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INTRODUCTION

The Union of South Africa has been interested in oil shale for a long tinme,
and deposits of oil shales, torbanites, and similar rocks have been found in
meny parts of the country. (Fig. l.) Semples differ markedly in oil yield
and in the characteristics of the oil.. The strata vary in thickness, and most
of the deposits that have been found are in unfavorsble locations because of
remoteness from markets or absence of transportation facilities,

This report deals mainly with the torbanite deposit near Ermelo,
Transvaal, in the Union of South Africa, and the operations of the South
Africen Torbanite Mining and Refining Co,, Ltd. (hereafter referred to as
Satma_r) » in mining the torbanite, retorting it, and refining the crude oil,

Facilities and operations of Satmar were surveyed by the authors in
October 1947 to obtain information to aid the synthetic liquid fuels program
of the Bureau of Mines, pursuant to the Synthetic Liquid Fuels Act of
April 5, 194l (30 USC 321-325 as amended). The survey was a part of the
Bureau's plan to study at first hand the activities being conducted throughout
the world on a plant scale to manufacture gasoline, other liquid fuels, par-
affin wax, and other products from oil shale and torbanite, Representatives
of the oil-shale section of the Synthetic Liquid Fuels Branch of the Bureau of
Mines visited plants in Scotland, Sweden, Germany, France, Spain, Brazil,
Australia, Union of South Africa, and Manchuria, This report is one of a
series ,_:i/ ‘which have described oil-shale operations in other countries.

Units of Measure

Quantities and costs are stated in equivalent terms used in the United
States, unless specifically indicated otherwise, rather than in imperial
gallons and South African currency. An imperial gallon is 1,20 United States
gellons. In the petroleum industry of the United States a barrel is 42 U, S,
gallons, equivelent to 35 imperial gallons, In South Africe weights are
expressed in short tons of 2,000 pounds as in the United States. Oil-shale
assay values, reported in imperial gallons a short ton in South Africa, have
been converted to U, S. gallons a short ton by multiplying by 1.2. Monetary

3/ EKreemer, A, J., Oil Shale in Brazil: Bureau of Mines Rept, of Investi-
- gations 4655, 1950, 36 pp.
Thorne, H. M,, and Kraemer, A, J., 0il Shale in Spain: Bureau of Mines
Rept. of Investigations 4736, 1950, 21 pp.
Guthrie, Boyd, and Klosky, Simon, The Oil-Shale Industries of Europe:
Bureau of Mines Rept. of Investigations 4776, 1951, T3 pp.
Kraemer, A. J., and Thorne, H, M., Oil-Shale Operations in New South
Wales, Australia: Bureau of Mines Rept. of Imwestigations 4796, 1951,

48 pp.
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values have been converted on the basis of the exchange rate in October 1947,
which was 4,00 U, S, dollars a South African pound,

SUMMARY

In this report the reader's attention is directed briefly to the deposits
of oil shales, torbanites, and similar rocks that have been found in meny
parts of the Union of South Africa and efforts that have been made to exploit
the deposits. The formation and capital structure of South African Torbanite
Mining and Refining Co., Ltd. (Satmar), is outlined., This organization is
operating the only oil-shale project in South Africe,

The Satmar mine near Irmelo, Transvaal, is a combination coel-and.-
torbanite mine in which coal overlies the torbanite and is removed before the
torbanite is blasted., The production is approximately 1,400 tons of coal
and 800 tons of torbanite & working day.

The retorting plant at Ermelo comprises a Davidson rotary unit of 4 tubes
and 10 Salermo retorts with the auxiliary facilities needed to operate them,
including housing for the staff and the native workmen and their families, In
1947 the average charging rate to the retorts was 720 tons of torbanite a
calendar day, 90 tons of coal a day was used as boiler fuel, and 70 tons was
used in producer-gas generators to supply fuel for the retorts. Production
of crude shale oil was about 810 barrels a calendar day.

In the refinery at Boksburg North, near Johannesburg, crude shale oil
received in tank cars from the retorting plant at Ermelo is charged to a
combination crude-oil distillation and thermal cracking unit. The main
products of the refinery are 70-octane (A.S,T.M. Motor Method) gasoline (made
without use of tetraethyl lead by blending with purchased benzene and ethyl
alcohol), asphaltic products, and cresylic acids. The refinery is on stream
approximately 180 days a year and processes about 1,640 barrels of crude oil

an operating day.

The Ermelo mine and retorting pleant has a large number of employees in
proportion to the production of the plant, In the mining operations 675
negroes (called natives or boys) and 26 white men are employed underground
and 230 natives and 8 white men above ground. In the retorting and auxiliary
plants 200 natives and 27 white men are employed. These figures do not include
employees in the boiler house, power plant, shops, warehouse, office, lab-
oratory, or those engeged in other incidental activities. The technical staff
consists of a superintendent, a chief engineer, a mining engineer, a chief
chemist, a retorting superintendent, and their assistants,

The refinery at Boksburg North employs 180 natives and 107 white men,
including supervisory and technical staff made up of a superintendent, a
chief chemist, a chief engineer, and assistants.

The company does not have a direct subsidy or remission of taxes as is

true of oil-shale orgenizations in most other countries, but is aided sub-
stantially by high freight rates on petroleum and petroleum products from

5730 -2-
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seaports such as Durban and Capetown to the interior., The company bears an

excise duty on production of gasoline, The production is only a minor frac-

tion of the consumers demand within the Johannesburg marketing area. The

Egimgany has operated at a profit, and has paid dividends regularly to stock-
exrs,

ACKNOWLEDGMENTS

This report has been prepared under the general supervision of W, C, .
Schroeder, formerly chief, Synthetic Liquid Fuels Branch, and R, A, Cattell,
chief, Petroleum and Natural Gas Branch, Bureau of Mines, Washington, D, C.

The authors are indebted to officlals and members of the staff of South
African Torbanite Mining and Refining Co,, Ltd., for their hospitality and
many courtesies, Special thanks are due to J, R. Case, 0,B.E,, general
manager of the company at Johannesburg, for his kindness and cooperation, .
W. B, Somerville, superintendent of the mining and retorting plant at Ermelo,
and J, A, Toubkin, formerly refinery manager at Boksburg North, gave much ’
valuable information regarding the operation of the plants under their super-
vision, ‘

The staff of the United States Consulate General at Johannesburg was very
cooperative, and William Venderburg, formerly mianerals attaché, was especielly
helpful in meking various arrangements., ’

Acknovledgment is due H. P, Rue, chief, Fuels Technology Division,
Region IV, Bureau of Mines, and to the personnel of the 0il-Shale Research
Branch at the Petroleum and Oil-Shale Experiment Station, laramie, Wyo., for
analyses of oil shale, shale oil, and products provided by Satmar,

Some illustrations were redrawn from prints supplied by Satmar under the
supervision of L. P, Perry, formerly supervising engineer of the Graphic
Services Section of the Bureau of Mines, Pittsburgh, Pa,, and others were
redrawvn at the Petroleum and 0il.Shale Experiment Station, Laramie, Wyo,

EARLY INTEREST IN OIL SHALES OF SOUTH AFRICA
The story of oil shale in South Africa hes been summarized admirably by
Petrick,&/ and readers are referred to his bulletin and to references in his
bulletin for detailed information to the year 1936,

Trevor?./ has written a comprehensive report on the geological and geo-
graphic distribution of the known deposits in 1923, The oil-shale deposits

4/ Petrick, A, J., A Contribution to the Study of South African 0il Shales:

- Fuel Research Institute of South Africa, Pretoria, Union of South Africa,
Bull, 7, 80 pp. Reprinted from Jour, Chem, Metal, Min, Soc. South
Africa, vol. 37, No, 6, December 1936. _

5/ Trevor, T. G., The 0il-Yielding Rocks in the Union of South Africa: South

- African Jour, Ind., vol, 6, 1923, pp. 285-306; Petrol, World, vol. 20,
1923, pp. 358-360.
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in the Transvaal were known as long ago as 1900, and in 1903 the Transvaal 0il
Shale Syndicate, Ltd., investigated the oil-shale occurrence at Kikvorsch-
fontein No. 4 (fig. 2). The shale gives high yields of oil, but the seanm
evidently is too thin to be workable on & commercial scale.

The shale deposits at Kromhoek, Virginia, and Goedgevonden in the
Wakkerstroom area south of Kikvorschfontein were more promising, and the
African Oil Corp. obtained options on these farms in 1919. A year or two
later the Royal Dutch Shell Co. became interested and sent an engineer to
conduct investigations. The prospects did not appear to be interesting
enough and the Shell Co, surrendered its options.

The African 0il Corp. continued development work at Kromhoek and
Goedgevonden and proved the amount of workable shale to be at least 7,000,000
tons. In 1931 this company abandoned the option, and it was taken up by a
Volksrust syndicate, which still held the option in 1932 when the British
Burmsh Petroleum Co. is reported to have sent representatives to negotiate
about them., However, Petrick was unable to find a definite reference in the
available literature to any actual negotiations in South Africa. The British
Burmah Petroleum Co. soon turned its attention entirely to the Ermelo deposit.

The oil.shale deposit at Ermelo is situated much more conveniently than
those mentioned above. In 1910 the Transvaal Boghead Coal Co., Ltd., was
organized to develop the oil-shale deposits at Mooifontein and Bloemfontein,
Various other companies were organized from time to time to exploit these
oil-ghale deposits. In 1932 development was intensified, and numerous bore-
holes were sunk on Mooifontein, and the available quantity of torbanite became

known fairly accurately.

South African Torbanite Mining and Refining Co,

.The Anglo-Transvaal Consolidated Investment Co,, Ltd., in collaboration
with the British Burmah Petroleum Co, and J. Taylor & Sons, London, organized
Setmar late in 193% or early in 1935 with a capital of 750,000 South African
pounds. The mine was developed promptly at Ermelo, and operation of the
retorting plant was begun in November 1935. Satmar embarked upon e program to
double the crude oil production and utilize lower grade deposits in 194k,

The asuthorized capital was increased to 1,000,000 pounds, in 4,000,000
shares at 5 shillings each, and in 1947 the issued capital was 693,437 pounds,
10 shillings in 2,773,750 shares at 5 shillings each, At that time the company
had outstanding 5-1 /2 percent first-mortgage debentures of 257,300 pounds. The
Managers, Secretaries, and Registered Office are Anglo-Transvaal Consolidated
Investment Co., Ltd., Anglovaal House, Johannesburg, Transvaal, Union of South
Africa, and the Technicel Managers are The British Burmah Petroleum Co.

(s.A.) (Pty.), Ltd., Anglovaal House, Johannesburg.

ERMELO MINING AND RETORTING PLANT

This account relates to conditions of operation and other circumstances
that existed at the time of the authors' visit to the Satmar plants and offices
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in October 1947, Occasional references to changes that have been brought
about since that time have been abstracted mainly from recent reports by
members of the Satmar staff,5/7/8/9

The Satmar plant begins about 8 miles from Ermelo at a railroad stop |
called Torbanite, where tank cars of crude oil are loaded for delivery to the
refinery at Boksburg North, coal is shipped, end freight is received., The
next step is the coal screeming, cleaning, and loading plant, where coal is
received from the mine over a 24-inch-gage railway powered by an endless wire
rope 3 feet gbove the tracks, The coal is screered and handpicked for rock,
lump coal is sold, some Pea size 1s returned to the plant for use as boiler
fuel, and minus-4-inch plus-l-l/e-inch coal 1s used as gas-producer fuel,

The plant proper consists of the following principal parts:

1, The combination torbanite and coal mine,

2. Conveyors and crushers,

3. Davidson rotary and Salermo retorts.

Lk, BSeven gas producers and auxiliary equipment.

5. Boiler house and power plant.

6. Office and laboratory building.

7. Shop and warehouse building.

In addition there are the usual auxiliary plants and structures, such
as a water-recovery plent and a garage.

General Layout of Plant

Figure 3 is a scale drawing of the surface plant at Ermelo, showing the
relative position and size of the various units. The location of the mine
with reference to the plant can be seen by comparison with figure h which
shows the location of mine claims s plant, and mines, The ares within the
boundaries of the map is known as Mooifontein 287 (fig. 2) and is a "farm
in the sense in which this term is used in the Union of South Africa., Figures
3 and 4 are drawn to different scales, and the scale of figure 3 is approxi-.
mately 20 times as large as that of figure 4. Both figures show the relative

6/ Stelling, A, K., and Robertson, G. G., The Occurrence and Exploitation of

01l Shales in South Africa: U4th World Power Conf., London, 1950,
7/ Blore, G. B., and Somerville, W. B., The Mining of South African

Torbenite: 24 0il Shale and Cannel Coal Conf., Glasgow, Scotland,
July 1950, pp. 180-185,

8/ Forbes, C. E., and Somerville, W, B., The Retorting of South African
Torbanite: 24 0il Shale and Cannel Coal Conf., Glasgow, ‘Scotland
July 1950, pp. 428-439.

9/ Robertson, G. G., The Refining of South African Torbanite Crude 011:
24 0il Shale ahd Cannel Coal Conf,, Glasgow, Scotlend; July- -1950,

PP. 5T1-582.
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positions of edits 1 and 4 with reference to the original retorts, within the
included angle between the haulageways from these adits., The coal-screening
plant is beyond the limits of figure 3, but its location is indicated in
figure 4 and by the pipeline to siding in the lower left of figure 3, Resi-
dences of the staff are in the area indicated by the caption Road to Village
at the left of figure 3, and the housing for natives is to the right of the
bridge over which the Road to Compound passes.

Living_ Quarters for Natives

Most of the natives employed at the Ermelo plant are single men, but a
few merried men are employed. Figure 5 is a view of the native compound
showing, to the right, typical houses provided for men with families, Single
men are housed in substantial circular concrete houses, some of which can be
seen at the left of the picture, These houses have bunks for 6 to 8 men,

The principal item of food 1s a cereal mush cooked in steam kettles in a
central kitchen and supplemented with meat. Native-type beer is brewed in
the compound. The area showed every evidence of efforts to maintain cleanlia.
ness and sanitary conditions.

The Mine

The following description of the Ermelo mine and its equipment and
method of operation deals with conditions at the time of the authors' visit
in October 1947. The paper by Blore and SOmervillelQ/ describes more recent
conditions and illustrates the changing nature of oil-.shale mining when it is
done by progressive organizations,

The mine is entered through adits 1 and 4 (figs. 3 and 4) at the plant
level of 5,750 feet above sea level, In this mine coal overlies the torban-
ite, and both are in comparatively thin beds. The average thickness of the
torbanite is 21 inches and the coal, 30 inches, The mine assay value of the
torbanite is 56 gallons a ton, based on the entire workings. An area of about
20,000,000 square feet had been developed to the end of 1947, and the rate of
depletion was about 4,000,000 square feet a year. The present torbanite
deposit is estimated to have a life of 15 to 20 years at the rate of produce-

tion during 1947,

The mine has been developed by the room-and-pillar method, with rooms 18
feet wide on 33 foot centers, leaving 15-foot square pillars, giving an 80-
percent extraction of torbanite.

The roof usually is strong sandstone, and as a general rule roof supports
are uséd only in areas where shale overlies the coal and in areas adjacent to

igneous intrusions.

.Figure 4 has several notations in inch-gallons, which are derived for
each of the designated areas by multiplying the Fischer assay velue of the
torbenite in imperial gallons per ton by the thiclkmess in inches of the torban-

ite bed.

10/ Work cited in footnote 7.
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Figure 5. - Houses in native compound, Ermelo, Transvaal.






Surface Equipment

The haulage system (figs. 3 and 4) is the principal item of surface
equipment that is related directly to mining. The mining section supervises
transportation of torbanite from the mine face to the crushing plant, coal
to the screening plant and back to the gas producers and the boiler plant,
and waste coal to the dump. Ore cars are moved over a 2&-1nch-gage reilroad
with overhead haulage ropes of wire. Numerous interruptions, above ground
end in the mine, are caused by cars Jumping tracks and similer mishaps. Be-
cause of the interdependent arrangement of the haulage ropes, an accident on
one part of the system stops all cars on the entire system.:

The powder magazine is shown at the upper right of figure 3, at adit 4,
end the battery room for recharging electric cap-lamp batteries 1s adjacent
to the compound, o '

In 1947 air for pneumatic drills was compressed underground in portable
25-hp. compressors to keep up with the rapid advance of the mining operations,
and one ailr compressor was installed above g und in the power station for
surface requirements, Blore and Somervill ._3; state that electric drills are
used now.

Mining

In preparation for blasting the coal and torbanite beds, a kerf of 5 to
‘5-1/2 inches is cut in the overlying coal, as close as possible to the top of
the torbanite, with arc-wall undercutting coal cutters having a radius of 7
feet 6 inches and shortwall machines. The cutter does not cut the ‘torbanite,
and because of the inequalities in its upper surface a few inches of coal may
be left adhering to the torbanite,

‘The diameter of the kerf is 15 feet. Three holes 6 feet deep are drilled
into the face of the coal body, "looking up" slightly, with hand-held pneu-
matic drills using 60 pounds per square inch of air pressure at the -drill,
with 7/8-inch, hollow, hexagonal drill rods fitted with chisel bits. The
cuttings from the kerf and the shot holes are swept up carefully and shoveled
into coal cars. Four holes of the same size are drilled into the face of the
torbanite, "looking down" slightly. o

~Each of the 3 holes in the coal is loaded with 3 sticks of ‘1 by 8-inch
60-percent ammon-dynamite (a nonpermissible powder in the United States) and
ignited with fuses, using mercury fulminate detonators., The coal is hand
shoveled ‘into ore cars, as much as possible of the coal adhering to the tor-
banite is removed with pinch bars, the place is trimmed where necessary, and
the residue of coal is swept catefully and removed before the torbanite is
shot . '

Each of the four holes in the torbanite is loaded and shot in fche same
way as the coel, 'the broken rock is hand shoveled into ore cars » end the place
is swept clean of torbanite, X

TI7Work cTted 1m Tootmote T =~ B
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Great care is taken to prevent mixing the coal and the. torbanite to avoid
contamination of the shale oil produced by retorting. Additionally, the care
to exclude coal i1s necessitated by the increased load on retorting capacity
and the uneconomically low yield of products therefrom.

The mine is ventilated by fans, and the air circuits are regulated by
brattices. o

The coal and torbanite are transported in 24-inch-gage railroad cars that
hold about 1,500 pounds each. The coal is delivered to the cleaning end
screening plant and the torbanite to the picking and crushing plant.

The torbanite from the two adits was mixed at the picking and crushing
plant, and the coal from both adits was mixed at the cleaning and screening
plant.

The mine is classed as nonfiery, and electric cep lamps are used for
illumination,

Productivity and Costs

The Ermelo mine has a large number of employees in proportion to the
production. In the mining operations 675 natives and 26 white men are
employed underground and 230 natives and 8 white men above ground. Undera
ground and surface mine labor is done almost entirely by the natives, and
under the supervision of white men, and vwhite men load the holes and fire the
shots.

In 1947 the mine was operated in 2 shifts of 9,5 hours each, portal to
portal, 6 days a week, The average gross production during the latter part
of 1947 was 55,000 tons a month, divided approximately into 20,000 tons of
torbanite, 30,000 tons of coal, and 5,000 tons of waste. This production was
equivalent, approximately, to 30 tons of torbanite or 75 tons of torbanite
plus coal, or 85 tons of gross production, including waste, per native under-
ground per month. The 230 natives and 8 white men employed in the above-
ground operations of the mining section were engaged mainly in transporting
the torbanite to the crushers and the coal to the cleaning and screening plant
and thence to the coal-loading station, the boiler house, producer-gas house,

and waste dump,

The underground natives receive a minimum of 53 cents a day plus food,
including beer brewéd in the native compound, quarters, and hosgpitalization,
White miners are paid 60 cents an hour ($5.70 a day), the mine overseer
$320.60 a month, and shift bosses $220.41 a month, excluding cost-of-1living

allowance.

Because of the dual nature of the mining operations end the fact that a
large proportipn of the mine output is coel of little market value, the pro-
portion of the total cost of operating the mine that should be charged as
cost of mining the torbanite is problematical, and figures for coste of mining

are not given in this report.
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Crushing and Retorting Plant

The retorting plant at Ermelo consists of the torbanite crushing and
screening plant, a unit of 4 Davidson rotary retorts, and 10 Salermo retorts.
There are also the auxiliary facilities needed to operate the retorts, such
as seven gas producers to supply fuel gas. (See fig. 3.)

Shale Crushers and Gas Producers.

The shale crushing and screening plant and the producer-gas generators
are operated as a wunit of the retorting section. The producer-gas plant
comprises seven generators and their auxiliary facilities. The T gas pro-
ducers consume an average of epproximately 57 tons of coal a calendar day and
generate 4,500,00 cubic feet of cold gas with a calorific value of 130 B.t.u.
a cubic foot, at a conversion efficiency of 55 percent.

Crushing and screening, - The torbanite is received at the crushing plent
(fig. 3) as run-of-mine shale and crushed in three stages, The primary single-
roll crushers break the torbanite to 6 inches or slightly larger size. The
secondary crushers, which also are of the single-roll type, reduce the run of
the primary crusher to 3 to U4 inches, and the double-roll tertiary crushers
are set to deliver l-inch and smaller particles, The torbanite is not screened
between -the stages of crushing.

The ‘shale from the tertiary crusher that passes over a l-inch screen is
charged to the Davidson retorts or cycled back to the crushers; shale that
passes through the l-inch screen is charged to the Salermo retorts. The
crushed shale is transported by belt conveyors to elevated bunkers from which
it is fed through an automatic weighing macHine to each retorting umit, first
passing over a magnetic pulley to remove "tramp iron," which might damage the
retorts., No shale is discarded as fines, Figure 3 shows the position of the
2 torbanite stockpiles, 1 for the Davidson unit, and the other for the
Salermo retorts,

Davidson Retorts

The Davidson rotary is an example of the indirectly heated’ rotary type of
retort, It was used in Estonia as early as 1932 and has been described ade-
quately in the literature.12713/ The following description is quoted from the
article by Stelling:

The Devidson retort tube consists of a slowly rotating cylinder,
4 £t, in diameter and 75 ft. long, sloping slightly towards the dis-
charge end (fig. 6). This tube rotates in a fire-brick-lined heating
chamber which is in two parts--the preheating and drying section at
the feed end, about one-third of the total length, and a carbonizing

I2/ Davidson, T. M,, The Davidson Rotary Retort: Proceedings of a Conference

- -on 0il Shale and Camnel Coal, Glasgow, Scotland, June 1938, pp. 157-173
The Institute of Petroleum, (London) 1938. .

13/ Stelling, Robert, 0il Shales and Torbanite: Jour. Chem. Met, Min, Soc.

- South Africa, vol. 43, 1942, pp. 34-55.
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section separated from the preheating section by a ‘gap in which are
located the intermediate supporting rollers, Heat is generatéd in a
combustion chamber at the discharge end by burning the noncondensible
retort gases, as in the Scottish retorts, and by providing additional
fuel. The gases of combustion pass aslong a flue alongside the heat-
ing chambers, into which they are admitted through a row of ports,
the closing of which, wholly or partially, regulates the heat dis-
tribution and temperature gradient throughout the chambers, In
Estonia, the temperature falls from 610°C. at the discharge end

to 565°%C, at the upper end of the cearbonization section, and the
highest temperature in the preheating section is 275°-300°C, At
Ermelo, the temperature is kept practically constant throughout

the carbonizing section at 630°C., and at 410°C, in the preheating
section., Power consumption is 10.8 kw.-hr. per metric ton retorted
in Estonia. This is reduced to 8 at Ermelo,

Coke Removal

One of the drawbacks of asny indirect heating system applied to
low temperature carbonizetion is the tendency to form coke on the
shale side of the heating surface, end one of the Davidson patents
applied to this rotary kiln consists of an ingenious device for
scraping the coke off the cylinder walls. This train of scrapers,
which overlap each other's working stroke, rides on the top of a
D-shaped tube running through the center of the retort, acting as
the gas offtake. The scrapers are moved by a long central shaft,
which emerges at the feed end, and hes a slow reversing movement
(once in 15 minutes) imparted to it from a worm gear with reversing
belts driven by a separate electric motor. This shaft also oper-
ates a train of push-plate scrapers inside the D.tube. This tube
forms the gas offtake, and must be kept clear of dust, so the
plates are pivoted to move the dust out of the tube towards the
feed end of the retort. The D-tube is fixed to the discharge
end, and rides inside the tube in roller bearings, the outer races
of which are carried in spiders fixed to the tube shell, There is
no lubrication of these races, and their temperature is probably
around 400°C, The seals to atmosphere at both ends of the retort
consist of rubbing rings held in position by springs.

The spent torbanite is discharged over a dam ring or cir-
cular sill (to maintain the thickness of the bed) into a discharge
box, below which are two face-plate valves actuated by steam or
air. These valves open and close in sequence so that spent
material is dropped out of the discharge box without letting air
get into the tube, or conversely, letting oil vapours escape and

flash.

In Estonia the spent shale is discharged hot on to moving
bar grates, where it is ignited to provide the heat for retorting.
In Ermelo this is not feasible, due to the higher percentage of
fixed carbon in .the spent ore; hence, producer gas is mixed with
torbenite gas to give the required heat.
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The Davidson tubes are rated at 23 metric tons per day each in.
Estonia, and 30 short tons per day at Ermelo., The tonnage of the
Davidson retort 1s limited by two factors: +the depth of the. charge
or bed of shale in the retort, and the rate of heat transmission. .
The rate of feed can vary only between narrow limits, for it must
.be such that a rolling movement of the charge takes place. Too
little causes the charge to slide only, with a tendency to cake,
while too rapid movement prevents adequate heating.

The Davidson retorts were altered as a result of experience with their
operation at Ermelo., The internal D-shaped tube and scrapers, mentioned by
Stelling and by Davidson, were removed, and the retort tubes have no internel
mechanism, In place of these dust catchers and coke scrapers, poker bars
with piston heads were fitted into the 1O-inch-diameter offtake pipes (fig. 7,
plan and elevation A-A), with which dust and coke are pushed back periodically
into the retort tubes.,.

Operation of Davidson Retort. - The Davidson unit of 4 tubes at Ernielo
is charged at the rate of about 30 tons a tube a day, or 120 tons of tor-
banite ranging in size from 1 inch to 3 to 4 inches for the 4-tube unit. A
weighmeter for each tube weighs the charges. The shale is heated to approxi-
mately hOO°C (750°F.) in the drying and preheating section, and the tempera-
ture in the retorting section ranges from 600°C, (1,100°F,) at the charging
end to 650°C, (1,200°F.) at the discharge end of the tubes. .The unit is
heated by burning approximately 130,000 cubic feet of retort gas (1,000
B.t.u.) and 1,000,000 cubic feet of producer gas (130.B.t.u.) a day
(2,167,000 B.t .u. a ton of shale), No attempt is made to burn the oil-spent
shale, :

The average Fischer assay value of the shale charged to the Davidson
retorts in September 1947 was 56 U,S. gallons a ton, and the average recovery
was 49 gallons a ton, or 88 percent of the assay value, excluding the filter
cake, An additional 1,000 gallons of o0il a day is-obtained by charging to
the Davidson and Salermo retorts the oil-soaked cake formed in filtering the
shale oil produced by the retorts. Thus the production of the Davidson
rotary retort unit at Ermelo is approximately 150 barrels of crudé shale oil
an operating day., This yield includes.the proportional part of the scrubber
naphtha extracted from Davidson and Salermo retort gases in the na.phtha
scrubber,

Salermo Retorts

Stelling_lﬁ/ ‘has given an excellent description of the S'al_e"rmov retorts at
Ermelo: '

The Salermo principle is basically the external and progressive
heating of small particles kept in continuous movement » 80 &s to
secure repeated brief contacts of the particles ‘with ‘a heated surface
and constantly renewed contacts.of particle with particle, thus

_Z!.__’-L/ Work cited in footnote 13.
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largely increasing the efficiency of heat transfer, 1In practice, this
is carried out by heating end agitating the material in a series of
semicircular troughs (fig. 8), which are heated from the underside by
products of combustion., '

Salermo Retort

Each retort (fig. 8) consists essentially of a series of 36
semicircular mild steel troughs, 8 in. radius, 7 ft. 6 in. long,
riveted together; these troughs form the bottom of the retort, the
material is fed into these troughs and is heated through them, Side,
end and top cover plates of mild steel form the closed vapour space.
Below the troughs is built a gas-fired fire-brick furnace, consisting
of a combustion chamber undexr the first nine troughs, and six flues
leading away from this, along the underside of the troughs to the
chimney at the discharge end of the retort. A shaft, having sixteen
T-shaped paddles attached to it (fig. 8), revolves in each trough; the
shaft is placed on the center-line of the trough, and there is about
1/4 in. clearance between the trough and the paddles. The shaft
passes out through glands in the side plates, and is driven at 5
r.p.m. through bevel gears from a line shaft.

The action of the rotating paddles is such that the material
is sgitated, mixed, and transported from trough to trough coming
into intimate contact with the discharge mechanism, which consists
of two horizontal spiral conveyors and one vertical spiral. These
are so constructed that the vertical spiral always remains full
of msterial, emsuring that oil vapour will not escape from, nor
will air gain access to, the inside of the retort.

As the material moves along the retort it becomes heated, At
No. 14 trough the temperature has reached 300° C, or over, at the end
of the retort the temperature is between 4500 and 500°, this tempera-
ture being carefully controlled, as the efficiency of the process
depends mainly on this temperature,

Originally, delayed combustion wes adopted to maintein the
correct temperature gredient of the gas, but it was abandoned due
to the deleterious effect of the reducing conditions on the troughs.
The present method is outlined below.

Torbanite gas, augmented by producer gas, is burnt in the com-
bustion chamber under the first nine troughs, which are suitably
protected, and provision is made for the addition of gas further
along the flues under the troughs to raise the temperature toward
the discharge end of the plant without excessively increesing that
at the feed end. After leaving the underside of the troughs the
flue gases pass directly to the stack at a temperature of 600° C.
The hest input to the combustion chamber amounts to 17-19 therms
per ton of torbanite carbonized, while 2.4 therms are applied from
the smaller burners towards the discharge end, The oil vapours are
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removed through offtake pipes and led to the condensers. The length
of run aversges above 110 days with 14.19 days for overhaul,

The rating of the Sglermo retort is 75 long tons a day, and the
power consumption does not exceed 3.5 kw,-hr. per long. ton retorted,
Troughs are of mild steel boiler plate, shafts are of 0,3 carbon mild
steel, and paddles are cast steel with 0.3 percent carbon and 0.6
percent manganese,

Some of the operating temperatures, heat inputs, capacities, and yields
mentioned in the foregoing quotation from Stelling's paper of 1942 differ
materially from corresponding values for 1947 given in this report. The
latter data, in turn, differ from those reported in 1950.}_5_/ The progressive
improvement in operating practices, yields, and other factors disclosed by
these successive reports is due to the changes that have been brought about
by trial and experiment to determine the most favorable conditions of opera-

tion.

At the time Stelling's account was written there were only 4 Salermo
retorts at Ermelo (fig. 3) and retorts 5 to 10 were installed later. These
retorts have an improved discharge mechanism, which is shown in figure 9,
and an improved arrangement of gas offtakes, collector mains, and oil piping,
shown in figure 10, The troughs, paddles, and paddle shafts of the latter
retorts were constructed of special alloys for better heat and corrosion
resistance,

Figure 11 shows the houses for Salermo retorts 5 to 10, with 2 smoke
stacks in the middle ground and the overhead shale conveyor in the background.

Operation of Salermo Retorts. - The 10 Salermo retorts have an operating
capacity of ©7 toms of torbanite each & calendar day, or 670 tons a day for
the 10 retorts. A retort is kept in operating status 140 days and then cooled,
overhauled, and brought up to temperature again in sbout 3 weeks. Therefore,
an operating cycle of a Salermo retort is approximetely 160 calendar days and
the "down-time" 13 percent, The throughput during an operating day averages
77.5 tons per retort.

The Salermo retorts are charged by feeding the torbanite that passes
through the l-inch screen at the crushing plent to the first trough of each
retort through a star feeder, The shale charged to each retort is measured
by a weightmeter. O0il vapors are withdrawn at various predetermined points
along the retort, which facilitates the separation of clean end dirty oil.

The retorts are well instrumented, and operating conditions are stable,
Combustion-chamber temperatures are approximetely 1,100°C, (2,000°F.) and
stack-gas temperatures 720°C, (1,330°F.). Temperatures of the torbanite in
the troughs range from an average of 350°%C, (660°F.) at the 13th and 1luith
troughs, to 460°C, (860°F.) at the 22d and 23d troughs, to 500 , (930°F,) at the
26th to 36th troughs.

1.2/ Work cited in footnotes 6, 7, 8, and 9.
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‘The oil yield is-dpproximately 90 percent of the Fischer assay value
excluding recovery from filter cake, For & charge that averages 56 gallons a
ton in assay value this yield is 50 gallons a ton, including approximately 2
gallons of scrubber naphtha extracted from the retort gases in the naphthe
scrubber, For the 10 Salermo retorts the production is 34,000 gallons (810
barrels), a calendar day.

The gas yield is approximately 1,400 cubic feet a ton of shale, or 940,000
cubic feet a calendar day, from the 10 Salermo retorts, '
Fuel consumption per retort per day is approximately 70,000 cubic feet of
retort gas (1,000 B.t.u.) and 500,000 to 650,000 cubic feet of producer gas,
depending upon its heating value, at the rate of 1, 800 000 B.t.u. a ton of
torbanite retorted,

The spent shale ranges between 40 and 42 percent in fixed-carbon content
and has a calorific value of 6,000 B.t.u. & pound, It is not considered a
desireble fuel in view of the availability of coal of low market value, and no
attempt is made to use it.

At the time of the authors! visit to the Ermelo plant in October 1947
experiments in the use of steam in the vapor space of the Salermo retorts
had just begun, and conclusive results had not been obtained, It was thought
that injection of steam not only would improve yields of oil by reducing
decomposition of oil vapors into fixed gases, but would improve the quality
of the oil by promoting removal of oil vapors at lower temperatures,

The Salermo retorts at Ermelo are said to give definite evidence of
"fractional eduction" of oil from the torbanite., Although the gas and vapors
from the offtake pipes are mixed in a gathering main between the retorts and
the condensers, samples taken from each offtake are different in gravity and
boiling range.

Condensing, Filtering, and Gas Scrubbing

The mixture of gases and vapors from the Davidson and Salermo retorts is
conducted through collector mains to the condensers, which are a combination
of direct water contact and water cooled condensers. The water contact
tubular condensers are necessary because of the fouling of the tubes, which
would be experienced on conventional tubular condensers, The collector mains
have water sprays. The heavier condensate, which contains about 5 percent of
dust and a substantial proportion of emulsified water, is filtered hot
(150°F,) at pressures of 40 to 55 pounds per square inch through conventional
plate filter press using cenvas filter cloth, The filtered oil contains
spproximately 0.2 percent ash and 0.5 percent "bottom settlings and water'

An asnalysis, made at the Bureau of Mines Oil-Shale Laboratory at Laramie, Wyo.,
on a sample of the filtered oil as received at the Boksburg refinery is given
in table 3. The filter cake is screped off the cloth and recharged to the
retorts, yielding 1,000 to 1,500 gallons of oil per calendar dey.

5730 -1k .



The uncondensed vapors and fixed gases from the water-cooled condensers
are scrubbed in an absorption plant operating at substentially aetmospheric
pressure. The absorption oil is a distillate of approximately 26° API gravity
(specific gravity 0.900 at 60°/60°F,). The production is approximately 1.5
gallons per 1,000 cubic feet of gas, or 1,000 gallons a day, of scrubber
naphtha of 70° API gravity (specific gravity 0.702 at 60°/60°F,) and 11 pounds
Reid (absolute) vapor pressure, The condensing eand scrubbing plant is not
efficient by present standards, as is indicated by the low vapor pressure of
the naphtha and the high heating value of the gas, Improvements are contem-
plated. i

Disposal of Spent Shale and Ash

The production of spent shale is approximately 65 percent of the shale
charged, or 500 tons a calendar day. The spent shale from the Davidson unit
is carried on a drag link conveyor to an ash bin (fig. 3) and then by the rope
railway to a dump. Coal ashes from.the producer-gas generators and the boiler
houses. are removed in the same manner. The spent shale from the Selermo
retorts is disposed of by using flumes (fig. 9) with water flushing, and part
of the water 1s recovered and cycled back to the plant from the spent-shale
settling basin (not shown).

Productivity and Costs

The crushing and retori:lng plent at Ermelo in October 1947 had the
following operating personnel:

Unit Native White
Davidson retort ceeeecececeses 6 1
L 014 Salermo retorts .eececo. 10 1
6 new Salermo retorts .ee.e... 11 2
Crushers and gas producers ... 23 1
Oil ha’ndJ-ing 0‘.'0.0’.0.00-.'.0 l" 1
Oper&tor 2006000000 0000000 00000 l —l

Total, per shift ...ece.. 54 T
Three shift8 ...eeeeevereescess 162 21
Over Shift 000 s00000c0srenItC e - "“
Relief .0‘..'0.....'.."0.'0..0 27 2
spare gang O 09 00 0008000800000 12 --].:

Overall total S0 0600000000 201 27

The retorting superintendent and the supervisory and technical staff also
devote part of their attention to the crushing and retorting.

In 1 month these 201 natives and 27 white men crush and clean 20,500 tons
of torbanite, retort it, and produce 23,000 barrels of shale oil, Inciden-
tally, they also handle 2,100 tons of coal, that is consumed in generating
producer gas used as fuel for the retorts.
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The Ermelo plant has several unusual characteristics, which differentiate
it from other oil-shale mining and retorting operations. Nearly twice as much
coal as torbanite is mined., The coal has low merket value, therefore the cost
of mining the thin seam of torbanite is comparatively high, and expenditure to
conserve heat or fuel at the expense of oll yield or to save coal is not
Justified. The concurrent mining of coal and shale creates a safety hazard
that is seldom present in shale mines, Wage rates for native workers are low,
vhich reduces the need for mechanical equipment to replace menual lsbor.

REFINING OPERATIONS AT BOKSBURG NORTH

The refinery of the South African Torbanite Mining end Refining Co, 1is
at Boksburg North, Transvaal, about 20 miles east of Johannesburg., Crude shale
oil is shipped by rail from the retorting plant near Ermelo, about 120 miles,

The refinery at the time of the authors' visit in October 1947 consisted
essentially of (1) a combination crude distillation and cracking unit; (2) a
vacuum-distillation unit to reduce the residuum from the combination unit to
penetration asphalt, a gas-oil overhead, and a heavy-oil side cut; (3) a
caustic soda and dilute sulfuric acid washing plant for pressure distillate;
(%) a Lachmen zinc chloride treating plant; and (5) e tar-acid plant for
recovering crude or refined cresylic acids. Figure 12 shows a general view of
the refinery, and figure 13 gives a flow diagram of the refining operations.
Changes that have been made in the refig ng operations since the authors'
visit were reported by G. G. Robertso at the Second 0Oil-Shale and Cannel

Coal Conference in Glasgow in July 1950.

Various units in the refinery were not designed either for the capacity
or the conditions for which they were being used; consequently the units were
not in good balance or best suited to the desired type of operations. During
the early part of World Wer II imported crude petroleum was refined in eddi-
tion to shale oil because a special low freight rate was allowed by the Govern-
ment-operated railroads to transport c¢rude petroleum from Durban to the plant,
Since the end of the war, these low rates are no longer allowed, and no crude
petroleum has been refined. '

The crude shale oil was produced st the average rate of 810 barrels
(34,000 U. S. gallons--28,350 imperial gallons) a day at the Ermelo retorting
plant. The normal throughput of the refinery was 1,640 barrels (68,900 U, S.
gallons--57,400 imperial gallons) a day, so the refinery was on stream less
than half the time, ’

The crude shale o0il consisted of a mixture of the oils obtained at the
retorting plant from the two types of retorts and the scrubber naphtha from
the absorption plant. Analyses of the crude oil and products are given later

in this report (see tebles 3, L, 5, and 6).

16/ 3ee footmote 9.
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Figure |1. - Houses for Salermo retorts 5 to 10, Ermelo, Transvaal, Union of South Africa.






Figure 12. - South African Torbanite Mining and Refining Co., shale-oil refinery at Boksburg North, Transvaal.
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Crude 0il Distillation and Cracking

. The combination crude-oil distillation and thermal cracking unit is of
Winkler-Koch design, but a number of revisions have been made in arrangement
and operation, A flow dlagram of the distilletion and cracking units is
shown in figure 14. It has 3 separate tube stills, 1 for crude shale oil and
1l each for the gas-oil and light-oil cracking stocks. The light-oil and crude-
oil tube stills are heated in the same furnace, and the gas-oil still has its
separate smaller furnace, The tubes in all 3 stills are 3 inches internal
diameter and 26 feet long. The light-oil still is made up of 52 lengths of ‘
tubing, and the gas-oil still has 82 lengths of tubing. The streams from the ™
3 stills are reduced to 65 pounds per square inch outlet pressure and mixed
before injection into the vapor separstor or vaporizer .tower,

Crude shale oil from storage is pumped through 3 heat exchangers and
then through the tube still at a cold-oil velocity of about 3 feet per second,
vhere the temperature of the oil is raised to TOOF.

The gas-0il cracking stock is pumped at a velocity of about 8 feet per
second from the bottom of the pressure-distillate bubble tower through its
pipe still, where its temperature is raised to 880°F, Portions’of the over-
head and side-stream cuts from the vacuum tower, not required for asphalt
cutback stocks, dre introduced into the bubble tower, from which they rea.ch
the cracking-stock charges.

The light-oll cracking stock is taken as a side stream from the pressure-
distillate bubble tower. This cracking stock has & boiling range similar to a
kerosine, and usually a portion of the stream is withdrawn for asphalt cut-
back stock., The remaining cracking stock is pumped through its pipe still at
a cold-liquid velocity of 6 feet per second The transfer temperature of the
oil is maintained at 980°F.

As mentioned previously » the three hot-oil streams are mixed and then
injected into the vapor ‘separator where the vaporized products pass overhead
to the pressure-distillate bubble tower and the unvaporized residuum passes
hot to the vacuum tower,

Light-oil and gas-oil cracking stocks are removed as & side stream and
bottoms, respectively, from the bubble tower, The overhead vapors pass through
two crude-oil heat exchangers, a condenser, and s pressure distillate-gas.
separator to the depropanizer., A flow disgram of the absorption plant and
stabilizing units is shown in figure 15, Stabilized gasoline from the bottom-
of the depropanizer is pumped to storage for chemical treatment, The over-
head gases from the. depropanizer, together with the off gases from the pressure
distillate separator and other wet plant gases, pass through an absorption,
distillation, and stabilization system where a light, stabilized gasoline ’
propane, and dry gas are separated.
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Vacuum Distillation

The hot residuum from the vaporizer of the combination crude distilla-
tion-cracking unit is run directly to a Winkler-Koch vacuum tower, from which
a gas-oil overhead, a "dirty" gas-oil side stream, and asphaltic bottoms are
produced, An absolute pressure of about 3 inches of mercury is maintained on
the vacuum tower, using 3 steam ejectors and condensers. The asphaltic
bottoms usually have a consistency of about 100 penetration and are marketed
either as road oils or cutback asphelts of slow-, medium-, or rapid-curing
types. The vacuum gas oils are used either as cracking stocks or as cutback
solvents.

Chemical Treating of Pressure Distillate

The stabilized pressure distillate is caustic washed, washed with dilute
sulfuric acid, contacted in the vepor phase with zinc chloride (Lachman
process), and finally washed again with caustic soda, giving a finished geso-
line that is blended with benzol and alcohol to produce motor fuel,

The first caustic soda washing is done in 3 stages, as shown in figure
16, using a 20-percent caustic solution snd adding makeup alkali to maintain
this strength. The caustic solution and pressure distillate are agitated by
mechanical paddle-type mixers, then separated in large settling tanks, This
treatment removes hydrogen sulfide, low-boiling mercaptans, and tar acids from
the pressure distillate. The tar acid-caustic mixture is pumped to "cresylate"
storage for subsequent refining in the tar-acid plant.

The caustic-washed pressure distillate is mixed with 20 percent sulfuric
acid; the mixture is agitated, and then separated in large settling tanks.
The distillate receives two similar additional acid treatments by counter-
current. flow of acid to distillate using the pumps apd circulating system
shown in figure 16, The acid strength is maintained at 20 percent by frequent
additions of new acid. The acid requirements are small, as little chemical
action takes place other than neutralization of the tar bases, which average
0.8 percent, The overall loss of the pressure distillate by caustic and acid
washing averages 3.5 percent.

Lachman Process. - The caustic- and acid-washed pressure distillate
undergoes further treatment by the Lachman process ,}1/ primarily to reduce its
gum content and to improve its color and gum stebility in storage. The
pressure distillate is revaporized, contacted with boiling zinc chloride
solution at 30COF,., and fractionated into a gasoline overhead and polymer
residue in a final bubble tower, The zinc chloride solution in the contact
tower is maintained at a concentration of 50 percent, which was found to be
the most suitable strength for treating the pressure distillate., The sludge
accumlator, settling tanks, filter press, and concentrating tank shown in
figure 17 are used to purify, reclaim, and reconcentrate the zinc chloride

solution,

17/ Llachmen, A,, A New Method of Refining Gasoline: Proc. 12th Amn, Meet.
- Am. Petrol. Inst., sec. III (Refining), 1931, pp. 63-73.
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A total loss of 12 percent results from treatment of the washed pressure
distillate by the Lachman process, Of this loss, 90 to 92 percent is recovered
as a polymer oil, which 1s recharged to the distillation unit with the crude
oil,

The' treated gasoline from the Lachman unit is given a final caustic wash..
(formerly doctor treatment was ‘used, but caustic wash has been found to be
equally satisfactory) in batches of about 30,000 gallons each, A loss of
about 0.5 percent usually occurs during this final treatment,

The yield of pressure distillate from the combination topping-cracking:
unit:averages 49 percent of the crude-oil charge. Considering normal treating.
losses to the pressure distillate to be 3,5 percent by caustic and acid
washing, 12 percent by Lachman treating, and 0.5 percent by final caustic
washing, an average recovery of about 41,5 percent of gasoline is obtained
from the crude oil. An additional 2 percent of gasoline is recovered from the
absorption plant, giving an overall gasoline yield of 43,5 percent; based on
the crude-oil charge.

Products and Markets

At the time of the authors' visit to the refinery, an increased demand
for asphaltic products resulted in a slight change in operating conditions to
produce: larger quantities of asphalts and cutback solvents and a smaller
quantity of gasoline, glving an average yield of products somewhat as follows:.

. . Percent .
Gasoline (LOOPF, end point) .veevesececssssss  LF3.5
Asphalts (various grades) ..eeeessscesssssss  38.0
Kerosine (5U40°F, end point) sevvesecessssces L.,0
Gas 01l (cutback SOLVENt) seeecoscroscnconse

Gas 008000 0008090060060 0060000000000 00000000000s0

COke and loss 0 0000 B 0B8PS COCOINESPPTOONQOOIEUEDNSOETOSTOTES

*

L]

o\
ow o

The treated gasoline, as produced at the refinery, has a motor octane
nunber ranging from 56 to 58 and contains about 0.3 percent sulfur and 0.1
percent nitrogen, Detailed analyses of refinery products are given later in
the report. The gasoline is blended with 12-1/2 percent benzol and 12.1/2
percent ethyl alcohol (99+ percent) to produce a motor fuel having a motor
octane number of TO or higher, Tetraethyllead is not used,

-Satmar has a competitive advantage in the motor-fuel market in the
Johannesburg area primarily because of its lower transportation costs, as the
railroad transportation charge is 7-1/2 pence ($0.125) per imperial gallon
($0.10% per U, S, gallon) on imported petroleum motor fuel from the nearest
seaport, Durban, to Johannesburg. Although no breakdown or exact cost ,
figures are available, it is estimated that the cost of crude shale oil laid
down at the refinery at Boksburg was 5 pence ($0.083) an imperial gallon -
($0.07 per U. S. gallon) exclusive of taxes, depreciation, insurance, and
return on investment. The retail price of motor fuel in Johannesburg at
that time was 2 shillings, 4 pence (approximately $0.47), an imperial gallon -
($0.39 per U, S. gallon), including a tax of 8 pence ($0.133) an imperial
gallon ($0.11 per U. S. gallon).
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The spent caustic soda from pressure distillate treating is processed
to separated the tar acids and to recover the caustic soda in the tar-acid
plant. The process consists essentially of springing the tar acids from
solution in the caustic soda by means of carbon dioxide in combustion gases,
separating the acids and purifying them by distillation if a refined cresylic
acid product is desired. A flow diagram of the tar-acid plant is shown in
figure 18,

About 600 gallons of tar acids are produced a day. Part of this quantity
is the crude, undistilled product, that is used largely for flotation oils by
the mining industry. The distilled acids are predominantly cresylic and find
their way principally into the pharmaceutical market,

The road oils and asphalts are in great demend, being used for road
construction throughout southern Africa with good results. Blown asphselts with
softening points between 140° and 200°F, alsoc are made when a demand exists.

RAW MATERIALS AND PRODUCTS
0il Shale

The oil-shale (torbanite) seam at Mooifontein 287, Ermelo district,
Transvaal, which is the source of shale for the Satmar plant, is 10 to 36
inches thick and assays 25 to 145 U, S. gallons a short ton, The oil yields
are not consistent vertically or horizontally through the seam, but the run-
of-mine shale being processed averages about 56 U, S, gallons a ton,

Five selected samples of shales were sent to the Bureau of Mines
Petroleum and 0il-Shale Experiment Station, lLaramie, Wyo., for assay and
analysis, and duplicate samples were analyzed by the Satmar laboratories.
Table 1 shows the comparative results of assaying these samples at the two
locations,

Although there are differences between the assay results obtained by the
Bureau and by Satmar, the differences probably are no greater than would be
expected due to the inherent difficulty of sampling heterogemeous solids and
the differences of the assay methods. The Bureau assays were made by the
modified Fischer retort method 18/ which utilizes a cast-aluminum retort and

a 100-gram oil-shale charge arranged in 5 layers separated by perforated
aluminum disks. The retort is heated to 500°C, over a period of 40 minutes
then maintained at this temperature for an additional 20 minutes (a slightly
longer hea.ting period is necessary for very rich shales) Sa.tma.rl9/ used
a small iron Fischer retort and a charge of 20 grams of minus-28-mesh shale.
The shale is heated to 500°C in 30 minutes at a controlled rate and main-
tained at that temperature for an additional 15 minutes.

18/ Sta.nfield K. E,, and Frost, I. C., Method of Assaying 0il Shale by a
Modifled Fischer Retort: Bureau of Mines Rept., of Investigations 4477,

1949, 13 pp..
19/ See reference 8,
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TABIE 1, - Assay analyses of South African oil shales

Samples from Mooifontein 287, Ermelo District, Transvaal

Sample mumber 1 2 5
Assay by BM |SATMAR BM |SATMAR BM |SATMAR: BM |SATMAR BM |SATMAR
Yield of preducts: '
0il, TU.S. gal./s. ton 33.3 | 31.8 45.6 | 43.2 4s.0| 51.6 68.8 | 65.4 99.8 | 100.2
Vater, do. 8.8 10.8 7.1 7.8 7.4 7.8 5.7 9.6 4.9 7.2
0il, wt., percent 13.0 11.9 17.6 16.3 17.4 . 19.5 26.2 2.6 37.8 37.6
Water, do. 3.6 4.5 3.0 3.3 3.0 3.3 2.4 4.0 2.0 3.0
Spent shale, do. 80.3 75.6 75.8 66.8 54.2
Gas, do. 3.1 3.2 3.4 3.3 3.2 3.6 4.1 3.9 4.8 4.6
Loss, do. 0 oA .6 .5 1.2
Total, do. 100.0 100.0 100.0 100.0 100.0
Properties of spent shale:
Ignition loss, wt. percent
raw shale 39.3 32.9 34.9 29.0 20.5
Ash, do. 41.0 42.7 40.2 37.8 33.7
Total, do. 80.3 75.6 75.8 66.8 54.2
Assay gases:
Vol., cu.ft./ton & 60°F.
30 in. Hg. y 970 864 970 880 960 976 940 1056 1080 1248
Mass spectrometer analysis.
: vol. percent:y
Methane 28.8 29.8 27.6 28.2 2k 6
Ethane 9.1 114 10.5 11.6 12.2
Propane 2.9 3.8 3.2 4.3 5.1
Butanes 1.6 2.3 2.4 2.5 3.4
Pentanes 1.1 1.7 1.6 1.6 2.2
Hexanes (cal¢.as n-hexane) .5 .6 .5 .5 .6
Ethylene 2.6 3.3 2.4 3.3 4.0
Propylene 1.8 2.3 2.3 3.1 4.1
Butenes (calc. as isobutene) 2.2 3.2 3.1 3.8 4.7
Pentenes (calc. as pentene-l) 1.5 2.2 1.9 2.2 2.9
Nitrogen 7.6 4.3 3.3 3.3 1.0
Carbon dioxide 20.4 13.8 15.0 12,2 10.5
Carbon monoxide 5.3 5.5 7.8 7.7 10.8
‘ Hydrogen sulfide 2.8 5.1 k.5 L3 4.5
Hydrogen 11.8 10.7 13.9 11.6 9.4
Total 100.0 100.0 100.0 100.0 100.0

1/ on dry air-free basis
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Table 2 shows the composition and properties of the five South African
0il shales and their assay products and the corresponding properties of a
composite oil-shale sample and its products from the Green River formation
near Rifle, Colo. The Colorado shale was a composite of 9 samples, which
represent the 73-foot-thick Mahogeny ledge. The composite sample yielded
on assay, in percent, 10,6 oil, 0,7 water, 86.6 spent shale, and 2.1 gas and
loss. The oil yield was equivalent to 27.7 U. S. gallons per short ton.

It will be noted that the ash contents determined directly on the raw
shales (table 2) are not identical with values obtained indirectly by analyses
of the spent shales (table 1), This is attributed to experimental errors due
to weighing the assay charge and its products only to 0.1 gram, also to the
fact that ignition of raw shale in an oxidizing atmosphere frequently yields
higher ash contents than values based upon ignition of spent shales that have
undergene pyrolysis under reducing conditions thet facilitate the decomposi-
tion and removal of sulfur compounds.

The South African shales had much lower specific gravities and higher
heating values than the Colorado shale, due largely to their higher organic
contents. However, the much higher organic contents of the South African
shales 4id not result in proportiomately higher oil yields, This fact is
evident among the different South African shales as well as between the
African shales and the Colorado shale, For comperative purposes, an approxi-
mation of the organic content may be obtained by subtracting the percent ash
and mineral COp from 100, For example, samples 1 and 4 contain 55 and 60
percent organic material, respectively, but sample 1 produced only 13.0 per-
cent oil by assay, as compared to 26,2 percent oil produced by semple 4, The
Colorado sample, with only 15.4 percent organic matter, produced 10,6 percent
oil, These differences in the ratio of organic content to o0il yield indicate
differences in the composition and constitution of the organic matter in the
o0il shales. The South African shales differ in this respect from Colorado
shales, which have been found to be surprisingly consistent in the composi-
tion of their organic components,

The widely differing carbon - hydrogen ratios of the organic components
of the shales are further evidence of this variation in constitution,
Himuagg/ suggests that the relatively low hydrogen content of South African
shales is due to the presence of large quantities of low-hydrogen debris of &
"coaly" nature mixed with the algae.

20/ Himus, G. W., Observations on the Composition of Kerogen rocks and the
- Chemical Constitution of Kerogen: Proc. of 2d 0il Shale and Cannel
Coal Conf., The Institute of Petroleum, Manson House, London, 1951.
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TABLE 2, - Composition and gropertigs of South African oil shales
compared with Colorado oil shale

Mooifontein 287, Ermelo district, Transvaal
( ; 1 Colorado

Sample number 1 2 13 ik 5 \ compositel/

1
H |

Properties of shale:; X }
Specific gravity..60°/60°F.; 1.60%, 1.,585! 1,60k, 1,486{ 1.365 | 2.160
Heating value,., B.t.u./lb.| 8,340 8,230 8,610, 9,470|11,160 | 2,590
Coking tendency eeeececeocees None,; None SlightiSlight |Slight | Slight
Ash-fusion point ....... F.{2,570+[2,570+ 2,570+12,570+ 12,570+
Ashg/.....weight....percent 43,32! 42,53 hh.36 37.56| 33.56 = 65.68

Mineral CO2.cees0evsesesd0.| 1.72! 0,85 .18 2.23| 0,91 , 18.90
Orgenic carbon .........do.| 42.72| 43.85| 41,56] 42.20| 52.24 | 12.43
Bydrogen3/....eusevneeaadol| 3.5, 3.97] 3.7 k.30 T6.01 | 1.77
Nitrogen .eeeeeesesessssdo,] 0,91 O 89 0,88 0,80 0.8% , o.k1
Sulfur oocovcooo.ooooooodoo o97| 089 1.01 0.75 0-71" i 0.63
C/E TBLIO0 vuuuuernansveens] 12.38] 11.05) 11.20| 9.82] 8.70 ! 7.02
0il by assay: i !
Specific gravity..60°/60°F,| 0.942} 0,929 0,930. 0,915| 0,908 0,916
Carbon.,....weight,.percent| 84,98 84,84 | 84,99 85.13| 84.99 84 .62
Hydrogen .ceeseeeessass.do.| 10,82, 11,13} 11,11/ 11,46| 11,55 - 11,48
SULEUT teseesessssaesssado.| 0,67| 0.64; 0,63 0,59 0.53 0.59
C/H 18810 v4iviceeneencness] T.851 T.62] 7.65| T7.43] 7.36 7.4

Heating valu€.i.eessorernsss '
eseesseBotu, /Ib., gross|17,980 18,150 18,190(18,370 |18,540 18,510

Ash anslysis, weight-percent: '
S5300.eesasssnsosesnseessass| 61.86! 61,33] 60.58] 61,16| 59.87 . Lo 74
-A-1203oonooooooooaooaooo-ooc 31.16 30.53 3002"0 30.3”» 31'70 13015

F8203ooooooonooc-o.ooooo-oo l"u"l'5; 2.92 3.09 2.88 3.21" ’ "".56
Ca.O teceesccscecocacerernvee 0.25| 1065 1.86 1.68 1.85 H 23.27
MSO ®ees0c0r0vecseencosnons e On35| 1070 1067 la7l" 0032" i 9097
8030oooo-oo-oooooo-qo‘otn'oo 0003! 0003 Oto3 0-03 O.l"7 ' 1.81
Nazo veseveessssrsnavenrece ooloi 0.13 0.13 018 0 10 ' 3.09
Kzo R NN NN RN RN R R W 122| 152 136 ll“9 l""h’ : 2033

TOtal 608 00ceesscrvecncva 99 ,"‘2 99 81'99 12 99.50 99 01 ] 100 92

1/ Composite of Q9 samples that represent the T73-foot Mahogany ledge, Rifle,
Colo, - assay value 27.7 gal./ton.
2/ Ash obtained by ignition of raw shale to constant weight in an electric
muffle furnace at 1,000°C. (1,822°F.).
/ Not corrected for pos51ble water of crystallization in minersl matter.

A number of other investigators of the South African deposits have pointed
out their "coaly" character and close association with cannel coals.
CunninghamaCraig,gl/.in his discussion of the characteristics and potential-
ities of the deposits, classifies them as torbanites rather than oil shales

21/ Cunningham-Craig, E. H,, The Torbanites of Fouth Africa: Jour. Inst,
Petrol, Technol,, vol, 16, 1930, pp. 620-625
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because their matrix is carbonaceous and not argillaceous snd describes them
as being a special development of camnel coal. ‘Bl'elochg?_/, states " < .- the
material contains much less ash than a true oil 'shale and although the ash
content is much greater than of a coal the volatile content is remarksbly high,
The low percentage of oxygen taken in conjunction with these characteristics
and the facies of its deposition, entitles the deposit to be classified as a
torbanite." Bleloch also concludes that the oil-forming constituents of the
torbanite are largely the bright yellow globules of kerogen (gels) that occur
in the dense black matrix but that the matrix constitutes 4O to 50 percent

of the material and probably yields a portion of the total.products of distil-
lation at high temperature, He describes the matrix as "a finely-divided clg
which has absorbed or been impregnated by sufficient carbonaceous matter to
give it the dense black color." Recently Schopf?é/ upon micropetrologic
examination of the deposgit for the South African Council for Ficientific and
Industrial Research cited this material as an illustration of how closely coal
and torbanite may be related and should be so regarded for purposes of
scientific classification, ' :

The properties of the assay oils given in teble 2 show no greater
differences between the South African and Colorado oils than among the dif-
ferent South African olls themselves. A tendency for the shale organic matter
with the higher carbon - hydrogen ratio to produce an oil with a higher carbon
to hydrogen ratio is shown by these results, even though the carbon - hydrogen
ratio of the oils has been equalized greatly by the conversion process.

The greatest and most consistent differences between the South African
and Colorado shales are evident in the inorganic oxide content of their ashes
and their minerel carbon dioxide contents, both of which show the highly
dolomitic character of the Colorado shale in comparison with the very low
content of carbonates in the South African shales. The ratio of silica to
alumina also is higher in the Colorado shale, The Colorado shale has a some-
what higher content of the minor oxides of sodium and potassium and sulfates
than the South African shales,

Characteristics of Crude Shale 0il and Its Products

Crude Shale Oil

The crude oil produced by the retorting plant at Ermelo contained the
gasoline recovered by absorption from the retort gases and subsequent dis-
tillation from the absorption oil. Table 3 gives the Bureau of Mines crude
shale-o0il analysisg_lt of a sample of this crude oil that was shipped to the
Bureau station at Laramie, Wyo.

22/ Bleloch, William, The Ermelo Torbanite as a Source of Oils in the Union
T of South Africe: Jour, Inst. Petrol. Technol., vol. 17, 1931,

.+ pp. 521-540,
23/ Schopf, J. M., Cannel, Boghead, Torbanite, Oil Shale: Econ. Geol., vol,
- .4k, No. 1, 1949, pp. 68-T1.
24/ stevens, R. F,, Dinneen, G. U., and Ball, John 5., Analysis of Crude
- Shale 0il: Bureau of Mines Rept. of Investigations 4898, 1952, 20 pp.
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TABLE 3., - Bureau of Mines crude shale-oil anslysis

Source of sample: Satmar Refinery, Boksburg North, Transvaal, Union
of South Africe

SUMMARY OF PROPERTIES
Properties of crude o
_shale oil Distillation summary

, Percent|Sp.gr. °API
Speciflc gravity , 0,906 Naphths, (fractions 1-7).| 19.1 |0.773 | 51.6
API gravity, ' 2k 7 Light distillate ' .v .
Sulfur, percent, 0.64 (fractions 8-11) .....; 16.9 | ,865 | 32.1
Nitrogen, percent, 0.85 Heavy distillate . _
Pour point, ©F, 55 (fractions 12-15) ....! 32.1 | .923 | 21.8
Viscosity, S.U. ResidUUM +esvevececsense] 31,8 [1.000 | 10,0

seconds at 1000 F. 63 Loss s 0eseessscseesnoea Ool g

ANALYTICAL DATA

Distillation at 760 mm, Hg pressure ‘Naphtha composite .
Gravity (fractions 1-7)
Fraction|Cut at-'Per- Sum, [Specific | OAPI
No. |OC. OF.!cent parcent 60/600F, | 60°F, Percent
1 50 122'0 : Tar acids..... 1.8
2 175 16710 Tar basesseess o6
3 100 212118 | 1.8 0.709 |68.1 Neutral oil:
b 125 25712.9 4,7 735 | 61,0 . Paraffine and
5 150 3023.1 7.8 156 | 55.7 naphthenes,, 37.
6 175 347i4.0 | 11.8 J79 |50.1 Olefins...... 48,
7 200 39217.3 | 19.1 : .808 43,6 Aromatics*,,. 15,
' ‘ ¥Including sulfur and
nitrogen compounds.
Distillation at 40 mm, Hg pressure . _
Viscos:{ty t
Gravity X.V., Anilinei Cloud
Fraction| Cut at- Sum, [Specific| ©API |centi-|S,U.,| point s, test,
No, OC. OF. | Percent|percent|60/609F,| 60OF, |stokeslsec, | °C, | .
8 125 257 | 1.1 20,2 |0.832 38.6 | - - | - I'be-
: : ' . ' o ' ! low5
9 150 302 5.6 | 25.8 | .848 35.4 21 {33 | 33.4 ' 5
10 175 347 5.3 31.1 | .872 30.8 2.8 138 | 34,4 ;10
11 200 392 |- 4.9 | 36.0| .883 | 28.8 5.2 | k3 | 384 {25
12 225 437 | 6.5 k25 | 897 | 26.3 | 6.6 : 48 | L5
13 250 482 6,6 49,1 |°.907 12455 | 10.6 |61 65
14 275 527 8.0 57.1 | 931 20,5 ! 19.6 | 96 | 185
15 300 572 | 11,0 ¢ 68,1 | 94 | 184 | 40,5 ]190-- ‘ ' 0.00
Residuum 31.8 ! 99,9 |1.000 10,0 :

Carbon residue of residuum, 7.1 percent; carbon residue of crude sy 2.2 percent.
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The naphtha fraction boiling to E92°F. had & sulfur content of 0,43
percent and & nitrogen content of 0.14 percent, The composition of the neutral
naphtha after removal of tar acids and bases was determined by silica-gel
adsor_ption,?é/ The residuum from the distillation had a nitrogen content of
1.30 percent and & sulfur content of 0.55 percent, and was asphaltic in nature,
The crude-oil analysis also shows additional properties of the different
boiling-range fractions that are indicative of the quality and character of

products that may be produced from it.

A second, larger sample of the crude oil was distilled at reduced pressure
and fractionated into a naephtha, a gas oil, and a residue, This distillation
yielded enough of each of the fractions for extensive tests including engine
ratings. Teble 4 gives the results of ASTM and other quality tests of the
products, The residuum was given the common asphalt tests and the results are
compared with those from the two refinery asphalt samples produced by Satmar,
shown in table 6,

Setmar Cracked Distillate and Gasoline

Samples of the cracked distillate and treated gesoline from the Satmar
refinery were shipped to the Bureau for analysis, The product referred to as
cracked distillate was the total stabilized overhead fraction from the main
bubble tower so it was made up of both the gasoline boiling-range material
present in the original crude oil and the gasoline produced by cracking the
light-oil and gas o0il, The treated gasoline was produced by treating and
redistilling the cracked distillate as previously described,

Table 5 includes the results of various analyses of the two materials
showing their properties, composition, and fuel characteristics. The analyses
indicate that the principal benefit of the treating procedure wes to reduce
the tar acid, tar base, and gum contents, remove the high-boiling ends, and
increase the vapor pressure, Although the clear octane number was increased
slightly by the treatment, the response to tetraethyllead was decreased, Very
little sulfur reduction was obtained as the sulfur in the cracked distillate
was essentially in the form of thiophene, aromatic sulfide, and residual
sulfur compounds, which are little affected by the type of treatment applied,
The octane rating was ralsed to TO or above, and the sulfur content was
reduced by blending 12.5 percent benzol and 12,5 percent alcohol with the
treated gasoline to produce the finished motor fuel,

Asphaltic Products

Generally, the properties of residuums from foreign shale oils differ
considerably from those of petroleum asphalts and from asphaltic residuums
prepared from Colorado crude shele oils, However, the residuums from South
African shale oil were quite asphaltic and had temperature susceptibility
fectors similar to petroleum asphalts. Table 6 shows the results of common
asphelt tests and composition determinations made on samples of: () A
straight-run asphelt; (2) a cracked asphalt produced at the Satmar refinery;
and (3) the residuum remaining after the distillation of the crude shale oil
at Laramie, Wyo., as showh in table k, . »

257 Dimmeen, G. U., Bailey, C. W., omith, J.. R., and Bell, J. S., Shale~01l
- Nephthas, Anelysis of Smell Semples by the Silica-Gel Adsorption Method:
Ind, Eng. Chem., anal, ed,, vol. 19, No, 12, 1947, pp. 992-998.
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TABLE .4, - Properties of fractions of South African crude shale oil

Product T ﬁaghxha

Gas oil

Residue

Yield f£rom CrUA€.eesescesessss e VOlume-percent !
SPeCific gI‘aVitY-,.u....'. eeversoscee 600/60°F¢

Degrees API'..........0.'.0.0...0...'.“..'....'« ¢

ASTM distillation, °F, at 760 mm.:
Initial boiling point.iceesnvesccosecesecace
‘Percent recovered:
5......0."0.“...O..‘.’....“.....O.l..'

10...........'...'........‘......0'0..0...'

20-.........Q'l.....".‘0..0.....'....‘..‘ '

”3000000000ooco6.000¢0lo.cttooitococoooiono

ho....Q...‘....‘....'.........QC..,"!.-'.I.D
500000.."0..00“'..'0...l...l...........,l\.
0.'I.O.....‘."".........U.‘.....‘...‘..Q.
70'...'.....'.....0.........Q.O...'.O...’.'
8000......U.C.‘.Q..O......O'l."‘...-"..."..
900..'..0....Q.._"‘...0-..'.‘.........'...

950.0..................0.0.."...”.".‘..“‘.

End‘pointcoocoottgtoooooo000666..€0co...0600
Becoveredooooooo’.oooooooooootooototocno‘oco-o'

Residue..‘.O...f’l'..‘.O.....""0"'..'...‘...

t

Loss....‘.0'.O.;'"...“..0..""...“.'0".‘..

Flash POint, PenSky;mrtenScooou.ooooooo.ooo OE‘. :
COIOr) Sayboltooooo.QOOoooooococoooono‘oooooo.u.ol
DOCtor teSt-o-o.oonooucoooooooooooo..oooaoo"n'n;o
corrOSionOoouao’oq(oonoo‘oocoo 3 hro at 122°F;
ASTNI gum.......................}'.. mg./lOO mlo

ASTM induction period........minutes at 212°F,
Octane rating, ASTM, motor clears.svececacscss

+ 1 cc, Tm'/galoootaoooooa.ooobooc‘o'oo0‘0'-000'00"'

+ 3 cc., Tma/galo............o.‘.‘...’".‘.an‘.r...

+ 5 cc, TEIJ/ga-l..oocoo.ooQoocoooovoo‘ocvo'o't'oo'o't
Octane rating, research, Clear....eeecscesvces
Cetane nu-n]b‘erooocooo.oGQ.ooco-o-o-'oo‘o'c'(oco‘o'.c'c‘oo
Pour pOin.E;o0-oococbuvooocoooooooo'ooo"to.onuo OF.
Viscosity:

KinematiC.eseeosesesssscentistokes at 100°F, |..

Saybolt FUTOLl..eeesscacecessessS0C, at 122°F,
Water and sediment, centrifuge..,volume-percent .
ASN.ceeseseerasnsncasessesanspercent by weight
Ramsbottom carbon residue...cccescacocssassdOs
Ramsbottom carbon residue on 10 percent .o

DOLEODS + o v eeosnnessnssss. perCONt by weight |

.
|

22,1 I

0.779

152

197
215
240
. 264
288
311
330
347
361
376
385
4o2
99.5 .
0.5
0.0

Below =16
Positive -
Do,

66
1,500 -
. ﬁ .5 .

53.7
63.2

50,2

; 465

i

I 26,7

| 0.881

L ey
k5

493
510

: 529

i 549
569
588
60k .

! 621

! 635

659
99.0
100
0.0

|
iNegative-
P
1

40.9
25

k.32
0.012
0.12

0.14

50.3°
0.982 .
12.6

455

132
0.05
0,017
5.40
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TABLE 5. - Propertles of South African shale-oil cracked distillate

and treated gasoline -

Product

‘Cracked

distillate

Treated
gasoline

Specific gravity.ieeessoseecosssessess 60°/60°F,
Degrees API.O..IO.OI..""000.’.00..'!10..0.0'00
Tar aclds...aveesesessecnssecaesss VOlume percent
Tar bases..‘.'..DOQOO..l’..........tO.C.Q...Odot
Nitrogen content, before tar base removal,.....
Nitrogen content, after tar-base removal......
Hydrocarbon type (tar-acid, tar-base free)
Paraffins and naphthenes.,......volume-percent
OlefinSQUQQCC.QOOIODOOOCII.‘....'...O'OO‘Ol'..‘!"dortl
A'I.Om't].-CSOQQOlOOOO'OI.OO.0..0’0..000.‘O‘..O‘Obo’d'o‘.v
Total sulfur....................weight-percent
ASTM distilletion, °F,, 760 mm: "~
Inltial bOiling p01ntaonot~ocoiooc{foaoion{o{o
Percent recovered:
5'0Oi....l.0’0.-000000'0.'\;.'0‘0’...I.‘.D‘.t‘.
10000.00.0.Q.O.‘C.C'O.OOQ.O..'OC.000’.0"‘0’..
20!.0.0000...0‘...0‘0.'QQQ..OQ.Q‘.OC'.O..‘C!.lO
3000000900l.t......’.0.......ONOOOO‘OQQOO...‘..‘QO
l"OOQ‘.0.'...0.'...0.......l..'..’..l."l‘l“
5000'.COO'.0..0.0"...!0....'.0.’.0‘0'0.0...

60"......0."....’..‘..‘....’......O...‘.CQ

’TOOID.OODOO...O.‘.0.'O'Q....‘.-O..ﬂ.l..!.'...’ .

8000ao.ootnocootcoomc.ooooootoooonooowcootoo
90.0000000Q.'l..0.00l0.QOOQW;Q'.QOOQQODOOJJO
95-..-.00000-0ocoo.c'ocncoooo.'otncg-booi.oo
End pOint-oocooouooo.ou--goooboonoo.ooo.o'oooo
Recovered.onoooonocoa'octooo-0000000‘0’0].‘0!"-00'

Residuel'tﬁd.‘..C.QQ'..‘.C...'.O.b....."..‘..'

LOSS-.oooquuooalu.ooooo...o.-ooo?.-oooo.\‘coo

Reid VADOT PreSSUTE....eeeeesss PoSoi. 8t 1009F,

Color, Say‘bolt......0'.0..’..‘0.‘0’C........'...'
Doctor test...."..Q....'...b.."...“.....'.'!.'

Corrosion, copper strip, 3 hr, at 1229F, seveves

ASTM gum.‘..‘........‘..'.......m/100 ﬂ‘ oil
Copper dish gum.o.tctto.tlot‘.l...olht.’uoooodoo
ASTM induction period.....ess.ss. mn, at 212°F,

Octane rating, ASTM motor, cle@r.ceececccsccsans:

+ 1l cc TEL/B&l..-o-ooooo.o.ocon'aoqb.qocévocoé
+ 3 ccC TEL/gal........o.oa...-..-..o.........d

+ 5 cC TEL/gal-oocoopooot!aotantc.ooonca.ooooo“

Octa'ne rating, rese&I‘Ch, Clear..................

PSRRI NN ISR W |

'
i
1

0.769
52 .4
129

1/2.
7024
0.03

L6
38
16
0.38

119

164
184
217
240
254
293
316
335
351
367
380
398
98.0
0.9
1.1
5.3

| Below -16.
| Negative

Do.

277
1,30L
,338+

56.1

61 3
67.1
72.8
67.5

0.737
60.6

100

133

151

180

208

234

257

281

303

326

353

377

381
96.0
1.1

2.9

8.9

Below -16
Negative

Do,

3

21

8715

- 57.9

63.0

67.0

70.6

l/ Values may be high due to polymer removal during extraction,
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TABLE 6, - Properties of asphaltic residuums from South African

shale oil
Straight-run Cracked ; Crude oil
Product , . asphalt asphalt | residuum
SpeCific Eravity.ieeececencsns 600/60°F. 1.056 1,090 00982
Specific gravit¥..eveesese.s. TO°/TOCF, 1,052 1,085 | 973
Sulfur.oooooooovcooo.ooo weight-percent .l}8 .57 ! .l|-9
Nitrogen........n...n.-»...........do- i 1030 l.6l 1.22
ASh....'..Q..Q'..G..I...l..l.."...'.do. % .O6 Cll .OO
Bitumen.....O"‘0.‘0'...'00".‘.‘.0.6’0‘ ! 99.73 98070 99.72
Bitumen soluble in CCll.ueseseecssssd0, 95.22 98.48 99.62
Ca.rbon residue..........«..,.-.......d.O. ! 22053 19083 7'03
Seponification number,....,.mg. KOH/gm. 2.6 9 2.8
Flash, °F., Cleveland Open CUP..sesssss : k70 395 k4o
Fire, OF,., Cleveland OpeN CUD.ecescososs 620 525 ' 495
Softening poiNt.sesssssessccessanss OFo | 101.5 95.0 82,4
Ductility , '
At 329F...0c0000000000 1 cm, /min,, cm, 10 100+ 1/
At 770F‘00000t00000.c0 5 CMQ/mino, cmo R 100"‘ 100+ I/
Penetration ' ! -
At 32°F., 200g.wt., 60 sec,, dm. .., i 23.6 18.8 1/
At 60°F,, 100g,wt., 5 sec., dmm. ... | 47.3 60.9 I/
At 77°F., 100g.wt., 5 sec., dmm, ,., ! 152 .14 226 1 I/
Loss on heating at 325°F-,'ooooootcco_o-0 | : -
teesescsasescncsssssncne Weight-percent ' 057 1.22 2-38
Penetration after 106S...eesssess. dnm, 32.2 35.6 1/
Oliensis spot test: v -
NOIMAL ceveceoscscoacvoceccsoscsasoses | Positive | Positive Positive
MOdified......,.........,............ Do. do' Do'
Xylene 6quivalenNt..ecseseescesascsens 2/Do. 2/do. 75-80
Viscosity at 210°F., seconds Saybolt... T323(F.) 1129.7(F.) | 102.9(U.)
Viscosity at 2750F., seconds Saybolt... 39.7(F.) | 20.3(F.) | s52.7(U.)
Composition, weight-percent:3/
Asphal‘benes...........,_..;....’..u-... 2605 27'1" 7'6
oils...l.'I..O..'..'..4"...0’.0"’.'.’.»_ 32.3 ho.9 53.5
Resj-nsc‘cnogovooopo’o-i.oo’oob"ooooooooo‘a 3700 | 2903 3607
Benzene-insoluble and 10SS..esesecese - 4.2 2.k 2.2
TotalotlQ.Q‘0..0“'._.;0...!....'0' 10000 100.0 loo.o
Waﬁ/oococoooooo-_cn.d".aocu"'o(aab'ootooo; I 2-5 i lu5 305

1/ Too soft for test,

2/ Positive when using 100 percent xylene,

3/ Hubbard, Rethel L., and Stanfield, K. E., Determination of Asphaltenes,

- Oils, and Resins in Asphalt: Anal, Chem., vol, 20, May 1948, pp. 460-65,

h/ Determined by crystallizing the wax from a solution of the oil fraction in_

- 25 ml, of methyl ethyl ketone at 32°F., followed by a similar recrystalli-

zation of the wax.
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The properties of the three samples are not directly comparable due to
their different consistencies. The higher wax content of the straight-run

asphalt probably caused it to have a lower ductility at 32°F, then the cracked
asphalt, All three samples contained pyridine-soluble carboids, which

separated with the benzene-soluble asphaltenes during the constituent analyses.
The asphaltene contents of the South African residuums were four to six times
those of Spanish and Australian shale-oil residuums, indicating better
asphaltic properties.,

Research and Development

Satmar maintained small laboratories at both the retorting plant at Ermelo
and the refinery at Boksburg North. These laboratories were used principally
for analyzing and testing the raw materials and products for the control of
plant operations., However, some laboratory research and small pilot-plant
experimental work was done at the Ermelo plant on different types of retorting
that might be appliceble to their shales and on the effect of different
retorting conditions on the quantity and quality of oil produced in their
Davidson and Salermo retorts. This experimental work indicated to them that
abnormally high retorting temperatures or the presence of even small quanti-
ties of coal in the retort charge caused lower yields of poorer quality oil,

The refinery control laboratory also has carried on some research
particularly for product improvement and for the development of new refinery
products. Such studies included the separation and purification of waxes and
the possible production of lubricating oils, naphthas, lighter fluids, and
uncracked asphalts,

The South African Fuel Research Institute in Pretoria had done consider-
able research on South African torbanite in the past. The comprehensive
studies of Petrickgé/ are particularly noteble, The Council for Scientific
and Industrial Research, also in Pretoria, has a fuels section that conducts
research on hydrocarbons in petroleum-type materials, which may include shale

oils.,

In addition to the various studies of South African torbanite and its’
products cited previously in this report, Neppegl/'has made a rether compre-
hensive study of the properties of numerous Transvaal torbanites and subjected
them to microscopic examination, solvent extraction, proximate and ultimate
analyses and to carbonization in a horizontal, rotary, laboratory retort.
Cracking tests and analyses of the oils produced by carbonization also were
described, Egloffgé/ and associates reported the results of their studies of

26/ See footnote k. ' A
§7/ Neppe, S. L., A Technical Study of Transveal Torbinite: Jour. Inst.

Petrol., vol, 27, No. 208, 1941, pp. 31-65; addendum, Jour. Inst.
Petrol., vol. 28, No. 222, 1942, pp. 104-08. ‘
28/ Egloff, Gustav, W lter, J. F., Grote, H. W., and Davis, R. F., Refining
- Australisn and South African Torbenite Oils: 24 0il Shale and Cannel
Coal Conf., Glasgow, Scotland, July 1950, pp. 605-619; Petrol.,

London, 1951.
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South African torbanite oil for the production of gasoline, dlesel fuel, and
asphalt at the Second 0il Shale and Cannel Coal Conference in July 1950.
Their tests also included thermal cracking and sulfuric acid treating of the
cracked gasoline, The yields, properties and composition of the products
were given,

CONCLUSIONS

The activities of South African Torbanite Mining and Refining Co. (Satmer)
in the Union of South Africa constitute an integrated oil-shale operation,
from mining and retorting oil shale to refining shale oil and marketing
products. The company is a commercial orgenization, which has operated for
the past several years at a profit without subsidy and has paid dividends to
stockholders,

The operations in 1947 were based upon a reserve of torbanite (or oil
shale) having an average mine assay value of 56 U, S. gallons per short ton
and an estimated life of 15 to 20 years at the rate of production during the
year 1947,

Oil.shale mining and crushing are directed to the delivery to retorts of
the largest practicable proportion of the shale in place. No shale is left
in the mine except that contained in pillars needed to support the roof, and
no fines are discarded in crushing.

As in almost every oil-shale retorting operation throughout the world,
equipment and procedures had to be adapted and developed to meet the parti-
cular conditions at Ermelo, Coal is available at low cost, and conservation
of heat in the retorting process at the expense of oil yield is not justified.

Refining is conducted to yield the largest practicable quantity of motor
gasoline and asphaltic products for use in road surfacing. The motor-gasoline
component made at the refinery at Boksburg North is blended with indigenous
alcohol and benzol to make a finished motor gasoline, Tetraethyllead is not
used in the blend.
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