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COMPLETE SPECIFICATION

Synthesis of Hydrocarbons

Weo, STaxparp O DavEropsant Co-
PANY, & Corporation duly organized and
existing under the laws of the State of
Delaware, United States of America, hav-
ing an office ot Elizabeth, New Jersey,
United States of Amerioa, do hereby de-
alare the nature of this inventipn and in
what mnanner the same is to be performed,
to be particularly described and aseer-
iained in and Dby the following stafe-
ment ; —

The present invention relates to the
mannfacture of valuable syntheive pro-
ducta by the catalytie conversion uf IE“JE
mixtures containing hydrogen and earpon
monoxide produced from solid carbon-
aceous materials. The invention is more
particularly conrerned with improvements
in synthesis gos production and hydro-
sarbon, mynthesis which, cooperate to afford
substantial saviags and increased thermal
officiencies in the vatalytic synthesis of
hydrocarbons on the bazis of con] or n.ther
carbonareous solids such as lignites,
brown coals, peat, ofl shale, tar sands,
eellulosic materials ipeluding lignin, all
types of cokes, invluding oil coks, etc.

The catalytic synthesia of hydrocarhon
oils gnd valuable chemicals from carbon
menoxide snd hydrogen has been assum-
ing imereasing importance Ih recent years
as 7 source of fuels and raw materials sup-
plementing and potentially revlacing the
stendily decreasing crude oil resources,
The hydrocarbon synthesis may Le oper-
ated on the basis of eifher natural gas and
other hydroearbon gases or_carbonaceous
aolida such ag coal, ete, for the preduction

‘of aynthesis gas comtuining corben mon-

oxide and hydrogen. Coal is the most
plentiful, least expensive and, as such,
the most desirable raw meterial. How-
ever the hydrocarhon synthesis based on
conl has not as vet advanced to u stete of
development at which the products of the

‘syuthesia conld he manufuctured af a cost

fullv competitive with that of gimilar pro-

ducis recoverable from crude oil.

This iz particularly trae for the eyn-
thesis of high octane molor fuels in the
form of subsfantially unsaturated hydre-
carbong which may be produced from car
bon monoxide and hydropen in the
presence of iron cabalysts al elevaied
pressures, Hxtensive research and de-
velopment work within the last ten years
has demonstrated thet the most desirable
procedure with ' respeet fo thermal
efficiency as well as product yields and
quality involves application of the so-
called fiuid selids technigue wherein the
catalyst 1y maintained in the farm of a
dense highly turhulent mass -of . fnelv
divided solids fiuidized by npwardle fow-
ing gases to resernhle a hoiling tquid hav.
ing a well defined upper: lewel,  This
teclnique, puriiculazly when applisd fo
iron-type catalysts, involves the uve of
relatively high pressures above about 250
Iba. and preferably of 2baut 400—600 lbs.
per sq. in. to prevent eatalyst carboniza-
tion and fluidization difficulties. Ome of
the mast seripus cbslacies in the psth of
using econi ag the basis for an iren-eate-
lyzed fluid type bigh pressnre hydro-

warbon synthesis hias been the high cost.

anticipated for the preduction from. cosl
of a synthesis gas of & composition and al
a pressure snitable for this type of hvdro-
carbon synthesis. - Another diffieulty is
presented by the problem of adapiing fhe
synthesis operation to the.characterrstics
of the synthesis gas produced from coal-so
us to nccomplish results comparable 4o
those attainable on ike basis of natural
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gas ns the raw maderial. The present in---

vention ovsrcomes these difficulties. -

The specification of British Patent Wo.
330,918 disclossy and claims & method -of
ohiaining o gassous mixture of -curbon
monoxide, carbon dipside and hydrogen
by passing a mixture of oxygen and water
vaponr over carbon suhstantially ~ free
from voladile impurities at & reaction tem-
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rpéraaﬁlii*e not exveeding about 760" @, I3

is stated that for praciiesl purposes:ithe

pressure in the gas generator should be
limited to bolow 15 to 20 atmoespheres.

Tha specification of Patent No. 504,528

also discloses o method of producing a
synthesis gas by the action of an oxygern-
steam mixiure an a fuel wnder a pressura

of several atmospheres, for exampls o t5 -

10 50 . atmpspheres. ..

‘The specification of Patent No. 516,555

discloses and cleime a process of synthesia- .

ing hydrooarhons, in which ¢oal, coke or
other suitable carbonacveons material is
gusified under prassure with steam snd the
products of gasificsdion are reacted with
evalution of heat in » wader-cooled reac-
. tion chamber ur chambers ineluding the
step or steps of using low pressure steam

20 produced by heating of the cocling water
and for contained in the products of reac-
tion for the production of high pressure
steam and using the latter in the gasifica-
Hon step. The steam used in the gosifiea-
tion step is stated to have o pressure of 9
to 12 atmospheres, :
The specification of our earlier Patent
No. 631,319, which was ot published ab
the date of application of the present case
claims a oprocess for  controlling the
higquid fgas product distribution in the pro-
duetion of ﬁqu’i& and ganequs fuels by tlie
conversion of cathonaceols materials into
a geseous wixture contpining carbon mon-

2h
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35
catalytic treatment of said mixture to pro-
duce normally Jignid hydrocarbens and a
a fuel tail gas wherein the maid fnel tail
#as is recovered and a portion thereof in
excess of the desired requirement of fuel
gras is reeycled to the reaction for converi-
ing the earbonaceous muterial intn the
carbon mosoxide-kydragen mixture,
Tha Sypscification of another of the prior
-45 patents of the present applicants’ Patent
No. 840,907, whick also wus not published
at the date of the present case claims 4
procesa for the production of fuel gases of
high healing value which comprises pass.
ing & gas mixture conteining carbon mon-
oxide and hydrogen ef conversion condi-
tions of {emperature, . pressure

4

o

ant formetion of normally geseons hydro-
carbons, particularly mefhane, to o con-
version_gzome ecmbaining a highly turbu.
Tent, dense, finidized mass of fnely
divided
capable of promoting the eonwvarsion of
carbon monoxide and hydrogen prodemin.
antly fo. said normally gaseous - hydro-
carbuns at the conversion conditions, pre.
heating {the said gas mistura to substanti-
olly said conversion tempersture to its
entry fo ihe conversion zone,withdrawing

6b
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oxide and hydrogen, nnd the subsequent '

and .
throngh-put condueive to the predomin- =

solid hydzogenation . eatalyst

heat from the conversion zgns 5 maintair
thie eouversion temperature at the- desived
level, and recovering noruiallygaseous
hydrocarbons from the convarsion gone.

It has now been discovered that particu-

70
larly desivable hydrocarbons end vsygeur -

-ated orgonic compounds are ohfainzbla

when the gas generation siey and the sub-
Fegfient hydvocarbon synthesis. step are

conducted ab approximetely the same 75

Pregsure. This feature is ot disclosed in

any of Patent Specifcations Nus. 830,918,
504,52% or 516,656, or claimed in cither of
Palent Specificetions Nos. 631,319 or
640,907.

‘Ihe present invention therefore pro-
vides o process for +the. producton of
llydmcaﬂ?ons and oxygeneted organic
cormpounds comprising eontacting carbon-
acepus solids with an oxidising gas con-
taming steam se as to generate gas mix-
tare comtaining earbon monoxide and
hydrogen and passing the gas mixbure so
formed to a hydrocarbon synthesis zome
wherein it is catalytically converted o a
mixture of hydrovarbons and oxygenated
orgenic cormpounds, the gas generation
step being conducted at approximately the
sama pressure as the subseguent hydro-
catbon  synthesis sbap, both pressures $8
being between 150 and 700 pounds per
square inch, preferably botween 300 and
600 pounds per square inch.

Preferably the gas mixture from the
generation step is passed in o single pass 160
operation through -a aumber of hydro-
varhon gynthesis stages sach of which are
operated at a pressure suhstantially the
same a5 thal of the gas generation step.

The gasification conditions should be 105
such as will produce a synthesis gas hav-

Ing a relatively low H, : 00 ratio of aboud
0.7—1.5 which may he supplied to the
synthesjs reactor without further com-
pression and without extensive 0O, scrub- 110
bing. The synthesis process is operated
Without fail gus reeycle in omee-through
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dashion. The synthesis tail gas which ig
.obtzined under the synthesis Dressure is

advantageously uiilized for pressurizing 115
n the gas gemerabor stage of the provess, -
The advaniages of this procedurs sre
considerable’ in number snd importance,
When carbonaceous solids are gasified
with sicam and oxygen to produce mas 120

~wixtures contaitiing H, and CQ in the

relatively luw ratios indicated above, it is
nof neeessaTy to Temove complotely the
G0, from the synthesis gas prior fo ils
entry into the synthedis reactor. Produme- 125
tton of the synthesis gas substantielly at
synthedis pressmre makes superfluons
farther compression of the gad bebwean
gas generator and aynthesis resctor. Tn
this manner mechanical compression js 130
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reqttired only on the oxygen used in the

gas generator for heat generation, which

meuns a reduction of aboub 75805 in

the volume of gas to be compressed assum-
‘Bing the use of oxygen of uboub 95%
purity, Furthermore, recent experimental
wark indicules that the rate of reaction
between -carbon and steam increases as the
pressure and the weight of carbonmeecus
solids held up in the pas generafor in-
crease, Thus the inurease in gasifieation
pressure results in an incressed reaction
rate or in u decrease of the oarbon hold-
up Tequirements oz, for a given carhon
hold-ayp, in a possible decreass in reaction
temperature. Further considerable saving
in compresser investment is realized by
the uge of the high pressure aynthesis tail
gas for pressurizing the feed solids for
the gas generaior.

Reaction conditions snitable for the pro-
duction of a synthesis g2e having un
H,:00 ratio of about 0.7--1.5:1 include
temperatures of shout 1600°—2000° F.,
preferably ahout 1700°—1900°F., steam
fved rates of about 10--45 lhs. of steam
per 10040 standard cu. ft, of CO+H, pro-
duced ot steam conversion rates of about
90 to 40%, and oxygen feed rates of about
200-—25(0 standard cu. It of O, per 1H00
standard cu. £ of CO+H, produced
based on oxygei of abowt 95% purity. The
most favorable conditions within the
tanges indicated depend on the exact
H.:CO ratic desired, the character und
resctivily of the feed solids, the preleat
of the gasecns and solid Teaciants and the
thermal efficiency of the system, and may
he readily determined for any specifie
40 practical cese, The H,:CO ratic of the

product gas may be further adjusted tn-
ward ineressed U0 preduction by the con-
irelled additivn to the gas genqmtw of
(), which may he readily obiained by

45 euitable serubbing of the generator gas
or from synthesis tai] gas. In many cases
recyole of synthesis tail gas as such fo the
gas generalor may serve the sgame purpnse,

A substantially complete cafalytic con-

E0 version of thiz synthesty gas £reclc-mm-
antly into normally liguid syathetic pro-
duets in once-through fashion is prefer
ably carried cut in multi-stoge series flow
operation with ligquid product revovery,

55 00, sorubbing. and. if desired. an adjust.
ment of the H.:C00 ratio to the desired
value of about 0.7 tv 1.5 : 1 hetween stages,
The individna] synthesis stiaes ure prefer-
ably operated by the fluid solids tech-
nique at pressures within the limits of
thiz invention, i.e.. from 150700 Ibs.
por sq. in., preferably 300-—800 Iba, per
sq. in., using conventional finely divided
gynthesis eatelysts, proferably those of the
65 tron type which are most suitable for high
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pressure aperstion and the production -of
high octane motor fuels. . Operating con-
ditions of this type of hydrovarbon syn-
thesls are well known in the art and need
a0t be specified for a-proper understand-
tug of the prescnt invention by those
sldlled in the art.- Ahy cowventional
wethod of converting hydrvearbon gases-of
the type present in syntheésts tail gas such
88 methane, ethane, gaseous olefins, ebe,
into H, and 0O such as cafalytin reforma.
tion with steam and/or (0, oxidation
with free oxygen and/or a metal oxide,
and combinaticns of these methods may be
wsed together with CO, contrel to adjust
the ¥, :CO ratio hetween synthesis stages
to the desired value of about 1:1. How-
ever, fur the process of the present inven-
tion partia]l oxidation is wswally prefer-
able to reformation since the equipment
is more rendily adapted to bigh pressure
operation, -

Axn important element of the present in-
vention is a proper ventrel of the {0, con-
lent of the pases fed to the individua]l syn-
thenis reactors and to the primary and
secondary synthesis gas generators in
order to maeintain. the desired H,:C0
ratio in the synthesis mases and fo assure
satisfectory efficiency of the onee-through 95
synthesis operation. Assuming an H,: (0
ratio of abowt 1:1 in the synthesis gases
supplied to each individual synthesiy ve-
aclor, the (0, contenh of these games
should be kept below about- 159% by 100
volume but need not be reduced below
sbout 5% Dby. volume for -efficient
onea-through operstion. Carbom -
oXide concentraiiong af aboui 7—129)
by volume are . penerally most desir- 106
able for this purpose. When carbon.
formetion in the primary or eny
subsequent synthesis reactor rises high
excugh to canse fluidization difienlties or
fo effect conversion to desired products, 110
small amounts of steam, sey about 5—15
voluine per cent stesm, may be added to
the synthesis gas or the CO, cuncentration
may be reduced by more intensive serul-
bing. :

The presence of excess quentities of
CO, in the synthesis gas wiil tend to re-
duce the T, contenl of the gases by react-
Ing to form 0O and H,0 so as o eglablish
water gas equilibritm. This then would120
cause a decreased I¥, partial pressure in
the renctor and thas be conducive to car-
bon furmation. Therefore, control of the
GO, content of the gases provides a method
for indirectly controlling the H, : CO ratio
in synthesis pes.  While GO0, concentra-
Hons within the ranges mentioned above
may he readily mointained in the primary
synthesis gaz by proper operation of the
primary water gas generator follotved by 130

T
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only insignificant GO, scrubbing the rela-
tively high-£0, rongeniration of syn-
thesig tail gas and of the gis produved by
oxidstion of synthesis tail gas makes more
5 extensive CO, scrubbings mnecessary be-

tween synthesis stiges in order to main-

tain-the G0, content of the synthesis guses
fed to the individua) -synthesis stages
within fhe ranges indicaled and also o
10 prevent the formation of excessive pro-
portions of 00 in the intermediate tail gas
reformation or oxidelion stages. For ex-
ample, the 00, comcentraiion of the tail
gas gubjested to oxidation with free
16 oxygen between synfhbesia siages may be
about 30% by volume, ..
Final siege high pressure symthesis tail

gas is used at least in part for pressarizing

.. the golids fed to the pimury gas gener-
ator. Pressurized lock hoppers operating
on short eycles of sbout 10—20 minuies
have been found to be suitable for this
purpose and afford substantial savings in

investment requirements for the lodk

% hoppers. Thereafter, the fail gas is avail-
able a3 o fuel gus or fo drive weste £08
turbines or for any other desired use, Any
switable part of .the tail gas may either
Prior or afler ils use as a pressurizing gpas

30 and, if necessary after CO, adjustment,
be supplied to the primary gas generator
to eomirol the H,: 00 ratio of the primary
synthesis gus, '

Having set forth its general nature and

35 objents; the inveniion will he best under-

stood from fhe moré detarled description
herefnafier. in whick reference will he
mzde to the accompanying drawings in
which ) :

Figures 1, 1A, and 1B show the flow
plan of a system suifable for carrying out
the present invention; and

Tigures 2 and 3 show modifications of
.the coal gasifleation stage, _

Reforring now in detail to Figures 1,
IA, and 1B the system illustrated thercin
essenfially eompriges & Jock hupper ays-
tem 12, 14, 22; a primary synthesis gae
genergtor 80; a gas scrubbing system. 88,
94; o primary eynthesis reaction 120;a tail
gas oxidizer 1583 a secondery synthesis
reactor 180; and -00, abserbers 142 and
168 in the synthesis syetem. The fonctions
and cooperation of these clements will be
forthwith explained using as an axampls
the productinn of abont 13,600 bhl. per
stream day of paselime range hydrocarbons
from v bituminous coal employing the
fluid selids technique in both the coal
80 gasification mnd synthesis stago. It

should be understond, however, that the

system may be operated in a generally
analogous maneer using other carbon-
aceous solide such as voke, pelraleum coke,

40

45

&6

56

69 lignifes, -shales, ols., as the starting

‘about 80 rainutes,

materiul, — o
For pwrposes of  illestration it is
assumed that the bituminous coal used us

_the starting material has o composition 70

about as follows:

By Weight

© Melsture -~ -~ - - -5.0{95
Carhon - - - . 824y
Hydrogen. - - - . 429
Ogygen, ~ - - - &56% - 18
Nifrogen - - - « 1.3%
Bulfur - -~ - - 1.6%
Agh - - - - - 20.0%

About 7,130 tons of the coal per stream
duy is supplied through line I 4o crusher
9 whevein it may be crushed to pass
through a 30 mesh sereen.  Amy ofher
Huidizable particle size falling within the
wide range of § in. to 200 mesh may be
used depending on the specific design and 85
operation of gas generator 50.  froni

8o

_crusher 2 the ground eeal is hoisted or

vonveyed in any suifeble manner to coal
storage bin 8, via line 4 which may Lave
the form of & vorlies]l bucket conveyor, D0
Bin 6 may have a copacity of ahout 34,000
cu. ft. corresponding to 2 coal hold up of

-about 2 hours and mey be held at atmo.

splieric pressure.

Coal from hopper 6 flows by gravity
dlternately through valved dines 8 and
10 to look hoppers 12 and 14 which aze
alternafely charged at about atmospherie
Dressure and dischurged at about 500 Ths.
per sq. in. in cycles of ahout 15 minutes
each. For this purpose Jovk hoppers 12
and 14 may Lave a capacity of ahoub-2600
eu; £t each, sorresponding 1y a coal hold
up time of about 7.5 minutes. Logk
hoppers 12 and 14 are pressirized by

a6

100

10€

-means of high pressure synthesis tdil oos

supplied through lines 13, 15 aund 17 as

. will' appear more clearly hereinafier. Tha

fail gas released during tha depressuring
cycles may bé vented to any existing fuel 110
system.

- The feed coul now under proeess pres-

‘sute flows from hoppers 12 and 14 through

valved lines 16 apd 18 and Iine 20 1o o
lnrge buffer lock hopper 22 which may 115
have o capacity of about 10,500 cu. fI.
vorresponding to a eoal hold up time of
: A pressure drop of
abut 10 s, per sg. im. may exist be-
tween lock hoppers 12 and 14, on the one 120
hand, and hopper 22, on the other hund.

. Lock hopper 22 permits- the continuous

Hlow of coal thromgh valved line 24 1o
genetator 30 af o rate of about 200 tons
7er hour and a% a pressure of about 480 125
Ibs. par sq. in. Tine 24 may have the form .
of ‘an aerated standpive receiving and
aerafing sas such as steam, svithesis fail

gas, ete, through tap 26-4n order to facili-
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tate the solids How through line 24.

The coal feed eniers gemerator 30 at a
point  above disiribufion means 82
arranged in the lower portion of generabor

& 80, Simultaneously, generator 80 receives
from line 34, through disiributor 32, =
mixlure of steam and oxygen preheated at
generstor pressure o a femperature of
shout 1000°—150¢> B, ez will appear

10 more clesrly hereinafier. The mix-
ture entera the main section of generator
30 at o superficiel linear velocity of about
0.3—1 #{. per second adapted to maintain
the solids above distributor 32 in the form

15 of a dense turbwlent fluidized mass having
a well defined upper level L.

Tho absolute and relative propartions of
fleam and oxygen are 60 chosen that ahout
T0—95% of the varbon fed to generator

20 30 is gasified at g stemsm conversion of
about 4(--509% and about H—8(%, pre-
ferably 10—20%, of the carhon gasified is
burned to GO, fo supply the heat requirsd
by the wafer gas reaction end to maintain
) sification temperature of about
lﬁUng%OO-‘ F., preferably about 1800°

~ F. Amounts of sboud 0.3—1.5 lbs. of
steam and about 0.416 to (544 pounds of
oxygen per pound of coal supplied to
gonerator 30 are gemerslly adequate for

this purpose and for the praduction of a

gas mixture having an H,:00 ratio of
abouf 0.7—1.5:1. For example the gas
mixture gupplied through line 84 mey be
composed of about 88.4 million standard
cu. £t, per siream day (MMSCF/SD) of

-, oxy¥gen (95% purily)and about 8.1 million

pounds per day of steam, for & generntur
bed height of about 80 feet. Depending
on the reaetivity of the earbonsceuus
charge, reaclion {fempevature and pres-
sure, the bed height may very bebween
abont b and about 40 feet.

An gmount of about 2100 fons per day

45 of aclid gasification residue containing
ahout 20—50% by weight of carbon is
withdrawn through hottowm drawoff well
96 and passed through standpipe 88
aerated fhrough tap 40  substan-

60 tally abt genernior temperature to one or
moere ash drems 42 maintained at about
generator pressore. From ash drums 42
the solid residue may be fed through line
44 by any suitable means to boiler house

85 46 wherein the remainder of the carbum
may be bummed to produce steam for any
desired use.

Waler is introduced through line 48
{Fig. 1A) at o temperature of 300°--310°

6} ¥, and a pressure of about 500 peig.. into
preheatsr 50.  The water et saturation
temporature flows from heat exchanger
50, through lize 52 inbo the hoiler 54,
whera 600 psig, steam Iy produced. The

66 stepm generated. in 54 fluws through line

56, heat exchanger 58 and line @4 to line
34 which it enters ot n tempersture of
about 1800° F. Simultaneously,.oxyren
of shout 95% purity is produced in
oxygen plant 62 and pumped com-
pressor 64 at g pressure of zbout HOO lps.
per sq. dn. throngh line 66, heat
exchanger 68 and line 7{ o line 84 which
it enters at a femperature of about RBOD®
F. to make up therein the oxygen-stean
mixture deseribed above. Higher pxygen
preheat temperatures may bhe employed
where the heat exchanger material so
Dermity, _

Returning now to ﬁn&ratur 3¢, an
amount of about 515 MMSCF/SD of pro-
duet gas is withdrawn overhead from Jevel

5. khe gos containing some entrained
solids leaves through line 72 at ahoud
generator temperature, It may have a 85
composition about as follows:

70

76

€0, - - - - - 94%
00 - - - - - 340%
H - - < - - 340%
HO - - .- - - 178% 90
HS - - - - - 0B%
N, - - - - - 13%
CH, - - <« - - 3.0%

The product gas then flows throngh heat
exchangers 58 and 68 wherein it gives off 85
heat o steem and exygen respectavely to
enter g thizd heat exchanger 74 at a tem-
perature of abput, I370°—1400> F. from
which it 1s passed te a cyelone separatar

76, Heat exchanger 74 serves to rebheat the 108

synthesis gas after sorubbing as will
appear hevelnafter. In eyclone separator

78 entrained solids are separeted and may

be withdrawn through line 78 and re-
turned through a lock hopper 80 and line 106
82 to lock hoppers 12 and 14 or withdraws
trom the system. .

Product gas now. at aboul 1000° T,
leavey E‘rcl&ne 76 through line 84 and
passes {hrough heat exchangers 54 and 50 110
to produce steam gnd preheat hoiler feed
water and throvgh line 86 at o tempera-
ture of ahout 410°—420% F. to o conven-
tionel weter scrubber 88 for serubbing of
solide and further cooling to abount 100°
. A slurry of scrubbsd solids in water
leaves the system ihrough Hne 90,

Prodnet gos is withdrawn through line
82 and passed to the bottom of a epnyen.
tional 00, and for L8 sbsorher 04 where- 120
12 it flows countercurvently to = snitable

115

‘abgorbent suck as triethanolamine aup-

pied through line 98 from a conventianal
reactivator 98 to the fup of ahsorker 04,
Rich ahsorbent is withdrawn through line 195
100, passed to the top of reactivator 93
aud reactivated therein by the application
of heat, all in a manper Lkpown per se.
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Carbon dioxide and H;8 leave venctivaios
98 through line 102 and 2 liguid rap 104

from which ahsorbent may be returmed

thnough line 106 to reactivator 43, Carbon
. -5 dioxide and H,8 leave the syslem through
line. 108, -to be.disearded or recovered in
suy conventional manner, .. Fopr.the pur
pose of the present example absorber sys-
tem 04, 98 is preferably so operated thad
10 about 5 MMSCEFSD of 00, and about 3
MMSCFSD of H,8 are withdrawn
throngh line 108 to reduce the .8 con-
tend te praciicaly nil. & triethanolamine
circulation of abouf 1500 gals. per minute
15 is suilably for this purpose, Any poriien
of the (0, recovered from line 1(8 may
be reburned to generator 30 to adjust the
H, 100 ratio of the :gaz preduced if
desired. ’
Yhe purified gas leoves absorbur 04
through tme 110 at a2buat 100° F. and
Passes through heat exchanger 74 wherein
1t may be rehegted to zhowd 600° I in
heat exchange with raw hot product gos.
the reheated gos mey then be passed
through line-1123 mixed with about 3000
BCIM of air supplied by compressor 314
at a pressure-of about 450 1bs. per-sg. ix.,.
" and then passed through ome or more
30 drume 116 filled with an iron oxide iype
desulfurization catalyst for the removal of
i orgagic suifur in a conventionsl munmer.
The - purified gas which may amount to

20

26

about 417 MMBOFRD and is new ready -

35 for usein the synthesis slage of the procass

. leaves drump 116 through line 118 at &
-':¢ pressure of about 430 Ibs. per sq.in. and
a temperatuore of about 600° F. Tt may
have a composition about as follows:

0 00, - - - - - 104%
C0. - - - - - 420%
H, - - - - .- 820%
OH, - - - - - 37%
N, -~ - - “e - 16%
Hgo = = - = - 0-3%

40

118 to the lower portion of a conventionsl
fluid type synthesis reactor 120 (Figure
1B)-which it enters through a distributing

- 50 grid 122 at 4 superficial velocity above the

grid of about 0.5—1 ft. per gen. Reachor

120 prefera,'bl?lv

containg a finely divided
iron-typa cata

et snch as alkali-promoted

sintersd -and. redueed pyrites ash or red.
iron oxide, or the Tike having a particle -

&5

" gize of aboni 20—200 microns, predomin-
apdly - 50—I100 microns. At the flow
velocitios indicated the catalyst is con-

_ vertéd inte 2 dense inrbmlent, Auidized
60 miasy forming a well defined wppey level
F g ond miay have an apparent demsity of
20751507 1bs. per cu, 1t prefarably 40—
0 Bs.-peron) fi. The pressare 1§ hept

This gas may be supplied through line

"ot abont 400—480 1bs, per sq. in. so thai

ng further compression of the synthesis 65
gos supplied through line 118 is requived.
The temperature of the exothermic reac.
tion may be controlled by heat exchange
means 124 or any wother conventional

means of heat withdrawul, at = level of T0

-aboui 600°—800° T, preferably ai about
680° B, Reactor 120 may be designed to

Permit the throughput of the entire ous-
put of gas generator 80 in a single vesssl
or in several vessels arranged in parelisl te
obtain a (!0-conversion of about BO—~98%
in o singla pass. Gasiform synthesis pro-
duety and wneonveried reaitonts are with-
drewn ovexhead from Tevel L,,, and
passed through s cyclone ssparator 126 80
from wlich separated catalyst fines ms

be returned through line 128 or {lmcm:dei
through line 129. Gtases substantiaily free
of solids pass throngh line 130 through a
conventionel product recovery sysiem
which may comprise o eondenser 182, a
gag liguid separetor 184 and a water-oil
sottler 186. To preveni plugging of vour
denser 132, Liquid produet may be re.-
cyeled through conmestion 181 40 wash
down the solids. Severa] ¢pndensers may
be used in series with heavier products re-
moved after the firsh condenser; or a frue-

'

85

90

tionating tower with bottom sczubher sae-

on may he used aliernatively, Tail gas is 05
withdrawn throngh ling 133. Liguid pro-
duect passes from geparator 134 throwgh

~line 185 lo setbler 136 from whick hydra- -

carbons are withdrawn through line 137
and an aguecus layer containing vxygen- 10(
ated compounds through line 139, far
further work-up in & conventional
manner, - ’ )
Assuming a 0O conversion - of shout
98%, the yields from the first synthesis 10
stage at the condilions specified above may
Le shout as follows: . .

8,808

(tagoline, bbl. [stream day - -

G‘ﬂﬂ Oil. 33 LE] LE] - = 1:392
Aleohols (Raﬁ) -~ - - =, - 1543 11t
Tail Gas, MMSCF/SD . - - 170

The tail gas may

T s may have about the follow-
g gomposition ; -

] . By Vel.
H - - -« . . 147% 115
00" - - - . . 28 ’
CH, - - - .~ . 1299
Cor - -~ =~ - = 259
N ~ - = = - 6.5%
©d, - - - - I ela% . 1
HO - - « .- - 09%

Gas of this eomposition.is mot suitabla
for an efficient conversion. imtp.’ frrther
amoeunts of valuable liquid. products and
187 therelbre, vonverted- without® substan: 125
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ib

dull gas

tiwl pressure loss into a synthesis gas of a
more desirable composition, preferably by
partis)l oxidstion with free oxygen, Large
amounts of 00, such ng those just spevi-
fisd tend 1o decrease the ¥,:C0 ratio of
the gas ohtainabla from the oxidation pro-
vess. As a general propesition the CO,
content of the first stage tail gas prior to
oxidation with free oxygen should be
adjusted to about 25--356% by volume
when operating with a synthesis gas hav-
ing an &,:C0 ratio vf about 1:1in hoth

‘synthesia stages.

Tz the case of the present example the
in line 183 1s, therefore, passed
through line 140 to a OO, absorber 142
which. cooperates with an absorbent reacti-
vator 144 in a manner similar to that de-
seribed in connection with the CO, absorp-

20 tion system 94, 93. In absorber 142 the

a0

35

40

‘compressor 64 (Fig. 1) via

GO, coutent of the fail gas may be Te-
dueed to aboulb 30% by volume and the
removed (0, amounting fo abont 75
MMS(OF/SD 1may be recovered {hrough
line 148 to be msed in the primary gas
generator, if desived, A by-pass line 148
around absorbsr 142 may be used when
the 0, content of the first stage lail gas
is within the desirable ranges specified
above.

Atter adjustment of its GO, content the
tail gas passes through line 150, heat ex-
changer 162 and line 144 to a conven-
tional high pressure oxidizer 156 which ii
enters at o temperature of about 860° ¥,
being preheated in heat exchanger 152 hy
exchunge with hot produet gas from oxi-
dizer 156. ~ An amount of about 2025
MMSCFSD of oxyger of abont Q5%
purity is supplied to oxidizer 156 from
lines 66, 67
and 158, preferably after prehesting to
aboas 800° F. in heat exchange with any
of the hot proccss streams. Oxidetion of

45 the tuil gas takes place at ahout 1800°—

80

‘Bb

60

Lo

25(0° F. and pressures similyr to or some-
what lower tﬁan in synthesis stage 120,
Abont 165—180 MMBSCFSD of a syo-
theais gas is produced.

This gas is withdrawn through Jine 160,
passed through heat exchanger 152, line
162, gas reheater 164 and line 166 to a
0, shsorption system schematically im-
dicated =t 168 wherein the CO, confent
may be reduced if desired. Cazbon di-
pac mey be recovered through line 170
for sny desired use. If ne CO, adjustment
ig Teguired, by-pase line 172 may ba used.
A sorubber or fitter may be desirable for
removing traces of soot from the gos leav-
ing the oxidizer and prior fo its entry into
the serubber 168. The gas, after GO, re-
movel to 2 GO, content of about 5—15%,
passes through line 174 to reheater 164
wherein it may be rebeated to ghout 600°

F. The reheated gas enfering sccondary
synthesis reactor 180 through line 176 has
about the following composition:

H, - e - - - 403% L <

U - - - - - 403% - T0

o, - - - - - B8T%h .-

0H, - -~ - = -~ 05%-

Ny - - - - = 9385 -

AO - - - - - DA
Reactar 180 s designed and operated 76

substantially as outlined in connection
with Tesclor 120, a distributing grid 182,
5 conling device 184, a cyclone separator
186 and fines yeturn and withdrawal pipes
188 and 189 being provided as before. 80
Tha reaction cenditions may ba substan-
tially those specified for reackor 120 fu
accomplish a 0O conversion of abput 80—
58%, 8o that total conversion based on
original CO produeed in generator 30 &
closely approaches 100%.

Products and unconverted reactants are
withdrawn through line 190 and ireated
in condemser 18%, separator 194 ond
seftler 196 as desexibed in eomuectiom with
tke recovery system 182, 184, 136. Linuid
hydrocarbong are withdrasrn through line
197 to be combined with those in line 187
aud the squeous layer conlaining oxygen-
ated eompounds flows throngh line 199 to
join, the product in line 189. :

The secondary stage tail gas leaves
separator 194 $hrough line 195 and may be
returned substentially at the pressure of
reactor 180 through line 198 to line 18 and
lock hoppers 12 and 14, if dedized vis €O,
abeorption system' 200 or via by-pass line
202. Auny desired portion of the il zas
may be withdrawn from the system to b ~

90

nsed as'a foel gas or for any other suithhle 106

purpose. The total secondary tail mas mey
amount % abont 50—60 MMSCESD and
may have a composition ahout as follows:

Vol. %
H, - - - - - - 132
o - - - - - - 138
co, - - - - - - b4D
W, - - - - - -+ 50
Coe = = -~ - = - 22
N, - - - - - - 228
HO - - - - - - 02
Tt hag 2 heating value of abowt 120-
140 BTTU per cu. ft. which may be in-
creased o about 250—810 BLU per e, ft.
by CO, removal, o .
The system illustrated by the drawing
permifs pf varions modifieations, some of
which will be briefly explained helow.
Whenever it. appears desiveble - for
design considerntions, the primary.. gt

generator stage méy. compriee s phurality .,

]

100

110

115

130

125
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of generators of the type of generator 30,

arranged for parsllel fiow-of gas and solids
feed. Instead of generoling the heal pe-
guired in generator 80 by conducking a

b combustion reaction using oxygen of 959 -

purity within generator 80, the necessary
heat wmay be generated by cirenlating
generalor residue io 5 separate fluid type
pombustion zene which way be supplied
with air rather than oxygem, and supply-
ing heat to generator 30 in the form of
sansthle heat of solid combustion Tesidue
recirculated to gemerator 3.  When it
appears advisable fo carbonize the coal
th prior to the gasification. siage, = flud type
carhonigation zonme operated In o manner
shiilar to that described for generator 80,
tmi at a lower temperature and pressure
suitable for effivicat earbonization, may he
interposed preferably between bin 6 and
lock hoppers 12 and 14. )

In certain cases it may he more desiz-
ebls to place hent exchanger 54 which
normzlly may aet as g waste heat hoiler
shead of product gas reheater 74 in the
diraction of product gag flow, in order o

10

25

© make more heat wyailable for high pres- -

surg steam generabion, -In place of weler

serubher and cooler 88 an indirechk heat.

30 exchanger may be used, the waler con-
denging from the cooled product gas serv-
ing tu serub ount enirained solids fines.
VWater sorubbing, steam - sizipping and
energy recovering means such as a Pellon
whes]-may be used in addition to or in
place of the gas purification system 94,
98; as will be readily understood by those
skilled in the art. Tun using an encrgy
recovery device such, as 5 Palbon whee] the
40 absorbents flowing from the absorbers

woeld be expanded to stripping pressura

through the energy resovery device, there-

38

by providing soma of the ensrry neceszary -

for pmnping the stripped absorbent up to
45 Lrocesy pressure.

While heat exchongers 50, 54 and 68

have been shown as means for preducing
and preheating steam to nearly the gas

generator temperaiure, subastantial advan-

50 tages may be realized by using direct heat
exchange with hot solid generajor residuo -
withdrawn through line 38.

In this case, counfercurrent flow of sedid

residue and steam should be attained for
bh best effiviency. Tn this way the residue
ozn be caoled to a low temperature, while
the sfemmn Iz preheated essendially to
gemerator {emperature.  Countercurrent
flow may be ghiaimed by meons of a high
60 ratio of length to diamster (I./D) in the
contuctor, for exumple LD greater. than
A, or 'baﬁes,— eortbacting plates, pucking,
-+, op other known meang may he used. . .
" 7 "hp heat exchange may be effected in
€0 one or more prefetably flnid-type vessels

- reduce hack mixing of the solids 4o g soler-
- able level. Gas veloeity in the contacting

in perallel ar series faldng the place of
drum 42 which may rereive steam andjor
water through line 205 =znd connect
direetly juta the bottom of the generator
or may ba connectad thereto by means of 70

-condmits sueh, as line 207. Tn some cases
_beiter contro], will. be obtained when using

asvaral vessels with serics flow. Various
errengements may be used for this pur-
pose. . A plurality of vertical fiuid fype
contactors may he msed connecting into
the botbom of the generator. Liquid water
and for steam. may be introduced near the
lower end of the contactor and pass out the
top directly into the generafor section,
The bot ash fiows down the contactor and
is cooled and removed at the Lollom. A
sertes of contacting plates, or an arrange-
ment of vertica] baffles may be used to

75

8y

B

section will usually be maintained Lo
bween 0.1 and 2.0 ft. per second at operut.
ing conditions, The contacting vessels
may operate at gesifier pressure, or a de-
pressuring step may be included 1o zllow
e of g lower pressure, .
The inlet steam mey also he contact
with spent char in the generator zone be-
neath distributor 32 in which ease well 86
would feed info this lower sprce and pipe-
38 would withdraw solids from this lower

80

95

#pace. The oxygen would then be iutro-

uced geparately into the geuerator, Well
36 may alsp have the form of an exfernal 100
pipe fitted with euitable valves, Other
arrangements may appear to those skilled
in the art,

- Procedures of this type offer the uport-
ant advantage of providing sjeam geners- 105
tion. and superhenting withous requiring
exchanger surface. Thus, expensive sur
face for cooling spent char may be elim-

- 1nated as well as the surfuce required for
. generpbing and preheating the stenm. Be- 110

cause of the czeellent heat fransfer, the
steam can be heated practically to gener-
ator temperature if desired. This typs of
contector has partienlar advantages when
the gasifioation iz operated st relatively 115
low pressures = besause excellent hesd

- transfer is obtuined even ot low pressures,

for -example atmespheric pressure.
Another important fealt}ura is ?that the
water used for steam generation may con- 120
tain oxygenated products formed ip the
synthesis step.  Since no heat transfer
surface is required, corvosion is no prob-
lem, By returning {he produet water
comtaining unrecovered oxygenabed com- 125
powids from the work-up of the Hquid in
lines 139 to the system, tha overall
effiviency of the process is fmproved. Also
the prublem of recovery or waste disposal

is‘gvoided. ~ 180
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Whether or not the steam generated in
this manner represenis more or less than
the process steam vequirement depends
upon the particular conditions under con-

5 mderation. I+ may he greater than,
exactly equal {o, or less than the process
steam requirement, .

Further madifications of the coal gusifi-
cation systemn whick permit subsbontial

10 improvements with vespect to thermal
cfficiency, portiedlarly when the earbon-
acepus snli(Fs feed is o be earbonized prior
i gasification. are illustrated in Fignres 2
and 4.

18 The high pressure coal gasifivation sys-
tem illustrated iu Figures 1 to 1B re-
quires considerahle high temperature alloy
exchanger surface and in addilion a sub-
stantiu] investment for oxygen produc-

20 tion. Some 35% of the heat generated by
oxygen is used for prehealing coal and
steam going tn the gus generalor. Thus,
advaniage 1s not taken of ihe fact that
{he sensible heat content of the product

25 gas and spent ash streams may be auffi-
cient to allow preheating the reactants to
reaction {emperature, and al the same
time sapply the heat ryequired for coking,
The subsequent disclosure shows an

30 officient and practical method for efferting
au improved heat transfer by ceoling the
product streams while preheating the feed
gtreama, An imporbant featurs of this em-
hodiment of the invention is thet _all of

45 the heat transfer moy be effected without
using exchanger surfece, The required
heat transfer is carried out by countersur-
rent contncting of process solids with gas
streams, It will be ap]iarent fromn a study

40 of the following discloswres that they
afford substamiizl improvements in the
con] gnsification process, inelading & con-
siderable reduction in plank investmend
and operating costs, end nt the same Hime

45 g maferial incresse 1In the t}leupal
efficiency of the enlire process. These in-
provemenis amount fo an q,ppreelafl:r.le
saving in the gasification section end in
addition the Investment for oxygen pro-

50 duction may be about ¥5% lower. .

In this embodiment of the invenbon,
direot oontacting of solids aund gases is
used to trensfer heat from the streams
lonving the mas generator to the reactants.

5% The same mechanism is used fo carry, heat
into a coking vessel where valuable Jiquid
and gageous products ere Tecovered from
ihe coal before gosification. Tt is noted
that the coking uperation may be carried

60 owt without requiring any vesscls other
than those already in the system described
above. Thus, a coking process may he
added to the system without requiring an
additional investment, other than for re-

68 covery of coking products,

Figures 2 and 3 illustrate two applica-
tions of the principles involved, similar
reference characters being nsed to identify
apparatus  elements sgimileyr %o those
shown in Figures 1 and 1A. Tn Figure 2 70
the coul feed flows 1o a low pressure
storage hopper 6 where i may Tre-
beated in any suitable manner. For ex-
ample, product streams from synthesis, _
coking, ete. can be employed using in- 29
direet heat transfer in coil 7. Aeration
steam or gas is added %o this hopper
through taps ¢. Preheating the coal by
exehanges with product sireams has the ad-
vantage of aaving on nooling water. Im 80
some cages 1t will be preferable to preheat
the eoal by nsing circulating gas or solids
streemg, or the preheating can be omitted.
Coal flows from low pressure hopper 8
through lock hoppers 12 and 14 to build 8D
up the desired pressure and it then wmixes
in line 20 with a hot char siream
from line 2] ~which supplfes the
heat 1¢ maintain the coldng zome
22 ot the desired {emperature, Pro- 50
deets from coking are under pressura
and flow through Line 28 to heat exchange,
tar recovery equipment, ete., not shown,
Cher from cuker 22 flows through live 25
to a heat exchange tower 27 where it is #3
eomtacted countereurrently with the pro-
duct gas lesving generator 80 through line
72, Part of the char is withdrawn at an
tntermediate point of this fower and re-
eyeled through line 21 to the coking vessel 100
for temperature contrel. The feed flow
of char continues down the tower and is
proheated to s temperaturc appreaching
that of the gasifier. The preheated char
then flows throagh line 29 to the generator 1056
80. Packing and/or hafiles can he ussd m
heat exchange fower 27 io Improve the
eounterourrent action in 2 manner known
per se. L

U=xygen and slopm are added to gensr- 110
ator 3¢ through line 34 ag desoribed above,
Bpent ash from generator 80 is removed
throngh, a lower heat exshange sectlon 80a
where it is cooled by eontacting with part
or all of the steam usad for gasification.il5
The cooled spent ash leaving the bottom of
the heat exchange ssction 30n through
line 88 can then be depressured and nsed
n the boiler house. In some cases the
heat enpacity of the spent ash normally 120
withdrawn will not ha sufiicient to prehesi
all the steam thet is teed. In such a cese,
purt of the enoled spent ash can be re-
eyeled fo the coking vessel 22 or to the
first mentioned heat exchange tower 27 126
thereby making more hot solide available
for preheating steamh. Swuitable solids end
gas disiribution means may beemployed #n
heat exchange scelion 30a together with
pocking andfor bhafles to redmee back 130
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“igure 2 - aléy showe - a  converient

srrangement for msking steam. by direct

contact with hot solids. The fop secfion of
5 tho heat exchange fower may -be used to
preheat 2olids by axchange with the pro-
duct gases, ~The hot solids then flow
throvgh o stendpipe 31 to gencrate the
desired pressure.and are then mized with
water supplied thegugh line 3%, The
suspension flows up through line 35 o »
dizengaging drum- or. settler 37 from
whick the solids are xefurped fo the top of
the tower through line -39, If .desired,
spent ash or other solids of suitable
particle size may he ndded throngh line 36
in grder io establish.a desived particld
gige distribuiion in the solids returned
through, line 89 to tower 27. Sfeam con-
20 faiping 4 small amownt of dust may be
withdrawn from the setiling drum 37 and
this ‘sfeam may fow through _line 41
directly back to the heat exchange seciion
in the bottom of generator 30. If desired,
filters and{or eyclones' may be used o re-
move solids from the . steam and such
stearm may be used for. athar purposes.
Alternatively, the sfeam may be cleancd
hy serubhing with water which may then
be used for genereting the steam. The
process ay digclosed provides for gasifipe-
tion of eoal wilth.s munimem of eguip-
ment and with- high heat economy. At
the same time, coldng is carried ouf with

10

15

3

i
out inereesing the oxygen requirement of
the process. o . L

Figure 8 ig similer jo Tigure 2 except

-~ that preheating is -accomplished in o

" 40 separete high pressure storage hopper 32

With this arrangement the steam gener-

afed by drying the coal feed may be used

in the gas generafor 30. It will be noted
that the coal feed iz prehested in high
pregsure hopper 220 in o mennsr similar
to thot described in conneclion with
hopper 6 of Fgure 2. The coat is simul-
tancously dreied in 22z and the sieam so
generated is supplied through line 41 to
g0 the hottom section of generator 20 as de-
seribed above. : Preheated eoal flows
through line 20z whersin it is admived
‘with hot char from line 21, end thence to
coker 22. The remainder of the opera-
{ion is substantially as outlined in comnee.
tion with Figure 3. If desired, the amonnt
of steam generated in hopper 2% may he

Increased by adding liquid water o an

apper portion of hanper 2% thyongh line

6l 43, . . .

For purposes-of Hlustration, aperating
temneratures have heem indicnted for the
varicus elements of Fignre 8. Ii will De
understood, however,-thet other tempera~

85 tures may he uisd o obfain essentially

45

65

~ratip of GO, 00 “Also the fact that
the (3, 1s exeluded froi- the gus gemer

very little additional equipment and with- -

similay vesulis, For wetanple, coking can
he earmed out at temperatnrey within the
range of 800°--1300"F;- ~ .- -
tither ‘modifientions in the process eun
be made. For pxawple, -heal, for gasifien-
tion-may boe supplied by -litrodueing the
ngyizen 1o o separate Litotep vessel s pros
vigusly indiealed. --This allows operation
of the heater vessel to give nay desired

70

75

ater permia operation ot higher wteam

-eonversion in {he gastfisr wnd with a cor-

responding reduwetion in steam_ reguire-
ment, When air iz used in u separaté
Leater vessel, the fiue mases may e used $6.
prefeat air, coal, ete. before fowing to a
ine gas turbine. In this case, it may not
be necessary 10 use oxygen for the refor-
mation or nxidation of the fail gus from
the first synthesis stage. Tnstead this
Arst stage tail gos, after CO, adjustment,

20

i pecessary, may be contactsd with hot

golid regidue from the heafer vessel to
form GO and hydrogen by a reduetion and 90
cracking ranction. Temperature mapy be
maintained .by. solids cirmlation #hrough
the heater and steam may be added to the
tail gas prior to contact with the heater R
residue to further adjost the H, : GO ratic. 90

The sceondary gus so- produced may hé

desulfurized m any eonventional manner
prior o His wse in the secondary synthests
stage, _ :

- It hae heen indicated shove that water 106
containing oxygenated products may be

- reeyeled from the product reeovery plant
-of the synthesis stege to the system. Tn

further substontiation of this moditiea-
tion, it may be pointed out fhat in the
cnnvmﬁunz{yi product reeovery syvsbcm in
hydrocarbon synthesis plants, complete
rocovery of oxygenated materials s gener-
ally uneconomie, cumsequently substan-

4inl amounts of these compounds are 110
wasted. When ths wurecovered oxygen

compounds are reburned to the svstem. and
used better overall ulilization may be
achieved, even though the recovery in the
product sechion i= incomplete, '

The lenn water stream from the product
recovery system  still - containing some
oxygen componnds may be ured o gener-
ate steam which is used in the process.
Yor -example, this steam may The fed 120
directly or indivectly {0 reactor 30 of the
conl gasification saction n:  indicated
above, If desired, the steam may be rve-
acted with hydrocarbons and CO, for pro-
daction of synthests gag. Also the lean 125
water stresan after partisl separetion of
oxygen -compounds may be employed fur
extracting more oxygen compennds from
{he oil layer. o
By reusing the oxygen compounds in 130
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the process it becomes possible to go fo a
gubstantially lower or even zero per ceat
tecovery of oxygenated produets from the
_ synthesis reacior, whershy 'the recovery
5 pguipment is simplificd.  Tn effect the
nxygen compounds are recycled and i
tliey are passed {hrough the gasification
reartor thay will he decomposed, o hal
the uet result is to ronveri the oxygen
19 cympounds info additional synthesis gas
from whieh hydrocarhens are produced.
Tn spme cases It will Tie desirable to Ju-
elude u step for enneentrating the lean
water stream belove recycling to the sys-
15 ter, This would he the case, for sxample,
when, the process watber reguirement i«
less than that repressuted by the ieun
witer sireatn, so that it hecomes necessary
to Teject water from the system.
20 With respect fo the operation of re-
actors 120 and 180 it ig neled that In fluid
hydracarhon synthesis operationa over an
iron catalyst,. 1t is desirable from the
standpoint of oarbon formation to oper-
ate with as high a reactor hydrogen par-
tia]l pressure as possible and at the lowest
- réactor temperature that is consistent with
satisfaetory feed gos conversion. However,
at reantor pressures approaching or
80 oxceeding 600 psig. and temperatures of
650> ¥, and iower, poor Auidization exists
and the process may become inoperable
becanse the heavy oil products are nob
driven off from the reactiom zome. Poor
35 fluidization has been freguenily en-
countered at the hottom of the fluid hed
causing & portial plug seross the reaefor
under these conditions. The eatalyst from
thiz portion of the reaster then voniains
40 considerably more matberial soluble in
henzens than -the main bullc of the cata-
lyat, Higher reactor femperatures fend
ta nvercome this difficuliy, bul earbon for-
mation may he greater, thus off-setiing
45 the advantage of the high hydeogen par-
_ tial pressure. These difficulties may be
overcome by nperating the fuid reactor at
6001000 puige, and 6007650 F, and by
comtinyonsly removing a stream of eata-
50 lyst nlong with the heavy oil adhering to
it fromn the bottom of the rearfor info o
stripper vessel that operates at reactnr
jemperature or kigher, and may be at o
lower pressura such as 100-—4{y psig. The
85 strippimg medimm  may  consist  of
hydrogen or il gee. The catfalyst,
atripped of its heavy oil may then be ve-
turned fo the high pressure synthesis re-
actor vesse]l through a aysten of lock
hoppers as will be readily understaod hy
thoze skilled iu the ard, .
Having now partioularky deseribed and
ascertained the nature of our s2id Inven-
thon and in what manner the same is to
65 he performed, we declara that what we

eloim is:— = 77

1. A process for the produetion of
hydrocarbons and - oxygenated organie
componnds enmprising contacting carbon-
fceots solids with an oxidising gas con-
taining sbeam =0 oy to generate gas mix-
iures eominining: cirhon  monoxide and
hydeogen and passing the gas mixture so
foraned to a hydwoearhon syuathesiz zone
wherein it is eatalytieally converted to a
mixture of hydeocarbons and oxygenated
vrgabic compotnds, the wgas generaiian
stepr being romducted al  approximately
the sanwe pressure as the subsequent
Irydrocarbon gynthesis step, both prassures
heing between 150 and 700 pounds per
sguare inch, preferably Trebween 800 and
(00 pounds per. squara inch,

2. A proress as claimed in Claim 1
wherein the gus mixbure from the genera-
{ion step 18 passed:in a ringls pass opera-
tion through a nuwmber of hydrocarbon
synthesis atages esch of which are oper-
ated at 2 pressure substantially the same
as thaf of the gas generation step.

3. A procesy as claimed in Olaim 1 or
Cloim 2 in whicl), the gus mizture from
the gas generation step Iy contaeted with
a synthesis catalyst in u firsb synthesis
zone to produce normally lignid synthetic
products and ¢ teil gag eontaining H,, GO,
€0, and normally gaseous hydrocarhons
ip proportions unsuitable for hydrocarbon
synthesis, s2id t2il gas is subjected to a
saccesston of oxidation and synthesis
treatments in which the tail gas from eacl
synthesis treatment is coniacted with an
oxidizing agent in 2 conversion zone to
produce s further gus mixbure vontaining
H, and €0 in & rafiv suiteble for hydro.105
carhon, synthesis and said forther gas mix-
ture is_vontacted in a further synthesis
aone with o synthesis catalyst to producee
additional amounts of mnormally liquid
synthetic products and o further tail gas.

4. A process as claimed in Cleim § in
which the fuelhér tail gas ia rTecoverad
from the fina) syntheris zone ab substamti-
ally safd pressure and supplied at snbstan-
tiedly suid pressure to o confined space 115
containing said carbonacevus splids so as
to place sdid carbonmeeons solids swhsian-
tially under said pressure,

5. A proness’as clatmed in any of {he
preceding claims. wherein the oxidising
gas_used in the gas gemeralor zome in.
eludes earbon dioxide and/or oxyzen.

8. A process as claimed in Claim 5
wherain the oxidising mas inelndes earbon
dioxide recovered from the gosecus pro-
duct from the gas generation zome or from
the tail gos from one ar more of the syne
theais zones. ’

7. The process es claimed in any of
Claims 1 fo 6 wherein the quamiify of 130
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oxidizing pas added to the gasifleation
zone iz oomirdlled sdch that %}nm_m o
859 of the carhomacecus materials is con-
verled into synthesis %as_ L
‘B. The provess as claimed in amy. of
(lsims 1 $o 7 wheraln part of the oxygen.

supplied fo the gasifiestion zone 18 em-~

ployed fo hurn fyom 5-30% of the
varbonaenty material to generaies the heat

10 required for the gosification of {he ve-

mainder, . . .

9. The process as claimed in wny of
(Yaims 1 to 8§ whereln the initial gasifiea-
{ion renction is carried cut under condi-

15 tions of temperatire, pressure and oxidis-

20

fng eas feed rate to produce p Loy TOIX-
ture containing bydrogen and calbon mon-
oxide in the propostion of 0.7 to 1B
volumes of hydrogen to 1 volume of
caThon, monoexide, . o

10. The process as claimed in any of
Claims 1 to 9 wherain the initial gasifica-
tton reaction is cafried out ab a terrpera-
ture betwean 1600 sid 2000° . and pre-

%8 ferably between 1700 and 1900° T.

1. A provess o5 cjaimed in any of
Claims 3 to 100 wherein the fail gas from
each synthesis mone is adjusted ’c:q a._?‘.g_r_hm_l
diozide content before subjection tc the

30 sneceeding oxidation reaction te produce

an

by

40

45

50

a second synthesis gas mixture rontaining
from & to 15% carbon dioxide.,

12. A process as claimed. in Claim 11
wherein {he tail gas from each synthesis
zone 15 adjusted to hove o carbon dioxide
conlent between 25 .and 35% by velume
before subjection to the sneceeding. oxide-
+on conversion retotion, . )

13. A procvess as élaimed in Claim 11 ov
12 +wherain the isil gas from each syn-
thesis zone is sermbbed. to remove some of
the carbon dioxide.

14. A process as claimed in any of

Claims 313 wherein each oxidailor con-

veralon process ig carried out to prodmece
o synthesin .gas containing hydrogen .and
carhon monoxide in the proportion of 0.7
to 1.5 volumes of hydrogen per 1 volume
of cerbon monszide, . .

15, The prowess as cleimed in ony of
(laims 3-—14 wherein at Jeast parh of the
tail goa from the fiual synthesis zome ix

"eatalysh of The iron

reuyv;letl_ to the initia] gusificution zene.
" 16. The process s elalmed in any of

Olaims 2—-15 wherein from § $o 15% by 66

valume of steam i5 ndded tn the synthesis
gag mixture fed t¢ each of one or more
of ssid synthesis zones, ;

17, The process as olaimed in any of

Cluims 8—18 wherein the oxidizing agent 60

used in the oxidation ennverston zones is
free oxygen. ’
- 18. The paocess as claimed iu osuy of
the preceding claims in which at least a
porlion of the steam employed iz gener-
ated by contacting water directly with hot
solida withdrawn from said gasificalion
OIS, ) :
19, The prooess as olaimed in Clajm 18
in which suid water contains oxygenste
produets produced in said synthesis zones.
20. The ﬁx'oc-esa a3 claimed in any of the
preceding claims in whith at least a por-
ton of the steam supplied to the gesifice-
tion zone is contasted with solids with-

117

a Tt

75

drawn from seid gasification zone prior

to its entry into said gaskfication zone,
- 21. The process as olaimed in any of
the preceding viaims in which. the carhon-
aceons solids in the iniflal gasifieafion
zone are sedids withdedwn from a carbon-
ization zone, : X

22, The proccss a8 eleimed in Claim 21
wheareln the earbonacevus solids comprise
the carbonaceous rosidue from contasting
finely divided #flnidized carbonizable

materials with hot solide withdrawn from. .
the said gasification zone in-n carbomiza-

$ion zone under carbonizalion condilions
of temperaturs and pressure.

23. The process of {laim 21 in which
at least a portion of the oxidizing gas is
direetly contacted with hot solids with-
drawn from. said varbonization zene, prier
to its supply to said gasification. zone.

24. The process as cleimed in any of
the preceding claims whersin the catalyst
used in the synthesia zopes is a synthesia

8,

- Pated this 9th da;yxff November, 1945,
- d. T, TYSON, :
PBretlenham Jomge, {Sixth Floor Svath):
.. Dencaster Place, Londom, 'W.0.2, -
Agent for the Applicants,

Lea.mmgton Bpa: Printed for Her Mafestv's Stationery Office, by the Courier Prew.—1952.

Published ab The Patent Office,

95, @onthampton Buildings, Tondon, W.C.2, from which

copies mey be obtnined.
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