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There arce Tive cases prescented for the gas combustion retort
in Anvil Points Technical Memorandum No. 67-39. Pan Amcrican prefers a
nmodificd Case 3 for ihe engincering appraisal tcam evaluation of the

Cretort as conducted during uhc Initial Program as requested by para-

f
L
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craph 2a of R. M. Schiessler's letter of October 27, 1967. Case 3 is
based on charging 1/4 by 2- 1/2 inch snalo Lo & rectangular rctort at a

O 1b./hr./sq.{%. mass shale rate, res wlting in 82.3 volume percent

chor aguaj oil yield from 30 baL./ton g“ale.‘ A 17-day run was achieved
Revort 3. liowever, since this run was forced down by a deliberate
crease in gas rates, it 1s concluded that the demonstrated operation is
11l subject to operational shutdowns due to upsets. Therefore, before ‘
accephing this as the base case for the gas combustion retort, it appears f
desirable Lo add certain features designed to 1mprove operablllty as ‘
follows: Proposal

No. 1

1
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1%

1. Mechanical anti-segregoation feeding device which will ' )
scatter shale particles ab random over the entire cross-
scctional arca of the retort,

2, Mechanical chunk breakers such as are in use on iron ore
pellets shaft furnaces.

3. Bayonect recycle gas distributors.
L, Mecchanical-grate spent shale draw-off.

With the above sdditional featurcs, it is believed that the gas
combustion retort as developed in the Initial Program, charging about
9G.7% of mine run shale as a wide-ranpe l/h by 2~ 1/2 inch fraction, would :
e capable of achieving a 0} on-stream operating Tactor. An experimental !
prorran of about two years' duration might be required to develop the
cquipment and prove out operability. Such a program would be justiried
onlg if studies show that the gas combustion retort with 829 of Fischer !

aJ oil yield is competitive with other retorting schemes. :

In accordance with paragraph 2b of R. W. Schicssler's letter of T
Octover 27, 1967, we supgest the following items for evaluation: !
I
N i d ;he vent gas streanm. ) :
1. Recovery of light cnds from the vent g Droposal

Ko. 2
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2. 'Develop a circular-shaped retort vessel.

3. Develop an artificial nuclcation method to improve yield and
operability with richer shales. |

I the engincering evaluabtion studics should show that any of :
these ideas might have merit, it would be necessary to obtain data from ‘
an cxprrimental program.  Such a program might be carried out in conjunction
vhe program for operational improvements foreseen above. . \/'_

Y

The principle disadvantares of the gas combustion retort have /E
veen ovserved Lo be the loss of light ends from the shale oil due to :
odilution with gases from the internal combustion zone, and formation of
agglomerates which disrupt shale and gas flows. Impaction of oil and dust
oy cause amglomeration and such impaction may be worsened as higher gas
veloclibics are cmployed to transier heat from the combustion zone to the

revorting zone.

U 15 proposed to overcome thesce disadvantages by the processing

scheme shown vy FFigure 1. The combustion zone within the retort is elimi-

nated and the heab necessary 1o accompdiish retorting is supplicd by injection

o & hot ras. This gas would consist mostly of light hydrocarbons, C§ and

lighter, producced from the retorting rcaction itself  The molal specific

heat Tor light hydrocarbons is much higher than for the combustion gases.

For cxanple, a specific heat at 1000°F for butane vapor is about S

L& Btu/lo. mol/°F, which comparcs with 7.5 Btu/lb. mol/°F for nitrogen.

Accordingly, the volumetric flow of recycle gas required to accomplish

heat transter within the retort can be substantially reduced. The elimi- }

nation of combustion gascs {rom the system allows greater economic recovery

of the lower bolling constituents of the shale oil. .
Propose

iIn the middle  section of the rectort, a light hydrocarbon recycle No. 3

strewn 1s injected at about 1100°T to supply the externally generated

heat required for the process. This stream, together with thé product

shale oil vapors, 1s withdrawvm at a point where the gases are in the

ncirhborhood of 700 to 9O0°F. The oil vapors are then cooled and frac-

tionaibed so as to effect a scparation of heavy oil product from the light

hydrocarbon vapors, part of which arc recycled. By accomplishing the

retorting within a relatively narrow controlled temperature range, it is

anticipated that the decomposition of carbonates will be substantially

rcduced compared with the gas combustion retort with resultant decrease

in retorting heat requirement.

A seccond recycle gas stream is employed to accomplish transfer
of sonsible heat to and from the inert rock which comprises about 80 of
the weipht of the oll shale. This recycle strcam is taken off the top of
the retort al a temperature of about 125°F to 175°F, and recirculated to
the bobLtom of the retort in order to recover heat from the hot spent shale
by countercurrent transfer. The composition of the second recycle stream
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an ve conbrolled by injecting o liquid hydrocarbon reflux stream in the -
ipper portilon of the retort. The liquid hydrecarbon reflux strcam is
nbended to reduce heavy oil being carried to the spent shale cooler wvhere
05503 due Lo adsorption might occur.

P 0

It is desirable to control the composition of the recycle. streans
to prevent buildup of lirht hydrocarbvons {Cp and lighter) and other light
seses which tond to reduce the molal heat capacity, and also to eliminate
hewvior hydrocarvons {C7+), which tend to crack more readily at elevated i
Lemporrabures.  For this reason a depropanizer tower follows the dchexanizer :
tower ©o ensurc that the recycle streams consist mostly of CL, Cs, and Cg. o

rn Americnn Retort B
. R
A proposcd {hrcee=scetion vertical shaft oil shale retort is i
“shown by Fimire 2. In the upper scetion, roaw oll shale is prcheated (o '
sbouu G00°F by & stream of flue pas which issues from the lower scetion
of ithe ratort, wherein spent shale Ls burned and cooled. If necessary, .
an wiilliary pas Tlam: can be used to inercase the heat to this strowa '
in ord:r to accomplish the preheating of the oil shale. {fter the oil

hiale has beon preheated o about G00°F, it passes to the middle or
rovoriing seotion of the retort, wherein a strecam of superheated steam or
steam plus Liphi hydrocarbon vapors arce injected to accomplish retorting.
Phe waount of prases injected is only that nccessary to railse the tempersature
o the raw shale from GOC°F to the retorting level of about 950°F. The
ashale oil vapors and other off-gases arc removed from the retort at about

’

700°%,. The oil vapors and other gascs arce cooled to form the condensed ..
shale 0il product, and the steam plus 1ight hydrocarbon vapors are recycled

da

to the furnace which supplics the heal for raising the gases Lo retoriing
vemperature.  In the lower scctlon of the. retort, a sepurate compartment
1o used Lo extract the sensible heat {rom the spent shale, and in addition
nart of the organice carvon residuc remaining on the shale will be burnecd

wo supply heat for the upper preheating scctilon. Froposa

No. kL
The 700°F off=-pas temperature means that only a small fraction

of 4he chale oil vapors will have reached their dewpoints prior to removal

Trom Lhe rebort.  In addition to this advantage of avoiding wetting of the ;

oil shule particles with the tulk of the shale oil vapors, the total gas

flow in the retorting section will be less than in the gas combustion retort

duc Lo the nigher molal heat carrying capacity of steam and light hydro-

carbon vapors. ) ‘

Various alternatives sre apparent for the operation of the oil
rocovnry system, For example, the T700°T off-gas could be air-cooled to
a point Just above the water dewpolnt,. thus keeping the bulk of the heavier
oil separated from water and preventing any emulsifying of the heavy oil.
The remsining light oil and stews vapors moy be completely condensed with
recyele plus makeup waber belng Ied to a steam generator, or alternatively
cnly the make stream of light oil vapors and steom might be condensed,
vecning reeyele steam plus light oil vapors to be fed back through a i
fircd heuwt cxchanger. : , N

>
~
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Potrosix Raotort
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The Petrosix retorting process is shown by Figure 3. In the
Petrosix process, which has been developed Lo the pilot plant stape by
the Srazililan oil company Petrobras, the retoriting is accomplished by
neabing recycled retort pas,. Compared Lo the pgos combustion retort, the
avolds the disadvantage of dilution of the retort product

e e e

Pelrosix process
gas with products of combustion. rowever, the disadvantage in the gas
combustion process wherein the oll vapors in the upper portion of the retort _
may wobt the raw oil shale particles still exists in the Petrosix retort. £ropos
To ensurce reliable operability, moechanical chunk breakers ore suggested Jo. 5
Just above the hot gas injectors to avold agglomerates disrupting the flow
of shale and gus in the bed.
The Brazilians claim to have achieved 1009 of Fischer assay oil
recovery in a 2h-inch diamcter pilot plant. They have not experienced
aoglomerate problems in this smaell retort but the 20 gpt shale may not
be rich enousrh to cause any vproblem. Petrobras is now constructing an
18-Toot diameter retort as part of a grass roots prototype mine and pleant <

costing about $20,000,000 and due for completion in mid—1969,

e | | ‘
AYAN P gt o

K. L. Berry
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