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Improvements in or relating to the Process of Making Gas from

Carbonaceous Solid Fuels

I, Eexw WisLooeHsY RULLINSON, @
British Subject of the Firm of Stevens,
Langner, Parry & Rollingon, Chartersd
Patent Agenis, o¢f §/9, Qualily Couxt,
Chencery Lane, Lounden, W.C.2, de
hereby declare the invention (Communi-
cation from Pittsburgh Consolidation

Cual Company, a corporation oryamised’

wnder the laws of {he Stale of Pennsyls
vamia, United States of America,
Koppers Building, Pitishburgh, Penn-

" sylvania, Knited Slates of America), for
patent may bs -

which I pray that s
granted to me, and the method by which
it is {0 be performed, to be particulariy
dasn:fbad in and by the following stete-
ment;—

This invention relates to the gasifica-
tion of carbonaceous solid fnels and, more
particularly,  to methods of reacting
carbonaceous solid fuels with sieam.

The primary objeet of this invention is
to provide an improved proocess for con-
verfiug carbonaceous solid fmels info a
guaseous product by reaction with steam.

Another ohjsct of this invention is to

. to

of-

o

-provide o process in which stenm reacls

with solid carbonaceous fuels to yield a
gageous preduct under sueh conditions
that 0o heat need be added to the system, 30
i.e., under thermoneitrol conditivns.
A further object 0f this invention is
provide an improved process for
malang a high B.Th.U, fucl gas whick
iz rich in methane,

Still another object uf ihe present ip-
-vention is to provide an improved method
for converting carbongeeous sulid fuels
into a gas which is rich in hydrogen and
which 1s substantially free of  carbon 40
dioxida.

According 4o the invention there is
provided z process of making gas ineclid-
ing pessing steam Into a3  mixture . of
carbonaceous solid fuel and caleium oxide 45
or lims in a reaction zone and collacting
the gasecus products, in whieh process
the steam is introdueed inte the reaction
gone st a temmperature within the ranpe
of 1430° to 1800° F. and under a pressure 50
which is at least

ab

L

5,40 1.80 x 10~%(t — 1430} + 4.45 x 107%(% = 1430)‘;'.'

atmospheres where t is the femperature
in “I", the amount of calelum oxide or
lime present in the rewcltion zone being
sufficient {o convert substanticlly all the
carhon dioxide produeed {o carbonste.
The luvention also includes a process
of making gas including mixing lime
and & carbonaceous solid fuel, bringing
steam, into contact with the mixture, and
recovering the gaseous preducls, wherein

the relative proportions of lime and
carbon are 120 to 300 parts by weight of
lime for each 100- parts by weight of €56
earbon contained in said “carbouaceous

. Tuel, and whersin the stedin is circulated

in reactive relatignship with said carbon-
aceous fucl in & non-Auidized reaction
zone, al o temperature within the runge 70
1430° to 1800 F. and under a pressure
which is at least . -

3.40— 1.89 x 1072(¢ - 1430) + 4,48 x 10-4(£ — 1430)°

utmospheres where ¢ is the temperature
in °F., whereafter the ecirculation of
steam 1a disconfinued when the sleam-
surbon reaction is substantially completed

{Price 2/8]

and air is circulated af atmospherie res-
sure through the solid residue to resener-
ate the lime.

In order that ¢he invention may - e

80
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understoed it will now he described with
referemce to the accompanying drawings
in which:
Figure 1 is o graphical illustration of
& the critical relationship between Dpressure
and f{ewperature which governs the
-operution of the imvention;

Figure 2 is a disgrammatis illustration
of an apparaius eomprising a one-vessel
system, udapted to_carry ouf the preferred
embodiment of the invention;

Figure 3 is a diagrammatic illvsiration

10

of on upparatus comprising z multiple..

vessel system  adapted fo carry out s
15 modification of the preferred embodiment
of the inventign; .

Figure 4 is a diagrammatic illustration
of an apparnius adapted to carry out
another modification of the preferred
embodiment of the new process: and i

Figure 5 is a diagrammaiic illustration
of am appareius adepted to carry out a
still further mddification of the new
Process.

In the process uccording fo the inven.
tion, the reactivn between steam and
carhon is ulilized to comvert solid carbon-
acecuy fuels into a gaseous preduct in
the presence of caleium uxide.” Caleium
oxide previously hwms been wsed in the
water gas reaction in reldtively small
amounts as a eatelyst or carbon dioxide

. aceeptor.  However, it has heen dis-

covered that! when ealcium oxide is mixed
35 with carhonaceous solid fuels in ths

(1) p=8.40=1.89 x 10-2(¢

20

30

70

where p is the pressure in afmospheres
and ¢ is the reaction temperature in *¥.
The pas producing process of the in-
vention mey be pperated thermoneutrally
78 provided the minimum pressure is that
defined by equation (1). However, it
Las been found that when the operating
Pressure is increased above the minimum
valne 2t a constant temperature, the pro-
50 portion of methene in the gas produced
increases while the proportion of hydre-
gen correspondingly decreases. Thus, ap
constant tempery y the composition of

~conditions

proper proportions and under cerimin
crifical conditions of temperature and
Dressure, the steam-carbon reaction is
therme-nentral; i.e. no heat need be
added to the system to maintain the 40
reaction. In faci, the reaction may even
be exothermic aund rapable of generating
the steum mecessary for the Trocess.
Moreover, it was found that under these
thermonentral conditions, gases which 45
contain unex&ectedly bigh percentages
of cither methane or hydrogen can Dbe
selectively produced by operating under
lying  within  the critical
‘range required to produce a thermo. 50
newtral reaetion,

Mare specifically, the new process
comprises the use of raleium uxide and
tinely divides carbonacesus solid fuels in
the proportions of at lsast 120 parts by
weight of caleium oxide to 100 pars by
weight of carbon contained in the fuels.
This mixture is reacted wiih steam =t a
temperature between 1130° and 1800° ¥
It has heen discovered, however, that 60
thars is & minbmum pressvre which must
ba aftained in order that the overall
reaction be thermally sclfyufficient; i.e.,
ut least thermoneutral and preferabi
exothermic, This minimum pressure is
a function of the reaction fcmperature
ond, in the temperatwe range from
1480° to 1800° F., is expressed by the
-empirica] velation

L]

65

— 1480} + 4.48 x 1074(¢ — 1480}

“the product gas varies with the operating

pressure, 85

if then a methane rich, high B.Th.T".
gus product is desired, there is s second
minimum o]flerai'-ing pressure, arbitrarily
chosen whick must, be exceeded in order
that the heating valus of the product gzas
(s measure of the methane content) will
exceed 400 B.TL.U. per cubie foot. This
minimum pressare can alse be expressed
a8 wn empirica] function of the reaction
{amperature by

90

95

() p=5.042.2 107(b - 1430) 4 2.7 s 10-2(¢ — 1430)?

where p is the pressure in atmospheres
. and ¢ 13 the temperature of the reaction
zone in °F.

100 Equaticns (1) and (2) are shawn
graphically in Figure 1. The improved
process of the invention will produce a
hydrogen rich gas when the operating
pressure lies befween the curves repre-

105 senting equations (1) and {2) as deter-
mined by the reaction mixture,

A methane rich, high B.Th.T. gus

ean be. produced when the operating
Dressure hes above the curve Tepresenting
equation (2) as determined by the re.
action temperature, The process of the
invention will produce a methane rich
gas within the temperature range from
1430° to 1800° F., but it is preferred to
produce methane rich gas within the 115
temperature range from 1520° {0 1850°

F., and at a corresponding pressure

ranging from 10 to 40 atmospheres, the

118
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pressure being at least that determined
by equation (2) depending upen the
opérating * femperaiure.
A hydrogen rich gas can be produced
5 in a thermoneufral reaction by the in-
venition within the t{empcrafure range
from 1480° to IB00° E., but it is pre-
ferred to produce hydrogen rich gas
#vitbin the temperatnre ranges from 15207
0™ 1660° T, at o pressurc corresponding
. tno the temperature of the reaction,
within the range from 5 o about 30
atmospheres provided, however, the pres-
gure 5 at least that given by equation
16 (1) and is less than that givem by
equation {2) according to the femperature
employed. .
1t should be stressed gt this point that
the process of the Invention wil] operate
20 to produce = gas by a thermoneuiral
steam-catbon reaction sv long as the
%JI‘CSSUIE is at least that given by equation

1). -
In the preferred embodiment of the
25 invention, the reaction between steam
and carbonscecus solids is carried out im
a sinﬁlle vessel system wtilizing an on-
and-off cycle. Sfeam is passed through
2 bed af caleium oxide and the carbon-
30 neeous solids o yield a gas containing
hydrogen, methane, carbon monexide
aad corbon dioxide. Simultanequsly cal-
gium carbonate is formed in the vessel
from the reaction between ecaleium oxide
35 and the carbon dioxide in the gas pro-
duced, During the off cycle, air or eny
gag containing oxygen gas is circulated
through the vessel to regemerate the cal-
cium oxide from the ealciwm carbonate.
Sufficient earbonassous solids nre oxidized
during the regeneration cycle to raise the
temperature of the ocarbonate above ils
dissociation temperature so that the car-
bonats decomposes into caleium oxide pud
4f ecathon dioxide, :
While it is preferred o wse a nun-
fuidized system, neverthaless o fHuidized
system may be employed which comjrises
etther a single wvessel or a plurality of
50 vessels as +will be deseribed in detail later.
‘Whether the system is fluidized or mon-
fluidized, the yield of methans can be in-
creased in the new process hy deliberately
establishing a lemperature gradient
55 throush the steam-carbon reaction wvessel
in o manner which will be deseribed in
detoil later. Tn this medification of the
invention, the steam-carbon raaclion is
first carried out at a temperajure prefer-
60 ably between 1670° and 1770° F. and the
produets therefrom are then paased in con-
tact with carbonaceous solids at o lower
temperature, proferably Wetween 1430°
and 1600° F. A large increase in methane
85 producrtion thereby resulls,

4

The yield of hydrogen, on the other
band, when tke process is eperated under
the couditions set forth $o preduce hydro-
gen rich gas, can be further incrensed
aceording to the conveniional water gasz TU
shilt reactiop in which carbon monoxide
and steam react to produce earben tioxide
and hydrogen, When the waler gas shift
reaction is conducted at temperatures in
the range of 1200° to 1300° F, in the 75
prezence of lime, the carbon dioxide re-
sulting from the shitt is removed by the
Iime forming ealeium carbunate, Since
the mgin sonstituent {other than hydro-
gen} of the water gas produced Ly the BU
process 6f the invenlion is carbon mon-
uxide, the second reaction, in whieh sub-
stantially all the carbon .nonoxide is con-
verted bo hydrogen serves o produce o~
gas far richer in hydrogen than any pre- 85
viously muade in a steam-carbon reachion,

Tn certain instances it may be desirable
to accelerate the sfenin-earbon-caleinm
exide reaction by the addition of eata-
lytie materials. For example, the cal- 90
clvm  oxide wmway be Impregusted wilh
small amounts of an oxide ot the trensi-
ton group wetels, such us iron, nickel,
cobalt or mmanganese. -Alternatively, the
calejum oxide may, be impregnated with 95
ginall pmounts of an alkali or heavy alka-
boe emrth carbonate, such as sodivm car-
honate, potasgium carbonate, barium paz-
bongie or stromtinmi cerbonate may be
emploved. Also certain other plkaline 100
earth ovides may be incorporated with
the lime o iuerease it physieal sirength,
e.g., MgQ vs in dolomite.

In the following -.deseription of u
specific embodiment.of the invention, by 9
wiuy of example ouly; the new process is
a}:plied to the curbonaceous solid residne
obizined by the low temperature distilla-

. tion or carhonization of hydrocarboneceous

solid fuels such as the high volaiile Litu- 110
mingus ool found in the DPitisburch
Seam,  This residue, for the purpose
of convenience, shall hereafter be referred
fo ag ““ ehor.”” Tt is to be understood,
however, that the process is genarallylld
applicable to any earbonaceous solid fuels
whicl react with steam 1o produce water

g8, Among such carbonaceous solids are
meluded all ranks of coal, coke from corl,
petroleum pitch eoke, lignite, oil shale 120
and tar sands. Highly reactive solid fuels
such as chor and lignite are preferred
becouse of the moderate temperature at
which The process s operated.

The apparatud shown in Figure 2 and 125
its operation will now be described, A
wmizlure of char and lime Is introdnced
into a reaction vessel 10t of any suitabla
type adapted o retain o bed of solids at
elevated temperatures and high pres-130
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sures.  The mixture of |jme atrl chap is
vbtained by charging lime and char in
the proper Proportions from thejp resped-
tive supply Loppers 12 and 14 o p mixing
9 chamber I8 i which the twe batchas of
solids are thorougdily mixed. I'rom the
mixer 16 the solids.qre translerred to the
vessel 10 througl a condnit 13 by a motor
driven svrew feader 20, The reletive
10 amounts of ehar and lime in the mixtura
are regulated so that the resulting hey
22 1n reaction vesse] 10 roptains at least

124 and preferably betwesn 120+ and 300 -
{f&rts by weight of lime for every 100 parts

15 by welght of earhon contained in the char.

In order to raise the temperature of ke

hed to a poiut hetween 1430)° and 1800°

where p is the pressure in wimosphere und
t is the temperatuve in "I
The pressure iy vessel 10 should Le af
least ay high us the minimum therma-
neutral pressure ealevlated from s aarion
(1) when a product is desired with nraxi-
mum  hydrogen content and should lie
within the ares boundad by curves (1)
und (2 of Figure 1. The pregsure is pre-
ferably within the range from 5 to 30
atmospheres from the production of a
bydrogen rich gas. On the other hand,
it a methane rich gos is desired, the pres-
sure in vesvel 10 should excesd that aiven
by equation (2) und preferably ghuuld Lie
within the range from 10 to 40 atmo-
spheres selected so thet the pressure lies
within the area above curve (2) as shown
in Figure 1. :
Steam passing up through bed 22 e-
acls with char o produec earbon mon-
oxide, hydrogen, methane and carbon gi.
oxide. The carbon dioxide enntained in
the product gas reacts with the Lime in the
60 bed 22 to produce calcium carbonate and
to liberate hent. TUnder the conditions
of temperuture and pressure determined
by the relotion above, the heat develaped
bﬁr the reaction of the carban divxide with
65 the lime is sufficient to maintain the fem-
perature of the bed within fthe desired
operating range and to provide the heat
necesvary for the endothermic reartion of
the steam with the char. When most
70 but not ali of the carbonaceous fuel has
been consumed hy reaetiog with gteam in
the bed 22, the flow of steem into vessel
10 through conduif 26 i
the pressure in the vessel is reduced to
76 atmospheric: and air iy introduced
through conduits 24, Sufficlent residual
carbon is deliberatelvy left ju the spent
varbonate to provide heat for the regenera-
tion step. The unconsumed carbon is then
80 consumed by combustion with air intre-

40

45

bb

1a discountinued;-

P,oair is introduced through switybly
vulved conduits 24. A smal} amount ut
curbonaceous solids is hurned by the air 20
to supply the heot rvequired to atfain the
temperatire of the hed previously
specified.

When the temperature of the had 22 )
has reached the desired lempernture in 26
the range from 1430° to 18007 .. the flow
of air ti.mugh conduits 24 i; diseontinued
nnd stean: 15 introduced into vessel i)
through suitably valved vonduits 26.

At the same time a valve 28 in the 30

“@useous product live 30 is regulated so

that the pressure within vessel 10 will be
at least ay high as the minimum pressnra
cileulated from the following relation

(1} p=3.40 - 180 = (- TGE M s 10 (o 13147

dured into vessel 1L The regenerated lime
and ash ave then withdrawa from vessel
18 through conduit 32 by means of w
mwotor driven sorew fesder 34, The lime,
affer its sepoaration from the ask by any
stitfable menner, such as elutristion, is
returnied to hopper 12 for recirculation
through the reaction zone. If desired,
lustead of an intermittent operntion as
deseribed, the serews DU gand 94 may he
operated continvously, Iu this case, hed
solids econtaining carbonute, ash and some
uneonsumed carbon are treated in a
separate vessel ithrough whick apir is
blown. Combustion of the uwnconswmed 95
carbon supplies the heat necessary to von-
vert the carbonate to ime. The regener-
ated lime then is separated from the gsh
as before and returned to the lime supply
hopper 12.

The pas produced, substuntially free
of ‘carbon dioxide, is comveyed through
conduil 30 to any suitable point for
Turther trestment or for immediate use
or storage, It should alse he pointed105
out that this product gas is relatively free
from sulfur contamination heeanse of the
reaction of e with sulfur containing
components of the gas producing solid
sulfides which Temain in vessel 10 The 110
resuliing sulfides ore moved ulong with
the ush throngh draw-uff ennduit g2.

The following iable lists the percentages
of each of the components of _the dry eas }
produet gs produced under different sets115
of temperature and pressure. TUnder
heading {a) is shown the composition of
the gas produved in the presence of lime
under conditious of temperature und Pres-
sure favoring the production of hydrogen 120
rieh gas, It shoullrl be noted that when
lime is used in areordance with the in-
vention, the liydrogen confent is greafly
rereased. Heading (B) shows the cour
position of the gos produced in the pre- 125

50
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sence of lime under the crilical conditions
of the present invention. Tle invrense in

mecthane content achicved by the methed
of {he invention will be observed.

TaBLE T
{zross Heat-
Pragsure Per cent ing Yalue
Temperaturs Apm. Slsan Gas Campositions BThU /en. 6,
. F. Absolute Conversion H, CH, €O CQ, et 60° T,
Without lime
 1se0 5 5o 85.5 3.5 19.8 21.2 279
1620 14 518 30.9 6.3 21.7 21.1 298
1610 87 7)) 41.5 10,9 34.9 12.9 858
i61G 37 77 80.4 11.5 35.9 18.2 360
TWith Iime [A} .
(At pregsures selected tu produce hydrogen rich gas)
15820 10 ild) 4.1 11,06 7.4 7.5 377
1820 106 70 T0.5 18.1 10.3 - 5.9 297
With lime (B} -
(At highser prassures gelested to produce methane rich, high BThTU gas}
1610 87 50 70.6 22.0 4.3 .3.1 166
1810 37 91 495

It wiil be nofed thuat when water gos
is produced using lime in accordance with
the jnvention, there is a considerable 1m-
provement in the hydrogen content of the
zus as compared with the production of
water gas without lime when the operat-
ing pressure i only slightly higher than
the minimum pressure us deterzmned from
the empirical relation above. It should
be further noted that where the operating
pressure is substantially greater than ihe
minimum in the presence of lime, the
methane content of the product gos is
greatly inereased over that of the pas
produeed without lima.

The per cent steam convarsion is given
in sach of the ubove examples in Table

40 I iy order to permit a valid comperison

44

ba

to be mada. The amount of this conver-
ginn ie defermined by the residence time
as is well known. However, in the cose
where no lime is used the maxinmum ob-
tainable conversion at 1610° I*, and A7
atmospheres is 77 per cont while under
the same conditions, where lime is em-
ploysd, the maximum aobtainable conver-
sion iz Increased to 91 per vent. This
marked increase in per cent steam con-
versiom is also observed at other condi-
tiong of temperature and pressure within
the eritienal range of the present inven-
ten,

It will thus be epparent thot by proper
selection of operating conditions within

56.0 26.0 16.3 8.7

the above defined limits, i1 iz possible to
produce by 2 thermoneutral process o gas
cuntaining hydrogen, methane and carbon
monoxide in a wide range of different
relative proportions.  Under certain
geleoted conditions, a geseons mixture
may be prodoced in which the H./CO
ratio i approximately 2/1. This mixture
may be wsed s the synthesis gas for a
Fisclier-Tropsch  conversion fo  liquid
hydroearboas, -

In the operation of the apparatus shown
in Figure 2 the regeneration of the lime
was Indicated as being carried oul in a
pou-fuidized system. However, it is de-
sirable whenever possible to regencrate
the lime in a fluidized operation in order
to obtain good heat conirol. TWhile it is
pusaibla to effect the steamn carhon re-

action in a fluidized lLed ut relatively low.

pressures, if is not always possible to du
s when operating af the hiph pressures
preferred in the new process. The diffi-
vulty arises from (he fact that. at the
linear wvelocities teguired to maintaia
flurdized, ddeep beds are needed io
obtain the necessary contact #ime at
elevated pressures.

_ A gystem may accordingly be employed
in which the steam carbon reaction is
carried out in o non-fluidized bed while
the regensration of the lime is effected
in g fluidized bed. The non-fluidized bhed

9
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disperse the incomiug steam uniformly
over the base of ihe fad. The nartiele
size range of the solids must be sucl, as
to permit fluidized operation 1n il
regeneration  cyele and non-fuidized
opergtion in the steam-carbon reaction
e¥ele; ie., in the high pressure stomm
eyele the Jow linear gas velocities (e.g.,
001 to (.05 fest per second) should pro-
duce o guiescent non-fnidized bed of par-
licles; however, in the lime regeneration
eycle at atmospherie pressure the higler
linear gasz valoeities (e.g., of the order
ol 1.0 fee¢ per second; should produce o
Uniformly fuidized bed of particles, It
the particles ave too large the regensra-
tian eyele will nof be smanthly fluidized ;
i the purticles ure too small the maufi-
tenance of g fived bed during the steam
cyele may  be difficult, becouse of the
tendeney of very fine particles to berome
Huidized even ot the low lincar velocities
involved. In general, particles with o
size range of —2 to +200 mesh shogld

& satisiuctory,

The fluidized lime reseneration process
is carried out at substantially atmaspherie
pressure. The regeneration vessel hos a
much  higher eapacity than the steam-
earbon reaction vessel and therefare one
regeneration vessel may be employed in
tonjunetion with anywhere from four to
ten stewmn-carbon reaction vessels,

Buch 2 system is shown iu Figure 4,
the operation of which will now be doe-
scribed.  Ta the drawing like numbers
designate corresponding parts, A lime.
chor mixture of the previeusly specifiad
proportions is first prepared in the follow-
ing manner, Char of - 20 tp 4240 mesh
particle size from a fuel kopper 30 is
charged {o a storase vessel 27 Similarly,
regenerated lime or fresh lime of corre.
sponding particle size distribntion is
transferred from » make-up lime hopper
54 fo a storage vessel 38, However, o
facilitate the subsequent sepuration of
the lime particles fram parlially rom-
sumed char, it may be desirable to feed
char whose particle size range differs from
that of lime, where nevertheless, the puz-
tole size ranme of the bed is witiin the
range of —20 to 200 mesh. TFor ex-
ample, relatively voarse lime of -.20 to
+ 6% mesh is mixed with —65 mesk chax;
alternatively, —20 {y -+ 65 mesh char is
fed along with fine lime partieles, sueh
as —100 mesh, From these two vessels
92 ynd 56 the ehar and the lime are con-
ducted under the control of valves 58 and
40, respectively, o charging oplinders
62 and 64 which are gized according to
ithe desired ratio of solids. Then the two
batches of solids in the proper welght
relation to cach other are combined in @

conduif 65 when they are pitked up by
o siream of flue gas or low pressure stentm
from conduit 66 and curried through von-
duit 67 tv 2 cyelone separator 68, The
latter separates tie solids izom the earries
gas and drops the solids iuto v solids feed
manifold conduit 0. The carrier aus is
exbawsted through eonduit 1. The wolids
feed wanifold 70 is connbected (o 1y Series

of superimposed gteamecurbon reaction 7

zones 74 by valvad interconnecting enn-
duits 76. The series of reaction zones T4
may he vonflned in 4 single vessel, g
shown, being separated from nne aupther

imperforate plate members 78. 1o
of the reaction zones is adapted ta eoy-
tain u bed of salids T4 supported upoy a
rerforaisd plate wember 80, siuan o« teud
T the severa] zones helow (he berformied
plate members 81 through valved rOh-
duits 52 which commnunicate with a higher
pressure steam mgaifald cunduit 81,
Solids are discharged from the reaetion
zoues 74 into a discharge mapitold 56
thirouph Inferconnecting valved conduits
88 which extend down into the bedy 74,

Iz any given cycle some of the reciion
zones T+ will not be in vperation in order
o permit dischurge of their contents as
will be deseribed helow. Those which are
in operation to make gas are charged with
su amount of lime-char mixiure threugh
condnits 76 to establish beds 79 of trom
one to ten feet in depth. Sieam is thon
introduced below the perfurated
members 80 through counduits 32 aud i<
caused t0° pass up through the beds 79
ul a velocity insufficient to effert Huidizn.
tlon of the solide, The pressure within
the reaction zones is mainéained by means
of valves 90 disposed in conduits 42 lead-
ing 1o a_product gas manifold conduit 04,
Steam is passed through the beds of
solids in the vessel for from one to joue
hours or until the lime is substuntinlly
converted lo carbonate, Tlhe compuyition
and: heating value of the high pressure
proaduet pas issuing throued conduir 94
from: the reaction vessel 74 ‘correspond

B

85

s

95

platalOu

16

110

substuntially to those listed in Table 1115

und given in vonnection with the deseri)i-
tion of the operation of (he apparntus ol
Figure 2 for the corzesponding fempera-
tures and pressurves.

When_the lime in reaction zone T4 has
been:; substuntially vcompletely converted
ta-egrhonate, valve 80 in the produet eas
line %2 is eloged and walve 100 ix uniened
to permit the reaction zone to comnmni-
cate with a luw pressure low B.T1L U.
fuel gas product line 86 which in turn
communicntes with u low pressure Zas
manifold 93. The product gas remuloing
in the reaction zone 74 enters the com.
duit 86 through valve 10 The introdue-

1M
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tion of steam through conduit 87 is con-
tinued end ozdinary. water gas is pro-
" duced in reaction zome 74 unil the fem-
perature of the hed 79 falls below the
6 water gas reaction temperature hecause
of the endothermic character of the con-
ventional water gas resction, The was
issuing from manifold 98 can he used
direetly us & low B.Th.TU. fuel gas or can
10 be subjected o further processing as will
be described later. In order to discharge
the contents of the vessel 74, which aiter
the gas produving cycle comprises largely
carbonale mized with u small smount of
azh and unreacted carbonsceous fuel, the
Dressure is reduced and the velocity of
the steam 1s inereased to effect fuidisn-
tion of the snlids supported on distributos
plate 8. The valved discharge conduit
83 is then opened and flue was or steam
orv other ineri gas circulating through
conduit 102 druws the solids out of tho
reavtion zone 79 through manifold con-
duit 86, then through conduit 102 and
into u eyelone 104. Thesolids drop through
eyelone leg 108 into a storage vessel 107
while the carrier gas escapes through o
conduit 108. When it is desired fo re-
place some of the lime with fresh lime
15 will be necessary to dischargs carbonate
from the system and this may be accom-
plished by a discharge or drawolf conduit
110, The mixfure of carbonate and un-
reacte d carbonacevus fuel drops through
& valved conduit 112 into a conduit 114
and is carried by means of ajr into o
regensrator 116-1n which a fluidized state
is maintained by ]lalroper control of the
linear velocity of the air with respect to
40 the purticle =mize of the solids. Oxidation
ol the earbomaceous fuel with oir in
regenerator 116 provides the heai neces-
sary to regenerate the lime. The fue
pagses leave generator 116 through a con-
duili 117 znd enter a cyclone separator 118
frym which they are discharged through
eﬂlﬂgnt line 120}, Separated fAnas return
to regenmerator 116 through a coyelone
leg 191. Regenerated lime is conducted
through a valved conduit 122 to the time
storage vessel 56 for recyoling in the
ahove process,

In the regensration of the lime it is
ndvisable to regulate the air ourvend
through the remsnerator to prevent undue
oxidation of the sulfides formed in the
water gus reaction zomes 7%, When all
the carbonaceous solids have heen burned,
these sulfides maoy react with gxCess
oxygen to form snlfales unless sufficient
opportunity is provided for their conver-
sion into ltme and sulfur dioxide.

Thus it will be seen that it is possible
by the use of a single #uidized regeuera~
65 tion vessel io provide the requisite quan-

a0

35

60

ity of fresh lime to a plurality of fixed

ed water gas reaction zomes. Moresver
the production of gas is made continuous
by having u series of reaction vessels,
some of which are discharging their
reacted contents while the remainder gre
utilized in the mammfacture of the de-
sired product pas.

As indieated above, the use of g
filnidized steam-carbon reaction zome is
feasible provided the pressure is main-
tained ot a relatively low level, i.e., in
the neighbourhood of the permissible
lower Iimits for thig reactiom, namely,
five to about thirty atmospheres. and also
it the beds are of substantial depths to
afford adequate contact times. In Figure
4 of the drawings there iz shown a com-
pletely fluidized system which, subject
to the above limitaticns, is adepted to
carry out the new process, Thisz system
and s gperation will now he deseribed.

Referring to Figure' 4 of the drawimgs,
pulverized ehar from » hopper 150 is fed
vontinuously through a valved vondwt
153 intoc a resation vessel 154, Comn-
currently’ finely divided lime is con-
tinmonsly charged info reaction vessel 154
throngh a conduit 156 from o comduit
158, The relative proportions of lime and
cher wre as previously stated. The bed
of solids 1600 coufined in reactor 134 is
maintained in o fluidized state by steam
fed through conduit 156 from a conduit
162, To effect satisfactory Huidization,
the particle sime of the solids is prefer-
ably less thay 20 mesh and the “supex-
fieial linear velocity of the steam is of the
order of 0.1 to 1 foot per second depend-
ing on the size distribution of the snlids.108
In order to establish a temperature in
the reactor 154 within the range of 1430°
to 1800° I, air, instead of steam, is
first introduced jnto rcector 134 through
a conduit, not shown, to oxidize the char 110
to develop the necesssry reguired tem-
peraturc. Once this temperatitre iy estab-
lished, steem replaces the uir in order in
carry out the steam-carbon resclion gnd
under the conditions maintained in the 115
reactor 154, mno further heat nced be
added. The conversion of water ip the
steamn reguired by the reaction is accome
plished by heat exchangers hersinafter
to be deseribed which ulilize only the heat
developed during the rections. J'he pres-
sure in rveactor 134 Is mauintained in
accordance with the previously expressed
eguation relating minimum pressure with
temperature but is preferably betweenl25
ten and thiviy atmospheres. Valve 164
in the product gas line 166 serves lo con-
irol the prossure in reactor 154. Product
gas is conveyed from reactor 154 through
a conduil 165 to a cyelone 187 whare it 130
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is separatad from entrmined solids which
are returned to the reaction zone through
a cyclone feg 1G8.
The rezctions faking place in the re-
b actor 15¢ during the gus manufacture are
tlie same as those previously described in
conmeciion with the operation of ibe
system iliustrated in Figure 2. In this
iustance, however, instead of regenerat-
10 ing the lime in vessel 131, a mixture of
calcium carbonate and char is withdzewn
from a settling section 169 through =
vajlved eonduit 170 into 2 valved air line
172. The air carries this mixture of solids
through the line 172 into tha lime
pegencrator 174 whecein the lims is
regenerated hy the heat developed by the
oxidation of the char with air. The How
of air through the bed of solids 176 von-
20 fined in the lime regenerater 174 iy regu-
lated so us to maintsin a Huidized bed in
the same manner as in the reactor 13+
The regenerated lime and ash produced
in regenerator 174 are conducted through
o valved discharge conduit 176 to a
sepazator 180 whersin the two solids are
separated from cach other and from any
enirained gases. Ash particles are re-
moved from fhe system &mugh o valved
30 discharge conduwit 181. The separated
lime is then returned through conduif
158 gnd condmit 196 to the reactnr 151
Tlue goses from the lime generator 174
are conducted through a conduit 182 to
o cyclone 184, The freei.pitated golids are
yetirned to the bed 176 through a cyclone
leg 186 while ihe solid free gases are con-
dncted by u conduit 188 fo u conduib
190, Since the gases isswing from the
40 lime regenerator arc at an elevated tem-
perature, the heut contained therein i
whilized to raise the temperature of the
incoming air to the generaior by passing
in heat axchange relation through an ex-
45 vhonger 192. The resulting flus gases are
then conduncted through cenduwit 191 to
any suitable place of disposition.
Product gases from reacfor 154 contains
earhon monoxide, hydrogen, methune and
50 some carhon dioxide, und as in the case
deseribed in connection with Figure 2,
the product is suitzble for use as a fuel
gas having a composition curresponding
fg those lsted in Tahle I when produced
under similar reaction condifions.
As previously discussed, the reaction
conditions in Tesctor 154 may be regu-

16

96

luted to produce either a hydrogen rich
@as  prodmet or melhane rich, high
80 B.Th.U. gas product.

Consider Arst ile siluafion where &
hydrogen rich product is desired. Rieactor
154 is operated at a pressure only slightly
above the pressure given by the cmpirical

65 relation for minimum " thermoneutral

“earbon

“heat coniaine

~veloeities of the incoming mases.

pressure. The gas produet irom reactor
154 contains carggn meonoxide, hydrogeu,
meiliane and some cearbon dioxide in 2
ratio  adepied to  produce additional
hydrogen by the conventional water gas
shift reaction, When a standard water
gus shift eatelyst, such as iron chromia,
18 employed at about 500° ¥, in the pre-
sence of excess steum, substuntially all
tha ¢arbon monoxide in the gas i3 con-
verted into ¢arbon diexide and hydrogen.
However, it is preferred {o run the carbon
monoxide conversion reactivn in o third

70

75

_vesse] enntaining lime in a fuidized con-

dition. Iu this vessel, the earbon mon- uy
oxide iz converted into lyydrogen and
eurbon  dioxide. The curbon dinxide
formed reacty with the lime, svo thut the
gy product contains more hydrogen than
the pus fed into the vessel, a2 small
aount of hydrocurbunaveous gases, pre-
dominantly methane and substantizdly no
monoxide or ecurbon diexide.
Avvordingly, the gas produced in veasel
164 is pussed through a woter zas shift
reactor 194 which serves_to vonvert some
of the gas to edditional hydrogen und to
remove some of the carbou diovide, The
heat generated in reacior 194 may be
utilized to generate steam required fo
carry out the reaction in vessel 154, Ii
desired, o yueatity of char may he added
to the water gaa shift reactor 194 a3 a
catalyst, or a quantity of an aetive water
gos shift ecatalyst such as irom-chromiu 100
may be added to the reactor to promotu
tlie shift reaction.
. .Jn the pressnt instupce, us shown in
Tignre 4, the product was fropu reactor
154 is conducted through cunduit 166 inio 1056
the hydrogen E‘eneratﬂr 194, Some of the

in the produet gus from
vesse] 154 is utilized in heat exchanger
195 to raise the temperature of e water
or stenm baing fed to the reuctor 154110
through condwit 162, The hydregen syn-
thesis in menerator 194 ean be carried out
at gbout 1431° F. and .at a pressure regu.
lated by valve 198 in the eﬁFuent guy con-
duit 200, substantially the same as the 118
pressure maintained in the steam-carbon
veactor 194, Lime from separajor 180
enters reactor 104 through ecomduits 1as,
201 und 166, respectively, Calcium car-
bonate formed in reactor 184 is dischargel 120
from ihe teaction zome throngh cunduilt
908 und returned te the lime regenern-
tign vessal 174 for reconversivm to lime.
The bhed 202 is mainfuined in a fnidized
state by proper sizing of the lime par- 135
ticles and hy proper selection of 1i1:.191::1‘

e
resulting hydrogen enriched mus iz con-
ducked throngh a conduil 264 to a iyelone
separator 206 from which selid fines ave 130
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refurned to the bed through eyclone leg
308, The substantjally solid-free gas
product is conducted through conduit 200
to a second eyclome 210 for removal of
5 any exlremely fine solid particles that
may have passed throueh cyclome 208,
These solids are removed through valved
discharge conduit 212. The gaseous pro-
duet iz earried to storaie through 2
10 valv&}cli mndg‘it 216. The heat gntainid
in the produet gas issuing from ths
bhydrogen ge;uem{;ugf is utiliged in waste
heat boiler 220 to raise the temperature
of waler or steam cireulating ‘through

conduit 183. Tha steam or water from 15
the waste heat hoiler 220 is conducted in
heat eschange relatiouship with the bed
202 in reaction veszel 194 and from there
to heat exchanger 186,

As an example of the further improve- 20
ment in hydrogen yield effested by the
Dregent invention, consider the case in
which reactor 154 operates at L750° F.
and 4% atmospherey pressure at a steam
conversion rate of 55 per cent. Tle gas 25
leaving reacter 154 has the following
composition ¢ .

Dry Basiy Wet Bagia
Volume per ceut  Volums per cent

am Hydrogen - - - - 617 ) 36.2
. Methane - - - « 123 : -T2
Clarbon Monoxide - - 149 8.7

Carbon Dicxide - - 11.1 i X)

Water - - - . - — 41.4

a5 100.0 100.0

When this wet product gas is passed

through reactor 194 at 1481° F. without

¢ the addition of steam, the final %roduct

where water gas equilibrinm is estahlished

40 in reactor 194, had the following com-
position on a Jdry basis:

Volume per cent

H, - - - - 847

CH, ~- - - - 184

46 co” - - - - 12
- an, - - - - 0f

It may be desirable under certain cir-
cumstances to add more steam tu_the gas
feed reaslor 194 thereby Increasing the

6B concentration of hydrogen in the ﬁp.aj pro-
duck gas by shifting the equilibrium to
favor greater conversion. )

A comparison of {he hydrogen composi-
tion of the final produet gas produced by

6B this new invention and that produced by
conventiomal water gag reactions under
similar conditions (ses Table T) shows the
veat improvement which can be reslized
when the method of the present inventiop

60 is adopied and when a hydrogen rich gas
is desired. )

ITowever, as nreviously discussed, the
invention alsa san be utilized under other
conditions to produce methane rich mas

85 which eap be upgraded by passing it over
any standard methanization catalyst, such
as nicke! on elwminivm oxide.

The ineresse in methane content
attained by the pracltice of thiz process

70 s deseribed is sulficlent for many indus-

'100.0 o 100.0

frial applications,  However, it has been
discovered that a greater increass may
be effeeted if it should be found desirable

0r necessary, by establishing carefully
contrelled  predetermined temperaturs 75
differences in the reaction zone or zomnas

in which the gaus iz made, the specifi
femperaiures  maintained being  still
within the range previously specified as
critical to the guccessful operation of the 80
process. In this modification of the pro-
oess, most of the steam-carbon-lime re-
action iz carried oul.in s zone where the
tcmperature Jies between approximately
1670° and 1770° F.. The product gases 85
from this resction are.then caused to cir
culote through another zone, separate ar
conbiguous, in which: the carbonaceoms
solids are mainteined at & temperalure
between 1430° and 1600° F. While this 90
modified process may be practiced in
either a fluidized or non-fuidized system,

an appuratus is shown in Figure 5 for
carryins out the process whieh involves

a i&mdlzed system by way of example 95
only. i

The operation of :ihe modified system

a3 shown in Tigure 6 will now be de-
scribed. Only the steum-carbon reaclion
vessel is illusirated since the method of 100
regenerating the lime is 1he same as an

of those praviously described. Accord.
ingly, the present description will be re-
siricted {0 the operation of o reaction
vessel 250. The latter is so desipned as 105
to provide a plurality of fluidized beds
arranged one above the other with the
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flow of solids from ane bed to the uiher
eing countercurrent to the fow of
Huidizing gas, namely, steam in this in-
stance, la addition, the temperatures
b of the three beds are maijntained so that
he temperatnres decrease progreszively
frum the bobtom, to the top. The pressure
maintained throughout the system is uf
least as great as ﬁla.t given shove by ths
empirical relation (2) as the minfmum
Pressure necessary io produce s methene
Tich gas and is preferably from 30 to 30
atmospheres.

A mixture of cher end lime in the
16 previvusly specitied proporticns is intre-
duced into the reaction vessel 250 through
a condnif 258 into whieh char is fed from
& char hopper 284 ard lime is fed from
a hopper, not shown, through conduits
266 and 252, respectively. This may be
accomplished either by suitable serew
feeding devices or hy introducing casrier
gases such as steam.

The incoming mixture of char and lime
forms o bed 260 which is supported on a
poreus plate 262, Steam is infroduced
“into the reactor 250 througl 2 conduib

264, circulates up through the wessel and
throngh poreus plate 262 into bed 260.
The superficial linear va]’,oc.itg' of the
steam i3 regulated to effect fluidization
of the solid mixiure which s somposed
of finely divided solids less than 20 mesh
gize, The mixture of char and lime .is
85 fed continuously to bed 280 with the
result that the latter builds up uwniil it
overflows through a conduit 268 down
onto 5 second porous plate 268. Here in
turn g second lfped 270 is established and
40 is likewise maintained in a fluidized cons
dition hy ths incoming steam. This bed
over flows through a conduit 2V2 to the
éower part of {he vessel to form g bed
H?‘iﬁ

10

20

26

30

45 ag previously deseribed, it is essential’

for the operation of this now process that
the temperature within the beds lis with-
in the range 1430° to 1800° F. hut it has
been found that a greater vield of
90 methane is produeed if most of the re-
action beiween stcam and the carbon-
aceous solids takes place at a temperature
between 1670* aud 1770° F. with the
gaseous product of this reastion theve-
b5 after passing through a zome containing
carbonaceous solids maintained at s tem-

perature between 1480° end 1600° F., -

1e., where the temperature gradienl be-
tween, the two zomes is af lemst 100° T.
80 Accordingly, in fthe reacior vessel 250,
the flow of char and lime mixtare
through the bed 274 is regulated to
mazintain a temperature therein between
1670° and 1770° ¥,  The lot product
66 pases and unrcaeted steam pass up

through porous plate 268 through bed
270 where further reaction with steam
tokes place. However, this bed iz majn-
tained at a lower temperature than bed
274 hecause of the reduction in fempera-
ture effected by the relatively cool sulids
which overflow from bed 260. Additional
cooling may he required, i.e., the gases
leaving bed 274 may be eoaled b passing
over o Sleam penerating cuil before 75
entering: bed 270, The gassous prodncts
aye carried up through porous plate 262
and hed 260 which 13 maintained at a
temperature belween 1430° and 1800° F.

Tassage of the gasesus products con-
faining carbon monexide und hydrogen
through bed 260 results in conversion of
these gases to methene. The pressure
maintained within the vessel is as pre-
viously deseribed. A wvaive 276 in the 85
product gay exit conduit 27§ serves to
maintuin the gressuz‘e at the desired
level. The product gases are conducted
from, vessel 250 through a conduit 280 to
a oyclone 281 whare solid . fines are 90
separeted and returned fo bed 280 through
a oyclone leg 286. The solid free pro-
duet 52 leaves the cyelone through cone
duit 278

Again as iy the apparaius of Firuves
2, 9, and 4, the prolzzess of Figmiu 5, 85
carried out under these conditions, is
essentially thermoneutral and may be
even exothermic, Once the reaction has
becn sinxted at the temperature and pres- 100
sure stated, the requigite Leat is supplied
by the resction beiwesn lime aund the
product carbon dioxide, The prosess is
mainteined continuous by removal of
solids contsining calcium carbonate and 105
carbonaceous solids from the botiom of
the vessel through a conduit 234, The
caleium corbonate is regeneruted to lime
in any of the ways previously described.
The product gases obtained from this 110
reactor before being further subjected tu
methane synthesis have a comwposition
depending upon the particular tempera-
fure gradient and the pressure established
in the system, hut are consisiently higher 115
in methane content than thase obtained
where the reaction zome is held at ome
dtemperafure.  As an example, it was
found that whare a temperature of 1700°
F. was maintained in the lvwermost bed. 120
a presture of 30 atmospheres in the re-
action veszel and 3 temperature between
1480°  and 1500° F. iz the uppermost
bed, a gaz was obtazined having a gross
heating vulue of 625 B.Th.U. per cubic 126
foot at f0° T. and conteining .69 COy,
92.1% H, and 44.19, CH,.

It is to be wnderstood that wherever
the word “ehar’’ is used in the foregoing
description and iz the accompauying 130

80
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11

claims, it is intended fo signify the
carbon-containing residue vbiaincd from
the low tcmperatute distillation of =
hydrocarbonaceous solid fuel.
5 What T claim is:—
1. The process of making gas including
passing sécam info a mixture of carbon-

~

aceous solid fuel and celcium oxide or
lime in a reaction zone and collecking the
gaseous products, in which process the 10
steumy i5 introduced into tha reaction
zonp st o temperalure within the range
of 14307 to 1800° F. and wnder 2 pressure
whick is at least .. '

13 3,40 - 1.89 » 1072(3 — 1480) + £.48 » 10-*(z — 1430)*

atmospheres where ¢ iz the temperature
in °F., the amount of caleium oxide or
lime present in the reastion sone being
suficient to comvert substantially all the
carbon dioxide prodused to carhouate.

2. The process according (o cleim 1,
wherein the mixture contains at least 120
parts by weight of lime for each 100
purts by eight of earbon contained in
thi carbonacenus solids.

2b
3. The process according te elaim 1 or

tuel reaction is introduced into u second
renction zome vontaining lime under

the steam is replaced by a gas containing
oxygen ges such as air to reconvert the 36
carhonate to line.

b. The process of making gas including
mizing lime znd » carbonfcenus solid
fuel, bringing steem into contact with
the mixturs, and recovezing the gaseous 40
products, wherein the relative proportions
of lime and carhon ars 120 to 300 parts
by weight of lime for each 100 parts by
weight of carbon contained in said car-

2, wherein the miziure contains a waxi- bonaceous fuel, and ‘wherein the sicom is 45
mum of 300 parts by weight of lime for introduced in reastive relationship with
. each 100 parts by weight of carbon con- seid carbonaceous fuel in a pon-fluidizged
30 fained in said carbonaceous fuel. reaction zome, at a temperainre within
4. The process ncoording to any of the the runge 1430° to 18007 F. and under
preceding eloims, wherein after comver- = pressure which s at leasi 50
alon of carben dioside to carbonate,
8.40 —1.89 x 1075(3 — 1480) +4.48 x 107%{t — 1430)*
atmospheres where t is the temperature proper conditions to effect o waler gus 75
in °F., whereafter the introduction of shifé reaction. )
stenan s discontinued when the steam- 9. The process sccording to sny of the
55 carbon reachion 1is substantslly com- preceding claims, wherein the flow of
_ pleted and air is introduced af atmo- steam and solids through the reaction
spheric pressure through the solid residue zone is regulated to produce a tempera- 80
{o regenerate the iime. ture difference of at least 100° F. bedween
The provess aceording to claim &, the inlet and cutlet ends of said zome,
60 wherain the steam-carbon reaction with with the higher temperature being at the
the regensrated lime aud fresh carbon- inlet end.
aceous fuel is repeated. 10. The process nceording to claim 9, 85
7. The process according to claim 5 or wherein the steam is passed through a
G, wherein s plurality of independent plurality of successive reaclion zomes in
86 non-fluidized reaction zomes is provided reactive and countercurrent relationship
and the air is introdnced into the solid tv seid varbonaceous golids, said tempera-
residucs from the plurality of reaction ture difference of at:least 100° I, heing 90
zones in a single fuidized regeneration maintained bebween the first and last
zone to cffect regencretion of the lime. reaction =mome, with: the lLigher tempera-
70 8. The process according to any of the ture being in the first zome. )
preceding claims, wherein the gas pro- 11, The proocess according to any of
duced from the steam-lime-carbonaceons the preceding claims, wherein the pres- 86

sure must not exceed

5.0 1 4.2 % 102(5 = 1430) + 2.7 x 10746 - 14807

g},hngospheres- where t iz the température

m .
100 12. The provess according to eny of

slaims I o 10, Wﬁérein the pressure of
the reaction zone is at least

5.0+ 4.2 x 1072(6— 1430) + 2.7 x 10~(5 — 1430)*

atmospheres where £ is the temperatnres
106in “T.

13. The process sccording to elaim 11
or 12, wherein the temperature of the




REY - 678,170

Tenction =zone is maintained between For:
18207 and 1650° F. ERIC WILLOTGHBY ROLLINSOX,
" 14. The process of making gas from  Stevens, Langner, Parry & Rollinson,
carbogaceous solid fuels substantially us Chartered Patent -Agents,

& described with relerence to the actom- 519, Quality Court, Clhanvery Lane,
panying drawings. : Loudon, W.0.2, and at

- 120, East tlst Strest, New York 17,
- New York, .8.A.
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