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COMPLETE SPECIFICATION

lmprovements in o1 telating to Process for the Reduction of Redncible
Metal Oxides and the production of Carbon Monoxide and Hydrogen

We, TEXACO DEVELOPMENT CORPORATION,
a Corpuration organiscd-under the laws of
the. State of Delaware, United States of
America, of 135, East 42nd Sireei, New

5York, 17, New York, United States of

America, do hereby declare the invention, for

which we pray that a patent may be granted

to us, and the method by which it is to be

performed, to be particularly described in
10 and by the following statement.—

This mvention relates (o a process for Lhe
reduction of a metal oxide with a carbon-
aceous fuel and the simvltancons production
of carhon momnoxide and hydrogen. In one of

15 its more specific aspeets, this invention re-
lates to 2 process for the simullaneous re-
Juction of an iron oxide to metallic iron and
the pariial oxidation of a solid carbonaceous
fuel. to carbon imonoxide and hydrogen.

20 Solid hydro-carbons such as coke, and vari-
ous coals including lignite, antliracite, and
bituminaus coals are svitable as fuels for the
prooess of this invention.

In the process of the present invention, a

25 reducible metal oxide in powdered form is
dispersed in an oxygen-containing gas and
interacted with oxyegen and a carbonuceous
fuel at a temperature above 2,000° I The
particles of solid reactants are dispersed in

30 gascous reaciants and reaction products in
The reaction zone. Reduction of the metal
axide releases oxygen for oxidation of car-
bon from the fucl. Free oxygen is added in
un amount sufficient to supply the necessary

85 heat for the reaction with the simultaneous
production of carbon monaxide. The re-
duction product of the metal oxide, e.g., the
metal, is removed from the generdtor. gener-
alty in molten form. Gascous products of

40 reaction comprising cathon monoxide and
hiydrogen are alsu [ormed and may be re-
covered for fnel or as feed gas for chemical
Processes.

"Fhe prascat invention is particularly suited

45 to the production of pig iron ore and coal
and the simultaneous gasification of coal by

[Price 2% ' @

feaction with stsam and oxygen to produce
carbon monoxide and hydrogen, A flow-
type gas generator of the type employsd for

- the gasification of coal with steam and oxy- 50

gen is used in the present process. Such a
scnerator is disclosed in the co-pending ap-
plication Mo, 23917-89/ 49 filed Scpiember
16. 1949. (Specification MNo. 683,318.)

The flow-type generator is characterized 53
by the tcuction of a gaseous dispersion of
solid fuel in powder form with oxygen and
stearn in an unpacked and unobstructed re-
action zone. It is important that the re-
action zone be compact, presenting a rcla- 60
tively small amount of surface in comparison
with its volume and that it be designed fo
minimize heat losses by radiation. H is pre-
ferable to arrange the inlet and outlet of the
reaction zone relative to one another such 68
that the reactants and reactionf products flow
substantially uniformly through ihe reaction
zone, for example, as by introducing the re-
actants at or neur one end and with drawing
reaction products at or pear the other. 70

The reaction zone preferably is generally
eylindrical in shape with an internal surface
area not areater than about one and one-half
times the surface of a -sphere of equal
volumte. Openings and “ black body ™ sur- 75
faces ave kept at 3 minimum to prevent loss
of radiant heat from the reaction space. Free
mansfer of heat by radiation is achieved in
this type reaciion vessel so that the entire
reaction zone operates cssentially at a single 80
uniform temperature. The quantity of solid
fuel supplied (o the generator is just sufficient
to react with the steam and oxygen present
{herein so that the fuel i almost completely
consumed, In this way, the flow=type gener- 85
ator distinguishes materially from gasificrs
employing a stationary, imoving, or dense
phase fuidized bed of solid fuel.

For most successful operation of a genera-
tor of this type for the production of carbon 93
moncxide, the temperainre throughout the
generator must be maintained within the
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range of from about 3000° F. wo aboul
3.000° F.. or higher. DPractical considera-
tions, especially apparatus limnitations,
psually limit  the maximum  operating
5 temperaturs to_about 2.600° F. At these
temperatures, the slag from the fuel and
metal oxide, if presest, js molten and floid.
Preferably from about 0.2 1o about 2 pounds
of iron oxide per pound of fucl is ¢harged
18 to the reaction Zone.

Tn Specification No. 683,318 a novel pro-
cess for heating and pulverizing carbonace-
ous solids is disclesed. In accordance with
the method disclosed in said application.

15 particles of a solid carbanaccous material.
particutarty coal, are adniixed with a Hiquid
to form a suspension and the suspension is
passed as g continuous stream in turbulent
fow throngh a heating zone comprising an

90 externally heated conduit. The slurry s
heated in the heating zone io an elevated
temperaturc sufficient to vaporize the Kquid,
thercby suspending the solid particles in
vapor and preheating the solid. The heating

95 znd turbulent flow at relatively high velocity
through the heating zone Tesults in appreci-
able disintegration of the solid parlicles.
Particles having average-diameters less than
40 microns, and even less than one micron,

30 may be economically produced by this
method, This novel step of heating and pul-
verizing solid carhonaceous maicrial is pre-
ferably employed in connection with the pre-
sent process. Either the fucl or the melal

55 oxide, or both, may be supplied o the
generator by this means.

Tn zecordance with ome embediment of
the present invention, 2 reducible metal
oxids. e.g., iron oxide, 18 admixed with coal

40 and water to form a shory. The slurry is
passed through 2 tebular healing zone as &
continuous Stream. Lhe slurry is heated in
the heating zone to u temperature at Jeast
sufficient to vaporize the water Vaporiza-

45 tion of the water fo steam resulls in 2 greal
increase in volume whick in trrn greatly in-
creases the velocity in flow of the stream.
The solid particles are suspended in the
stream of sieam and are subjected to the dis-

50 integrating action of both the vaporization
and the Lighly turbulent fiow of the conlined
stream of steam. The mixture of powdercd
solids is passed into admixturs with oxygen
in @ fow-typs generaior maintained at a

55 temperature above about 2,000° ¥. Al of
the steam may be passed to the generator or
part of the sieam may be separaicd from the
dispersion.

Oxygen from the metal oxide enters info

&0 reaction with'a portion of the carbon from
the fuel to produce carbon oxides. Addi-
tional oxygen is supplied in uncombined
form in &t oxygen-containing gas streari.
preferably with 2 high eoncentration of free

&5 oXyeen, to provide the amount necessary o

maintain the reaction temperature. The {oial
oxygen supplied to the reactor, as both frec
and zvailable combined oxygen. relative O
the carbon in the fnel may be expressed as
the OfC ratio where ) Tepresents pound
atoms of oxygen, and C, the pound atoms
of carbon, Generally, Lhe fotal oxygen
pecessary to supply the heat requirements of
the process will be considerably in excess of __
the amount theoretically required to convert 75
all of the carbon 1o carbon monoxide. The
total OfC ratios may vary from about 103
to ahout 2.0. depending upon the relative
amounts of fuel and metal oxide supplied 1o
the generator. 80

Suitable metal oxides include the oxides
of iron, copper. vanadium and barium. The
reduction product may be reconverted t the
desired metal oxide or wilized as a produet
of the process, DBarium peroxide, for ex- 85
ample. is readily converred to barium oxide
and is easily reconverted to the peroxide.

The reduction product of the metal oxide,
ic.. either metal or a lower metal oxide, may
e removed from the generator cither as salid o0
particles entrained in the producl gases, OT
withdrawn separately in molten form. With
un iron oxide, or fron ore, as the metal oxide,
it is preferable to operaie the generator at
a temperature on ibe order of 2,500° F. or 65
higher and Lo draw ofl both iron and slag
in molten form, as in hlast furnace opera-
tions.

The gencraicr pressure May vary from at-
mospheric pressure ta an clevated pressure 100
an the order of 500 pounds per sguare inch
gauge, or higher. Limitations imposed by
ciructural materials and the high tempera-
turcs required, will determine the allowable
operatiug pressure. :

The quanlity of liguid admixed with the
solid fo form a fluid slurry may vary con-
siderably. A minimum of about 35 per cent.
liquid by velume is required, hascd upon the
gpparent volume of the granular solid. The 110
sturry may be readily pumped with suitable
equipment, for example, with a piston pump
of the type commonly used for handling
drilling mud in ofl well drilling aperations.

The solid feed material need be reduced 115
only to u particle size such that it may be
readily handicd as & suspension or a slurry.

It is preferable to use particlcs smaller than
ahaut 0.25 inch in average diamcter; parti-
cles of 100 mesh size und smaller are more 120
readily handled as a slurry. In general, sal-
isfaciory slurry preparation may be obtained
with a composite mixtuge of pariicles smaller
than 4 inch in size, the bulk of which com-
prises particles within the range of [rom 125
ahout 1 inch to 200 mssh.

The suspension is heated by passing it
through an elongated externally heated zone
of rostricted cross-sectional urea. The heat-
ing may nost effectively be carricd out in 4 130

105
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pipe still type furnace such as those com-
manly used for heating liquid streams in the
refining of petrolcum. The suspension is fed
into the heaied tube at a rate suflicient to

5 prevent setfling out of the solid pariicles.
The linear velocity of slurry at the inlet Lo
the heaiing tube should generally be within
the range of from about 3 to 10 feet per
second, suitably about 1 foot per second. The

10 velocity of gaseous dispersion of powdered
coal and vapor. ¢.g.. at the ontlet of the tube,
is within the range of [rom about 25 to about
7 000 feet per second, suitably about 300 feet
per second. Higher velocities muy be used.

15 Pressure. in itsclf, is not critical in the
heating step. The temperalure and pressure
relationships cffecting vaporization are well
known. The pressure may be co-ordinated

.with asscciated processes. Generally, it is

21 desirable to maintuin the pressure at a low
value, parlicularly in that portion of the tub-
jng in which the carrier liquid exists as a
vapor to provide large vapor volume and

_inigh velocity. The solid parficles of the dis-

23 persion ure preferably heated to above about
600" F.

The coarser particles of solid may be sep-
arated fromu the vaporous dispersion and re-
wurped to the slury preparation step for

30 further pulverization. Separation of (he
coarser patticles may be accomplished, for

~ example, by a classitier, forming no part of

‘ this invention. Opiionally, powdercd solid

may be recycled to the slurry feed makeup

step as an aid in the preparation of & fluid
suspension. The tecycled particles. being
finer than the feed particles, serve as a filler

o “ weighting™ material {0 more readily

suspend the larger fixed particles.

40 A potassium salt, preferably, potassium
carhonatc, may be added to the shurry to in-
creage the tate of burning of solid carbon-
accous fuel and fluxing of the ash and slag
in the generafor.

45 A portion of the oxygen, preferably
4 minor amount, may be added to the slurry
charged to the heating zune, Some reaction
may take place between the oxygen or metal
oxide and the solid carbonaceous fuel in the

50 heating zome, This reuction increases the
temperature in the heating zone and aids in
the disintegration of the solid materials.

A flux may be used to reduce the fusion
temperatire of the slag or to render it more

55 fluid. Lime is gcncraﬁy suitable ax the {ux.
where one is indicated, although with some
coals it may be desirable to add fluorite,
silica or alumina to increase the guantity or
fluidiry of the slug. The addition of lime io

80 the generator not only inereases fluidity of
the slag and decreases the fluxing tempera-
ture but also clfects removal of at least 2
poriion of the hydrogen sofide from the pro-
duct gus stream from fecd matertals contain-

65 ing suifur. The amount of lime required as

[l
(4]}

finx may be determined from the composi-
tion of the jren orc and coal ash as is known
in the btast furnace art. In general, the most
satisfactory fusion is obtained when the sum
of the lime and magnesia in the feed is ap- 70
proximately cqual in weight to the sum of
{Le silica and alumina, The lime and mag-
nesia may be added in the form of the carb-
onates, but should be converted to equivalent
quantities of the oxides in determining the 73
quantity of flux required.

Oxygen-enriched air or commercially pure

_opxygen may be used in the process. Coim-

merciajly pure oxygen is preferted, especi-
ally for the generation of gases Irce from 80
nitrogen, e.g. hydrocarbon synthesis foed
eas, In the generation of gas for ammonia
synthesis, it may be desirable to use vxygen-
enriched air.

The invention will be more readily under- 85
stoud from the accompanying drawing and
the following detailed descriptdon of pre-
ferred modes of operation of the process. For
convenience in the descripiion of the process,
as illpstrated in the drawing, iron axide is 0
referred fo as ithe reducible metal oxide, It
is 1o be understood hat while iron oxide is
tuken as a preferred example for the purpose
of illustration, other metal oxides may he
admixed with or substituted for iron oxide. 85

The figure is a diagrammatic elevational
view showing a suitable arrangement of ap-
paratus for carrying out a specific cmbodi-
ment of the present inveniion.

With reference the drawing, crushed coal 100
is introduced through line 5 into a mixer 6.
Sufficient water to form a fRuid dispersion 18
admitted to the mixer through line 7. Jron
oxide is supplicd to the mixer through line.

8. Additive materials, e.y.. a fux, oxida- 105
tion catalyst, a defloceulating agent, watting
agent, may be added to the mixer through
Line 9. The resulling suspension -of solid
particles in wafer, or slurry, is passed
thtough line 10 to a pump 13 from which 110
it is passed through a tubular heater 14.
Tfeat muay Le supplied to the tubular heater

14 from any suilable source as, for example,

by a furnace 15,

The slwery is heated to a temperafure at 115
least sufficicnt to vaporize the water and the
resulting dispersion of solid particles in
steamn passed at bigh velocity through fhe
tubular heating coil 14, The solid is sub-
jected to the disintcgrating action of vapori- 120
zation and the highly turbulent fow resulting
fram high velocities. Venfuris, nozzles, or
orifices may be provided in the heater 14 o
increase turbuience and provide more umi-
form suspension of sofids therein,

The dispersion is discharged through line
16 fute a eyclone separator 17. Line 16 muy
bc any desired length to take advantage of
additional pulverizing action dne to turbu-
lent fuid fow of the suspensicn of solid 130

125



particles In the slream. A poriion of the

steam is scparated from the mixsuee of steam

and powdered solid in the cyclonc separator;

the remeining steam and solids are passed
5 into a fow-type generator, the amount of

ateamn being reguiated as required for th:

operuiion of the generatur. Steam discharged

from the separator 17 through Hne 18 may

be fed to an enging oS a SOUICE of power ot
10 may be passed 1n heat exchange with coolet
streams in thc process Powdered solid
particles pass through lne 19 into 2 flow-
type gas generator 20. Oxygen is supplied
through line 21.

Powdered sofid may be taken through line
22 for recycle to the mixer & as an aid in
making up slurry.

A maseous product comprising mainly car-
bon monoxide and hydrogen is discharged
20 from the generator through line 23, Molien

slag is dravwn off the generatar through line

14, while the molten iton 1 drawn off line

15

Tt will be understood that the cyclone

95 separator 17 may be replaced by other types
of separalion equipment.

The following sxamples itlustrate the ap-

plication of the process to the reduciion of

iron ore to pig iron while at the same time

712,928

producing carbon monoxide and hydrogen 30
in good yields,

Jron ore fram the Mesabi Range conlain-
ing 90 weight per cenl iron oxide and about
7.5 per cent sﬁica by weight is used in the
process, The coal employed s a bituminous 35

coal having  the  following proximate
analysis: —
Moisture 4,3 weight per cent

9.7 weight per cent
Fixed Carbon ... 46.7 weight per cenl
Ash ... .. 9.3 weight per cent

Limestone contuining ¥6.8 weight per cent

caleium carbonate and 1.6 per cent magas-

slum carhonate is used as Hux

These solid materials are mixed with suf- 43
dcient water ta form a fuid suspension and
pumped through 2 heating coil where it is
heated o 1,000° F. forming a disperston of
powdered slids in steam. Some of the steam

is separated from the powdarcd solids which 50

are then charged 10 a fow type yenerator in-

to admixture with oxygen of 95,3 volume

per cent purity. The oxygen is preheaicd 10

750° T
The generalor is operated at about 2.500° o3

F, and 220 pounds per SquUule inch guuge in

41l of the examples. Operating conditions

and products foliow:—

Lad

volatile Matter...
40

g

Exampie No. i 2 3 4 5

80 Coal tons/hr. ... 22 22 22 22 22 B0
Tron ore tons/hr. _ 41.5 214 14.4 168 4.4
Limestone tonsfhr. ... .. 19 5.8 3.1 4.8 4.1
Oxygen feed gas std.onfi/hr. 511,500 468,100 453,200 444,800 429,700
Coal/lron ore (Wi ratio) ... 053 1.03 1.53 203 303

G5 QfC ratio .. 18 1.4 1.3 12 1.1 G5
Iron Toms/ht. ... 27.8 14.5 9.7 74 32
Slag Tons/hr. ... 8.6 a2 54 5.0 4.3

The pig iron produced in the process con-
tains ahout 95 weight per cent iron, and
70 about 95 weight per cenl iron, and about 3
per cent carbon.
Gas produced in the process is cooled.
washed with water and then contacted with

-an agueons solution of ethanolamine comn-

taining .abour 25 weight per cent of amioe. 75
The purified gas has 2 net heating valuc of
about 300 B.Th.(J's per cubic foot. The
composition  varies somewhat, depending
upon cperations, as shown below:—

80 Example No. 2 3 4 5 80
Gas produced
{sid.cuft./Ton coal) 31630 50100 55420 587700 64680
Gas Ana]ysis-—Vol. B
Hydrogen ... 139 221 24.4 259 287
85 Water . .- .- 3 3 3 3 3 85
Carbon Monoxide ... 718 4.5 726 714 63.9
Carbon Dioxide .. 1.3 3 2 1 .
WNitrogen e 4.7 2.8 25 a3 20
Obvionsly, many modifications and varia- ible metal oxide and the simuifaneous
uo gons of the invention as herambefore et  generation of carbon monoxide and hydro-
{orih may be made without departing from  gen which comprises interaciing a reducible

the spirit und scope thereof and. therefore.
only such limitations should be imposed. a%
are indicated in the appended claims.
What we claim is:-—
1. A process for the reduction of a reduc-

95

solid uxide in powdered form with a disper- 109
sion of u solid carbonaceous fucl guseous
oxyeen and steam in a reaction zome at 2
temperature above the fusion temperature of
he reduction product and recovering the re-
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duction product of the metal oxide and a

gaseous  product comprising  carbon

monoxide and hydrogen from the reaction

_ zone.

5 2. A process according to Claim 1,
wherein said metal oxide comprises iron
oxide, and said carbonaceous fuel comprises
a powdered solid material in an oxygen-
containing gas, said recovered reduction pro-

10 duct comprising metallic iron.

3. A proccss accerding (o Claim 2,
wherein said reaction zone is maintained at

a temperaturc within the range of from

about 2,500°F. to about 3,000°F., limestone

15 js supplied o the reaction zone as a flux, and
(he metallic iron is discharged from the
generator in molten form.

4. A process according to Claim 2 or 3,
wherein said oxygen-containing gas is sub-

20 gtantially pure oxygen.

5. A process according to any one of the
preceding claims, whetein said Iuel is coal.
6. A process according 1o any one of the
preceding claims, wherein said metal oxide

25 in particle form is admixed with solid car-
honaceous fuel in particulate form wilh suffi-
cient water to form a shury, and said slurry
is pussed as a cunfined siream in turbulent
flow through a tubular heating 7one wherain

80 said slurry is heated so that the waier is
vaporized. thereby forming a dispersion of

. said solid particles in siream and said par-
{icles are subjected to heating and the dis-
intergrating action of the highly [urbulent

45 flow of the confined stream of stream resul-
ting from vaporization of the water, the Te-
soiting mixture of finely divided metal oxide
und solid carbonaceous fuel in an oxygen-
conlaining gas being dispersed in gaid re-

40 action zone.

7. A process according to Claim 6,
wherein said dispersion of solid particles in
stesm is heated to u temperaturc above
about 6D0°F.

. A process acgording to Claim 6 or 7,
wherein part of the steam resulting from
vaporization of the water is separated from
said dispersion pricr to dispersing the mix-
ture of finely divided metal oxide and solid
50 carbonaceous fuel in said oxygen-containing

45
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gas in the reaction zone.

Y. A process for the simultageous reduc-
tion of jron oxide to pig iron and the pro-
duction of carbon mouoxide and hydrogen
which comprises admixing particles of iton
oxide, lmestong, and o solid carbonaceons
fuel with sufficient water to form a shury;
passing said shurry as a confined stream in
furbulent flow through a tubular heating

a5

zone wherein sajd slurry is heated s as t0 60

vaporize the water, therehy forming a disper-
sion of said solid particles in steam and sub-
jeciing said particles o heating and the dis-
iniegrating action of the highly turbulent
flow of the confined stream of stcam resul-
ting from vaporization of the water; separa-
ling a part of the steam from the Testiting
dispersion; dispersing the resulting mixtore
of finely divided iron oxide, limestone, and

solid carbonaceous fuel and stcum in an 70

oxycen-containing gas in a’ reaction zone,
effecting intcraction of said solids - and
oxygen in the reaction zone at a temperature
of at least 2.500°F., discharging gaseous
products comprising carbon menoxide and
fiydrogen from the reaction zone, and with-
drawing molten iron from the reaction Zoue,

10. A provess according to Claim 9,
wherein from aboul 0.2 fo ahout 2 pounds
of iron oxide per pound of fuel is charged
the reaction zone.

{1. The process for simnltaneous reduc-
tion of a reducible solid metal oxide and
the production of carbon monoxide and
hydrogen substantially as hereinbefore des-
cribed with reference to and as iilustrated in
the accompanying drawings,

For:

TexaAco DEVELOPMENT CORPORATION,
STEVENS, LANGNER, PARRY
& ROLLINSON,
Chartercd Patent Agents.

579, Quality Court,
Chancery lLane,

London, W.C.2,
and al
120, Bast 41st Strect,

New York, 17,

Mew York, US.A,

Printzd for Her Majesty’s
Published at The Pafent Office,

Stationery Office by Wickes &
25, Southampton Buildings,
may be obtained.

Andrews, Lid, B.C4. 3972441954,
Tenden, W.C.2, from which conies

70

85



712929 COMPLETE SPECIFICATION

| SHEET  This drawing is a reproduction of
the Original on a reduced scale.
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wceons fuel and the simultaneous production
* of carbon monoxide and hydrogen. In one of
15 its more specitic aspects, this invention re-
lales to a process for the simultaneous ¥e-
duction of an iron oxide to metallic iron and
the partial oxidation of a solid carbonaceous
fuel, to carbon monoxide and hydrogen.
20 Solid hydro-carbons such as colre, and vari-
ous coals including lignite, anthracite, and
bitpminous coals are suitable as fuels for the
process of this inveation.
Tn the process of the preseni invention, 4

95 reducible metal oxide in powdered form is

dispersed in an oxygen-containing gas and
-interacted with pxygen and a carbopaceous
fuel at 2 femperature above 2,000° F. The
particies of solid reaclants are dispersed: in
30 gaseous reactants and tedction products in
_-the reaction zoue. Reduction of the metal
oxide releascs oxyzen for oxidation of car-
hon {rom the fucl. Free oxyged is added in
an amount sufficient to supply the necessary
35 heat for the reaction with the simultanecus
production of carbon monoxide. The re-
duction product of the mefal oxide, &.&. the
metal, is removed from the gencraior, £ener-
ally in molten form. Gaseous products of
40 reaction comprising carbon monoxide and
hydrogen arg also formed and may be rTe-
covered for fuel or as feed gas for chernical
Processes.
The present invention is particularly suited
45 %o the production of pig Iron ore and coal
and the simultaneous gasification of coal by

[FPrice 2&{! 2 &

“artion ZONE-

It is important That e T
aclion zope be compact, presenting A -rela- 60
tively small amount of surface in comparison
with its volume and that it be designed fo
minimize heat losses-by radiation. Tt is pre-
ferable 1o arrange the inlet and outlet of the
reaction zone relative to one another spch 85
that the reactants und reaction products flow
substantially nniformly through the reaction
zone, for cxample, 28 by introducing the 16-

-actants at or neas one end and with drawing

reaction products at or near the other. 70
The rcaction zone preferably is generally
cylindrical in shaﬂge with an internal surface
area not greater than aboyt one. and gae-half
times the surface of a -sphere of equal

yolume. Openings and “black body ” sur-75

faces are kept 2t a minimaum fo prevent foss
of radiznt heat from the reaction space. Free
iransfer of heat by Tadiation is achisved in
this type reaction vessel so that the entire

aniform femperature, ‘The guantity of so

fucl supplied to the-generator is just gufficient

to reacl with the steam and oxygen present
therein so that the fuel is almost completely
consumed. In this way, the fow-type gener- 83
ator distinguishcs materially from gasifiers
employing a stationary. moving, or dense
phase finidized bed of sokid fuel.

Tor most suceesstul operation of a genera-
tor of this type for the production of carbou 90
monoxide, the temperature throughont the
generator must be maintained within the

reaction zone operates essentjally at 2 sin%lz 80

Frica 45 ¢a
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