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(57) ABSTRACT 

Three neW embodiments to the Chattanooga Process that 
convert or upgrade oil bitumen, a combination of oil sands 

and bitumen, a combination of sand and bitumen, and oil 
shale to high grade loW sulfur (about 0.1 to 0.5 Wt. % sulfur, 
or less) crude oil. The invention relates to a continuous 

process for producing synthetic crude oil (SCO) from oil 
sand bitumen Which has been extracted from under ground 
via in situ processes, or strip mined and extracted via hot 
Water extraction processes before upgrading. It can also 
apply to kerogen extracted in situ from shale underground. 
The process involves treating the hot bitumen With sand 
from an extraction process or the hot oil from kerogen With 
ground shale containing kerogen in a ?uid bed reactor Where 
the reactant and ?uidiZing medium is only hydrogen. The 
invention also relates to a continuous process for producing 
synthetic crude oil (SCO) from oil shale kerogen. 

The invention relates to a continuous process for producing 
synthetic crude oil from oil bearing material, e.g., oil shale 
or oil sand (tar sand), through continuous process for pro 
ducing synthetic crude oil from bituminous oil sand (tar 
sand) or shale. The process includes treating the oil sand (tar 
sand) or shale to produce a ?uidiZable feed, feeding the 
?uidiZable feed to a ?uidized bed reactor, and ?uidiZing and 
reacting the ?uidiZable feed in the ?uidized bed reactor With 
a feed of hydrogen provided by a feed stream having a 
stream containing hydrogen in a concentration greater than 
90 vol % (90 vol %-100 vol % H2). 

In one embodiment, the invention relates to a continuous 
process Which can recover methane and ethane from a 

recycle hydrogen stream. In one embodiment, the process 
can recover PSA tail gas as feed to a hydrogen plant. In one 

embodiment, the process can be operated to reduce or 
eliminate the requirement for externally provided methane 
feed to the hydrogen plant. 
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PROCESS AND APPARATUS FOR CONVERTING 
OIL SHALE OR OIL SAND (TAR SAND) TO OIL 

CROSS-REFERENCE TO A RELATED 
APPLICATION 

[0001] This is a continuation-in-part application of previ 
ously ?led copending US. application Ser. No. 11/126374 
entitled “Process and apparatus for converting oil shale or 
oil sand (tar sand) to oil” ?led May 11, 2005, Which claims 
the bene?t of earlier ?led provisional application Ser. No. 
60/570,815 entitled “Process and apparatus for converting 
oil shale or oil sand (tar sand) to oil” ?led May 14, 2004. 
This application claims the bene?t of US. application Ser. 
No. 11/126374 and this application claims the bene?t of 
provisional application Ser. No. 60/570,815. 

[0002] US. application Ser. No. 11/126374 entitled “Pro 
cess and apparatus for converting oil shale or oil sand (tar 
sand) to oil” ?led May 11, 2005, is incorporated by reference 
herein in its entirety. US. provisional application Ser. No. 
60/570,815 ?led May 14, 2004, is incorporated by reference 
herein in its entirety. 

FIELD OF THE INVENTION 

[0003] The present invention relates to a continuous pro 
cess for producing synthetic crude oil (SCO) from oil shale 
or oil sand (also knoWn as “tar sand”) and an apparatus for 
its practice. More speci?cally, the present invention provides 
a process for treating dry oil sand (tar sand) or shale Without 
prior bene?ciation, in a reactor operating at elevated pres 
sure and temperature conditions, in the presence of hydro 
gen gas. The invention also relates to a continuous process 
for producing SCO from oil sand bitumen. The processed 
bitumen can be extracted from under ground via in situ 
processes, or strip mined and extracted via hot Water extrac 
tion processes. The present invention, can also produce SCO 
from oil shale. RaW kerogen oil can be extracted in situ from 
shale underground. 

[0004] The invention can be used to convert, process or 
upgrade one or more of bitumen, oil sand, oil shale, kerogen 
oil and heavy hydrocarbon feedstocks to synthetic crude oil. 

BACKGROUND OF THE INVENTION 

[0005] Oil sand (tar sand) systems are knoWn for making 
synthetic crude oil (SCO), such as those that surface mine 
and process the oil sand (tar sand), Where they ?rst separate 
sand (85 Wt. %) from bitumen (11 Wt. %) to avoid processing 
the sand in the reaction systems. The separated bitumen is 
converted to sWeet, light crude oil by an upgrading re?nery 
operation. Separation of the sand from the bitumen requires 
bene?ciating operations such as ?oatation cells and second 
ary separation equipment and processing and equipment to 
prepare the oil sand (tar sand) for ?otation. In these systems, 
tailing oil recovery is necessary to clear the sand for dis 
posal, hoWever the sand is not completely cleared of bitu 
men. 

[0006] Existing technology uses a large number of physi 
cal and chemical processing units for the treatment of Wet oil 
sand (tar sand), e.g., tumblers (being phased out by hydro 
pumping), bene?ciators including: primary separation ves 
sels With ?oatation cells and secondary separation systems 
necessary to recover the bitumen from the oil sand (tar 
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sand); tailing oil recovery systems Which result from the 
sand not being completely cleared of bitumen; tailing set 
tling ponds Which are necessary to settle and separate ?ne 
clays and other undesirable solids from the Water for ?oata 
tion since the Water must be reused to maximize clean-up to 
reduce environmental problems. These systems can be large 
facilities along With the maintenance and systems for 
reclaimation. 

[0007] RaW oil sand (tar sand) can be treated in a ?uidiZed 
bed reactor in the presence of a reducing environment, 
steam, recycle gases and combustion gases. 

BRIEF SUMMARY OF THE INVENTION 

[0008] The process and apparatus of the present invention 
avoid the use of the large number of physical and chemical 
processing units used in the processing of Wet oil sand (tar 
sand) by using a single continuous reactor system to hydro 
crack and hydrogenate the dry oil sand (tar sand). Moreover, 
because the present invention directly hydrogenates dry oil 
sand (tar sand), larger quantities of valuable sWeet, light 
crude oil are obtained. 

[0009] The present invention relates to a continuous pro 
cess for converting oil bearing material, e.g., oil shale or oil 
sand (tar sand), and an apparatus for its practice. 

[0010] One embodiment of the present invention provides 
a continuous process and an apparatus for its practice Where 
oil bearing material such as the kerogen in oil shale or the 
bitumen in oil sand (tar sand) is continuously treated. 

[0011] In one embodiment, the present invention relates to 
the treatment of dry oil sand (tar sand). 

[0012] In one embodiment, the present invention provides 
a method and apparatus for converting a oil sand (tar sand) 
or shale feed to oil Which can be conducted in the absence 
of a bene?ciation processes such as, for example, a hot 
Water extraction process to separate sand or other non 
reacting solids from bituminous or oil-bearing material in 
the feed. 

[0013] In one embodiment, the present invention provides 
a process for converting oil sand (tar sand) to oil through the 
use of a stream containing hydrogen in a concentration 
greater than 90 vol % (90 vol %-100 vol % H2). 

[0014] In one embodiment, the present invention provides 
a heat recovery process Whereby hydrogen provides the heat 
necessary to bring the raW oil sand (tar sand) up to reactor 
temperature. 

[0015] In one embodiment, the present invention provides 
a process Where hydrogen is used for hydrocracking and 
hydrogenating the bitumen in the oil sand (tar sand) or oil 
shale. 

[0016] In one embodiment, the present invention provides 
a process for using recycle and make-up hydrogen as a heat 
transfer vehicle. 

[0017] In one embodiment, the present invention provides 
an improved process for producing oil from oil sand (tar 
sand) or shale by reacting the oil sand (tar sand) or shale With 
a stream containing hydrogen in a concentration greater than 
90 vol % (90 vol %-100 vol % H2) in a ?uidiZed bed reactor, 
Wherein the ?uidiZing medium is a feed stream including 
hydrogen gas. 
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[0018] In one embodiment, the present invention provides 
a ?uidized bed process Where one inch or less size oil sand 
(tar sand) or shale pieces are fed into a ?uidized bed reactor 
near the bottom of the reactor and spent sand and reaction 
products are removed from near the top of the reactor. 

[0019] In each of the following three embodiments: 

[0020] Extraction produced bitumen and raW sand or 
tailings pond sand; or 

[0021] in situ produced bitumen and raW sand or 
tailings pond sand; or 

[0022] in situ produced raW kerogen oil and shale, are 
fed to the reactor via the lock-hopper system for 
solids and injection lines for liquids. 

[0023] In one embodiment, the present invention provides 
a method of recycling unreacted hydrogen that exits a 
reactor in Which oil sand (tar sand) or oil shale is converted 
to oil. The method includes purging impurities in the exiting 
recycle hydrogen stream by acid gas removal through an 
amine system and by pressure sWing adsorption, maintain 
ing the hydrogen at more than about 450 psig throughout the 
recycle process, admixing fresh hydrogen to the recycle 
hydrogen stream to form a mixture, and feeding the mixture 
into the reactor. 

[0024] In one embodiment, the invention provides a pro 
cess for producing oil from an oil bearing feed such as oil 
sand (tar sand) or oil shale. The process comprises intro 
ducing the feed in a ?uidizable form into a ?uidized bed 
reactor. A ?uidizing medium enters the ?uidized bed reactor 
Where it contacts and ?uidizes the ?uidizable feed. The 
?uidizing medium includes at least hydrogen. The ?uidized 
feed forms a ?uidized bed Where the feed reacts With the 
hydrogen provided by a feed stream having hydrogen in a 
concentration of from 90-100% at a temperature Within the 
equipment design range of about 800° F. to about 1500° F., 
With one embodiment having a reaction temperature of 900° 
F.-1200° F., and another embodiment having a reaction 
temperature of about 915° F. The reaction products include 
synthetic crude oil and spent solids Which are discharged 
from the ?uidized bed reactor. 

[0025] In one embodiment, the invention provides ?ex 
ibility in the processing of feedstocks. It comprises a process 
for upgrading oil bearing material eg bitumen or kerogen, 
and an apparatus for its practice. 

[0026] In one embodiment, the present invention provides 
a continuous process and an apparatus for its practice Where 
oil bearing material such as the kerogen from oil shale or the 
bitumen in oil sand is continuously treated. 

[0027] In one embodiment, the present invention provides 
a process for upgrading extracted bitumen, or in situ pro 
duced bitumen or kerogen, through the use of a stream 
containing hydrogen in a concentration greater than 90 vol 
% (90 vol %-100 vol % H2). 

[0028] In one embodiment, the present invention provides 
the heat necessary to bring the bitumen or kerogen up to 
reactor temperature of about 800° F.-1500° F. 

[0029] In one embodiment, the present invention provides 
the heat necessary to bring tailings or raW sand up to a 
temperature in the range of 840° F.-1000° F., With one 
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embodiment having a temperature of about 915° F. for the 
?uid bed reactor for processing the bitumen or kerogen. 

[0030] In one embodiment, present invention provides a 
process Where hydrogen is used for hydrocracking and 
hydrogenating the bitumen of an oil sand or a kerogen of oil 
shale. 

[0031] In one embodiment, the present invention provides 
a process for using recycle and makeup hydrogen as a heat 
transfer medium. 

[0032] In one embodiment, the present invention provides 
an improved process for producing upgraded oil from 
extracted bitumen or in situ produced bitumen or kerogen, 
Wherein the ?uidizing medium is substantially hydrogen. 

[0033] In one embodiment, the present invention provides 
an improved process for producing upgraded oil from 
extraction produced bitumen or in situ produced bitumen, or 
in situ produced kerogen from shale Where raW sand or 
tailings sand or shale respectively is fed into the bottom of 
the reactor for ?uidization With hydrogen and the reaction 
products are discharged from near the top of the reactor. 

[0034] In one embodiment, the present invention provides 
a method for recycling the excess unreacted hydrogen from 
the reactor in Which bitumen or kerogen is upgraded to high 
grade loW sulfur oil (about 0.1 to 0.5 Wt. % sulfur, or less). 
In the processing of oil sands and bitumen, this can produce 
an SCO having an API gravity of 28° to 34° and a sulfur 
content of about 0.1 to 0.5 Wt. %. In the case of processing 
oil shale a lighter product is produced ranging from 28° API 
to as high as 40° API or more. 

[0035] In one embodiment, the present invention provides 
the dry ?uidized bed of sand in a reactor at a temperature of 
about 900° F. and 600 psig to receive hot bitumen at about 
300° F. in a steam-traced line from a conventional, or 
existing, extraction facility, such as a hot bitumen extraction 
plant. Sand from existing sand tailings deposits or opera 
tions can be transported to the reactor by conventional, or 
existing, materials handling means. In one embodiment, 
sand from tailings deposits can be transported to the plant by 
trucks or hydrotransport as a slurry, deWatered and handled 
by conveyors, bucket elevators, screened and fed to the 
reactor. 

[0036] In one embodiment, the present invention provides 
a process for processing the reclaimed sand and extracted 
bitumen together in the previously discussed reactor to 
produce a higher grade, about 34° API, loW sulfur oil of 
about 0.1 to 0.5 Wt. % sulfur, or less, by the use of an 
appropriate catalyst. 

[0037] In one embodiment, the invention processes in situ 
produced hot bitumen in a ?uid bed reactor located in close 
proximity to the producing Well head. Reclaimed sand is fed 
in a continuous stream to the reactor to provide the ?uid bed 
medium in addition to the hot bitumen Which is fed sepa 
rately. Recycle and make-up hydrogen pre-heated to about 
1500° F. in a central ?red heater provide the reactant, 
?uidizing medium and heat conveyor for the reactor Which 
is operated at about 900° F. and 600 psig. The reclaimed 
sand can be transported to the site as a Water slurry and be 
deWatered. Spent sand from the reactor containing some 
coke from the reaction process can then be slurried With the 
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original incoming Water and be transported back to its 
original or an alternate area for disposal. 

[0038] In one embodiment, the present invention provides 
a process for producing synthetic crude oil, comprising the 
steps of providing a reactor, a ?rst reactor feed stream 
comprising a bitumen, and a gas reactor feed comprising 
hydrogen, contacting the bitumen With the hydrogen in the 
reactor thereby producing a reactor gas stream, providing a 
pressure sWing adsorption system producing a PSA tail gas, 
and feeding the PSA tail gas to an integrated hydrogen plant. 

[0039] In one embodiment, the ?rst feed stream can com 
prise an oil sand. The oil sand can comprises a Canadian 
Athabasca oil sand. In another embodiment the feed can 
comprise a heavy oil. In one embodiment, the reactor has a 
?uidized bed formed of an oil sand. 

[0040] In one embodiment, the present invention, provides 
for a process for producing synthetic crude oil, comprising 
the steps of providing a reactor, a ?rst reactor feed stream 
comprising a kerogen, and a gas reactor feed comprising 
hydrogen, contacting the kerogen With the hydrogen in the 
reactor thereby producing a reactor gas stream, providing a 
pressure sWing adsorption system producing a PSA tail gas, 
and feeding the PSA tail gas to an integrated hydrogen plant. 
In one embodiment, the ?rst feed stream comprises an oil 
shale. 

[0041] In one embodiment, the present invention has a 
reactor With a ?uidized bed formed of an oil shale. 

[0042] In one embodiment, this process for producing 
synthetic crude oil further comprises the steps of producing 
a synthetic crude oil product and burning an amount of the 
synthetic crude oil product in a ?red heater. In another 
embodiment, the present invention is self-suf?cient in pro 
duction of gas feed to the integrated hydrogen plant. In yet 
another embodiment, the present invention is self-suf?cient 
in production of fuel to the ?red heater. 

[0043] The present invention provides for an apparatus for 
producing a synthetic crude oil. 

[0044] The present invention provides for a system for 
producing a synthetic crude oil. 

[0045] The present invention provides for a control system 
for producing a synthetic crude oil. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] FIG. 1 shoWs the How diagram of one embodiment 
according to the present invention. 

[0047] FIG. 2 shoWs a ?uidiZed bed reactor for converting 
bitumen in oil sand (tar sand) to viable products in accor 
dance With the present invention. 

[0048] FIG. 3 shoWs a stand-alone ?red heater used in the 
process according to the present invention. 

[0049] FIG. 4 shoWs a compressor for supplying the 
hydrogen for use in the present invention. 

[0050] FIG. 5 shoWs the How chart of an acid gas recovery 
system for use in the present invention. 

[0051] FIG. 6 shoWs the mass balance for one embodi 
ment of the present invention. 
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[0052] FIG. 7-1 shoWs a How diagram of a second 
embodiment according to the present invention. 

[0053] FIG. 7-2 shoWs a How diagram of turbine, product 
separation and amine system of the second embodiment. 

[0054] FIG. 7-3 shoWs a How diagram of a variety of 
optional feed streams. 

[0055] FIG. 7-4 shoWs a How diagram of a reactor opera 
tions embodiment. 

[0056] FIG. 7-5 shoWs a How diagram of and embodiment 
of turbine, product separation and amine system. 

[0057] FIG. 7-6 shoWs a How diagram of a third embodi 
ment according to the present invention. 

[0058] FIG. 7-7 shoWs a How diagram of and embodiment 
of turbine, product separation and amine system for the third 
embodiment. 

[0059] FIG. 8 shoWs a ?uidiZed bed reactor embodiment 
With lock hoppers. 

[0060] 
3 

[0061] In FIGS. 1-6, common elements are similarly 
identi?ed eXcept for the “?gure number” designation. Thus, 
all elements depicted in FIG. 1, start off With the number 1, 
e.g., the reactor in FIG. 1 is identi?ed as “104” and in FIG. 
2 the same reactor is identi?ed as “204.” 

FIG. 9 shoWs a process How diagram for EXample 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0062] In one embodiment of the invention hydrocarbon 
bearing solids, e.g., dry oil sand (tar sand) or oil shale is 
processed in a ?uidiZed bed reactor. Reaction occurs in the 
reactor as the feed constituents undergo reactions, including 
reactions With hydrogen. The process is operated in some 
embodiments to avoid decompression of the hydrogen. A 
?rst portion of a stream containing hydrogen in a concen 
tration greater than 90 vol % (90 vol %-100 vol % H2) is 
used to feed the oil shale or oil sand (tar sand), Which has 
been comminuted and reduced in siZe to form particles that 
are capable of being ?uidiZed, e.g., ?uidiZable, into the 
reactor. A second portion of the hydrogen stream is used as 
the ?uidiZing medium. 

[0063] The concentration of a hydrogen feed can vary in 
this invention. One embodiment utiliZes pure hydrogen feed 
(100% H2). Most embodiments use loWer purity hydrogen 
because light hydrocarbons are formed in the reactor, i.e. 
methane and ethane, the accumulation of these light gases 
adversely affects the reaction betWeen bitumen and hydro 
gen by suppressing the partial vapor pressure of the hydro 
gen. A recycle hydrogen stream is therefore operated in 
another embodiment to maintain the hydrogen concentration 
at about 94 vol. % by purging methane and ethane via the 
PSA system. The invention can use hydrogen feed concen 
tration as loW as 25 vol. %, or loWer. 

[0064] While the reactor can react With any concentration 
of hydrogen in the feed stream (1 vol %-100 vol % H2). 
Some embodiments use hydrogen feed streams With H2 
concentrations of 75 vol %-94 vol % and methane and 
ethane concentrations of 6 vol % to 25 vol %. One embodi 
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ment utilizes a hydrogen feed stream having 94 vol % H2 
and 6 vol % methane and ethane mixture. 

[0065] In one embodiment, the hydrogen stream that feeds 
the reactor is formed from fresh make-up hydrogen and 
recycle hydrogen generated during the process, or obtained 
from other hydrogen producing processes. A mixed stream 
of fresh-make-up and recycle hydrogen stream is discharged 
from a compressor at a ?rst temperature and pressure (e.g., 
187° F. and 670 psig), and a portion is diverted for admixture 
With the ?uidizable particles of oil sand (tar sand) or oil 
shale Which are injected into the ?uidized bed reactor in a 
fan like ?oW, at an acute angle relative to the vertical axis of 
the reactor or a horizontal plane. 

[0066] The reference to fan like ?oW supra is further 
described in conjunction With an embodiment Where the 
solids (e.g., oil sands, oil shale, ordinary sand or tailings 
pond sand) are fed to the reactor in a ?oW by a combination 
of gravity and assistance from the high pressure hydrogen 
motivation stream into the reactor. The inlet line from the 
lock-hopper system to the reactor can be horizontal or can be 
inclined relative to the vertical axis of the reactor. Mechani 
cal means such as a screW can be used in certain applications 
to assist the solids ?oW into the reactor. The highly agitated 
conditions in the reactor quickly disperse the solids feed into 
the ?uidized bed. One embodiment utilizes four lock-hopper 
feed systems Which can be equally spaced around the 
circumference of each reactor. 

[0067] In one embodiment, the solids fed to the reactor, 
either oil sands, oil shale, ordinary sand or tailings pond 
sand, ?oW by a combination of gravity and assistance from 
the high pressure hydrogen motivation stream into the 
reactor. The actual inlet line from the lock-hopper system to 
the reactor can be horizontal or can be inclined relative to the 
vertical axis of the reactor. Mechanical means such as a 
screW can be used in certain applications to assist the solids 
?oW into the reactor. The highly agitated conditions in the 
reactor quickly disperse the solids feed into the ?uidized 
bed. The present design provides four lock-hopper feed 
systems equally spaced around the circumference of each 
reactor. 

[0068] The remainder of the hydrogen stream at said ?rst 
temperature is indirectly heated to a second higher tempera 
ture by indirect heat exchange With overhead products from 
the ?uidized bed reactor. The second higher temperature is 
the temperature of the hydrogen stream from the discharge 
of the compressor that has passed through the in-out heat 
exchanger in order to cool the reactor over head stream. It 
can be about 875° F.; having been heated from 187° F. by 
indirect heat exchange With hot reactor over head stream. 
Indirect simply means the heat transfer from a hotter gas to 
a cooler gas takes place through a solid metallic retaining 
Wall so that mixing of the tWo gas streams cannot occur. 

[0069] The hydrogen stream at the second temperature 
(e.g., about 875° is conveyed to a direct ?red heater 
Where the hydrogen stream is heated to a third temperature 
higher than said second temperature (e.g., about 1200° 
F.-1500° and then used as the ?uidizing medium in the 
reactor to ?uidize the oil sand (tar sand) or oil shale 
?uidizable particles that have been injected With the ?rst 
portion of the hydrogen stream. 

[0070] In the ?uidized bed reactor the bitumen in the oil 
sand (tar sand), or the kerogen in the oil shale change phase 
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and can be reacted via endothermic and exothermic reac 
tions, including reactions With hydrogen, to produce spent 
oil sand (tar sand) or oil shale and an overhead product 
stream that contains hydrogen, hydrogen sul?de, sulfur 
gases, C1+C2 hydrocarbons, ammonia, ?nes (sand particles 
and clay) and vaporous products. The overhead product 
stream is ?rst separated in cyclone separators Within the 
reactor Which help maintain the bed level and separate 
solids. 

[0071] The reaction products formed in the reactor that 
upon cooling, condensing and separation from the other 
stream components form the liquid product SCO. In the 
liquid phase these products are grouped as naphtha, distillate 
and gas oil. 

[0072] In the reactor, contact betWeen the feeds and hydro 
gen takes place Within the ?uidized bed of raW sand, or 
tailings pond sand or shale. The particular solid being fed, 
either raW sand, tailings pond sand or shale, establishes the 
?uid bed for the particular combination of feed stocks being 
processed. The reaction betWeen hydrogen and bitumen or 
betWeen hydrogen and raW kerogen oil produces reaction 
products in gaseous or vapor form. Also, the Water contained 
in oil sands, raW sands or tailings pond sand fed to the 
reactor vaporizes to form steam. The product and Water 
vapors exit the reactor via the normal ?oW pattern through 
the internal cyclone separators at the top of the reactor and 
?oW doWnstream to the next stage in the process circuit. 

[0073] The solids fed to the reactor, either oil sands, oil 
shale, ordinary sand or tailings pond sand, ?oW by a com 
bination of gravity and assistance from the high pressure 
hydrogen motivation stream into the reactor. The actual inlet 
line from the lock-hopper system to the reactor can be 
horizontal or can be inclined relative to the vertical axis of 
the reactor. Mechanical means such as a screW can be used 

in certain applications to assist the solids ?oW into the 
reactor. The highly agitated conditions in the reactor quickly 
disperse the solids feed into the ?uidized bed. The present 
design provides four lock-hopper feed systems equally 
spaced around the circumference of each reactor. 

[0074] In one embodiment, the overhead product stream is 
?rst separated from the ?uid bed solids by the reactor space 
above the level of the solids by the reactor space above the 
level of the solids over?oW line and the internal cyclone 
separators. (The bed level can be established by the by the 
height of the solids over?oW lines above the reactor support 
grid). 
[0075] The reactor ef?uent stream of gases and product 
vapors separated from most of the reactor sand and shale can 
be considered the “First separated overhead” product. 

[0076] The ?rst separated overhead product is conveyed to 
a hot gas ?lter(s) to provide a cleaned product stream. The 
hot gas ?lter can remove unstrained sand, shale or ?nes that 
escape from the reactor and cleanses that hot overhead 
stream. In one embodiment, the temperature of the product 
overhead stream after the hot gas ?lter is about 915° F. but 
can range 840° to 1000° F. The cleaned product stream at a 
?rst temperature (e.g., 840° to 1000° is conveyed to a ?rst 
heat exchange unit Where heat is transferred to a second 
portion of the hydrogen stream and results in a product 
stream at a second temperature loWer than said ?rst product 
stream temperature (e.g., about 450° The second portion 
















































