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INTRODUCTION

Among the considerations associated with the development of a shale oil industry
are the costs and environmental hazards of disposing of the spent shale that inher-
ently is produced if any mining and aboveground retorting approach is involved. For
several years the Bureau of Mines has been engaged in research in recovering shale
0il by in situ combustion retorting, an approach that avoids spent shale disposal.
Both actual underground {1-3) and simulated in situ retorting (4-7) are being inves-
tigated.

Crude shale oils produced by in situ combustion retorting of Green River oil '
shale normally have higher API gravities and lower viscosities and pour points than
do crude shale oils produced in N-T-U or gas combustion retorts (8). In situ crude
shale oils also contain a much higher percentage of material boiling below 1,000° F,
While the nitrogen contents of in situ crude shale oils may be somewhat lower than
those of crude shale oils produced in N-T-U or gas combustion retorts, they still
contain more than twice as much nitrogen as high-nitrogen petroleum crudes.

Since existing refineries would not be able to cope with the high nitrogen con-
tent of raw shale oil if it were a substantial part of the refinery feed, the National
Petroleum Council (NPC) (9) has suggested that crude shale oil be upgraded at the
retorting site by a process of catalytic hydrogenation to produce a premium feedstock
called "syncrude.” 1In this process, the crude shale oil would be distilled to pro~
duce naphtha, light oil, heavy oil, and residuum. The residuum would be processed in
a delayed-coking unit to produce petroleum coke, and a vapor stream containing gas,
naphtha, light oil, and heavy oil. Vapor from the coking unit would flow back to the
crude distillation facilities for separation into various fractions, The naphtha,
light oil, and heavy o0il would be subsequently hydrogenated to remove nitrogen and
sulfur and to reduce the viscosity and pour point of the finished syncrude.

There is some disagreement in the literature as to which type of hydrotreating
catalyst is the most effective for removing nitrogen from crude shale oil and/or
shale oil coker distillates. Carpenter and Cottingham (10) found that, of 17 cata=-
lysts tested, a cobalt-molybdate-on~alumina catalyst was superior for removing
nitrogen from crude shale oil. Benson and Berg (1) reported that of 12 catalysts
tested an HF-activated cobalt-molybdate catalyst was superior for removing nitrogen
from shale o0il coker distillates. On the other hand, Montgomery (12) reported that
catalysts containing high concentrations of nickel and tungsten were best for hydro-
denitrogenation. These investigators did not report any work with nickel-molybdenum
or nickel-cobalt-molybdenum catalysts.

The purpose of the present study was to test various modern hydrogenation cata-
lysts for their effectiveness in removing nitrogen from in situ crude shale oil frac-
tions and to determine the feasibility of producing a synthetic crude oil that would
meet the specifications for syncrude suggested by the National Petroleum Council.

Six modern hydrogenation catalysts were tested to compare their efficiencies in remov=
ing nitrogen from a heavy (600° to 1,000° F) in situ gas oil. The best catalyst,
nickel-molybdenum-on~alumina, was used in preparing fractions of a synthetic crude
using the methods suggested by NPC,
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PROPERTIES OF IN SITU CRUDE SHALE OIL

The crude shale oil used in this study was obtained from an in situ combustion
retorting experiment at Rock Springs, Wyo. (1-2), during the last week of the experi-
ment and is considered a representative '"steady state" oil., Properties of the in
situ crude shale oil are shown in' table 1.

TABLE 1., - Properties of in situ crude shale oil

Gravitye.eueesinneeetoenssoonasacecvasnasssasanaas - APL.,. 28,4

Nitrogen. ... iu it iinneiravsceasraaaneens weesess WE=pct... 1.41
SULfUL. c ittt ierteeneetnssscerensscossssaanss WE=pCct... .72
POUT POINt.s.eueneesseeensniasrareosnsasconcnnsnansas © Foio 40
ViSCOSity.uivuieerreiassesnsesenassnaanss..SUS at 100° F... 78
Carbon residu€.......cvuevvvrvevseonenvasnosanseasss WE=PCt.., 1.7
ASh.uiviriieieiiereersoranessancasessasansnassess WE=pct... .06

EXPERIMENTAL PROCEDURES AND RESULTS

Apparatus and Operating Procedure

A simplified flow diagram of the hydrogenation unit is shown in figure 1. The
reactor used in these experiments was a l-inch-outside-diameter by 9/l6-inch-
inside-diameter, type 316, stainless steel tube 40 inches long. The catalyst bed
was supported by a stainless steel screen 1l inches from the bottom of the reactor.

A second screen was placed at the top of the catalyst bed, and the upper part of the
reactor was filled with quartz chips and served as a preheater for oil and hydrogen.
The reactor was surrounded by a 3-inch-outside-diameter by l-inch-inside-diameter
aluminum block and was heated by a four-zome electric furnace, each zone of which was
independently controlled. Temperatures were measured by five thermocouples placed in
a groove in the aluminum block adjacent to the reactor and spaced at equal intervals
along the length of the catalyst bed and preheater. With proper adjustment of the
heating elements, the recorded temperatures could be maintained within 5° F of each
other.

At the beginning of each experiment the catalyst was heated to 700° F with air
passing through the reactor at the rate of 1.1 standard cubic feet per pound of cata-
lyst per hour (scf/1b/hr). Steam was then introduced at the rate of 0.41 pound per
pound of catalyst per hour (lb/lb/hr), and these conditions were maintained for 16
hours. The reactor was then cooled to 500° F, the steam was cut off, and, after the
system cooled to 350° F, the air flow was stopped. The reactor was then purged with
helium and pressurized to 250 psig. A hydrogen stream containing 5 weight-percent
hydrogen sulfide was passed through the reactor at a rate of 1.0 scf/lb/hr for 3
hours to sulfide the catalyst, The temperature, pressure, and hydrogen flow rate
were adjusted to those required for the particular experiment, and the oil flow was
started, Hydrogen (99.9 percent purity) was used directly from standard shipping
cylinders without further purification.

Products from the reactor passed through a back-pressure regulator into a sepa=-
rator maintained at 75° F and 200 psig. Tail gas from the separator passed through
a second back-pressure regulator and was metered and sampled. Liquid products were
drained from the separator after each 24-hour period of operation and washed with
water to remove ammonia and hydrogen sulfide before a sample was taken for analysis.
At the conclusion of each experiment the oil and hydrogen flows were stopped, the
reactor was depressurized, and steam was introduced at the rate of 0.41 1b/1b/hr
while the reactor was cooled to 700° F. Air was then introduced at the rate of 1.1
scf/lb/hr, and these conditions were maintained until the coke burnoff was completed.
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Catalyst Screening Tests

The catalysts used in these tests were obtained from commercial

sources, Table

2 shows the manufacturer, manufacturer's number, active metals, and catalyst desig-
nation for each of the catalysts tested. Three of the catalysts were recelved in

the form of 1/16-inch extrusions and were used as such, The other ¢
ed in larger sizes, were crushed and sized to 10-20 mesh.

TABLE 2, - Catalysts tested

atalysts, obtain-

Manufacturer's Catalyst

Manufacturerl/ No. .~ Active metals designation
American Cyanamid Co. Aero HDS-2A Co Mo 1 Co-Mo
American Cyanamid Co. Aero HDS-3A Ni Mo II Ni-Mo
Harshaw Chemical Co. Ni 4301-E Ni W III Ni-W
Harshaw Chemical Co. N1 4303-E Ni W IV Ni-W
Nalco Chemical Co, MM-502 Ni Mo V Ni-Mo

Davidson Chemical Co. NICOMO Ni Co Mo VI Ni-Co-Mo

1/ Reference to specific manufacturers or trade names does not imply
endorsement by the Bureau of Mines.

Charge stock for the catalyst testing experiment was prepared by topping a sam~
ple of the in situ crude shale oil to 600° F in a batch still equipped with a
column having 35 trays, and then separating the 600° to 1,000° F fraction.in a
vacuum flash distillation unit, Properties of the 600° to 1,000° F fraction of in
situ crude shale oil are shown in table 3.

TABLE 3. ~- Properties of 600° to 1,000° F
distillate from in situ crude shale oil

Gravity....eo.o.... eeieaenas Ceieesesiiearaacancssnncannsaa O API,.. 23,3
Nitrogen......occv0u. Ceresesaans e e [ ves. Wt=pct,.. 1,66
SULfUr.esivveeeiensnceacnns tesceacenrsecnneane seseesesseses WEt=pct... .51
ViScOSityeoeeornnennonnrnnns eieereesressassasssssss SUS at 100° F... 111
Carbon residue.e...v.e.... I * (o3 s 11 S .5
Distillation
Initial boiling POIMt.s.ieveeereorenvnnnennen veesraes eees °F... 579
5 pct recovered. . ..ieeieraeecssonssioocaronnsoeneansns ° Fouu 611
10 pct recovered. sovuveevennonrenesnns PP, P, ees ° F... 620
20 pct recovered.e...vuienenn... P D 648
30 pct recovered........ U D A 113
40 pct recovered. . v.oueuieenariocecncssonosasnccsasense @ Fuus 681
50 PCt recOVered.suiiueioceceseroocsossoanvasseanoesonenes  Fuuu 699
60 pct recovered........... S S 732
70 pct recovered...v.iveeireceacnsscoassorecossonsesnneeas ° Fou 768
80 pct recovered..iverseseecrassnssocsconsoancnnscasssas ° Fou. 809
90 pct TecoVered.....osvieseeccrsassocesosasnscacossanass ° Fuua 867
95 pct recovered.....evvueieeercsosessnansoascncvcsessease © Fuus 914
End point. e iiueieviereresirerarnnceaceeanennnsnnnsannass @ Fuur 995

All catalyst tests were run at an operating temperature of 800° F, a space veloc~
ity of 1.0 weight of oil per weight of catalyst per hour (Wo/Wc/hr), and a hydrogen
feed rate of 5,000 standard cubic feet per barrel of feed (scf/bbl). Eighteen grams
of catalyst were charged to the reactor in each test. Five of the six catalysts were

/i
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tested at an operating pressure of 1,000 psig, and all six were tested at an operat-
ing pressure of 1,500 psig. Each test was continued for 96 hours.

In figure 2 the first order denitrification rate constants at 1,000 psig express-
ed as the logarithm of the ratio of nitrogen in the feed to nitrogen in the liquid
product (ln No/N¢) are plotted against days on stream to show the effect of operating
time on catalyst activity. These curves show that the activities of all the catalysts
tested decreased quite rapidly with time on stream. The catalyst with the highest
denitrification activity at an operating pressure of 1,000 psig was catalyst I Co-Mo
and the one with the lowest denitrification activity was catalyst IV Ni-W.

Figure 3 shows a plot of the first order denitrification rate constants versus
time on stream at an operating pressure of 1,500 psig. The catalysts with the high-
est initial denitrification activity at 1,500 psig were catalyst II Ni-Mo and cata-
lyst I Co-Mo. However, catalyst V Ni-Mo showed the highest activity after 96 hours,
and its activity decreased very little with time on stream. Catalyst VI Ni-Co-Mo
also had a high resistance to deactivation but had a much lower initial activity.
Catalyst IV Ni-W again showed the lowest denitrification activity.

Composite samples of the total liquid product from each test were fractionated
to determine the degree of hydrocracking attained with each catalyst. Distribution
of the various distillate fractions are shown in figure 4. The distributions shown
are for the tests made at 1,500 psig. Yields of naphtha and light oil were uniformly
lower for tests made at 1,000 psig. The highest volume-percent yields of liquid
product were attained with catalysts I Co-Mo and V Ni-Mo and the lowest yields with
catalysts III Ni-W and IV Ni-W., The highest conversion--i.e., material converted to
products boiling below 550° F--was attained with catalyst VI Ni-Co-Mo. The lowest
conversion was attained with catalyst IV Ni-W, a hydrocracking catalyst. The highest
yields of naphtha and light oil were attained with catalysts I Co-Mo and VI Ni-Co-Mo.
Because of its high sustained denitrification activity, catalyst V Ni-Mo was selected
for use in the preparation of syncrude by hydrogenation of the in situ distillate
fractions.

Preparation of Synthetic Crude

The overall flow diagram for upgrading crude shale oil is shown in figure 5. A
sample of in situ crude shale oil was fractionated in a Podbielniak Hypercal distil-
lation unit to obtain a 350° F end point naphtha, a 350° to 550° F light oil, a 550°
to 850° F heavy oil, and a vacuum residuum. Residuum from the fractionation was
coked at atmospheric pressure in a laboratory coking unit, and the liquid product
from the coker was mixed with a proportionate amount of fresh in situ crude shale
oil. The mixture of crude shale oil .and coker distillate was then fractionated to
obtain fractions similar to those from the first distillation. Residuum from the
second distillation was coked and liquid product from the coker again mixed with a
proportionate amount of crude shale oil. The mixture of coker distillate and crude
shale oil was fractionated to obtain a 350° F end point naphtha, a 350° to 550° F
light oil, and a 550° to 850° F heavy oil to be used as charge stocks for the prep-
aration of synthetic crude oil. Yields from the first and third distillations and
coking are compared in table 4. Properties of the liquid products are shown in
table 5.

The 550° to 850° F heavy oil from the third distillation was hydrogenated in a
continuous 174-hour run. No deactivation of the catalyst was evident from analyses
of samples of the liquid product taken during the run, and yields of liquid and
gaseous products as well as hydrogen consumption were constant with time throughout
the total test. Operating conditions and yields of products are shown in table 6.
Approximately 40 weight-percent of the heavy oil was converted to products boiling
below 550° F, of which 23.75 weight-percent was light oil boiling between 350° and
550° F, and 9.25 weight-percent was material boiling between 175° and 350° F.
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TABLE 4. - Yields of products from distillation and coking

First distillation Final distillation
Percent of crude....voeeeeoncoss Weight Volume Weight Volume
IBP ~ 350° F...... sisereressessesnranse 6.20 6.86 6.30 7.00
350° - 550° Fuevveenwennn cesrvecnas seeann 43,71 45,50 37.58 39.24
550°. = 850° Fuuivurvervvorocnonsvanensnoss 28.89 28.60 34,62 33.50
850° Fhivuivsneoeostansoanosascanssnnas 21.20 18.94 21.50 19.26
Coker distillate....ceeevsecscnscoensnes 17.21 17.50 17.30 17.47
Cokevovrunnns tessaesseresenesrreseseann 2.83 3.08
Hydrogen......veveeeenocsenacccscncnons .01 .02
Methane...viveievrevearansecosessscesan .26 .27
Ethane......... ceterssersacevatonotoans .17 .16
Ethylene............. cetecsennaaseienns .02 .03
Propane........ov00eue .22 .20
Propylene......c.cevues Peseressesraeann W11 .09
Isobutane....... .06 .09 .03 .05
BUutane....oveeisennncnasanenes cresennan .09 14 .10 .15
Butenes....... eareeeanes .09 .13 .10 14
Carbon monoxide.....oeveaeans. cececenan .02 .03
Carbon dioxide...... eeersssecrosescens .03 .02
Hydrogen sulfide......cevcvveennnnnnans .08 .07

TABLE 5. - Properties of fractions from
distillation of in situ crude shale oil

Original crude Final distillation

C5 = 350° F naphtha:

Gravity....eooivinnnennnnnn, ° API... 45.4 45,8

Nitrogen...... e weeness WE=pct... 1.16 1.09

Sulfur..o.veieeieensasnenes WE=pct... .52 .70
350° - 550° F light oil:

Gravity...c.vevvevnveneeca.. ° API,., 34.9 35.0

Nitrogen......eivveeuees... Wt=pct... 1.24 1.29

SULlfUr.e.ieseinneernnennnnn, wt-pct... .52 .54
550° « 850° F heavy oil: )

Gravity...ivovsieevaaveseess ° APIL.,, 26.8 27.2

Nitrogen....... tecesessesss WEepCt... 1.53 1.61

Sulfur........ et esaeanna .. Wt-pct... 46 .46
850° F+ residue:

Gravity...ieoeneennn. eeeess. TAPIL... 11.3 11,2

Nitrogen................... wt-pct... 1.93 - 1.91

Sulfur....... cetecnsnisssess WE=CPt... .60 .56

The 350° to 550° F light oil obtained from hydrogenation of the 550° to 850° F
heavy oil was combined with the 350° to 550° F light oil from the third distillation
of the in situ crude shale oil and coker distillate. The combined light oils were
hydrogenated in a continuous 75-hour run. Operating conditions and products yields
are shown in table 7., Approximately 39 weight-percent of the 350° to 550° F material
was converted to products boiling below 350° F, of which 15,7 weight-percent was
naphtha boiling between 175° and 350° F.
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TABLE 6. - Hydrogenation of 550° to 850° F heavy oil

Operating conditions:

Temperature...ovseeees S 800
Pressure...c.cevevesee tessscersassscransssecae Psig... 1,500
Space velocity........ Cetieaeane, e eees Wo/We/hr, .. 1.0
Hydrogen feed....vovevusesreessosrasesnseansass scE/bbl... 5,000
Hydrogen consumed........... tseesecesssesesas. scE/bbl,.. 1,320
Yields of products: Percent of feed Percent of crude
Weight Volume Weight Volume
Cs+ liquid product,..... 95.20 101.68 39.55 41.94
C5 = 175° Fuvurnunn eienes reeresanas 1.92 2,52 .80 1.04
175° = 350° Fovevnnnns i 9.25 10.77 3.84 4,44
350° - 550° F..... e Ceererana 23,75 24,92 9.87 10.28
550° Ftoevunecnn.. Ceereeieiaeerennnn 60.28 63.47 25,04 26,18
Coke.ivurnraveneensororoannsanans . .12 .05
Hydrogen......... [P .ee -2.24 -.93
Methane.......... ceeies PPN ciee .77 .32
Ethane.......cnuus teierecenaarnanen .87 .36
Propane........ ceeseesasesne ereveaane .88 .37
Isobutane....vovevevenenenss . es .30 W47 .12 .19
Butane........... ceenenans ceescnane .90 1.36 .37 .56
Ammonia......... veseenas Chreserrseans . 1.82 .76
Hydrogen sulfide.........vvvvuvennnn .o .49 .20
Water...... P cerecsanrnriann cren .89 .37

TABLE 7. - Hydrogenation of 350° to 550° F light oil

Operating conditions:
Temperature.s.....
Pressure........ .
Space velocity....
Hydrogen feed.....
Hydrogen consumed.

Yields of products:

cececeeeressrransnan veaese veesss °F...
.o ereersesan cereieenann .... psig...
..... I A L P}
Cereerisereaneann R, vo... scf/bbl...
Ceteereraeon [P eesss.s scf/bbl, ..

750
1,500
1.0
5,000
1,050

Percent of feed

Percent of crude

Weight Volume Weight Volume
Cs+ liquid product..... esasieseanans 98,00 102.93 55.19 60.36
C5 - 175° Fuvvvrnnnn Ceeereaseaens AN 1.22 1.54 .69 .90
175° = 350° Fuverrrrnnnnn Crierceiaais 15.66 17.10 8.82 10.03
350° = 550° Fuveveoeonnnonnnns . .o 81.12 84,29 45,68 49,45
Coke.wrvvrnnnnnnnn careeeesens cesesenes .19 .11
Hydrogen..c.vevesveneronnannns -1.78 -1.00
Methane,.......cvovenusias sesecesenesen .17 .10
Ethane.......o000.a. seceedisncensesnsnn .24 .13
PrOPANE. .+ evovoncosa veseraae .20 .11
Isobutane,......... testeverarestnccoann .19 .28 11 .17
Butane.....ocieuvoerecvaencans ceeerares .56 82 .32 49
Ammonia,...... Ceeceencessnesnnronnane 1.24 .70
Hydrogen sulfide........ cetcnsceccens .49 .28
Water.....vevnnveennnes csisresrsecoans .50 .28

The 175° to 350° F naphthas from the two previous hydrogenation runs were com-
bined with the total naphtha from the third distillation of in situ crude shale oil
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and coker distillate. The combined naphthas were then hydrogenated in a continuous
48-hour run, Operating conditions and product ylelds are shown in table 8. Under
the conditions used, only 4.3 weight-percent of the charge was converted to products
boiling below 175° F.

TABLE 8. - Hydrogenation of 175° to 350° F naphtha

Operating conditions:

TEMPETALUTC. v s eevvueveovsasarsassnssessnsssnansss - Fous 700
Pressure...ceceeoes veeaen teseaasesseasaes eeveeesees psig... 1,500
Space velocity..... S PV A AV T 1.0
Hydrogen feed....ccovvseeosuones et rbessann .. scf/bbl... 5,000
Hydrogen consumed...... eeees teeseecusanssess. 8cE/bbl. .. 720

Yields of products: Percent of feed Percent of crude

Weight Volume Weight Volume

C5+ liquid product....... ereerseensnas 99.83 102.09 20.45 23,67
C5 = 175° Feernvnnnnas et esseareieans 4,14 4,40 .85 1.02
175° -~ 350° Fouuivennw eraes Ceeteieaas . 95.69 97.69 19.60 22.65
Coke....... e remaenereneran creensans .01 .00
Hydrogen.........ce0ee.. P saes -1.39 -.28
Methane............ [P teeecesssans .00 .00
Ethane......... .00t Cetesesaeireaeaes . .13 .02
Propane..... eeenennan s e e erraaseans .24 .05
Isobutane.....ccveeeseeencosesss venenen .01 .01 .00 -
Butane.....coveven. esesesasesiennen .. .02 .03 .00 -
Ammonia.....ceeeeees cetes e [P .59 .12
Hydrogen sulfide........c.... Ceeeeen e .32 .07
Water..... teeersncassasssasseannnsases .24 .05

Properties of the charge stocks and liquid products from the various hydrogena-
tion runs are shown in table 9. Hydrogenation of the 550° to 850° F heavy oil under
the conditions used reduced the nitrogen content from 16,100 ppm in the charge stock
to 935 ppm in the 550° to 850° F fraction of the hydrogenated liquid product. Sulfur
was reduced from 4,630 ppm to 9 ppm and the gravity increased from 27.2° API to 35.6°
API.

Hydrogenation of the 350° to 550° F light oil under the conditions used reduced
the nitrogen content from 10,850 ppm in the charge stock to 79 ppm in the 350° to
550° F fraction of the hydrogenated liquid product. Sulfur was reduced from 4,590
ppm to 1.2 ppm and the gravity increased from 35.0° API to 41.5° API,

Hydrogenation of the 175° to 350° F naphtha under the conditions used reduced
the nitrogen content from 4,900 ppm in the charge stock to less than 1 ppm in the
175° to 350° F fraction of the hydrogenated liquid product. Sulfur was reduced from
3,010 ppm to 10 ppm and the gravity increased from 47.3° API to 52,6° API.

These results indicate that nitrogen removal is considerably more efficient
when the naphtha, light oil, and heavy o0il are hydrogenated separately. For example,
the light oil produced during hydrogenation of the 550° to 850° F heavy oil contained
1,220 ppm nitrogen; the light oil produced by hydrogenation of the 350° to 550° F
light oil contained only 79 ppm nitrogen. The 175° to 350° F naphtha produced during
hydrogenation of the heavy oil contained 299 ppm nitrogen and that produced during
hydrogenation of the light oil contained 53 ppm nitrogen, but the 175° to 350° F
naphtha produced during hydrogenation of the naphtha fraction contained only 0.8 ppm
of nitrogen. ’
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TABLE 9. ~ Properties of charge stocks and liquid products from hydrogenation runs

550°~850° F 35G6°-550° F 175°«350° F

Hydrogenation of-~ heavy oil light oil naphtha
Charge stock .

Gravity......... ° API,.. 27.2 35.0 47.3

NitrogeN.e..oeovun ppm... 16,100 10,850 4,900

Sulfur......... «s+ PPM... 4,630 4,590 3,010
Liquid product

Gravity......... ° API... ~ 37.6 43,9 53.1

Nitrogen.......... ppm... 880 70 1.3

Sulfur............ ppm. .. 9 7 . 16
Cs - 175° F naphtha

Gravity......... ° API... 77.2 77.6 60.8

Nitrogen........ .. pPpm... 3.7 3.8 .5

Sulfur............ ppm... 22 7 3
175° ~ 350° F naphtha

Gravity......... ° APIL... 53.3 49.6 52.6

Nitrogen.......... ppm... 299 53 .8

Sulfur,......... ppm... 9 3 10
350° - 550° F light oil

Gravity......... ° API... 35.0 41.5 -

Nitrogen.......... ppm... 1,220 79 -

Sulfur....... PN ppm... 8 1.2 -
550° - 850° F heavy oil

Gravity......... ° API..,. 35.6 - -

Nitrogen.......... Ppm... 835 - -

Sulfur............ ppm... 9 - -

In table 10 the properties of the syncrude prepared from in situ crude shale oil
are compared with the properties of a syncrude listed by the NPC. Relative amounts
and properties of the naphthas, light oils, and heavy oils are also compared. These
data show that the nitrogen content, sulfur content, pour point, viscosity, and API
gravity of syncrude prepared from in situ crude shale oil are lower than those sug-
gested in the NPC report, The lower gravity of syncrude prepared from in situ crude
shale oil may be attributable in part to the lower content of butanes and butenes
and in part to the greater volumes of materials boiling above the naphtha range. The
sulfur content of the naphtha is somewhat high, but the sulfur contents of the other
fractions are much lower than those suggested by the NPC.

A summary of the yields from the various steps used in the preparation of syn-
crude from in situ crude shale oil is shown in table 11. The overall yield of syn-
crude was 103 volume-percent of the original crude.

SUMMARY AND CONCLUSIONS

Hydrogenation tests made on the 600° to 1,000° F heavy gas oil from in situ
crude shale oil showed that a nickel-molybdenum-on-alumina catalyst was superior to
either cobalt-molybdenum~on-alumina or nickel-tungsten-on-alumina catalysts for remov-
ing fitrogen from shale oil fractions, This nickel-molybdenum-on-alumina catalyst
was used in the preparation of a synthetic crude oil by hydrogenation of various dis=-
tillate fractions of an in situ crude shale oil. A high yield of premium refinery
feedstock whose properties compared favorably to those of a "syncrude" described by
the NPC was attained.




164

TABLE 10. - Comparison of NPC and in situ sync

rudes and distillate fractionms

NPC In situ
Syncrude:
Gravity...... seresceecconesessianasisensrsonses © APL.., 46.2 43.9
Pour point....e.ecevescenes eeessesesiesttsenan ° F.. 50 <32
Vigcosity.iciivuenrann Ceeresctassseanen SUS at 100° 40 32
Nitrogen.suevevesersossanncasannns sesensans ceeaas ppm... 350 250
Sul fur........ cieeseas [P P cesesassssss PPM... 50 5
Butanes and butenes..... cesssnan ceeessisccennns ... vol-pct... 9.0 1.7
Cs - 350° F naphtha....... Wesesseasssssssansssssas VOl=pct... 27.5 - 24.8
Gravity........ teesiessseasansesaensssseansseas ° API, .. 54.5 54.7
Nitrogen..uie.cesseonncoonsannnans vesseessssesssss PPM... . 1 1
Sul fur..... ereeeseencssteseseseneretsctooanenn vees PPM... <1l 8
AromaticS....ioeeen esensstasrserscssssaasses VOl-pct,,. 18 14
Naphthenes.............. ..... eassecceseseasss VOl-pct,.. 37 44
Paraffins....... etecrcsecseassssssasesas VOl=pct.., 45 42
350° - 550° F dlstlllate crereann reersenesrrsenne vol=-pct... 41,0 48.1
Gravity.o.ieieesinennnns cereracsscenresessansss © API.,, 38.3 41.5
NitTOgBeN, e, e vieereosrsnsnsossesscnsoeasssaneanss PPM.., 75 79
Sulfur....cevevrecnnenne PPN sessesaaan PO PPM, .. 8 1.2
AromaticsS..eieees.. ceseoann esesssesanen «.s.s VOl=pct... 34 24
Freezing point.........vuvuvunan feeeeeenn Ceeraan ° F... =35 =29
550° - 850° F distillate....sesseacesssscasseseses VOl=pct,.. 22,5 25.4
Gravity.......o0u. erees cressecsscrsscsnsensas © API, .. 33.1 35.6
Nitrogen...evvevsons ceresntene esseeccssansssesess PPM... 1,200 935
Sulfur.......... reeeseseanananans vevesssereasasas PPM..., <100 9
Pour point....... U P 80 55

TABLE 11. =~ Summary of vields from pr

eparation of syncrude

Procesal/ ...... . wt=-pct,.. A B C D Totals
Cs - 175° F naphtha........ - 0.80 0.69 0.85 2,34
175° - 350° F naphtha...... - - - 19.60 19.60
350° - 550° F light oil.... - - 45,68 - 45.68
550° - 850° F heavy oil.... - 25.04 - - 25,04
Cokeverinaneneninnnns cerene 3.08 .05 .11 - 3.24
Hydrogen......evcvvevuennnn .02 -.93 -1.00 -.28 ~2.19
Methane.....eoeeuvnuns veaen .27 .32 .10 - .69
Ethane............. vesean . .16 .36 .13 . .03 .68
Ethylene........... P .03 - - - .03
Propane.,.......... esseane .20 .37 A1 .04 .72
Propylene....c.ooievennanns .09 - - - .09
Isobutane......... caeeas [N .03 .12 .11 - .26
BULANE. . vevvrenrarennnnn . .10 .37 .32 - .79
Butenes.........co0nue cenen .10 - - - .10
Carbon monoxide.......... .. .03 - - - .03
Carbon dioxide.......0uv.... .02 - - - .02
Ammonia....... PP .. - .76 .70 .11 1.57
Hydrogen sulflde. ......... . .07 .20 .28 .07 .62
Water.......coiviinnnenn. .. - .37 .28 .04 .69

1/ A. Distillation and coking. B. Hydrogenation
C. Hydrogenation of 350° - 550° F light oil.
naphtha.

of 550° - 850° F heavy oil,
D. Hydrogenation of 175° - 350° F
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