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COMPLETE SPECIFICATION

Improvements in or relating to Gasification of Carbonaceous Solids

We, Smanpary Orr, DeveroeMent Gou-
pany, a corporation duly orgenized and
existing under the laws of the Siate of
Delaware, United States of America,

having an office at Elizsbeth, New-

Jersey, United Stotes of Americs, do
herehy declara the iovention, for which
we pray that a patent may be granted tv

catalytic synthesis of hydrvcarbons end
oxygenated organie cempounds from CO
and H,, which process reguires H,:CO
ratios, depending on the products desired

3T

and reaction conditions to be maintained, 25

varying within limits of about 0.5 ta 2.0
or mere volumes of H, per volume of

CO.

ug, and the method by which it is to be The techuical utilizafion of the water
{0 performed, to be partioularly described gos process, parlicularly for hydrogena- 60
in aud by the following statement:— tion and for produciion of synthesiy gas,
The present inveniion relates to the has been jmpeded by difficulties ereoun-
proguetion of gases from solid carbonace- tered purticuisrly in heat supply, con-
pus material, and specifieally {o the pro- finuity of ouperadion end limitations in
16 duction of gas mixtures coniaining temperature imposeci by low ash fusion 85
carbon monoxide and hydragen, such as or softening points. The problem of ¢on-
water gss, irom such carbonaceous finuity of operation has been sotisfae-’
materinls as coke and coals, torily solved” heretofore by the applica-
It has iong been known that solid fnel tiom of the fuid solids technique wherein
o) materials, such as coke, coal, and the like, tle carbonaceuus charge is reacted ip the 70
may be couverted inmte more valuable form of a dense turbulent mass of finsly
gases which can more eagily be handled divided golids fAnidized by the gaseous
and more efficiently ulilized for a greater reactanis and producis. Heal iy gener-
variety of purposes. One of the most ated eilher hy- partial combusiion of
g5 widely practiced gas-generating conver- earbonaceous moeterials within the gas 75
gions is the so-callad witer-gas process in  generator in a so-onlled single-vessel
which wolid fuels, such as coal or coke of system or a continuous eirrulation of sus-
any origin, sre reacted with steam al pended solid carbunaceous material o 2
temperaiures of about 1400° to 2000° F'. separate heater in which heat is generated
gy fo produce water E:i& mixtures of carbon by combustion-of the carbonaceous con- 8O
monoside and hydrogen in varying pro- stituenis of the residue, and recirculation
portions, depending maialy on the time of the highly heated fiuidizable combus-
of contuct, conversion temperstures, and HOm residus to the gus generstion zons to
stearn feed Tate. The gversll water gas SUPply the heat required iherein m a so-
ap remction being endothermic, heat must be called two-vessel system. 8k
guppliad; this is usually accom}nnlwhed by The sinale-vessel syslem would sy such
the combustion of a portion of the carbon- 1, mopo” desivable than the tyo-vessel
accoug feed with an 0115115}1‘ gas, guch system because the latter requires the
as oxygen, at about 1600724 F. The reulution of tremendous guantities of
40 combustion reaction mauy be carried oub gilids helween the two vessels, a factor 90
either simultanecusly with the water 88 which presents serious problems of design
Tenction or alternately in a 'mekeand- ng squipment maintenance, Howerver,
blow fashion. . single-vessel operation imvolves the dis-
The water gas process permits the pro- advantage of product pes dilution with
46 duetion of gaa mixtures of varying com- nitrogen and carbon dioxide when air is 85
position and B.Th.U content. The pro- uged ap the eombustion-supporfing gas.
cess as sueh, therefore, is suited not only Since technically pure oxygen has bacome
{or the produstion of fuel igases but alse available at relatively low gost, nitrogen
for the production of gases for hydrogena- dilution may he eliminated by the use of
B0 Hion processes and particularly for the oxygen in & enmmercially feasible opera-100
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tion. However, carbon dioxide forme--

tion remaing a problem sericusly affecling
the practicability of 1he otherwise prefer-

eblc single-vessel system. Roceni investi--

gations have shown, for examl?le_, that in
o gusification operation employing 230U
ibs. of powdercd ocoal, 1700 cw. £} of

- oxygen azd 2000 lbs. of steam per hour
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to prodnce 70,000 cu. ff. of water gas,
the product gas comiains about 16%. of
GO,. This carhon dioxide reFments, &
total loss ag far as the oufput of hydrogen
or syathesis gas is concerned. The signi-
ficance of this loss will be appreciated
when jf is borne jn mind that the present
meothods of synthesis gas produetion
pocount for ahout 60% “of the cost of
synthetic fuel produclicn. Althongh €O,
{ormedion may be reduced tv a certamn
extent by adjusting opsration conditions,
this can be glune only at the expeuse of
generator eapacily. _

In accordance with the present inven-
iion, earbon dioxide -formetion is con-
siderably rednced and even subsfantially
eliminsted in water gas generators whern-

in a mwess of finely divided carbonaceoms . As
solidg in the form of a dense fmrbulent
fividized bed having.a well defined uppex .

level is gasified ot an slavated {empera-
fuze with stenn gnd oxygen, by ipcor-
porating in the mass of carbonacevus
solids an operative mmount of a halide
which at the reaction oonditions yields

halogen and/or a volatile helogen com-—

pound. : e
Alkali metel. halides, .such ax the
chlorides, bromides, and fluorides of

godium, potassium, lithium, rubidium,
end cesium, or mixtares of such halides
are particularly suitable for the purposes
of the iuvention, kot glkaline earth metal

lLialides, such-as those of barivm, calcium, .

and wagnesium, mzy also be used.
Sodinm chloride, becansa of Its ready
availability and low eost, i the preferred
addition =agent. Praportions of about
0.01-—5%, preferably about 0.05—1%,

by weight of alkali metal halide based on-
tlie amount of carben in the solids sup-.
plied Lo the generator, are suitable to
deprass CO, formation from -shout 15—

9fy9L, to less than about 5% of-the product
gan, o -

‘While it is not_intended to limit the’

present invention by any theory of ihe
reaction meehanism  iovolved, it s
believed that the effect of the addition of
hialides may be explained as follows.
Alkali metsl halides, such ag NaCl, react
with steam in the presemce of oxygen at
the gas generation temperatures ol about
1800°—2000° F., to yield free halogen
and jor hydrogen halide and alkali metal
oxide and c-aigbﬂna.te. fmal]l amaunte of

halogen or volaiile halogen compounds
- are lmown. to suppress the formafivn ol

(0, in_favor of en exelusive format.on of
() in the combustion of carbonacecus
malerials,
water gas generator is largely due fo a
complete combuation of curbon o GO,

the halogen or halogen halide supplied

by the alkali metal halide wiil aet o
suppress CO, formation in the water gas
reaction.

It will be apprecinted [rom the fore-
going that the addition of halides In
accordance with_the ipvention hizs noth-
mﬁ in common; regarding ils purpose
and effect, with the Imown addition of
such agents catalyzing the water gas re-
action as uikall metal carbonates, nickel,
heavy metal oxides or sulfides, ele., or
mixtures thereof which have no inhibit-
ing effect on the formation of COg. It is,
however, a particular advantage of the

_present imvention thet sueh ecalalybiv
“agents as alkali metal oxides op carbon-

Since €O, formation in the 70

A

g0

8=

ates are Tormed as the solid residue of the 9@

liberation of halogen -or hydrogen halide.
a result of this seccondary eatalytie
affect, the gagification {emperature may
be substantially reduced and the CO
content of the product gus considerably
increased. Tha latter effect iz due mainly
to an acoccleration of the resetion

C+CO,—200

which may be very appreciable gt Na, 00,
congentrations os low as (L01%, as has
been shown by gther researchers.

Fn apecordance with the preferred em-
bodiment of the invantion, the alkall
meta] halide fo be added is imtroduced
into the gas genérator hy the injection of,!
or the impregnation of the carbonaceous
charge with natural brines gentaining the
desired halide, for example sea -waler.
The allali mnefal oxide or carbonate re-

89

100

mainiug on the gasification residne maylld

he recovered as the corresponding
Lydrexids or carbonale by an aquecus
cxivaction of tha gasificalion residue.
The _aquecus extract may he used &s a
gorubbing solutien to remove any execess
halogen from the produci gases, 1f desir-
able. -The halide salt eontent of the used
serubbing solution may be reutilized in
the process as a cazrier of alkali metal

118

lnlide to be added to the genecrator 1n 120

sccordanee with the busic principle of
the invention, Tn some cases, 1t may
also be desirable to pass a certain quantity
of halogen with the gas produced o a
gynthesis stege in-nrder fo promete &
salectivity more favorable to certaan
desired products, inereased unsaturation
of synthetic products, or to conliel the
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H,/CO consumption rafio of the synthesis
regetion,

The fuidized solids technigue em played
according to the invention is beneficial
besause of its superior characteristies of
gassolids and =0 ids-solids eomtuel and
its immproved heat ironsier characteristics,
which greatly enkanoce the inhibifisg and
catalytic cffects of the addition egents of
the invention. The flnidized system em-
ployed s illustrated in tha accompanvl_%ﬁ
drawing, the single ligure of whi
depicts schematically an expanded fow
plan of the proeess.

Refcrring mow 1o the drawing, the
system shown consisis ssgentiolly of a
conventional fluid-type water gas gencya-
tor 10 and metal halide recovering e uip-
ment 80 and 40, ihe functions and ¢o-
operation of which will he forthwith
deseribed using the gasification of a low
temperature coke in the presemce of WaCl
Tt should be understood,,
may be operated
the gasificafion
guch as
f other

however, that the system
in g similar manner for
of other carbonaceous solids,
varions coals, in the presence o
suitehle halides.

In operetion, fresh coke ground to a
particle size passing 4 mesh with a major
proportion passing 60 mesh wper linear
inch is fed frum o fead hopper, preferably
a loelk hopper 1, intoa standpipe or other
conveving means § into gnerator 10. The
coke may be preheated lo temperatuTas
of ahout 400F—800° F. jn hopper 1 by
means of product gases pai there-
through via lines 6 and 8, or in any other
conventional means. Sea waber is infre-
duced through line § into standpipe 3 in
amonnts sufficient to introduce into the
coke about 0.06—1%: by weight of NaCli,
hased on the amount of carbon in the coke
supplied to the generatar. Abput 25—
per ton of coke
passing through standpipe & are normally
adequate for this purpose. If the coke
is preheated as desurl ed, the sea waler
gvaporafes quickly in the standpipe and
the steam so generafed acts as an aerating
agent,

Simultaneously, & mixture of ateam
and O, in o ratic of shout 700-—1800 1hs,
of steam per 1000 ru, £, of 0, i8 supplied
from  lines 12 and 14, respectively,
through a distribuling device guch as
grid 16. _ Aboui 1000-—1500 cu. £ of
oxygen and sbout 7002400 1ba, of steam
per ton of coke are pormally sufficient tu
gupport the water gas reactlon in the
presence of NaCl at tenperatures of aboutb
1700°—1800° F. TIn the absence of
Na(l, the steam and oxygen eonsumption
are somewhat higher fur the production
of 5 gos of epmparable compasition, an

the process is muck more semsitive T
vapigtions in the concenfration of these
reactants than one. employing the alkali
Lalide additive. . Reactor 10 should be
so designed that at the solids and {as

faed rates involved a linear guperficial
gas valocily of about 0.5—1.5 £ per
second is maintained in xeactor 10, ab
which its contents are converted into
highly turbulent fluidized masg My
having an upper interface Luya:ond an
appz}rent density of about 20—40 lbs. per
cn. f6. )

A dilute solids-in-ges suspension 18
withdrawn overhead from level Ly, and
passed through a rag-solida  separaior,
such as cyclone 18, ﬁ-om which, geparated
fines may be returned to mass M, via dip-
pipe 20. Produet gas substentially frec

3

76

au

of solids is withdrawn through line 22. Ba

This ges, &t the couditions specified, may
iiave a composition about as follows:

Vol. %,

H, 40 to 45

coO 40 to 5

cQ, e :
Tolal C1 (Free and

Combined) 0.5

a o 10 4

Other Tmparities 010 8

Any dusired portion of the product gas
may be heab exchanged with fresh coke
in bhopper 1 via lines 6 and 8 os ahove
descrined. The total gas efftuent in line
92 may then be further cooled in heat
exchunge with feed gases endfor other
media in & heat exchenge and cooling
system 24 to he passed through line 26 to
o serubber 80 o p temperabure of aboub
60° Lo 200° P.

Returning mow to generator 10, sulid
asification residue is withdrawn fhroug
ine 25 and passed to an extractor 40, Sea

waoter may be supplied through line 42 to
extroctor 40 in amounts adequate o
extract the soda content of the ash, AlL
or part of the sea waler to he supplied to
line 5 may be mnsed for this purpose.
Extracted ash may be discarded via line
44. TEnriched sen water i pagsed throngh
line 46 to scrubber 30 wherein it is used
to remove chlorine end its compounds
from the product gas in & manner obvicus
to those skilled in.the art. Sea waler
which may now - contain Nall somewhat
above its normal coreentraiion may be
refurned via line 48 to feed line 5. The
product gas recuvered fromt scrubber 30
fhrough line 50 is now substantially iree
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of halogen and is ready as a feed gas to 125

a gonventional hydrocarbon synthesis or
other hydregenation untt, if desired after
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turther desulfurization by conventional
means. However, scrubber 30 may also
ke 0 operatod that a substential propor-
tion of the sulfur content of {he proinc’b
B gus 1s absorbed therein.
‘Wkhat we claim da;—

1. A process for the production of gas
mixtures containing ca}:rgon monuxide pnd
hydrogen which comprises passing a gas
10 mixture containing steam and oxymen
npwardly through g mass of fnely divided

earbenaceous moterial mainteined in a-

gagifieation zone at an elevaled ternpera-
: ture and in the form of a dense turbulent

15 fiuidized hed having a wal]l defined upper
leval, wherein fthere is inecorporated in
said mass a halide yielding ~elemental

halogen andfor wolatile halogen eom-

pounds under  the prevailing reection
condifions, sald ha]itﬁt being employed
in pp amount sufficient to inhibit the
formation of 00, in favour of CO forma-

tion.

2. A progess according to Clalm 1,

25 wherein said halide iz employed in an

amouat of from (0.01—5% b

preferalbly 0.05 fo 1%, hbased on the

~ amount of carboun present in the carbon-

30 3. A process according to Claim I o

2, wherein said halide is an alkzli metal
halide, preferably sodium chloride,

walght,

aoceols material in the gesification sone. .

4. A process according fo any une of
{(flaims 138, wherein said helide is added
10 said material prior to the gasification 80
regction,

5. A process aceording “fo Haim 4,
wherein said halide is added in the form
of & natural halide brine, preferably sea
water. L

6. A process according to any one of
Claims 1—5, wherein solid gasifiention

40

“vesidue withdrawsn from the gasifioption

zone I5 extracted with an aguenus medium
to form o solution containng the cation 48

. of 5aid halide. -

o 7. A process accor&fng to Claim 6,
wherein  the product gus mixiure. is

“gerubbed with zaid solufion 1o remove

therefrom at least a substznlial porbion §(
of its halogen content,

. A process ascording i Claim 7,
wherein the halide dissolved by the sornb-

bing golution is rensed in the process.

9. A process according to Claims 1 or BB

.3, wherein said halide is an alkaline earih

meatl halide, ]

10. A process according fo Ulaim 9,
whersin said halide is & hatide of barium,
ealeium Or magnesium. -

. D. YOUNG & CO.,
29, Southempion Buildings,
Chancery Taznes, London, W.C.2,
Agents for the Applicants.

Leamington Spat: Printed for Her Majesty’s Staﬁonery- Office, by the Courier yass.—152.

Published at The Patsnt Offes,

28, Southampton Buildings, London, W.C.2, from wlhich
toplas miay he ohbained.



This Drawing is a reproductior: of the Original on @ reduced. scale
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