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COMPLETE SPECIFICATION

Improvements i or relating to Hydrocarbon Synthesis

Wa, Stawnann O Devorormeyr Cou-
PANY, a corporation duly arganised amd
existing nunder the laws of the Siule of
Delaware, United States of Amerion,

5 lLiaving an office at Elizabeth, New Jersey,
Inited Stotes of Ainerica, do h.erehg
declare the noture of this invention an
in what manner the same is to he per-
{ormed, to be particularly deseribed and

10 ascerkained in and hy the fullowing state-

ment ;— .

The present invention zelutes to the
manuiacture of valnable preduets by the
ratalytic conversion of earbon oxides with
hydvogen. The invention is more
purticularly concerned with an improved
method of uiilizing tail gases from the
synthesis of hydroecarbons and valuable
oxygenated orgauic compounds by the
20 catalytic conversion of earbon monoxide

with hydrogen,

The catalytic gynthesis of hydrocarhon
0ils and valuable chemieals from earbon
monoxide and . bydrogen has  Theen

25 assuming increasing importance in recent
years as a sonrce of fuels and raw
materials supplementing and potentiaily
replacing the steadily decreasing crnde
oil resources. The kydrocarbon synthesis

30 may be operated on the basis of using
either natiral gas or carbonaceons solids
auch as coal, ete., for the production of
synthesis gas containing carbon monoxide
and liydrogen. Partieularly, the process

36 utilizing coal has not ay yet advanced to
u state of development at which the pro-
duets of the syvthesis would cconomically
compele with similar products recaverable
from natnral mineral oils, )

40  This situstion har stimulated consider-
able vemearch uclivily aiming af the
improvement of the process as well as
product yields and quality, Previous
attempts 1n this direction have been con-

4% centraled largely on the valuable lgnid

[Poice 2/-] ;

fL]

ar readily liguefiable synthesis products
such as _fuels, lubricants, oxymenated
eompounds, ete,

However, tha hydrvocarbon synthesis
vields substantial amounts of & further 50
by-product in the form of iail gas from
which normelly liguid synthesis producis
have been removed and which is rich in
valunble constituents such as hydrogen,
carbon, monoxide, and hydrocarbun gases. 55
This tail gas, which normally amounts to
about 5,000—10,000 en. #, per barrel of
Lguid produets formed, has the great
advantage of being snhstantially sulfur-
free but has been of limited valus hereto- gy
fore as @ result of its usually low BTO
value cansed hy relatively high dilution
with CO, and/or nitrogen. While the
gas may be serubbed readily of CO,, it is
sconamicelly impractical to remove free 45
nifrogen.

The nitrogen iy introduced into the
process by the coal or natural gas used as
starting material for the synthesis gas
and {UI‘ by air’ ar CO, curiched air 7p
employed in the syothewis gaz manu-
facture. This mitrogen content may
interfere with the use of the tail gus as u
fnel gus because it adversely affects the
BT value of the tail gas. )

It has, therefore, beon suggested, prior
te the presemt inveniion, to ecomvert
synthesis tail gas in a conversion opera-
tion with an oxidizing gas such as sfeam,
oxygen, or carbon dioxide to produce w 80
gas bhaving an H.:(O0 retio which will
supplement the rutio obtained im the
main reformer in which the bulk of
aynthesis gas is produced, for example,
from nateral gas; The combinad gas 86
from the two reformers is adjusted o an
H,:CO ratio of shout 2:1 gnd used in
the main synthesis reactor. However,
this procedurs  vequires substantial
parging of tail gas in order to Lkeep 90
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nilrogen from hnilding up in the system.
Yitrogen build-up s porficulirly di-
advantagecns Derause of the incrensed
size of eguipment required, the inereased

5 amount of heat tronefer surface needed to
heat and conl the recyeled inert mas amd
the diluting effert of this gas on the
reaction consbifuents. Tp to about 40%
of the toil mas musl be vented fo main-

10 tain the nitrogen content of the total
process gas within permissible limits of,
say, about B—16%. The gas vented is
wmsuitable for the production of further
synthetic produets,, since the high

16 nitrogen content interferes sericusly with
the ecopomiral aperation for the repsoms
given above.

Tt has also heen proposed to convert:

 symthesis tail gas from a fizst sluge inta
20 secondary synthesis gas by recomverting
the undesirable hydroearhons into earbon
wmonoxide and liydrogen by the use of
steam andfur earbon dinxide al a high
temperature, and then converting fhe gas

25 mixture thus produred into hydrocarbons
in the same or in 1 new confact stage. In
4 modificl form of {his _proposal,
adiitinnal lguid or gaseous hydrocarbons
may he mixed with the synthesis tail gas
from o first stoge and the mixture con-
vorted at elevated temperatures with or
without n eutelyst to produce synthesis
teedt gas for a second and separate stage.
T+ has now been found that fthe use of
85 free oxygen for the conversion of

30

synthesie fail gas from a first stage into .

further synthesis” feed gas and ihe
employment of such further synthesis
fead gas in n second and separale con-
40 version stage permits more eomplete and
eronomical whilization of synthesis fail
gas. The mafure of {he invention and the

momer in which it is earried out will De-

fully understnod from the following
description thereot read with referenre fo
the arcompanying drawing.
T¢ 3=, therefore, the principal object of
the invention to impruve the economics of
" the catalytic sypthesis of lydrocarhams
50 awl oxymenated products from €O und
H, by a proper utilization of arnthesis
1ail gas. ) .
Tn aceordance with the present imven-
{ion, tail ens from o first synthesis stage,
B if desired, after suttable C'0, remravTal. iz
comverted by the nse of free oxygen in n
secondary synthesis gas generator fo pre-

dure a secondary synthesis gas of anw.
dosived H,: (0 rutio ond fhis secondary.

80 synthesis gos is converied to snluable
synthesis produels in o good gynthesia

stage. Tail gas from the seconl synthesis

«tage may either he again vonverted into
synthesis gas nnd processed 1 4 third
&8 gynthesis stage ar it may be used for fuel

i R b s it

purpotes in the proecess,

In this waaner, by fir {he preater pro-
portion of the tajl gas of the first
synthesis stage may be converted tn
ardditional amounts of nermally liguid 70
hvdroeurbons und ofher  valuable
synthegis produets while recyeling of tail

-gas Lo the primary synthesis mas generator

and the ensuing huild-up of nitrogen in
the system are avoided. This iz of 76
particnlar importunce when viewed in
the WHght of suitable processes of
synthevia guy  generation. The more
economie gas generation processes involve
the use of oxygen for the conversion of 80
rarhonsceous solids or natural gas. The
production of oxygen of more than 95%
purity is tee expensive to be pracliesl for
1 contmerrial synthesis operation. Oxygen
of only 939% purity introduecs suhstantial 8
amonnts of nitvogen into the system in
addition to any nitrogen originating in
the Taw materials, such as coal or natural
was. The proeess of the present inven-
tion, by eliminuting nitregen build-up, 90
permits the use of such low purity oxyrgen
without adverse effeets to the economics
0¥ the prorass.

The conditions employed in converting
hvdrocarbon guses of the type present in 86
synthesis tail gos, such as methone,

sthane, gaseous olefins, cte., into OO and

., will be determined mainly hy the ron-
ditions, partieularly {he pressures, of the
syathesis  sfages. When  applying
atmaspheric  or moderately inmereased
pressures of, say, vp to about 10 afmo-
gpheves which are conventional for eohalt
type ratalystz, oxidalion with oxygen ut
similar pressures and temperatures of 108
about 140052000 1. may be emplayed
{o advantame. When operaling the
synthesis stagex at the higher pressures
of, say, abaut 15—50 ﬂhnnspierea_ oy
higher, usually associated with the use of 114
Iron type ratalysis, the osidalion process
may be operated at the high pressures
dirfated hy the synthesis stages without
diffienlties. a5 opposed to prior reforna-
tinn processex naing sleawm awlfor 0, i1§
whirk require eonsiderably low pressures
foe proetieal aperation and would necessi-
fala expansion and recompression of the
proesss gazee, The oxidation pracess of

1o

the invention is, therefore, more flexible, 120

Haviug set forth its general nafure

“anid nbjecta, the Juvention will he hest

nnderstond  from  the more delailed
dezeription hereinafter in which referencs
will he made *o the arcompanyving deaw- 123
ing which shews the flow plan of a
aystem  smitable for earrying out the
presend invention.

Referrine now to the drawing, the
system illustrated therein essentially com- 139



062,457 _ i

prises two synthesis gay gencration stages

10 and 30 and two synthesis stages 15
and 85 whosa functions and coaperation
will be forthwith explained using a

5 carbonaceous solid such a5 coul or coke
as an example for the busie raw materinl

of the process. It will be undersived
hy those skilled in the arf, hnwever, that
the process of the invention may be
10 practiced on the bhasis of other waavr
materials, such as natural gas, reduced
crudes, asphalis, ete., in-a substantially
analogons muouer fo accomplish the
objects and advanteges of the invention.

15 In operation, coal is subjected in the
gas generation stage 10 to o water gas
reaction with steam, preferably in the
Jorm of a dense turbulent mass of finely
divided solids finidized by the upwardly

20 flowing gaseous reactants and reaetion
products to resemble o bhoiling liguid.
Feat required for the gsification reaction
may bs sopplied by eombustion of a
portion of the coal either within the gas
enerator itself with oxygen of about
95%: purity or in a separals combustinn
#00e using air, from which highly heated
solid eombmstion residue may be sapplied
to the ges generafor, all in a manner
80 known per se. The presemb inveniion
lends itself specifically to a one vessel
gusification wsystem with combustion
within the gasfieation zone because the
nitrogen tolerance of the present proeess
is considerably higher than that of con-
ventional synthesis processes employing
tuil pas recycle to the synthesis gus
generater. In order to save synihesis
gus compression eosts, the pressure of gus
48 gevneration stage 10 preferably approaches
that of synthesis stage 15 as closcly us
may be cfficiently and economically
wecomplished and may remge anywhere
from atmospherie fo about 50 atmospheras

45 or higher. Abount 25,000—80,000 normal
eu. ft. of o synthesis gas containing ahout
0.8—1.8 volumes of H. per vwolume of
varhom monoxide and nbout 2—69% of
nitrogen may be produced per toms of
90 totnl bituminous type conl wused for
steaam and synthesis was production in
systes of this type at gas gemeralor tem-
peratures of about 1500°—320a0° T,
depending on the typs of heat mgﬂy and

e

8

35

95 other reaction conditions in f08
generator. . .
A synthesis gas 5o produced which has

nndergone & desulfurization and, if
desired, n 00, removal treatment may hs
60 supplied substantielly at the pressuve of
the gasificution zome of stage 10 or by
further compression through line 12 1o
the first hydrocarbon symthesis stage 15.
- This stage is preferably operated using
6b fincly divided fuvidized alkali-promoted

irow catalysl at temperatures of ahout
o(0°—800° F. and pressures of 5—o0
atmospheres.  TUpon conventional con.
dlensation and absorptive recovery of the
normally liquid synthesis products, abont
1—2 harrels of Cy+hydzoearbons wnd
oxygenated vompounds per ton of nnal
may he vecovered ihrough lime 17.
Hydrocarbons and oxygenated componnids
may be separated i a conventional 75
separation woit 19 inta C,+ hydroearhons
and oxygenated eompounds. These liguid
produets may be separately rocovered
through lines 21 and 23,

7Q

Depending on the quality of the cogl B0
used, synthesis tail  gas  whigh myy
ameunt to, say, nhovt 718,000 ecn. ft.
per ton of total cosl comsumed in the
process is withdrawn from stage 15
through line 25. The composition of this £6
kind of tail gas which may have z heat-
ing value ol about 800—650 BT per cu.
ft. iz ubout ag follows 1 — ' :

He -« - 10--809%: by vol.
co- - —b 9y a0
CH, - - 15-3 .
OﬂHf- - - 22— FERRT

EEH-I L e LI

gaz]:_ﬂ'[:.s - 5_10 23 94

35 - - H—1.0 LY I ¥ 896
Ny -« « 5.0—15 .
GO, - -« 15650 ,, "

This synthesis tail gas is preferably con-
verted info synthesis feed gay withont
substantial pressure loss. Kor this puz-100
pose, oxidation of the tuil gas with vxygen

_of about 959, purity is most suitable as

outlined above. Since lurge amounts of
CO; may interfere with the produetion of

the desired 1, : C'0 ratio, it may be desir- 105
able to remove 0O, from the tail gas in p
conventional absorption system. = About
1000—5000 normal en. £, uf C0, per ton

of tatal coul may thus be removed from

the system through line 28 when using a 119
syuthesis gas having un H,:00 ratio of

the order of 1.7, in reactor 15,

The serubbed  fail gas ig suppliad
through line 29 substantially at the pres-
sure of stage 15 to the sceondary gas pro- 115
ducing stage 80. Some 2000— 6000 normal
cu. [t uf oxygen of about 959 purity is
supplied, per ton of total coal, through
line 32 and conversion takes place ot tem-
peratures of about 1800°—2500° . and 3120
Pressures similar o or only slightly lower
than thase applied in stage 15. ~ About
10,0600—20,000: o, £4. (per total ton of
cosl) of a synthesis gns confaining ahont
1.5~2.0 volumes of ¥, per volume of CO 125
and about 4—10%: of nitrogen is with.
drawn from stage 30 throogh line 33 and
passed to secondary synthesis glage 85
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which may be apcrated uf conditions sub-
stantially identical to these of stage 19.
Condensible synthesis products are
withdrawn [rom stage 35 through line 37
and separated in uuit 39 inte C;+ hydro-
earbons and exygenated prodnets. These
separate syntlesis products may
_recovered thromgh lhines 40 and 43,
respactively, to Te combined with the
0 products in lines 21 and 23, vespectively.

Some 3000—0000 normal cu. ft., per

ton of total coal, of secondary tail gas is
recovered from stage 35 and may he pussed
through line 44 to any desired use, such
as heat generntion, a weste gas turhine
ete. The composition of this gas, which
quuy have o heating value of about 200—
250 BTU per cu. £f., may vary within the
approximote ranges given below:

99 H,- - - 10—80% by vol.
C 0 = - - 2“‘""5 X T
CHA - - 5—I10 LEEN K
Cszo = - 2—4 TR T
E‘%{L - = Bl g i 3
[ T = A—10-
® CH, - - G—10 ,, .
Nﬁ " N - 15—45 FEREET]
CO:: - - 2050 [T Y]

T+ will he ubsezxved that.the methane -

go vontent of this gas is considerably lower
and its nitrogen content considerably
higher than that of the tail ges from
synthesis stage 15, This is due to the fact

{itot the methane introduced by the coal

95 @asification in stage 10 lias been ]argelg
removed i gas oxidoetion stage 30 am
that additional amounts of uitrogen have
beert intzroduced with the oxygen from
line 32, while the fofal amount of gas has

4p heen reduced,

The invention and its advantages aver
eonventional tail pas recyele operntion
will he further illustrated by the follow-
ing specific example,

ExaAMeL.

Based on a primary synthesis gay
meneration stage producing from coal
about 930,000,000 normal eu. ft. per day
of H,+CO0 in the approximate ratic of
1.8:1 and containing cbout 2.59% N,
vields obiainable in a system of the type
illusteated in the drawing under the cun-
ditions specified nbove are nbout as

foilows:

a0

55 Freer SyFrmesrs STicw:

(iasoline, bbl. fdey - 10,250
Gas oil ., . - 930
Alecohols  ,, o - 945

(*( 4+ H, produced from
tail gns, normal eu.
fh.fday - - - 111,000,000

Bre]

SrcoND SYNTHESIS STACE:

(Gasoline, bbl.jday - 3,250

Gasell ., - 200
“Aleobols 4, . - 300 ga
Totin FRODUOTION :

Grasoline, bbl./day - 13,500

(ras ol PP - 1,220
Alephols ,, - 1,245

- Tf about 90% of the first stage fail gas T0

»avers vented and the remainder reeyeled
to the first gasification stage, the tfotal

production nnder otherwise comparable
condilions would be ahont as follows:

(trsoline, bbl.[fday - 11,87 74
Gas il ,, - 1,075
Aleohols 4, - 1.085

The inerease in liquid yvield obtainable
by the process of the invention oz com-
pared with a conventional recycle process 80

amounts to considerably more than 10%

which is in addition te the above-men-
tioned procvedural advantages and which
is of comsiderable importance for the

_ecomomies of the hydroearbon synthesis. 85

Iaving now particulurly deseribed and
ascertained the nature of our sald inven-
tion, and in what manner the same is to
be per.furmed, we declare that whal we

elaim is:—
1. A process for the production of

14

hydrocaxbons and exygenated products by

the eatalytic coumversion ol carbon
monogide with hydrogen +which com-
prises converting varbonaceous materials 85
in a gas generation zone inlo n gas mix-
ture confaining hydrogen ond earbom
menexide in synthesizs proportions, com-
tacting snid gas mixture with a synthesis
entalyst at synthesis conditions in a
gynthesis gone to produce normully liquid
reartion products and tail gas, separating
said tail gas from said reaction produets,
converting said tail gas in a second gus
‘generation zone with free osygen into a
second mas mixture containing hydropen
‘and carbon monoxide in gynthesis propar-
tiods, contacting said seeond gas mixtuve
in a second synthesis zone with o syathesis
entalyst at synthesis eonditions to pro- 110
dure additional normelly liguid produets
aud a second tafl gas and separading said
second tail gas from said additienal
products,
2. A process according to Claim I, 115
wherein said gaseous hydroearhons are
reacted af subatantially ike same pressure
at whick they are produced.

3. A process nccording to Claim 1 or
2, wherein carbon dioxide is removed 120

100

105
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from said tail gas prior to reacling said  Dated this 19¢h day of May, 1948,
gasaous hydrocarhons. D. YOUNG & CO.,

4. A process aceording #o any une of 29, Southampton Buildings,
Claims 1—3, wherein said earbouaceous Chancery Lane, London, W.(.2,
b wmaterial is a carhonacecus solid, Agents for the Applicants.

Leamington Spa: Printed for His Majesty's Stationery Office, by the Cousier Press.—195L,
Published at The Patent Ofice, 25, Southampion Buildings, London, W.C.2, from which
copies, price 2. per copy; by post 2. 1d, may be chained,
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