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COMPLETE SPECIFICATION

Irnprovements in or relating to the Production of Water Gas from |
Solid Carbonaceous Materials

(A communicetion from Brawpawn O
DevELorMENT COMPANY, a corporation
duly organised and exisfing under the
laws ol the State of Delaware, Unifed
Sitates of Awmerica, having an office at
Linden, New Jersey, United Siates of
Americn).

I, JoBx Coxran ABNOLD, » British sub-
of 29, Southampion Buildings,

jest,
10 (J}hancei‘y Lane, London, W.(L2, do hereby
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" and [or oxygen, at about 1600° o 3000° F,

-gus,

declare the nature of this invention, and

in what manner the same is to be per-

formed, to be purticularly deseribed and
aseertained in and by the following state-
ment:— .

The present invention relates to the pro-
duction of gases from selid cerbonaceous
materinls and more particularly to the pro-
duetion of gus mixjures containing earbon
moncxide and ‘hydrogen, such as water
from such solid carbonaceous
materials es coke, various coals, lignites,
brown coals, peat, oil shale, oil coke, tar
sands, collulosic materials including
lignin, and the like,

Tt bas long been known that solid fuel
materials, such as coal, coke and the like,
mey be converted into more valuable gases
whick can be more easily han#led and
more eficiently used fur a gresler variety
of purposes. Ome of the most widely
practiced gas-generating conversions is the
so-colled water gas process In which solid
fuels, such as coal or ecke of any wvrigin,
are reacted with steam af femperatures of
about 1400° to 8000° F., tv produce water-
gos mixtures of carbor momoxide and
hydrogen in varying propartions, depend-
ing mainly on the time of cuniact, conver-
sion temperatures and the feed ratio of
steamn. The overall water gas reaction
heing sndothermic, heat must be sunpliad
which is nsually accomplished by the com-
hastion of o pértion ef the carbomacesus
feed with an oxidizing gzes. sush as air

The combustion reaction may be curried
T 1

oul cibicr simuitancously with the waler
gas renciion or slternately in @ make and
blow faghion. - - ) )
The waber gas process permifs the pro-
duction of gas mixfures of widely varying
compositions and B.Th.U. content. The
progess as osuch, therefore, is exiremely

wel] suited not unly for the production of-

fuel gases of varied B.Th.U. content bub
also for the produstion of gases for hydro-
genation processes und purticularly for the
eatalytic synthesis of hydrocarbons and/or
uxygenate
hon ‘monexide .and hydrogen, which,
é’u:pu:nflin%I om the products desired,
requires H : CO matios varying within the
wide limits of 0.5 in & volumes of H; per
velume of CO. i i
However, the {echnieal utilization of
the water gas process, particularly for
hydrogenation processes. and the produc-
tiom of synthesis gas, has heen appreciably
impeded by difficulties encountered par-
tioularly in heat supply, continuity of
operation and limitations in temperatnre
imposed by low ash fusion or softening
points, The preblem of continuily of

operation has heen satisfactorily solved:

heretofore by the application .of the so-
called Auid solids techaigue wherein the
carbonaccous charge 1s reacted in the form
of a dense turbulent mess of fnely divided
solids Huidized by the gaseons reactants
and products. With respect o heat
supply, such processes conteraplate either
generation of heat by combuslion of car-
bonaceous materizls within the gaos

generator or o continned cireulafion: of -

solid earhonaceous material in a-fiwidized
state to a separate heater.in-which heat is
generated by ecombustion of fhe car-
bonacecus constiluents of the residue, and
recirculation of the highly heated sclid
finidized combustion residue to the gas
generation zone to supply fthe - heat
required therein. o
Whezn the heat is generated by. burning
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earhonaceous solids within a gas generator
employing lhe Auid solids technigue for a
vonbinuous production of water gas, highly
concentrated exygen. rather than air must
be used as the oxidizing gas to avoid dilu-
tion of the product gas with large propos-
tions ol nitrogen. When the heat is
;Evenerated by combustion in & separate

eater as outlined above, considerable
difficultics resnlt from the lmitations
necessarily imposed on $he practieal fem.
perature difference hetween the heater and
gas generntor. In order to mauintain
solids pirculution within reasonable limits,
thiz difference should bo ss large as
possible. The conversion of steam in the
water gas reaciion inersases under cher-
wise eqnal eonditions with inereasing {om-
peratures in the range of ubout 1600° to
2100° F.; it way amount to about 25 fo
80% at temperatures up to about 1700 7.,
to about 85% eb ubout 2000° F. and to
about 88 to 90% at temperatures of 2100°
F. and above., The gas generator tem-
perature ghould, therefors, he as high as
the heat resistance of economical consirac-
tion materials available for fwid eyuip-
meni and the fusion er soffening point of
the ash permit, However, the same
faotors limit the heater temperature. It
{ollows that, even if the heater is operated
at highest temperatures attoinable in
technically prectical equipment and cowm-
mensurate with tha ash fusion or soften-
ing point which Hes in the neighborhood
of abuut 2000° B, for such muterials as
high chrome-nickel steel and reasonably
priced ceramic.lined steel, and for most
coul ushes the gas generator will have fo
operate at a temperature helow about
2000 F., i.e. far below the optimum tem-
perature range nn malter how high the
rate of eivenlation of heat earrying sclids
may be chosen. As o resulb, steam con-
Tersion remains incomyplete and the process
has a low degree of efficiency or required
gonversipgn space is excessive. Similar
difficulties arise when the combustion is
earried ont within the gas generator itself
beeause the lemperature may not be raised
above about 2000° F. in economically
practical technieal equipment and without
iroubles having arisen from ash fusion or
softening.

These diffienlties are partiexdarly pro-
pounced when the gasification reaction is
to hs carried out under elavated pressure
above say 20 Tbs. per 8. in. gavge hecause
the rate of steam conversion drops rapidly
when the pressure is increased and this
drop in rate of eonversion must he commen-
sated for by a corresprmding increase in
temperature or Increase in contact time.

The nresent invention overeomes the
aforementioned diffienities and affords

- containing

various additional advuntages. These
advantages, the nature of fhe invention
and the menner in which it is carried out,
will be fully understood from the follow-
ing deseription thereof read with reference
to the accompanying drawing.

It is, therefore, the principal abject of
this inveniion to provide an improved pro-
cess fur the production of gas mixtures
carbon  monoxide  and

70

76
hydregen, -

A meore speeific object of this invention
is to provide an improved process employ-
ing the fluid solids techmique for the pro-
duction. of wuter gas by reacting solid
carbonacesns materials with steam and
supplying heat of reaction by the combus-
tion of carbonaceoms residme frowm the
water gos reaction, -

Tt has been found that thess objests may
be accomplished quite menerally by
employing in a fAuid gas gencrator snli?l
carbonaceous charging materials of rela-
tively high chemical reaetivity, i.e.
materials whick have s oxidation
Tegetivity of Ty of 200°—250° O, and of
T, of 250°—800° C. where T, and T,
are'the temperatures ot which Efm rate of
hieat release by oxidation of a sized sample
beeomes great envugh to raise its lempera.
ture ab rates of 15° O, per minute und 75°
C. per minute respectively. - In ihis
manner, the sleym conversion ot u given
temperature and wnder ofherwise equal
conditions may be considerably inoreased
and the gas generator may he operated ai
temperatures considerably helow the gas

eneration femperatures required for other
eed material under similar conditions of
Pressure, steam concenirailon, eonfack
time, carbun, conceafrolion, efe. without
detrimentally aifecting the steam conver-
gion, .

Accordingly the present invention com-
Drises a process for producing gas mix- 110
tures ®uluining carhon monoxide and
hydrogen  from  golid  carbonaceous
materials and steam by passing stean into
4, gasification zone colfsining a mass of
finely divided solid earbonaceous material 116
laving sn exidation reactivity as herein-
before defined of T,,=200—250° C., and
T = 260—300° 0, under such conditions
to form a dense fuidized mass of finely
divided solid, removing the residusl selid 120
from the said gasifieation zone, subjecting
the same fo ireaiment in the form of a
fluidized ebullient mass with an oxidizing
gas mixture to horn off the residual
carhonaceons malerial #nd thersby heat 125
the residual solid {p a high temperature,
and recycling the said heated solid to {he
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.gasification mome ta muse the sensible heat

of the said bested solid to supply at least
part of the heat required in the said 180
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gasification zona.

To determine whether any given golid
carhonaceous material has the required
oxidation reaetivity, the method deseribed
by Sebastian and Mayes (Industrial and
Engiveering Chemistry, wvol, 29, page
1118) may be uwsed. Ilowever the pre-
ferred highly rveaciive carbonacevus sturt-
ing material iz low femperature ecke
obtained by carbonising cosl ot tempern-
tures oot substantizlly higher than 1000°

‘F., and preferably within the range of
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6007 to 8B0° I, {0 an oxidation reaclivity
of about e =200°—210° (. and
T,s=250"—260° . When low tempera-
ture coke of ibis (ype s charged ic a
fluid gas gensrator the gasifieation tem-
perature may be lowered as much as about
100°—200° F. Lieneath the level required
for conventiomal charping materials such
as eoal or high temperatuze coke, without
affeciing sieum conversion under otharwise
syual conditions. Substantially ecomplede
steam rconversion of 98 {0 99% may be
anhieved sl temperstures in the neighhor-
hood of abeut 1500° F., while at 1700™ L.
the steam conversion sfill amounts to about
80%. Gas generator plugeing which may
be a danger in fixed bed operation as a
result of the use of a charge of low mach-
anical strength 1z avuided when the fluid
snlids technigne is applied. Thus, the gas
genera-tinn reaction may be efficiently con

ucted helow the upper temperature Iimits
drawn by the heat resistance of economiv
construction materials and the ash fusien
or soffening peoint.

Other suitable highly reactive charging
materials inelude eertain bituminous or
sub-bituminous coal, lignites, brown coals,
etc. mnenked or coked at temperatures not
substantially sbove 100° T. preferably
between sbout 600° and 1000° F., whose
oxidation reactivity falls within the limits
indicated above. Whenever o prepuration
guch a8 carbonization, drying, exidation,
etc. af the charging material is required
or advisable in grder 1o attain the desired
high degres of reactivity, it is preforred
to employ the Huid solids fechnique for ihe
purpose heeause this technique affords the
grentest advantapes with respect to fem-

. perature control and consiancy ag well as

b

60

uniformity and constaney of product cuim-
position and reactivity.

The heat required for {he gasification
reaction and charge preparation 1is
generatsd by combusfion in & separate
heater and eirculation of highly heated
golid combustion residue to the zones of
heat consumptiom, althongh combustion
within the lalter zone by mesne of air
and for oxygen may ba applied in addi-
tion to a separate heater, if desired.
Thus employing the fluid solids fechnigne,

a systemn is used wherein carbonaceous
residne from a fluidized gas generator bed
is subjeeted in the form of o Hnidized bed
to combustion in y separate heater and the
sensible heat of hot combustion residus is 70
uscd o supply the heat reguired in the
gas geoerator,

Having set forth its general nature und
vhjects, the invention will be best under-
stond from the subsequent more detailed 75
descripiion in which reference will ha
mede to ths accompanying drawing which
illugtrateg a system suitable for carrying
out the preferred embodiment of the inven.
fion.

Deferring new in defail to the drew-
ing a golid carbonizable fuel is crushed or
pulverized in crusher (1} to o finely divideq
form, for example, of the order of 509
having s size of less than 100 mesh per
Iinsar inch, though small lumps of up o
 or § inch size may De used, ﬁor the pur-
poses of the following description, the
tarbenacevus maferial will be referred to
a8 a bituminoug earbonisation coul con-
taining 30—30% volatile matter, but
other maferials con be used.

. The properly sized carbonization cozl is
hoisted or conveyed in any manner known
per se through line (3) 4o feed hopper (5).
Hrom here it is fed through line (1) pro.
vided with serew faeder (14) into pipe
(18) provided +with control valve {197 and
ther into & dispérsing chamber (20). The
finely divided poal is dispersed in dispers-100
ing chamber (20) in a siveam of *‘ Huidiz-
ing ’ gas, suck as superheated steam,
nitrogen, flue gases, carhonization gases
or vapors, or the like, supplied through
line (22) by compressor (24}. The solide 105
in the dispersion. ere now in the so-called
flmidized state in which they are capable
of flowing through pipes, valves, etc.
gimilar to a liguid and exhibiting static
and dynamic heads. 110

The fluidiged coal enfers the canieal
lower portion of the emlarged eylindrical
carbonization. chember (26) and passes
through a distributing grid (27) into the
carbonization | zone (28} ‘where the 115
carbonization ,ecal s subjested In the
form of o dense ebullient Auidized mass
forming a well defined npper level (28) 4o
coking temperatures of between sbout
G09” and 980° F., preferably aronnd 900" 120
F. The heat required for the carboniza-
ton reaction iy preferably supplied by
highly heated ‘solids remreuvlafed Zfrom
combustion  chainher (60) {hrough liue
(68) a2 will appear more clearly herein- 125
alter. Volatile carbonization products
gontaining small amounts of solids fines
are passed through a pas-solids separator
(30) which may ba g centrifugal vr elee-
tric type precipitator, and through line 180
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{(82) to any conventional system (34) for
the recovery of such volutile carbonization
prwducts as coal gas, oil, lar, chemicals,
ete.  Undesired tar fractions may be
& roturned throngh line (33} {0 chember
{26} o be couverled into gus 1 the cuurse
af the earhonization treatment. Solide
separated in (30) are recyeled thmough
pipe {31) to the dense phase in (23).
10 * Fluidized low temperature carbeniza-
tion coke is withdrawn from carbonization
shaxber (26) at a point .above grid (A7)

through pipe (36), and passed through'

control valve (37) to dispersing pipe {48)
where It is taken up by higily _%.Leuﬁed
steam gnpplied from steam prehanter (50)
through. line (40). From dispersing pipe
{98) the fluidized coke 1s pussed through
- line {89} into the lower conieal portion of
0 the oylindrical gas generator (42} pro-
vided with distributing grid (48).-in an
arrangement similar fo that of earboniza.
tion. chamber (26). ) :
. The gas generatdr is mainlained at a
25 temperatura of between ahout 166(° and
19807 1, preferably about 1700°—1800"
F. and a pressure of about 40—80 lbs.
per sq. in. gauge to parmit the water gas
resciion to take place belween the steum
30 and the coke maintainad in a dense,
-ebillient mass (44) forming a level (45)
in genoralor (42).  Tlie heat required fur
the water gas reaction’ iz supplied by
highly heated solid residues revireulated
[row cowbustion zone (60) through line
{689) at the desired temperature, as will
appear wmore clearly heveinafier. . Al
these conditions, the conversion of steam
to earhon monoxide and Thydrogen
40 pmounts to ahout 8 fo 80% of the theo-
retical as vompared with abouk 30 o §0%
when a conventional gasification charpe
such as high femperature coke is used.
The relative amounts and the contact time
of coke and steam supplied to -generator
{42} are go controlied that aboui 80 to B0
of the sfeam is converted to T, nnd CO
and about &0 fo 90%. of the coke s
sfficiently utilized in the combinéd keat
BD angd water gas generaiion. . '

A gas consisting mainly of earhon mon-
oxide and hydrogen is taken everhead
from gencrator (42) and freed in gus-solids
separator (48) from-entrained fines which

3 may be teturned through pipe.(48) to the
dense phase (44). The gmas leaves
sapurator (48) through line (49) and passes
through steam preheafer (50) in . heat
cxchange with steam admitted through

60 line (51), tv a cooling system (32) from
which it may be withdrawn for any
desired use az a fuel gas, for hydroearbon
s¥nthesiz, and others. Tower (5% mny

. afso be a serubber for Yemoval of any

89 traces of suspended. solids ‘nut zeparated
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in (46). The steam preleated in (50)
passes through line (40} tv dispersing pips -
(38), ag outlined ubove. .-~ . . L .
- Bolid earbonaceous.gasification residue
iz withdrawn throngh vertical pipe (58) 70
from a point above giid-(48) und pussed .
through coulrel.valve (53) ta dispessing
-pipe {98) whers it talken-up by kot air,
oxygen, ar other oxidizing pes supplied
through line (57), as will appesr more 19 -
clearly’ blow. -The mixinre of solid
pasifieation vésidme and - oxidizing gas
- passes ob about the temiperature of the
gogification zene through line (58} to the
-conieal lower portion of the cylindeical BO
eombuation chamber (60) which ﬁéa 1 enm-
struction similar to that of shambers (26)
and (42) and serves as a heater for zones
(26) and (42). The solids-gas mixture
enters the cylindrieal portiom-of heater
{60} through- a distribuiing grid (61} and
formg {beresbove. a  fluidiged ~ densze
_ebullient phase (62) having g well defined
upper level (63). The femperaturs uf
gone (62) iz maintained between -17(4)°
and 2000° &, preferably at-about 1800° to
1900° ®. Bolid combusiion residus con-
sisting essentially of coal ash is returned
from a point above giid (B1) ot wbouf the
- temperature of the combustion gone {62} 55
" {hrvugh vertieal pipe {653) provided with
‘control valve (GV) fo the lower portion of
carhonizetion chamher (28) in amounts
suflicient to supply the heat required for
warbonization.  This amount may vary
between abowt 100% and 2009, hj‘y weight
uf the solids charged:threugh line (20),
depending on thie {emperature diffarencs
bbtweern " comibustion - zone (62) and car.
bouizulivn zune (28), good vesttlis -being, 105
in general, cbtained at 2 selid: Facycle
ratio of about 1009 to 160%. A finidiz-
ing gas may be supplied hy eompressor
(24) through -line (68} to. facilitate the
transport of the solid through Hne (63). 110
- Another copsiderably larmer amount-of -
solid Gombistion residue 1s . withdrawn
from-above grid (61) throngh yertieal nipeo )
(69) wpruvided with- confrol walwe. (1§ to . -
‘he returned through Yine (39) to- mas 119
generator (4% to supply the heat required
“In. gasification gome (44), Tn_accordemce -
with the considerably higher temperature
and the normolly lurger dimensions gf gas .
generator (42), the qwonnt of  selids 120
recycled to (42) is o high twaltipls of that
recycled fo. carbonizativn. chamber (26}
end ‘may vary befween the approximate
iimits 6¢ 30 to, 300 times thé carbon ron- .
tent of the solids charded through line 125
(36} or may He ahout 20 0.100 times the
'?é:%{)mntg .of sdlids_refurned thremgh line
Flue gases are withdrawn overkead
from _heater (60) " through mas-solids

85

g

114

130



£:26,742 5

separator (72) where they aze freed from
golid fines, The fines may be returned
through vertical pipe (73} (w iho dense
%ha-se (62) or withdrawn, from the system.

ot flue was substantially free of sclids is
passed through line {78) to air prebeater
(76) where i, preheats the air supplied by
compressor (78) through line (79). The
preheated air passes through line (57) into

temperature even. at the highest pressures
desirable fur gusificaiion. 35
Means may ha provided to withdraw ash
from guitable points of the system in any
manner koown per sg, for instanee from
Eipes {68y andfor (89) in vrder to avoid a
uild up of esh in the system. If desired, 40
an oxidizing gas such es air endfor oxy-
gen. may be supplied to chembers (26)

10 dispersing pipe (86) as shown above. Flue andjor (42) to genmerate heat by combus-
gas, if desived after further dust removal tivn thereln, in order to supplement the -
in (8U) may then be applied to any desired hest supplied from heater (60), Cther 45
use, such as tho operation of a flue gus mwdifications pf the invention will appear
turbine (82), fur heat recovery, or dis- to those skilled in the art.
15 carded, The invention will be further illustrated
The superficial gas velocity in reactors by the following specific example.
(26), (42) and (B0} are those commonly ExamPrLE. a0
used for the fiuidization of deuse bedy of The superiority of the provess of the
solids of the particle size indicated and inveation over the gasification of a con-
20 may renge from sbout 0.3 to 10 ft. per ventional gasification charge is illusérated
second, preferahly hetween about 0.5 o d bg' the data given helow which summarize
ft. per second. The pressure of the system  the essential econditions of water gos 90
may be essentially atmespheric but is pre-  mannufacture in & system of the type speci-
ferably kept within the approximate fcelly deseribed abave and illustrated in
95 limits of 40 to 200 bs. per sq. in gauge to  the druwing, using conventional gasifica-
save compression on the gas menufac-  tion feed on the cne hand and gasification
tured. Higher pressures may he used as feed vf {he invention on the other hand, 60
feasibility and ecomomy of ronstructivn Raw Coan InsPROTION!
techniques allow, particulurly if water gos Ash o, -~ - = - - 8.0
30 of high B.Tb.T. value is desired. Our in- Volatile Matter g - - 87hb
vention is partieniarly well adapted -to Pixed Carbon g, - - - 648
high pressare operation since high stesm BTrU. - - - - - 13710 &b
epnversion can be obiained af reasonable Fusion Temperature “¥. - 2,150
Conventional Dresent
Hasificotion Gasification
Fead Feed
70 Cerbonigation Temperature “F. - - - -~ 1700 900
Coke Reactivity s
1,,‘_-----—---—410 206
T, °C - = = = = = = =~ = - 49 260
: Gasification Temperature °¥, - - - - - - 1800 1806
75 (Gasification Pressure, lba. per sq. in. gauge - - 4b 45
Fluil Bed Height, #t. - - - - =- =~ =- 82 32
Fluid Bed Dousity, bs. (CF. - - - - - = 20 20
Tnlet Steam Velocity. ¥t /Bee. - - - =~ - 0.4 0.5
Carbon Concentration, Wt. o of Solids - - - 20 20
80 Steam Conversion, W3. 9% - - - -~ - - iy a0

The ahove data demonstrate that sieam
conversion may be almost doubled when
‘pperating in aceordance with the present
invention nnder viherwise equal condi-

85 tions.

While the foregoing description and
exemplary operations have served to illus-
trale specifie applications and results of
the invention, other modifications obvious

90 4o -those skilled in the art arc within the
goope of the invention.

Having now particulacly deseribed and
ascertained jhe nature of our aaid inven-
tion, and in what manner the same is to
be performed, as communiested fo me by
my foreign eorrespondents, T declare that
what T elaim is:—

95

1. A process fur producing gas mixtures
containing carbon monoxzide und hydrogen
from solld corbonsceows materials snd 100
steara hy passing steam inte o gasification
zone containing.a mass of finely divided
solid carbonaccous material having an
oxidation reactivity s hercinhefore de-
fineq of Ty =200—250°C,, and T, = 260— 105
§00° C., under such eonditions to form a
dense fuidized mass of finely divided
solid, removing the rvesidual selid from
tha gaid gasification zome, subjecting' the
same totreatment in the form oi afluidized 110
ghullient mass with an oxidizing gas mix-
tura to burn off the residual carbonaceous
material aud thereby heat the residunal
solid to a high temperature, and recyeling
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the said heated solid to the gasification 3. A process oy claimed in Claims 1 and
zong t0 wse the sensible heat of the "2, wherein the gasifieation reacticn is car-
said heated solid te supply at least riad out at a pressure gbowe -40 pounds
part of the heat required -in the said per square ineh,
5 gasifieation gone, . e - .
2. A process us claimed in Claim 1, Dated this 14th day of February, 1947.

wherdin the solid eathonacesus material iz - D. YOUNG & CO.,

& low tempermture carbocization coke, 38, Southamptorn, Buildings,

preferably earbonized at temperatures Le- -Chancery Lame, London, W.E.2.
10 low 1000°F. - Agenty fur the Applicant. -

Leamington $pa: Printed for Mis Mujesty’s Stationery Office, by the Courier Press, 1049, -
Fublished st The Patent Office, 25, Southampton Buildings, London, 3.C.2, from which
copies, price 2s. 0d. ezch (inland) 2y, 1d. {abroad) may be obtajned. ’
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