covered deduot.
; ed), by
H volume
°A.P.I| Grams Grams | Per cent | Grams | Grams C.c. C.c °A. P.I.| Percent

10 13.4 200.0 50.0 | oo el 29.0 | oo Shq%e from Berkeley, Calif.; still foamed; Casmalia, Calif., crude
oil.

11 13.5 168. 0 50.0 23.0 |- - - 245 | Casmalia shale, Casmalia oil.

12 13.4 160. 0 160.0 50.0 181.0 | ... 125 | oo Casmz;;.ha shale ground to 42 mesh contained about 22 gallons oil
per ton.

13 7.5 235.0 150.0 89.0 |- 90 [oeooes 22,0 |o____. Casmalia reburned shale ground to 100 mesh; highest temperature
in retort, 385° C. (725° F.).

15 7.5 188.0 132.0 414 | ool Casmalia reburned shale ground to 100 mesh; spent material in
retort lumpy but easily removed.

16 7.5 150.0 50.0 25.0 || I Casmalia unspent shale, 35 mesh; still foamed; spent material in
retort granular and most of it easily removed; large amount of
noncondensable gas produced.

17 7.5 60.0 40.0 40.0 47.0 37 10 || Beach sand, 35 mesh; spent material in retort in soft cakes which
on breaking resembled steel filings; very abrasive.

19 7.5 60.0 40.0 40.0 |- e e e Casmalia spent shale, 35 mesh; spent material in retort in form of
powder; highest temperature, 398° C. (748° F.).

20 7.5 70.0 30.0 30.0 36.0 | - 45 19 20.0 | ... Casmalia spent shale, granular; spent material in retort in granu-
ular mass, about same mesh as original material.

26 7.5 225.0 49.0 | e o 172 4 210 |ocemees Diatomaceous earth in Rittman tube; filled bottom of tube about
6 inches with Casmalia spent shale before pouring in mixture.

27 10.0 67.2 67.2 50.0 68.7 47.8 52 3 22.2 80.4 | Dehydrated shale; spent material in retort dry and granular,
easily removed.

28 10.0 150. 0 30.0 25.0 65. 7 114.2 124 3 22.2 81.9 | Used shale recovered from experiment 27, retorted 203.2 grams
mixture; spent material remaining in retort easily recovered.

29 10.0 109. 5 24.8 18.5 |- .-- 86.3 94 22.5 __| Dry sawdust; Casmalia oil; odor of creosote very noticeable;
residue, granular charcoal sticking somewhat to sides of retort;
8 ¢. ¢. aqueous liquid, largely acidic.

30 10.0 164.0 82.0 33.3 103.3 126.8 138 2 22.4 80.0 | Unburned Casmalia shale; Casmalia oil; residue in retort coke-
like, adhering somewhat to sides; probably too high temperature;
probably some carbon included from previous run.!

31 10.0 134, 7 67.3 33.8 |commoame 113.6 123 Trace. 216 |acceooaaes Ground coal; Casmalia oil; residue cokelike but easily removed
from retort; oil in coal not determined.

32 10.0 200.0 133.3 40.0 155.0 152.5 164 2 20. 5 82.8 | Burned Casmalia shale; Casmalia oil; probably some carbon in-

cluded from previous run.

SSEO0Ud NIAVD-HIMOY HHIL



33 10.0 156.8 104.5 40,0 105.7 1345 144 2 19.8 82.8 | Unburned Casmalia shale; Casmalia oil ! . .
34 10.0 188.3 80.7 30.0 90.8 159, 2 170 2 19.5 84.7 Ull}};umed Casmalia shale; Casmalia oil; residue in retort coke-
0.

35 10.0 206. 0 68.6 25.0 8L 5 173.0 186 2 20.5 85.8 Dot X

36 10.0 159.3 9.6 50.0 155.7 133.7 144 20.8 foeeeeeeee Equal parts by weight of Casmalia unburned shale and black-
smiths’ coal used as inert material; residue cokelike, one solid

iece; moisture in coal not taken.!

37 10.0 118.8 79.2 40.0 {oomeooeeee 99.8 104 15.8 Blacksmiths’ coal; Casmalia oil; residue in retort coke hard to
remove; still foamed slightly; moisture in coal not taken.

39 10.0 79.1 33.9 30.0 35,2 67.9 74 22.6 86.6 | Unburned Casmalia shale; Casmalia oil.t

40 10.0 114.7 28.6 20.0 35.9 92.1 98 19.0 8.1 Dot

1 Contained approximately 20.8 gallons oil per ton and 13 gallons water per ton.

SSHDO0Ud NIAVD-HIMOI THI



10 THE BOWIE-GAVIN PROCESS

Aside from the high yield of cracked product, the gravity is to be
noted. This ranged from 15.8° to 29°, averaging around 22° A. P. 1.
Inasmuch as the cracking took place at atmospheric pressure, these
yields and gravities seem very remarkable.

OIl. PRODUCED

When the cracked oil from these experiments was distilled it
yielded 18 to 22 per cent of a gasoline cut boiling to 428° F. (220° C.),
30 to 35 per cent of a kerosene cut boiling between 428° F. (220° C.)
and 572° F. (300° C.), and a residual oil having a gravity of 15° to 18°
A. P. I. and a viscosity, even when the gravity was 15° A. P. 1,
virtually the same as that of California crude with a gravity of 20°
A.P. 1. This meant that no matter how heavy and viscous was the
tar or asphalt used for the original charge the oil that remained after
the gasoline and kerosene cuts had been removed from the cracked
product would still be so fluid as to flow through a pipe line freely
without heating; the residual, therefore, could at least be used for a
fuel oil even if parts of it were not possibly more valuable for other
uses. Typical analyses of these cracked oils appear in Tables 3,
4, and 5. '

The analyses of the oils indicate that no great difference is due to
the action of shale or coal. The gasoline yield, up to 437° F. (225° C.),
from the oil made with the shale was slightly higher and the viscosity
of the oil slightly lower than from the oil made with the coal. How-
ever, these differences may have been due to a slight difference in the
temperature carried. ‘

The gasoline and kerosene produced from the ““cracked’’ oil con-
tains a relatively large proportion of unsaturated hydrocarbons, but
it is believed that, especially for the gasoline, this will be no serious
detriment where the oils can be carefully refined and blended with
the required proportions of uncracked products before being mar-
keted.

CARBON

When the proper proportion of inert material ground to the proper
mesh was mixed with the heavy oil, no carbon settled on the sides of
the retort or in the vapor lines, but all was deposited in the inert
material,
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TasLe 3.—Distillation analysis of crude oil obtained by cracking Casmalia 10°
A. P. I. crude in Bowie-Gavin furnace in presence of dry shale
[Sample No. 00635; specific gravity of oil, 0.942; A.P.I. gravity, 18.7°; percentage of sulpbur, 2.7; percentage
of water, nil; Saybolt Universal viscosity at 50° C. (122° F.), 55 sec.; amount distilled, 300 c.c. Distilla-
tion, Bureau of Mines Hempel method]

AIR DISTILLATION: FIRST DROP, 39° C. (102° F.)

s . Specific I ° ;
" O Per cent | Sum, h A.P.T. | yicnrci Tempera-
Temperature, ° C. cut | per cént ggfaz:ltgr of cut | VISCoSity | tre o R,

JROR) RSOSSNt USRI VUV SRR Up to 122

0.6 0.6 : 122-167

1.2 1.8 0. 767 167-212

2.1 3.9 212-257

3.3 7.2 . 825 257-302

2.5 9.7 842 302-347

3.7 13.4 . 850 347-392

4.6 18.0 . 860 392-437

8.0 24.0 .873 437-482

817 32.7 893 482-527

.......... 527-572

VACUUM DISTILLATION AT 40 MM.

1.3 1.3 Up to 347

34 47 } 0.917 22.8 45 { 347-392

7.4 12,1 .933 20.2 56 392-437

7.7 19.8 . 950 17.5 112 437-482

7.3 27.1 . 966 15.0 258 482-527

8.4 35.5 .975 13.6 493 527-572

TasLE 4.—Distillation analysis of crude oil obtained by cracking 10° A. P. I. Cas-
malia crude in the Bowie-Gavin furnace in the presence of Castlegate, Utah, coal

[Sample No. 00626; specific gravity of oil, 0.952; A. P. I. gravity, 17.1°% percentage of sulphur, 2.6;
percentage of water, 0.1; Saybolt Universal viscosity at 50° C. (122° ‘F.), 75 sec.; amount distilled,
300 c. c. Distillation, Bureau of Mines Hempel method]

\AIR DISTILLATION: FIRST DROP, 62° C. (144° F.)

Specific | o
° Per cent | Sum, s A.P. Ll . Tempera-
Temperature, ° C. cut | per cent gg}";{fg’ of cut | VISCOSItY | tyre o .
Up to 122
0.3 0.3 122-167
. .8 1.1 0.757 56.2 | ... 167-212
1.2 2.3 : 212-257
2.2 4.5 . 798 45.8 | ... 257-302
2.7 7.2 . 830 39.0 | ___ 302-347
3.4 10.6 . 854 34.2 | 347-392
4.4 15.0 . 865 77 U 392-437
57 20.7 . 880 29.3 | 437-482
8.4 29.1 . 900 257 |oeaes 482-527
........................ —— 527-572
VACUUM DISTILLATION AT 40 MM.
............................... 0.2 0.2 |f Up tos47
- 41| 43 } 0.915 3.1 4 { 347-392
- 6.5 10.8 .933 20. 2 63 392-437
- 9.2 20.0 . 954 16.8 123 437-482
- 7.6 27.6 .970 14.4 257 482-527
__________________________________ 10.5 38.1 . 982 12.6 615 527-572




12 THE BOWIE-GAVIN PROCESS

TaABLE 5.-—Analysis of ozl (Bowie-Gavin distillate) obtained by cracking 12.5°
P. I. Panuco (Mexican) crude ol

[Samp]e No F-001; specific gravity of oil, 0.919; P. I. gravity, 22.5°; Saybolt Universal viscosity at
° F., 65 sec.; ameunt distilled, 300 . c. Dlstxllatxon, Bureau of Mines Hempel method]

AIR DISTILLATION: FIRST DROP, 54° C. (129.2° F.)

Specific | o >
Temperature, © C. Pe(rn;:gnt ps;lght gr?vntty gf.chi L| vViscosity, tg{??% g{f&p‘f‘?
of cui . :

.......... Up to 122
0.5 122-167

1.6 167-212

2.6 212-257

3.8 257-302

4.5 302-347

4.8 347-392

5.7 392-437

6.2 437-482

7.5 482-527
.......... 527-572

VACUUM DISTIL.

2.0 b2 1 P FUIN AU P Up to 392

4.6 6.6 0.912 23.7 41 <0 392-437

9.0 15.6 . 932 20.3 51 <0 437-482

7.9 2.5 . 948 17.8 73 <0 482-527

1.7 35.2 . 962 15.6 120 44 527-572

Nore.—Unsaturation erude naphtha 25.3 per cent, crude kerosene 33.2 per cent. Refined and doctored
with about 17 per cent loss, not including steam still bottoms.

INERT MATERIAL

The proper amount of inert material to be used depended, of
course, on the gravity and nature of the oil to be cracked, also on the
nature of the inert material. When asphalt-base California crude
oil (gravity, 10° A. P. I.) and ground shale or clay were used, best
results were obtained from a mixture by volume of approximately
60 per cent of oil with 40 per cent of inert material.

Oil-soaked shale, such as occurs in the vicinity of Santa Maria,
Calif., and in its natural state contains approximately 23 gallons of
oil per ton, was found to be an excellent inert material. The best
results were obtained when it was ground to pass about !4-inch
mesh. The greater part of the inert material used in the experimental
work was obtained from the Port Costa Brick Co., at Port Costa,
Calif. It was taken after passing the pan mills, where it had been
ground to the proper mesh for brickmaking. Sand of oil-soaked
sands and sandstones, beach sand, coal, coke, and sawdust also
served as inert materials, and the retort gave very satisfactory results
when used to distill oil shales such as occur in Colorado, Utah, and
Nevada.

TUBULAR STILL
DESCRIPTION

Although a process was devised that gave promise of treating tars
and heavy oils, oil-soaked sands and shales, combinations of tars
and heavy oils with oil-soaked sands and shales, and oil shales satis-
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factorily, no apparatus had been made that would successfully
treat these materials on a commercial scale. The first apparatus
designed was a tubular still (fig. 3). :

The oil and inert material separately entered one end of a horizontal
tube, made from 8-inch standard black pipe: the oil entered through

¥ i
bt

Fisure 3.—Tubular craeking still and apparatus for electrical control

a cup in the bottom of which was a valve, and the inert material

through a hopper beneath which was a pocket type of valve rotated

by a sprocket and chain. Within the tube was a stirring rod fitted

with paddles so inclined that their rotation mixed the oil and shale

and conveyed them to a 3-inch vertical pipe welded to the 8-inch
102495°—26——3
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pipe near the opposite end. A relief valve was provided immediately
above the 3-inch pipe, and the 3-inch pipe and the 8-inch pipe were
fitted with openings in which thermometers or the terminals of
pyrometers could be inserted. Both the horizontal and vertical
pipes were incased in electric heaters and both were provided with
vapor lines. In the bottom of the vertical pipe was a pocket valve
similar in type to the one used for introducing the inert material.
The purpose of this valve was to discharge the spent inert material
and carbon from the apparatus after “cracking” was complete. The
valve was actuated by the same sprocket chain that actuated the
inlet valve.
OPERATING DIFFICULTIES

It was proposed to heat the 8-inch pipe to a temperature somewhat
above that of boiling water and to heat the 3-inch pipe to a cracking
temperature of approximately 800° F. By careful control of the
heat it was believed that the original oil, which usually contained
2 to 15 per cent water, would be dehydrated in the horizontal tube
and then forced by the paddles as “dry” oil into the vertical tube.
Experiments proved, however, that this was not possible, and that
when the mixture of oil and inert material reached the vertical tube
it still contained a relatively large proportion of water—so much, in
fact, that the steam formed in the cracking process caused the mass
of oil, water, and inert material to be discharged as a foaming mixture
from the vapor lines. In addition, the vapors leaving the cracking
zone in the vertical chamber, instead of passing out through the vapor
lines designed to carry them to the condenser, entered the horizontal
chamber where they condensed. The liquid then returned to the
vertical chamber and the cracking process was repeated. Further,
a great deal of time and heat was consumed in bringing the mixture
to a cracking temperature in the vertical pipe, as the heat had to
travel 114 inches through the inert material before the oil in the
center of the pipe could be cracked. Another difficulty was that
the spent inert material adhered to the sides of the vertical pipe and
did not discharge by gravity through the valve in the bottom.

To overcome this last defect, scrapers were devised to fit inside the
bottom of the vertical tube. A pan was placed beneath the bottom
of the tube and a seal effected by allowing the spent material to pile
up in the pan. A small piece of angle iron, bent to a curve of about
114-inch radius, was fastened to the shaft that carried the scrapers,
just above the inside bottom of the pan. It acted in much the same
way as the vein in the runner of a centrifugal pump, discharging the
surplus inert material, without breaking the seal, over the lip of the
pan into an ordinary 4-gallon galvanized-iron bucket. After re-
peated changes and adjustments had been made in the length, size,
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and construction of this angle-iron vein or ‘“gopher,” the discharge
mechanism gave satisfactory results, and the principle was used
repeatedly in subsequent apparatus.

Virtually the entire summer and fall of 1919 were spent in experi-
mental work with this apparatus, and many runs were made with it,
but for all practical purposes it was a failure; hence details of those
experiments are not recorded.

CONCLUSIONS

Although the results obtained were negative, they nevertheless
had an important bearing on the design of a succeeding apparatus,
as they brought out clearly the following points that would be
essential to success on a commercial scale:

1. A successful machine must be so constructed that no matter
how much water the oil contains the mixture can not foam into the
vapor lines.

2. The vapors when once formed must immediately be removed
from the cracking chamber, or else any condensate that forms within
the retort must be removed and not allowed to return to the cracking
zone.

3. Arrangements must be such that the mixture can be heated in
thin layers; otherwise much time will be consumed in bringing all
of the mixture to a cracking temperature, for the inert material is a
very poor conductor of heat.

4. The inert material and entrained carbon must be discharged
under seal when all the vapors have been removed. '

5. The process must be continuous.

THE BOWIE-GAVIN APPARATTUS

In an effort to fulfill these requirements the apparatus known as
the Bowie-Gavin retort (shown in figs. 4 and 5) was designed and
has since been developed. It consisted essentially of a bottom plate
made of cast iron to which heat might be applied. Above this plate
was a wrought-iron cone, to the inner walls of which were welded
three troughs arranged to discharge any entering liquids into 34-inch
outlet pipes that also served as vapor lines. Resting on the center
of the plate was a vertical shaft to which was attached rabble arms
with rabbles so spaced that the rotation of the arms would carry
material from the center of the plate toward its periphery. To the
bottom of the cone was attached a circular angle iron which did not
come in contact with the plate, but was supported at intervals by
washers.

The outside of the bottom plate was surrounded by a ring of sheet
iron that formed a lip. On the ends of the rabble arms were plows,
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also called gophers, that discharged the spent inert material beneath
the angle iron and over the top of the lip. Figure 5 gives a good idea
of the action of these plows. In this way the spent inert material

F1GURE 5.—Rolling type of rabbles, discharge plow, and movement of inert material

around the bottom of the cone formed a seal which was continually
being replaced by added inert material forced outward by the plows;
the surplus fell over the lip outside the apparatus without breaking
the seal.
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RABBLES

The original design of rabble was soon discarded for the rolling
disk harrow type shown in Figure 5, which gives a view of the appa-
ratus with the cone-shaped cover removed. The disks have the
advantage that when set at the proper angle their motion as the arm
revolves becomes partly slip and partly roll,and their weight is enough
to force them continuously to scrape through the mass of inert
material and oil. This action prevents carbon from building up on
the plate and is decidedly important. The formation of carbon on
the plate greatly decreases the efficiency of the process, as the heat
must pass through the plate to the cracking zone.

The disk type of rabbles also is superior to a rigid type when the
bottom must be made in more than one section, as is done in a
retort of commercial size. Moreover, should one of the sections warp
enough so that the edge projects above the normal surface of the
plate and forms an obstruction, disks will roll up over it, whereas
the rigid type of rabble will tear up the plate or break the harrow
teeth or rabble arm.

SOURCE OF HEAT

Electric heaters  were so placed beneath the bottom plate as to
supply zones of constantly increasing temperature for the material
moving from the center of the apparatus to its periphery. The
electric heaters, however, were not altogether satisfactory; some of
them were constantly burning out, and the construction of the
machine was such that their replacement was rather tedious and
difficult. For this reason and because a commercial apparatus would
probably be fired either with gas or oil, the electric heaters were soon
discarded for a circular gas furnace that was fired at three points on
its circumference and so arranged that the products of combustion
would travel from the outer rim of the plate toward a stack near its
center. San Francisco city gas was then used as a source of heat.
A small air blower was used to facilitate firing.

MIXER

In the first experiments with the laboratory-size machine the
inert material was fed separately into the apparatus by means of a
spiral conveyor operating in a T and a short piece of horizontal pipe
so arranged as to drop the material on the center of the plate from
a point near the apex of the conicalcover. The oil, after being heated
enough to make it fluid, was fed into a cup at the left of the cone
near its top. However, equally satisfactory results were obtained
by mixing the inert material and oil in the desired proportions and
to the proper consistence before feeding them into the apparatus.
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THE BOWIE-GAVIN APPARATUS 19

This mixing was done by means of a device (fig. 6) which consisted
essentially of a double trough 3 feet long by 11 inches wide inside
and 1414 inches wide outside. As Figure 6 shows, the bottom of
the trough inside was rolled to conform to the circumference of a
circle with a 5-inch radius. Within the trough and revolving on a
central shaft were blades arranged in spirals in much the same man-
ner as the blades of an ordinary lawn mower. The inert material
and the oil to be mixed were placed within the trough and the blades
slowly revolved. The blades mixed the mateérial thoroughly and
at the same time moved it gradually to one end of the apparatus,
where it discharged through a 6-inch outlet pipe. The rate of dis-
charge was controlled by a sliding door.

The mixer had a sheet-iron cover, and between the inner and outer
walls was a space of approximately 2 inches divided by baffles into
compartments. On the bottom of the outer wall near the ends were
welded short pieces of 4-inch black pipe, from which sheet-iron pipe
connections led to the furnace stack. By this arrangement part of
the exhaust gases of combustion could be passed between the inner
and outer walls of the mixer to preheat the oil and inert material
during the mixing.

OPERATION OF APPARATUS

The mixture of oil and inert material was fed by means ot a spiral
conveyor (5, fig. 7) into the T attached to the top of the cone. The
mixture fell on the plate near its center and the rabbles carried it in
a relatively thin sheet to the periphery. As the material moved
outward it passed through zones of increasing temperatures, and the
oil it contained was cracked. Most of the vapors passed out through
the vapor lines, but some condensed on the sides of the apparatus.
This condensate ran down the inner surface of the cone and was
prevented from returning to the cracking zone by the troughs, which
carried it to the vapor lines and out of the apparatus. The con-
densate also served to wash down the light particles of carbon that
settled on the sides of the apparatus and to carry them out through
the condenser lines.

IMPROVEMENTS IN DESIGN

Noteworthy improvements in the design of this apparatus have
been the construction of the bottom plate in two pieces to prevent
cracking through expansion and contraction, the substitution of disk
harrows for the rigid rabbles described, changes in the vapor lines,
changes in the plows, and changes in the method of discharging the
spent material which make the action more positive. These im-
provements will be discussed in the description of the semicommercial
machine.
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RESULTS OF EXPERIMENTS

By the end of 1923 the authorshad made 72 runs with this apparatus;
oils of various gravities and varying proportions of inert material
were used in them. The longest continuous run, made with heavy
Panuco (Mexican) crude, lasted 20 hours and 15 minutes, during
which time 2 barrels of oil were fed into the apparatus. The results

FIGURE 7.—Arrangement of apparatus and appurtenances in the San Francisco laboratory. (See text for explanation of figures)

obtained were highly satisfactory. Inspection showed that the
apparatus at the end of the run was in virtually the same condition
as at the beginning.

Figure 7 gives a good idea of the arrangement of the apparatus and
its appurtenances in the laboratory at San Francisco at the time
this run was made.
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The numbering of the parts is as follows: 1, Motor operating the
main drive; 2, main-drive pulley; 3, oil and shale inlet; 4, reduction
gear driving the spiral conveyor in the T (5); 4, T fitted with spiral
conveyor; 6, conical hood; 7, 8, and 9, vapor condensate pipes
leading to separate condensers; 10, 11, and 12, outlets from the
condensers; 13, gas-fired furnace; 14, gas pipe, supplying the fur-
nace; 15, air pipe supplying the furnace; 16, furnace flue; 17,
receptacle for the inert material and carbon discharged from the
apparatus; 18, additional condenser through which the noncon-
densable gas passed; 19, discharge pipe for the noncondensable gas;
20, pyrometer indicator showing the temperature on the bottom
plate of the apparatus; 21, pyrometer indicator showing the temper-
ature inside the apparatus, 6 inches above the bottom plate; 22,
pyrometer indicator giving stack temperatures; and 23, gas meter
for measuring the amount of noncondensable gas produced in the
cracking process.

The mixer was being repaired at the time the photograph was
taken and hence does not appear in Figure 7. It rested on the top
of the platform and had its discharge end near 3.

Tables 6 and 7 give the results of the 20-hour run. The gravity
of the oil used in test 1 was 12.3° A. P. I.; the gravity of that used in
test 2 was 13.2° A. P. I. The first run lasted from 11.30 a. m. to
10.05 p. m.; the second test began at 10.05 p. m. and lasted until 7.43
a. m. the next day. The fixed gas was measured as carefully as
possible with a gas meter. Although it was wasted into the atmos-
phere, nevertheless an attempt was made to estimate the amount of
fuel oil that would have been required to run’ the plant had oil been
used as fuel and the fixed gas saved and burned with it. These
figures, of course, can only be considered approximate.



TaBLE 6.—Test 1 made with Panuco crude oil of 12.3° A. P. 1. gravity

Tem- | Tem- ight | Weight o osm | Gravit
Room | Fuel |perature| pera- Zggxgale ofe :’gﬂ Weight| Loss | Weight ‘{,iﬁ‘;’c’l‘ ol}agis-y Stack
Ti tem- gas, |of vapors) ture | .n g oar | ang of by of shale water tillate | tem- Remarks
ime pera- |amount|6 inches |outside | “1i 7" | water shale | fixed | residue and dis- |corrected| PO
ture | used | above of ture | fed in fed in gas |recovered tillate | tog0° ¥ | ature
plate | plate recovered
A m. °F. | Cu.ft.| °F. °F. Lbs. Lbs. Lbs. | Cu.ft. Lbs. Lbs. [°A.PI.| °F.
1130 __.. 68 | oo 851 671 P S E, _ 734
12.30. 73 200 716 824 73.55 | 29.40 | 44.15 80 33.87 28.75 23.8 761
1.30...____. 73 345 698 860 85.87 | 34.38 | 51.49 70 50.93 28,43 23.7 932
2.30.-. i 305 743 914 85.50 | 34.20 | 51.30 80 53.06 28. 56 21.0 944 | Changed sprocket to increase feed; shut down 2 minutes,
3.30__. 75 250 698 878 91.72 | 36.69 | 55.03| * 70 51.37 30.37 23.7 960 | Changed feed to original; 4 minutes lost.
4.30___ 75 355 770 914 82.88 | 33.15 | 49.73 90 50. 00 30.18 21.0 937 | More or less puffing out of vapor at shale discharge.
5.30-_ 75 145 766 910 78.80 | 31.52 | 47.28 80 44.25 25. 87 20.7 878 :
6.30_________ 75 370 756 950 85.90 | 34.36 | 51.54 85 47.12 28. 68 20.8 971
7.30.. 73 230 725 914 73.00 | 29.20 | 43.80 55 40.93 |- 23.93 22.8 950
8.30_..______ 75 300 743 932 83.60 | 33.44 | 50.16 65 50.75 30. 00 23.1 910
. . 85 57.43 32.12 22,1 932
40 32. 56 19.00 22.3 919 | Last of first drum of oil.
800 512. 27 305. 89

OIL USED AND RECOVERED

Weight of water and original oil (as above) ._.___________________
‘Weight of water in shale, 4.12 per cent of 534.72__

Total weight of water and oil fed in.___
‘Weight of water recovered in distillate

Net weight of oil putin._. ... ____________

‘Weight of water and distillate recovered (as above) _
‘Weight of water recovered

2510 Net weight of oil recovered ........... DT T 219. 94=28.70 gallons.
0 i 21!
35.68 =80.5 per cent, recovery by volume; 599, 56—75 1 per cent, recovery by weight.
Characteristics
: Oil re-

Oil used covered
Gravity, A. P. I . J 12.3 23.2
First drop, ® F___________________._____ 82 113
Percentage over at 428° F__.__________ - 9.3 21.3
Gravity of naphtha, ° A. P. T 4.9 48.5

SHALE USED

Shale used, 534.72 pounds=37 per cent by volume, approximately.
Specific gravﬂ;y of shale=2.575.
Moisture in shale (detetmmed by U. S. Department of Agriculture)=4.12 per cept.

FUEL REQUIREMENTS

QGas, San Francisco city (R R. commission) =550 B. t. u. per cubic foot.
Fixed gas recovered (U. S. Bureau of Mines, fixed gas made by Rittman process) = 1,300
B. t. u. per cubic foot.

Gas used, 900X 550 =1,595,000 B. t. u.
Fixed gas recovered, 800)(1 300—1 040 000 B. t. u.

Heat to be supplied, 555,000 B.t.u.

555,000__ 29.20 pounds of oil required if oil were to be used to make up fuel requirements
19,000 in excess of fixed gas.

22322506 =9.98 per cent fuel oil required if fixed gas were saved and used for fuel.

(44
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TaBLE 7.—Test 2 made with Panuco crude oil of 13.2° A. P. I. gravity

" Tem- Weight Weight
Tem- . .o . Redeter- .
era- f | Weight Weight | of com- | Gravit; P
) Room \Amount| (ic’or | Rers- | gt | of ol | WLt | Loss | of shale | bined | of dis | muned |Stack
Time ora- as | VADOIS |\ icide and and shale by fixed| residue water tillate g;?dls? ora- Remarks
s | Eh |6imches| OUet oll | water | pA%° | “gas | recov- |and dis- |corrected | grote P
above | Ot | mix- | fed in ered | tillate |to60° F. | oSl | ture
plate | P ture : recovered b day
° 177‘43 ° 1';6 o Lbhs Lbs. Lbs. | Cu.ft. Lbs. Lbs. °4. P 1 |[°A.P.I.| ° I"'.9
.................................. A PR FS R B °) |
752 968 | 100.55 | 40.05 | 60.50 70 62,12 36. 62 23.1 23.2 | 1,130 | Heavy vapor leak at shale discharge, due to high
temperature.
815 '086 | 66.90 | 26.75 |. 40.15 70 36. 06 23.87 2.3 21.7 993 | Feed cut off several times for 2 to 3 minutes; city
gas-pressure changing.
689 910 | 98.00 | 39.25 | 58,75 50 50. 00 32.06 24.8 25.3 986
662 878 | 98.69 | 39.48 | 59.21 70 62.25 33. 50 25.7 26.1 986
626 860 | 99.83 | 39.91 | 59.92 50 60.18 34.37 26. 4 26.3 977 | Fixed gas sample No. 3 taken at 2.30 a. m.
653 869 | 102.94 | 41.14 | 61.80 65 55. 81 36.25 25.6 25.1 950
671 896 | 99. 39.85 | 59.65 85 59.18 34. 56 24.0 23.6 986
680 914 | 92.35 | 36.95 | 55.40 60 53.12 34.00 4.8 24.3. 77
680 917 | 82.05 | 32.81 | 49.24 65 46. 56 30. 68 24.6 23.9 977 | Fixed gas sample No. 4 taken.
698 932 | 57.63 | 23.00 | 34.63 45 41.37 22.93 22.4 23.3 977 | -
________________ 898.44 | 359.19 | 539.25 630 526. 65 318.84 || ..
‘oIL USED AND RECOVERED Characteristics of oil recovered
) Pounds

Weight of water and originai oil (as abOVe) - - - oo coaccaeas

‘Weight of water in shale 6.42 per cent of 539.25

Total weight of water and oil fed in.. ... . ...

‘Weight of water recovered -

Net weight of oil putin. . ___ . ____._._

Weight of water and distillate recovered (as above)

Weight of water recovered - .. oo ooaeao o

Net weight of oil recovered. .
30.96 234.8!

So==83.7 per cent, recovery by volume; 309_86=75'8 per cent, recovery by weight.

38.05

0oil Oil re-
used covered
Gravity, °A. P. 1. 13.2 23.7
First drop, °F. 86 79
Percentage over at 428° F.___ .. ... 9.35 20.0
Gravity of naphtha, °A. P.I____ 461 466
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24 THE BOWIE-GAVIN PROCESS
EIGHT-FOOT SEMICOMMERCIAL APPARATUS

As has been stated, 72 runs were made with the 3-foot laboratory
machine. It is not surprising, therefore, that toward the close of
this part of the experimental work, fairly uniform results could be
obtained.

As with the bench apparatus, in many experiments the yields of
cracked products and the gasoline content of the cracked oil were
remarkably high. In general, best results were obtained when the
temperature was held at or near 400° C. (752° F.).

Apparently, however, some other type of bottom plate had to be
developed if the process were to be used commercially. A machine
of commercial size should be perhaps 25 feet in diameter. Obviously
the type of bottom used with the laboratory machine would be out
of the question for a machine of much larger diameter, because in-
equalities in heating and expansion and contraction of the metal
would soon disrupt it or warp it so badly as to render it useless.

To build and experiment with a 25-foot machine would have
required more money than the bureau could expend; so it was decided
to construct a semicommercial machine 8 ieet in diameter to solve
as far as possible all the mechanical difficulties that might arise in
the construction and operation of a larger commercial machine.

During the summer of 1921 an appropriation of $2,200 was made
toward the construction of this 8-foot apparatus, which was enough
to furnish labor and materials practically to complete the first ma-
chine and the necessary condensers. Through the personal efforts of
Albert B. Fall, former Secretary of the Interior, an added appro-
priation of $3,400 was obtained later in the year as an operating
fund. The machine was built on vacant property in the rear of
746 Sansome Street, San Francisco. Except for the bottom plate,
its construction was much the same as that of the laboratory appa-
ratus.

FOUNDATION

Figure 8 shows a plan and elevation of the furnace and part of
the foundation. The foundation consisted -of reinforced concrete,
the lower part of which was a mat 18 inches thick by 10 feet 3 inches
in diameter extending to the surface of the ground. Superimposed
on this mat was a ring of concrete 9 feet 214 inches in diameter and
16 inches thick, and superimposed on this was a second ring 5 feet
in diameter by 914 inches thick. A central pier of concrete 10 inches
in diameter, incased in a terra-cotta flue lining, extended from the
ground line to a point equal in elevation to the outer walls of the
furnace. This pier formed a support for the central casting of the
bottom plate, which in turn supported the central shaft to which
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the rabble arms were attached. Surrounding the central pier was
an angular ring, approximately 3 inches wide, that served as a flue
space. Connected with this angular ring and passing through the
foundation, as shown in Figure 8, were terra-cotta flue linings 11 by
15 inches, inside measurement, placed end to end and leading to the
stack base which was built of common red brick.

BOTTOM PLATE

The outer part of the bottom plate and hearth rested on the fur-
nace walls, and the inner part was supported by short pieces of T
rail made of cast iron spaced to form baffles to obstruct the free
flow of the furnace gases in their passage from the fire boxes to the
flue surrounding the central pier. This arrangement enabled the
operators to distribute the heat evenly over the hearth.

The plates, with the exception of the center one, were wedge
shaped with flanges or steps on their sides and ends designed to over-
lap when assembled, somewhat like the lid and surface of a stove.
The plates that came in contact with the hot gases of combustion
were approximately five-eighths inch thick; those that rested on the
outer walls of the furnace were fifteen-sixteenths inch thick. The
central casting was circular, with a hole in the center for a founda-
tion bolt and above this a recess to carry the rabble shaft. Four
wings on the bottom of the central casting were designed to engage
in slots in the top of the concrete pier and prevent the casting from
rotating with the movement of the shaft. There were three con-
centric rings of plates, and the plates in any one of these rings were
interchangeable.

COVER

Figure 9 is a plan and elevation of the wrought-iron cover that rests
on the hearth or bottom plate. The bottom part of this cover con-
sists of a strap iron three-eighths inch thick, bent to conform to the
circumference of a circle 8 feet 514 inches in diameter. To this strap
iron was welded one leg of an angle iron 3 by 3 inches by & inch, bent
to conform to the circumference of a circle approximately 8 feet in
diameter. Resting on this angle iron and welded to the other leg was
a cone made of l4-inch sheet iron. To the inner walls of the cone,
near the bottom, were welded strips of 14-inch sheet iron to form
gutters draining to 3-inch outlet pipes, as shown.

The cone was also fitted with a manhole, three look boxes made by
welding short nipples of 6-inch pipe to the cone, an inlet pipe for the
mixture of oil and inert material, a vapor line, a pipe for a pyrometer
terminal, and a 3%4-inch stuffing box to admit the drive shaft which
passed through the apex.



26 THE BOWIE-GAVIN PROCESS

The strap iron on which the wrought-iron cover rested was not
continuous but had three openings in it, approximately 8 inches
long, discharging the spent inert material and carbon, as will be
described later.

SPENT INERT MATERIAL AND CARBON DISCHARGE

Three openings through which the carbon and spent inert mater-
ial were to be discharged were left in the strap iron upon which the
cone rested. These openings were equally spaced about the cir-
cumference of the strap iron. They were about 10 inches long
and 37§ inches wide, the height of the strap iron. Wrought-iron
gates slightly smaller than the openings, hinged at one end and bent
to the same radius as the strap iron, closed these openings. In oper-
ation, the free ends of these gates were made to extend about 114
inches beneath the angle iron into the cone, and were held in this
position by weights or springs. .

To effect a seal between the bottom of the strap iron supporting
the cone and the top of the plate, a piece of sheet iron approximately
1 foot wide was placed about the circumference of the brickwork near
the top of the furnace, so that it projected about 10 inches above the
top of the brickwork; the space between this sheet iron and the
bottom of the cone was then filled with fine spent inert material and
carbon.

It was planned to adjust the plows on the ends of the rabble
arms so that during their rotation they would gather the spent inert
material and carbon in a pocket formed by the bottom plate, the
strap iron supporting the cone, the leg of the angle iron resting on the
strap iron, and the plow itself. As the greater part of the spent inert
material and carbon pushed before the plow was dry and granular,
it would be forced behind the gate and, when the plow reached the
gate, it would be forced out of the apparatus into the seal of inert
material outside, of which it would then become a part.

However, in order to maintain about the base of the cone a seal
deep enough to prevent the escape of gas from the apparatus, so
much power was needed to open the gates that the plows were either
bent enough to become useless or were broken. Solenoids were
then made which were timed to operate the gates at the exact instant
the plows reached them. The timing mechanism proved unsatis-
factory, and this entire method of discharge was discarded for a
screw-conveyor system which was perfected in connection with the
finally accepted type of bottom plate.
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