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RETORTING OIL SHALE AT HIGH TE: PERATURES

. Inclined-Surface Retort

INTRODUCTION

Use of the inclined-surface retort as a means of produting aromatics
is the last in a seriass of four methods investigated for high-temperature
retorting of oll shala. The firat three methods have been cescribed in
Intra--Bureau Reports OSRD-U8, L9, and 50, issued by the Laramie Statian.
The purpose of thesa investigations, as well as & cost estimate of a
commercial-dize plant based on the inclined-surfece retort, has been
presénted in Intra-Buresu Report OSRD-ULS, "Production of Benzene, Zthyl
Alcohol, and other Products from Oil Shale,® by Walter I. R. Murphy and
¥W. I. Barnet, dated August 1.2, 1951.

The inclined-surface retort appears to have several advantages.
Based on & similar retort for zarboniseaticn of ccal, the materiala of
construction would be largely ceramics. Thus the large amounuvs -& sieel
necessary in some of the other types of retorts would net be necessary.
Mass shale rates are high for this type of retort, and use of a gravity
feed simplifies handling of the shale. Estimates of heat requirements
have indicated that sufficlent heat for the process can bha cbtained from
the carbon residus on the spent shale and the gas remaining after removal
of ethylene. The retorting system does nat require introduction of fluids;
therefore, the problem of produdt dilntion by stezm or othar substances is
nst encounterad,

Attenpts were made in this series of expsriments to retort in the
same temperature range used in the vertical-tubs retort experiments
{1200"-1700° F.), and to cbtain conditions fevorable to maximum benzene
proaduction.

Sevaral variations in operating procedure were vsed. For same runs
inert sweep gases were used to redurs vaper pesidencs tims in the retort,
while in other runs, an extenslion of the retort in the form of a reactor,
heated electrically, was used to increase residence time of the vapgrs
at the retorting temperatures, 7This reactor was alsp used to study tha
poasibility of retorting at a low temperature and then subjecting the
vapors Yo higher temperatures before condensation haed taken place,

APPARATUS AND METHOD
Tae experimental retort used in this inveetigation is shown by the

diagrammatic sketch in figure 1. A photograph of the apparatus is given
in figure 2, The r~etort was constructed from a 3.5-foot Jength of 10-ineh
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FIGURE 2. INGLINED-SURFACE HIGH-TEMPERATURE RETORT
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steel pipe, which wes divided into two longltudinal secstions by means of

& 1/2~inch steel plate. The upper section, or retorting chamber, had a
maximum height of 3 inches and the lower section, or firebox, haa a maxi-
mum height of about 9 inches. The curved section of the firebox was linsd
with fire clay and the remaining space was packed with broken fire brick.
Three natural gas-air burners wers installed at intervals on the bottom

of the firebox to supply the necessary heat. Hipgh-temperature insulating
material was used to cover the entire asssmbly in order t5 prevant exces-
sive heat losgses. The retort was mounted in such mamner as to allow the
angle of the retort plats to be varied from 30° ¢o 55° with the horiszontal.
This was done by suspending the lower end on pivois and the othur on an
adjustable scraw-type support,.which could be turned to give the desired
angle. An angle of LS®, which had bsen previocusly determined as the mini-
mum that woull give a satisfactery flow of raw shale, was used for most

of the runs. Crushed shale was fed to the retort from & raw shale hopper
by means of a variable-spead star feeder and allowed to flow contiruously
by gravity over the entire length of the retorting plate. The shale used
wai, obtained from the Bureaun of Mines Anvil Points mine near Rifle, Colo.,
ani averaged 30 gal./ton by Fischer assay methods. It was crushed and
screened to the following sizes: 28/100 mesh, 20,100 mesh, and 2L/100
m:sh. Fischer assays of the shales used are shown in table 1. Feed rates
ranged from 109 to 1361 grams per minute. From tihe retorting zone the
apors and spent shale passed into a spent shale-vspor separator. The
spent shale was retained and colliected at this pcint, while the vapors
passed lnto the condensing system. This aystem consisted of a water-
cooled condenser, a condenser cperated at 15° F., a condenser cooled by
dvy ice, and two traps cooled by & dry lce-acetone mixture. The noncone
densible gases were filtered through a glass-wool [ilter to remove any
remaining oil fog, then metsred and compressed into storage cylinders
from which samples were teken. Spent shale samplesz wore collected and
analyzed for C0» and crgani~ matter content. The retort was operated

at a pressure of 1 to 2 in. Hg below atmospheric. This was accomplished
by withdrawing the vapors by means of a gas conprossor controllad by a
manotetric awitch. Temperaturs measurements wegye mads by means of chromel-
alumel thermocouples connected to indicating eapd recording pyrometers.
Temperatures of the retort plate wers kept as nearly constant as pcasibls
by manual regulation of the gas burnars. The averasge of the plate tempera-
tures was taken as the run tamperaturs.

Initial rurs were made tc cetermine the amount of bencone that could
ba obtained by means of high-temperature retorting using an inclined-
surface type of retort. For these runs, retorting temperatures were
maintained in the renge which produced maximm arematic yilelds in the
vertical tube retort (1L00°-1600” F.)

A medifisation to allow uee of a sweep gas wes installed for seversl
runs in order to determine the effect of reducing vapor residence time in
the hot zone of the reiort. Two 1/L-inch stainless steel lines were con=
nected to sources of helium and natural ges. Fach componant was metered

fl
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Tabla 1.==Fischer as=ays and analysez of raw zhales
. Organic Mineral
>3 Al mattar, COy; Ash,
Run No. Mesh Gal./ton Wt. perrsnt  Cal./con W§. percens percent percent percent
z 28/100 29.6 1.k 2.k 1.0 16.4 17.1 65-5
3 1L/100 29.0 11.1 2.l 2.0 16.3 16.6 66.1
8,9,10,12,13,1L,15,17,18 20/100 2.6 1.4 2-h 2.0 16.4 17.0 65.6
23,20y,26,27,28,29,30,31,32
33,34,35 1l/300 26.3 10.9 36 1.5 15.3 20.0 63.2
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and the two mixed in a single line. The mixed gas was passed through a
preheater where it attained a temperature of 1000°-1200° F. and was then
introduced into the upper end of the vapor chamber of the retort.

Another swdificatiom was made for : few runs by addition of a reactor
to the offtake end of the vapor chamber, whicii a’lowsd additional high
tamperature treatment of the vapors after they had been formed in the
retort. This reastor; consisting of a length of 2-inch stainless steel
pipe, was heated over a 2.5-foot section by means of an electric reactor
furnace controlled by rheostats. Vapors passed without condensation from
the retort to the reactor while the spent shale collected in the epent-
ehale receiver. Provision was also made to withdraw part of the vapors
through the regular vapor offtake and at the sams time take the remainder
off through the reactor. Temperatures of the resctor, which were varied
from 1200° to 1700° F., were measured by means of thermocouples attached
to the reactor wall at intervals and connested to an indicating pyroveter.
After passing through the reactor tha products wers collected in a con-
dansing and colleetin; syotem similar to the cne previously desoribed.

DISCUSSION OF RESULTS

Operating data ‘for retorting under varying conditions are given in
table 2. Removal of ~rganic matter ranged from 51 to 69 percent. This
variation, as with the vertical-tube retort, was due largely to changes
in temperature; and in a lesser degree to changss in feed ruates and shale
sise. Removal of CO; varied from O to 55 percent; however, it was not
consistent with the organic removal. One run at 15C0°* F, showed 89 per-
cent organic matter removal and 2 percent CO, removel, whereas another
run at the same teuperature showed 88 percent crganic removal and 22
percent C02 removal, Operating conditions were epproximately the same
in both ouses. Another run made at 1L,50® with an exceptionslly high feed
rate of 1361 g./min. and an organic removal of 85 percent, showed a COp
removal of O percent. This run indicatad that high throughput with high
percentage of organic matter removal is possible witn the inclined-surflaca
type of retort. No comclusions can be drawn {rom ths discrepancies in COp
removal, although it is possible that the fesd rate- in some irstances nmay
have been irregular due td raw shale holdup in the fzeder, or the plate
tempsrature mey have becn uneven Either of theso factors could have
caused the variations. Air leakage into the system also may have occurred
and caused autothermic reactions to trke place. Temperature control was
not satisfactory at 1700* F. end sbove; consequently, 1L700° was the
highest retorting temperature attampted.

Seven runs were mace using a mixture of natural gas and helium to
reduce residence tims of vapors in tha retort. Thia apparently had a
beneficiel effect on liquid yilelds in all cases. While highsr liquid
yields were obtained from some rxuns not using inert pas, yields for those
runs in which the ges was used were all above average. Total low-boiling
aromatic ylelds varied, and in the temperature rarge of highast benzene
and toluene farmation (1500°-1600°), the best resulis were about evenly




Tabls 2.--0perating data for retorting oil shale with inclined-surface retort

Removal of
Raw shale analysis organic matter Removal of
Run Average temperature °F. Feed rate Feed size Urganic matter €O, percaat mineral CO; "
No. Fatort plate Foeactor g./min. mesh percent percent  (1/) (2/) percent
' 28 1200 — 332 1k/100 15.3 20,0 61.1 —— 2.0
: 29 1200 - 343 1k/100 15.3 20.0 56.5 4.6 0.0
26 1200 1200 384 1k/100 15.3 20.0 56.5 65 .0 0.0
5 k) | 1200 1200 518 1h/200 15.3 20.0 67.3 75.1 1.0
27 1200 1500 L /100 15.3 20.0 63.0 77.k 0.0
30 1200 1700 k76 1/100 15.3 20.0 — 81.3 3.7
32 1200 1700 65 1L,/100 15.3 20.0 63.h - 72.8 2.0
33 1200 1700 565 14/100 15.3 20.0 -us 7%.1 2.9
18 1250 1500 336 26/100 %k 7.0 77.3 811 00
o 12 1350 S 508 20/100 ¥k 17.0 Bh4.L 8L.L 6.7
i 3 1100 e—— 252 14/100 16.3 16.6 50.6 £9.9 10.0
B 16 1400 ——e 450 20/100 16.4 17.0 6u.b 6L.8 12.0
e 1 1450 e 1361 20/100 6.4 17.0 8L.L 85.6 0.0
. 2 1475 - 123 28/100 16.4 17.1 81.3 B2.x 35.2
K- 34 3500 —— é55 14/100 15.3 20.C 87.9 88.3 3.0
e 1500 - 282 20/100 6.5 17.0 68 .k Bo 2 2.7
ik 14 1500 ——— 25k 20/100 160 17.0 89.2 Ho.2 1.6
7 1550 — 118 20/100 15.3 17.0 856.5 68.2 55.L
9 1550 e 195 20/100 16.4 17.0 86.4 85.6 19.L
5 2550 e 202 20/100 15.3 17.0 83.0 81.2 37.1 )
10 1600 - 109 20/100 16.h 17.0 86.0 ———— 36.8
6 1600 ——— 169 20/100 15.3 17.0 83.0 82.5 33.6
35 1700 ———a 685 14/100 15.3 20.0 67.9 88.3 12.0 '

1/ Bafore benzene sxtraction.
2/ After bentens extraction.




divided betweon the runs using inert sweep gas and thoss in which it was
not used. Calaoulated yields of products for runs carried out unaer vary-
ing operating conditions are given in table 3. The optimum retorting
temperaturs for aromatic producticn seems to be 1500°-1600° F. Ethylena
yields were alscv highest in this temperature range. HRun 7, with a retort-
ing temperature of 1550°, produced the maximum yield of 2.97 gallons of
bensene per ton of shale. An unusually large part of this benxzens was
recovered in the gas. Small amount®s of acetone and methyl alcohol were
also present in this gas sample but since these compounds have not been
observed in samples from any other run, it is possible that they, as well
as part of the benzene, may have resulted from & contaminated sample
bottle. A trace of acetone was present among the water-solubls compounds
reported for one run, although methyl alcohol was ndt. Penzens was usually
‘present in small percenteges in the gas eampled, although it was above
average in run 7. The highest ethylene yleld was alzo obtained with a
retorting temperature of 1550° F. Feed rates for runs having maximum
yields of aromatics were 100 to 200 g./min., although one of the highest
total oil ylelds was cbtained in run 13, with a feed rate of 1361 g./min.
Eanseno yield for this run in which sweep gas was used was 0 9 gal /ton

The angle of the retorting rlate for all runs reported, except two,
was sst at L5° with the horizontai, which gave an estimated retsntion
time of the shale in passage over the plate of 1.5 seconds. Runs & and
7 were made with the plate at 35° and 20° respectively. Shale holdup an
the retort plate was considetable in both of these runs. Run 7 gave the
higheat bengzene yicld of the series; 1.0 welght parcent on & rew shale
basis or 21.0 weight vercant on a dry crude bagis. Decuuse & considerable
amount of spent shale was retained on the plate in xun 7, a catalytic
action by the spent shale at high temparatures may te indicated

Gas formation for the inclined-surface retort runs increaszed with
increase in retorting temperature and, based en eguivalent organic con-
tent, was comparable jin most cases to the verticel -tube retort yields.
Howevur, passing the vepovs formed at a lower rotort temperature through
the auxiliiary reactoy at elevated temperatures did not result in as high
a gas yleld as did an squivalent retorting temperature The vapor space
of the retort was not maintained at the same tamperaturw as the retoriing
plate because heat was supplied only te the retorting rlate; and once
this was coverod by the ehale during the run, the quantity of heat radi-
ated to the vapor space was reduced. The top of the vapor chamber was
approximately 100° to 200° F. cooler than the retorting plate. The
maxizum ethylens yield with the inclined-surface retort was Li lbs./ton.
This compares with a calcoulated maxisum of L3.L lbs /ten obtained from
a :ﬁ:ﬁo of squivalent organic content by use of the vertical tube
re .

Material balances for the various runs ars given in table L.
These balances were calculated on an over-all, nc-loss baeis, and on
an organic basis; the latver comparing favorably with similar balances
on runs made with the vertical-tube retorti.




iable 3.--Yields of produsis under virying cpersting conditions

L T T i e ——— e . e R T e M

#ieight percent Gallons par Pounds
Sweep gas, Weignt percenc ol raw shale, of ton of per von of

fun Temperature, “F. Feed iale _cu.ft./min. organic basis dry crude raw chale rew shele Total gas
Ho. Retori Reactor g-/min. Helium Methane Dry crude Benzone}/ Toluam:—r] Ethylene Benzene Toluens Benzenet/ Toluenag Ethylens cu.ft./ton
25 1200 i 332 6.1 remenm e 0.58 -— oo 1.6 1190
29 1200 S—— 3h3 6.0 0.23 0.1 0.56 3.55 1.82 .6k .30 11.2 1350
26 1200 1200 38k L.8 —— S 0.63 - —= = 10.7 i2Lo
3l 1200 1200 518 5.7 0.35 0. h3 0.8z 5.79 7.8 97 1.19 5.k 1820
27 1200 1500 ki h.3 0.35 0.25 1.06 7.59 6.2 96 73 21.3 17k0
30 1200 1700 u76 L.9 0.56 0.18 1.1 9.93 3.67 1.5k 0.50 26.2 18L0
1200 1700 A% 5.1 — —— (.86 -— == 17.2 1920
33 1200 1700 565 5.9 - e 1.55 - - 3.0 2040
10 1250 -— 356 2.1 U057 Vol Oulif L.3 3.0 U.chs Goli 9ol 2L30
8 1250 1500 1.8 0.3k 0.12 0.95 19.1 7.h 0.93 0.36 19.2 2860
12 11350 - coé 0.% 0.1 5.8 0.2L 0.18 e L.2 3. 0.67 0.50 -
19 1360 - 350 L. 0.25 0.1 R 5.7 3.b 0.69 0.39 ——
19 1360 1500 1.2 0.17 0.06 — .1 5.2 0.k47 0.17 e—ea
20 1375 e 285 2.5 C.15 .10 - 6.1 4ol o.h1 0,28 ———
20 1375 1500 1.7 0.38 0.1L —— 15.1 By 1.04 0.39 S
3 1400 - 252 ¢.1 0.37 0.09 1.14 1.9 L.3 1.01 0.25 22.8 2050
16 100 —— L90 0.6 5.0 0.3k — ———— 6.7 e 0.93 ———
13 1450 _—— 1361 0.0 0.2 5.8 0.34 0.22 - 5.8 3.8 0.92 0.6) s
2 14501500 - 123 2.8 0.29 S —— 10.6 ———w 0,81 — ————
34 1500 e £55 7.5 0.38 0.32 1.23 L.65 .24 1.07 0.87 24.6 2520
él 150\) — 205 h-z 0e68 002? 2520 1309 5v:.0 108? 007"4 hhno m
8 1500 e 282 0.2 Lol 5.0 0.36 0.18 7.0 3.6 0.96 0.50 ——ee
w lsw m— f— 251.1 Or2 007 hds Ochs 0:22 9;‘9 h:e 1:22 On& Sy
9 1550 A 195 Or.h 1.2 5'-5 0:53 906 lohs g e
5 1550 T 202 305 OOhh 0:,10 1.:98 7:9 390 ]-r.zh 0n29 39:6 m&j
T 1550 _—- 18 3.0 1.06 0.09 1.66 21.0 % =0 2.57 0.26 33.2 L500
10 16“) P p— 109 0;6 008 haé 0( 79 0( 23 16:.5 ht? 2:10 0959 ——
& 34600 —— 169 0.8 0.19 o= 0.83 5.8 1.k 0.L8 —— 16.6 1550
35 1700 Je— 685 L.3 0.58 0.18 1.7h M.12  h20 1.60 0.50 3L.8 L3758

L/ Includng material recovered from gas with exception of runs 10, 12, 13, 1k, 19, and 20.
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Table L.--Material balarces of runs with inclined-gurface retort

[

T =

i&:%{ B Run No. 28 25 3 26 (4 30 32 18 12 3 16

Tenmerature, °F., plate 1200 1200 1200 1200 1200 1200 1200 2250 135¢ 1400  1k0O
Taspsratare, °F., reactor mremm — 3200 1200 1500 1700 1700 1500 T
Feod rate, g./nin. 332 33 518 38k L1 k6 k65 338 s08 252 Lgo "
Shale size, mosh 147100 13/200 14/160 1L4/100 14/100 14/100 14/100 20/100 20/100 1L/100 20/100 :
8

Over-all materisl balance,
no loss baais; percent

041 6.8 8.1 5.8 L.9 5.3 .9 h.? 3.9 5.8 2.0
Gas k.0 k.0 £.3 3.7 5.1 6.1 5.0 8.L .7+ 6.9
Water 0.7 0.9 0.9 0.7 p I | 1.2 1.0 0.2 0.6 0.8
Coke 14 0.3 2.6 10 10 1.0 1.6 —-—— -— ——
Organic balancs raw shale
" basis. percent

Uil 6.1 b,O S- ? iIJB 1&-3 5}6 h:s 309 508 2<1
Cag 2.3 3.0 h.2 3.6 k.3 4.9 3.8 9.0 B.1 5.5
Benzona solubls on spent

shalg Y2 1.0 1:3 X.3 1.8 1.5 1.h 0.6 0.0 G g
Coks on scent ghale 5.7 .3 k.1 5.6 k.9 3.5 5.6 2.9 2.5 7.0

Crganic balenoe, crganic
basie, percent

041 Lo 39 37 31 28 % 30 2k 35 13
Gan 15 20 27 24 28 32 24 31 L9 Sh
Bor.zons 7olubls on spent

shals 8 7 9 8 12 10 9 b o 10
Coks on spent ehale 37 3h 27 37 32 23 37 17 16 k3

- - A

*r.Uus AL0as.,
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Table L --Material balances of runs with inclined-surface retort--continued

Run No 1: 11 b 8 ik 9 i 5 10 35
Tempsratum, °F. , plate 3 50 1500 1500 1500 1500 1550 1550 1550 1600 1700
Tempesrature, *F., reactor cm—— o e m— e ——— v e R —
Feed rats, g /min 1363 655 Z05 20z 2sh 195 238 202 109 e8s
Shala sisze, mesh 20/100 28/100 147100 207100 20/100 20/100 20/200 20/100 20/100 207100 1L/100

Over-all meteris] balance,
no loss basis, parcent
041
Gas
-“Idw:‘
Spent eghale

Ung

iz balance,

raw shale

.';_.'zr!
basis; percent
0L} 5
Gap 8.
Benzene solubls on spent
snale C
vIEaniC oalianc JT'ES&N
Casls, percens
Cos 50

Renzene soluble on epent

shala
Coke on spent shale 3
1 . -
— --—-—--—"“'n..___ -
e

A O NN

——




¢ "
Table 5.--Calculated yields witn and without use of reactor

; " W&. percent of

Noo  IHE Rt teb peet) N s At
/18 1260 e L.6 I3 1.0 0.85 0.38
/18 1250 1500 3.3 19.1 7.b 1.75 0.67
Y19 1360 6.1 5.7 3.4 1.06 0.63
/19 1360 1500 b8 W2 5.2 1.88 0.6%
a0 1375 — 6.1 6.1 4.1 1,04 0.69
/20 1375 1500 L.k 15,1 5.5 1.85 0.66

1/ Yields recalculated for na vzpors passing through reactor,
Yields recalculated for cll vapors passing through rsactor.




Analys.~ of water-soluble compounds present in the inclined-s.uiacs
retort oil from run 34 (1500°) was made by the Research and Analysis Sec-~
tion. No quantitative estimates were attempted dues to the small amounts +
involved. Hydrogen cyanide and carbon dioxide were present in greatest R
quantity, with minor amounts of acetone, HyS, and hydrocarbons. Traces
of acetic and propionic acid were observed. No other compounds were
reported.

FPor three runs, 18, 19, and 20, the retort was arranged so that two
vapor streams were withdrawn simultanecusly. One stream passed through
the re¢gular condensing system while the other pazssd through the reactor
at 1500° and then through e condensing system. Liquid products from the
reactor strean showed a conaiderably higher percentage of bonzene and
toluene than the products from the stream passod directly to the con-
densing system. Table 5 gives yields of these runs which were calculated
to compare results of pas=ing all vapors through tiie reactor with those
of condensing the vapors directly without passace o7 any of the products
through the reactor. Higher benzene end toluene yields resulted in all
cases with use of the reactor. A higher ethylene yield wae also cbtained
when the reactor wes used, as indicated by wun J{ in wnich “he gas was
analysed. In addition to the above, six runs wers aods using the reactor
and in each case where analyses wers cobtainsd the banzene and toluene
yield was increased, at corresponding retorting temperatures, over rune
without the reactor. For purpozes of comparison, “hree runs wers mada
DYy retording anale av L2 and passing toe vapors romed tarougn the
reactor at 1200°, i500°, and L7C0° F., mespwctively., Tie reactor
served essentially as &n extension to the retort, by reans of which
additional hont at varving temparstures caunld ha sunn’ isd to the
vapors. Vapcr ratention times in the reactor for the varicus puns
wore estimated to range from one to two secords ceponling on reactor
temperature. Three additional runs, without ues of ths reacior, wera
made at 1200°, 1500°, and 1700° F., other operating conditions being
kept as nearly constant ss possible. Vapor reiention times for these
runs were calculated %o be approximately five, two, and one eecond,
respectively. Modifled Hempel analyses of the olls from tho six runs,
31, 27, 30, 29, 3L, ard 35, are given in %tebles 6, 7, 8, 9, 10, and 11,
respectively. Sulfur and nitrogen analyses were made on individual
distillation fractions from runs 30 and 35. There analyses ere included
in tables 8 and 1l. Benzene and toluene contente of the fractions from
each of the runs were obtained by mass gpectroneter analysia. Distribu-
tion of these two compounds in the verious fracstionz is showmn in table
12. In analyzing results of runs 29, 3L, and 35, several changes were
noted in properties of the crude oil as the relorting temperature was
increaged. The specific gravity and nitrogen content increasad while
viecosity and sulfur content decreased with increase in opera%ing tempera-
ture. Pour points in all cases were below 5° F. The volume of nephtha
ardd specific gravities of all fractions of the oil increased as reterting
temperature was raised. Carbon residues of the residuum and of the cruds
increased in a iike manner, whereas the asn decreasad,

i1




Table 6.~ .;-w of preportios of o0il from 1nulined- m'fﬁgi rotort.

Run No- =1
Preperties of drys oruds shale oil Distillation aummary
S Spn B
Percent at 60* F.
Specific gravity————ae—eeee 0,998 Naphtha
Sulfur, peroant-e——-sewee— 0.93 fractions 1-7)-~=-=  38.L ¢.8:9
Nitrogen, perognt~w—weee-- 2 88 t distillate
Pour point, *F.=semeewceaee P low S fractions £-10)—- 12.5 c. 982
Vieocosity, S-U. seconds Heavy distilliate
at 100° F. 6.2 (fractions 11-1kLj-- 21.9 1.07CG
“Water removed, wt. f—~we-= 13.0 Residuum- 2h.4 1.269
API gravity 10.3 Loss 2.8
Bensene, wt. 4 5.79

Toluene, wt. %e—v——eemeeu—e  7.L8
ANALYTICAL DATA

Distillation at 760 mn. Hg pressure
{firat drop at U2° I,

Gravity,
Fractian Cut at Sunm specific
No. “C, °*F. Percent pereent 60/60° F
1 S0 122 L.5 4.5 0.692
2 7 167 k.2 8.7 136
2 100 212 5.8 1.5 .803
L 125 257 7.7 22.2 «837
e 2 150 302 6.4 28.6 -85
6 175 3h? L.7 33.3 .87
7 200 392 5.1 36.4 906
Distiliation &t LO mm. Hg pressure
Cravity, Saybolt viscosity
Fraction Cut at Sum egpecific S.U. Seconds
No. *C. °F. Percent ercent, €0/60° F. _100° .
8 150 302 2.1 k0.9 0.958
9 175 347 6.1 ub.6 917
10 200 392 h.3 50.9 1,003
1 225 W37 3.7 sh.6 1.026 72.3
iz 250 UL82 4.3 58.9 1. 084 184.3
13 275 527 5.3 6.2 1.073 595
11 300 572 8.6 72.8 1.094 2715
Residaum 2h.4 97.2 1.269

Carbon residue of residuum, 60.5 poercent} carbon residue of erude, 18.8 pesrcent.

Ash on residuum, 7.31 percent; ash on crude, 2.27 percent.
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Table 7.-~8 of propoerties of oil from inclined murfoce retors.
% Eo. 27 gﬁﬁﬁ'-ﬁﬁ- F.)

Properties of drye orude shale oil Distillation summary
; - Sp. gr.
: '1\ Percent  at 60° 7
' Specific gravity-~—ese—e—w- 1.070 Naghtha '
- Sualfur, perceft-ee——ececw=- 075 (frac*ions L-7)~--  32.5 0.672
.~ MNtrogen, perosnt-—c———e—-  3.03 Light distillate
{ Pour point, *F.e—cetrcecca- Below 5 (frastions 0-10)---  15.2 1.00L
Viscoeity, S.U. seconds Heavy distillats s
at 100° F, : 109.2 (fractions 11-1h)-- 23.2 1.086 )
#Nater removed, wt, $——=--- 18.0 Residuum 27.7 1.353
API gravity. 0.7 Loss 1.4
Benzens, wt. %~ 1.59
Toluans, wt. % 6:12
ANALYTICAL DATA
Distillation at 760 ma. H_% smgnm
at ¥ K '
Gravity, !
Fraction Cut at Sum specific {
No. m . Percont percent 60/60° F.
2 50 122 ——— - -
2 75 167 1.1 1.1 0.773
3 100 212 9.0 10.1 .8L9
4 125 257 6.9 17.0 .863
.5 150 302 5.9 22.9 87
6 175 347 L.6 27.5 892
7 200 392 5.0 32.5 931 |
Distillation at LD mm. Hg pressure |
Gravity, Saybolt viscosity
Fraction Cut at Sum spacific 8.7, seconds Viscoeliy
No. "C._°F. Percent percent 60/60° F. IO F. ZI0° F. _ index
8 150 302 L.3 36.8 ©.983
9 175 347 6.2 k3.0 1,003
10 200 392 L.7 L7.7 1.02L
11 225 137 2.9 50.6 1.0k 73.4 33.8  Minus 176
12 250 ULB2 L.7 §5.3 1.068 166 .4 37.2  Minue 362
13 2715 527 5.7 61.0 1.092% 525
! b 300 572 9.9 70.9 1.203 1733 _
| Reaiduum 27.7 98.6 1,353 !

r———

Carban residue of residuum, 67.6 percent; carbon residue of crude, 23.7 percent.
Ash on residuum, 6.60 percent; ash on crude, 3.0l percent

Gas evolved during the drying procedure = 8461 ml. (S.T.P ) gas from 8L2 g. wot crude
(671 g. dry crude; 627 ml. dry crude).




Table 8.--Summary of properties of oil from inclined-surfsce retord.
e Vo, 30 (TR0 =100 T e rebart

¥ _operties of dry® crude shale oil Distillation summary
Percent st 60° F.
Specific gravity-—-cececu- 1.1 Naphtha
Sulfur, peroent——-eveeee—w. 0,840 (fractions 1-7)=we- 26.1 0.694
Nitrogen, percent-~eeee—ee- 3.03 Light distillate
Pour point, *F.-=<eceeww.-- Balow 5 (fractions 8-1nV... 15.9 1.035
Viscosity, S.U. seconds Feavy distillate
at 100° F. 257 (frections 11-14)--  25.7 1.127
¥Hater removed, wt. Fe-—wwe 18,5 Residuum=emmcecmeeeas 32,2 1.357
API gravity- Balow 0.1 Loss - 2.1
Bensene, wt. % 9.93
| Toluene, wt. % 3.69
' ANALYTICAL DATA
| Distillation at 760 mm. re st ure
| (Iirst drop_at ;zg? %!
f ravity,
Fraxtion Cut at Sum spocific Suifur Hitrogen
No. . 2 Percent percent 60/50° F. percent parcent
1 5 122 — — — — —
2 75 167 — —- - —— -
3 100 212 12.1 2.1 0 €75 0.60 0.31
\'L 125 257 L.5 16.6 €61 87 0.99
] 150 302 3.9 205 €9k 97 153
6 175 37 2.6 23.1 921 .84 3.08
7 200 392 3. 26.1 984 82 332
{ Distillation at L0 mm. Mg pressure
1 Gravity, Seybolt viscosity,
,, Fraction Cut at Swun specific 5.U. seconds Sulfur Nitrogen
No.. °C. °F. Porcent percent 60/60° F. 100° F. percent percent
8 150 302 5.0 31.1 1.025 1.08 2.37
9 175 3L7 6. 37.6 1.033 0.90 2.92
10 200 392 L.k k2.0 1.051 95 .n
11 225 37 k.1 b6.1 1.075 62.3 .96 3.97
12 250 L82 5.3 Si.k 1.106 151.0 .96 3.66
1) 275 527 6.0 57.h 1.124 473 .90 3.52
1 300 572 10.3 67.7 1.136 1me. 75 3.L8
Residuun 32.2 999  1.387 L 3 3.

Carbon residus of residuum, 76.1 percent; carbon residue of crude, 29.9 percent.
Ash on residuum, 7.93 percent; ash on crude, 3.0L percent.
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Table 9.--Summary of proporties of oil from inclined-surface restort.

un Wo. 29 (1200° F.) i
~
Properties of dry# crude shale oil Distillation sumuary
Sp. gr.
Percent at 60° F.
Specific gravity-- 0.968 Naphtha
Sulfur, percent .890 (fractions 1-7)==w= 26.9 0.822
Nitrogsn, percent-- 2.57 Light diatillate
Pour point, °F.- Below 5 {(fractions 8-10)=w- 15.k 0.93%
Viscosity, S.U. seconds Heavy distillate
at 100° F. 86.7 (fractions 11-1k)e- 26.9 0.99%
#Water removed, wt, Bewowe== 9.6 Reeiduum - 28,9 1.153
API gravity .7 Lonn 1.5%
Bensene, wt. % 3.55
Toluene, wt. 4 1.82
ANALYTICAL DATA
Distillation at 760 mm, reasure
(firat arop at 135° %!
Gravitly.
Fraction Cut at Sum specific
No. *C. °F. Percent percent 60/60° F.
p | 50 122 - e -
. 2 5 167 1.h 1.4 0.732
3 100 212 hob 5.8 782
L 125 257 5.9 11,7 611
5 150 302 8.1 15.8 826
6 175 347 L.6 2.4 82
7 200 392 5.5 26.9 872
Distillation at L0 um. Hg presaure
Gravity, Saybolt viscosity
Fraction Cut at Sum spacific = §5.U, eeconds Viecosity
No. o °F. Dercent percent £0/60° F. 100° ¥, 2 T _Aindex _
8 150 302 3.6 30.5 0.508
9 175 347 6.5 37.0 <928
10 200 392 5.3 2.3 950
1 225 37 k.3 L6.6 965 63.8
12 250 L82 5.7 52.3 982 120.9 37.2 Einus 240
13 275 527 7.3 59.6 1.000 291
p1 300 572 9.6 69.2 1.013 933
Residuum 8.9 98.1 1,153 =

Carbon residue of residuum, 34.6 percent; carbon residus of crude, 11.9 perceni.

Ash on residuum, 5.L8 percent; ash cn crude, 1.§9 percant.

Gas evolved during the drying procedurs ~ 18,400 ml. (S.T.P.) gae from 1242 g. wet

rde, (2031 g. dry crude; 1065 ml. dry crude).
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Talls 10.~--Summary of properties of oil from %:_- clined-surfacs ratort.
% No. zh F, o

Mu of dry# crude shale oil

Spacific gravity-==---—-e—e 0,995
Sulfur, percent~——r—eece==- 0,71
Nitrogen, percente—--cwe—w- 2,68

Pour point, *F. Below S
Viscosity, S.U. saconds

at 100° P, 60.5
tiater removed; wt. $---—— 11.6
API gravity 10.7
m’ wt. "'—""_"'"-‘""‘" hu65
Tolusne, wt. %- h.24

Distlllation summary

Naphtha
(fractions 1. 7)=ww=
Light distillate
(fractions 8+10)~--
Heavy distilliate
(fractions 11-14)-—
Regiduug-=—- cococca

Iﬂ.-u———-ﬁ-r e

ANALYTICAL DATA

Disgtillation at nm, pressure
; (Tirst 3.1_-529 at 05° 5.5

Gravity,
Fractien Cut. at Sum spacific
No. . °F. Percent percent 80/60° 7.
1 50 122 1.6 1.6 0.692
2 75 167 3.k 5.0 -T2
3 100 212 8.7 13.7 .81k
Qh 125 257 5.9 19.6 835
5 150 302 5.1 2k.7 BU3
6 175 347 3.6 28.3 .86
7 200 392 5.3 33.6 892
Distillation at L0 mm, Hg pressure
Cravity, Seybolt viscesily
Fraction Cut at Sum spacilic S.U. secends
No. . 1. Percent percent 60/60° F. 100* F.
302 3.6 37.2 0.915
9 175 347 6.2 h3.2 960
10 200 392 h.% L7.8 977
1 225 37 k.5 52.3 .99k 6z.2
12 250 UB2 2D 57.3 1.019 129.7
13 275 527 5.8 63.1 1.037 339
ik 300 572 J.5 71.6 1.050 1267
Residuum 26.7 98.3 o as

Sp. BY.
Parcont at £3é w,
33.6 0.027
Us.2 0.96%
23.0 1.030
26.7 1218
1.7

Carbon residue of residuum, li5.2 percent; carbon residuve of crude, 1L.7 percent.

Ash on residuum, L.66 percent; ash on crude, 1,52 percent.
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Table 11.--Svmm of properties of oil from inclined-suricce ratort.
ﬁ No. 35 (1{00° Fa)

..ir)op-rtiu of dry# crude shals oil Distillation summary

Sp. gr-
Percent &% 60° F
Specific gravity--—-eeeew-— 1,0L9 Naphthe
Sulfur, percent 0.690 (fractions 1-7)em==  32.2 0.879
Nitrogen, percente—=c=mce=s 2,92 Light distillate
Pour point, °F.- -~ Bolow 5 fractions 2-10)-=- i7.8 1.012
Viscosity, 8.U. meconds Hvavy distillinta
at 100° F, 61..9 (fractions 11-1l)~- 25.2 1.092
*Water removed, wt, $ewew== 19.5 Rasidutmemwe « o 22.2 1 299
API gravity 3.k Logg-w- 2.6
mu’ 'tn ’ = 11 2
Toluene, wt. % L.20
ANALYTICAL DATA
Distillation at 760 mm. i% ;ﬂf_s@gg
first drop at A {
Cravity,
Fraction Cut at Sun spszific Sulfur Nitrogen
No. . °F. Percent percant 60/60°F. percent _hercent
1 50 122 Sl — o s i
2 7% 167 R . ks I o
) mj 100 212 154 i5.h 0.362 0.52 0.32
. N 125 257 L9 20.3 368 19 Q.90
‘ 5 150 302 3.3 23.6 73 ,856 1.73
6 175 37 3.4 27.0 ig2 .T8€ 2.6
4 200 392 5.2 2.2 738 67 2.92
| Distillation at L0 mm, Hg pree-ure
i
; Gravity, Saybolt viscosity,
' Fraction Cut at Sum spocn..t. §.U. seconds Sulfur Hitrogen
No. . F. Percent percent 60/60° ¥ 100* F. percent. _persant.
' 8 150 302 7.3 39.5 1.001 0.55 2.27
1 9 175 W7 6. b5.6  1.013 79 2,83
| 10 200 392 L.k 50.0  1.029 _ 79 3.76
1 11 225 W37  L.7 SL.7  1.052 65.9 3k 3.96
- 12 250 LB2 6.3 61.0 1.082 1hk.h 84 3.59
i 13 275 s27 6.3 67.3 1.102 L5y 12 3.54
'f b 11 300 572 7.9 75.2 1118 2150 .82 3.4
|| Residum 22.2 97k 2,209 SO S )
Carbon residue of residuum, 67.8 percent; cerbon resicdus «f crude, 19.6 pereant.
Ash on residuum, 2.45 percent; ash on crude, 0.67 percent.
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Table 12 .-~-Distribution of benzene end toluene in distillation fractions

Specific
Tllpor;tur- s ErYEVity Distillation fraction number

inm ° of ““Fenzene, weight percent of ary crude nene, we crude
e e o e S T .~ T s s e o T
. 29 1200 === 0.968 ~--= 0.20 144 1.0 0.08 0.08 0.25 3.55 -—— 0.02 0.15 0.60 0.55 0.3) 0.17 1.82

3k 1500 «—— 0995 0.16 0.85 3.13 0.06 0,22 0.09 0.11 k.65 ——— 0.37 1.55 0.91 1.0k 0.21 0.26 k.2
35 1.0LY e ee=- 9.32 1.24 0.33 0.22 0.01 11.12 =eee —=== 1.hO 1.h1 0.95 0.39 0.05 L.20
31 1200 1200 0.9%8 0.510.93 1.86 1.83 0.48 6.10 0.08 5.79 0.005 0.0k ©.89 3.11 2.99 0.28 0.17 7 L8
27 1200 1500 1.070 ~-==0.36 §.71 1.74 0.52 0.19 0.07 7.59 ==== 0,002 0.95 1.89 2.16 1.03 0.08 6.12
30 1.3 9.93 === == 0.96 1.kh 0.90 0.26 0.23 3.69

]

e wem= 7.28 1.67 0.58 0,20 0.20
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Analyses of oils from runs 31, 27, and 30, waerein the shale was
retorted at 1200*, and the vapors passed through the reactor at 1200°%,
1500°, and 1700°, respectively, when compared with results obtained by
retorting at 1200° F. without the reactor show that the naphtha content,
spacific gravity, viscosity, and carbon residue of the oils increased
with reactor temperature while sulfur content wae reduced and nitrogen
content remained about the same. Sulfur and nitrogen analyses of indi-
vidual fractions of oils from runs 30 and 35 followad the seme general
pattern, the lower boiling fractions having the lowost nitrogen ccentent,
and frastion 11 (boiling ramge 392°-L437* F.), the maximum nitrogen content
Curves for both sulfur and nitrogen contents of fractiong of these two
oils are irregular as shown in figure 3. This probably indicates the
presence of specific nitrogen and sulfur compounds. The sulfur contents
of the various fractions of the oils from the two runs showed a decided
difference in fraction B; the fraction from the run retorted directly at
1700° having approximately one-half the sulfur content of the correepond-
ing fraction from the run using the reactor.

Benzene and tcluene percentages on & dry crude basis, of the six
oils on which Hempel analyses were made, are presented in figure L.
Retorting at 1200* produced low yields of benzene and toluene with a
bensene-~-tolusne ratio of about two to tne. As the temperature was
increased to 1500° the total percentage of berzene and toluene increased
about one-~third and the ratio of benzene to toluene dscreased to cne.
Further increase in temperature to 1700° almost doubled the total ;er-
centage of the two aranmatics. This increase was dus almost entirely
to increased bwsmene yield. Retorting at 1200° and then subjecting the
vapors to the same and higher reactor temperatures showed that the sum
percentage of benzene and toluene tended to remain constant. As the
reactor temperature was raised, benzene yleld increased with a corres-
ponding decrease in toluene. This indicates a dealkylation of toluene.
It would seem from the analyses that retorting at 1200° results in a
constant percentage of low-boiling aromatics, whizh can be converted,
within limita, to either bsnzens or toluene by temperature control. On
the other hand, direct retarting at increased temperature lavels showsd
increased percentages of both benszene and toluene, with a toluene peak
at about 1500°-1600°. The bensens yield showed a marked increase at
1700° F. Additional increase might be expected at somewhat higher
temperatures, but because of apparatus limitations, 1700° was the maxi-
mun temperature at which satisfactory control was poasibls.

More gas and also more ethylens was produced when the shale was
retdrted at 1500° and 1700° than when it was retorted at 1200° F. with
subsequent socking of vapors in the reactor at 1500° or 1700° F.
Ethylene, on a perdentage composition basis, was highest for the
reactor runs with the reactor at 1500° and 1700°. Mass spectrometer
analyses of the retort gases for the various runs are given in table
13, No attempt was made to analyze the gases from the runs in which
sweep gas was used,
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Spent shale analyses for the runs are given in table 1. Censrally,
organic and CQ, removal increased with retorting temperatures, although
feed rates uffected results to some sxtent.

SUMMARY

These resulta must be conzidered as a prelirinary evaluation of the
performance of an inclined-surface type of retort. (ptimum concitlons
have besn established only over a broad range for most of the variables;
adequate temperatura control and difficultiesa in maintalning constant
feed rates being limiting factors in carrying out the experiments.

Organic matter removal ranged from 51 percent to 8% percent, the
maximum removal being obtained with temperatures at or abowe 1500* and
with feed rates below 300 ¢./min.

Remova) of carbon dioxide ranged from O percant to 55 pervent, the
higheat peroentage being removed at the higher retorting temperatures
and with low feed ratos.

0il ylelds, on an organic basis, ranged fron 13 to SO percent., the
highest yield being obtained with a retorting terperature of 1500° F.

Gas y!alds generally increased with increace in retorting tempera
tures; but vhe mazimunm ethylene yleld was obteined at 1500°

The uss of inert swesp ge . apparently improved llquid yields in alil
cases, aince the yields for ihose runa in which the ras was used were uil
above average. Use of a reactor to treat vapors further imnediately
after retorting resuited in procucts having higher benzene, toluens, and
athylens content than those of untreated vapors

The highest benzene yield was abtained by diract plate retorting st
1550° F., while the mexisum toluene yield wes ohbtained by passing vapars
formed by retorting at 1200° through the reactor at tha sgams temperaturs.
Benzene and toluens yielcds for the inclined-surlccs retort were found to
compare favorably with those obtained by the vertical-tube retort when
calculated on an equal organic basis
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Table 1i.--Spent shale analyses for high ‘emperature runy
T Retorting ~ lgnition Joes  CO;  Orgenic mabier
Run Temperature, °F. Feed rate percent: parssant percent
No. Plite Bessisf _g./min. _(ash besis) _(ash bosis) (ash bests) v
20 1200 ~wee 332 39.5 29.5 10.0
29 1200 o= 33 L2 .8 31.6 1.2
23 1200  ~oe- 323 35.0 30.§ h.2
2h 1200 ---- 1321 L8.9 32.5 6.4
26 1200 12 364 k2.9 3.t nil
3 1200 1200 516 36.3 29 5.4
27 1200 1500 Lin .2 ?1.9 9.5
30 1200 1700 L76 33.8 29.0 b8
32 1200 1700 L65 38.6 29.2 2.U
33 1200 1700 565 35.7 2% . 67
‘ 18 1250 15c0 338 35.9 30.6 5.3
’ i2 1350  —m 508 27.7 231.9 3.8
‘ 3 00 e 252 3h.8 22.6 1%.2
16 W00 e L0 31.6 e2.7 8.9
13 LS50 - 1361 30.2 26.% P
2 M1 e 123 1.6 18,° v,
b 1500 - 855 32.8 29.7 3.1
8 1500 e 20z 23.1 €0.1 29
1] 1800  wew- 254 28.1 25.1 2.7
9 1550 - 195 2l.2 20.£ b
7 1850 ~-- 18 1.5 11
s 1550 e 202 2n.0 16 3.9
10 1600 - - 109 19.6 156 3.5
é 1600 e 169 20 9 16.7 3.0
35 1700 aee- 685 29.6 25, .1
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