CLPO - Putens - 539647 Trape

Bapf oy ndesis Canada

e Strategis Tndex:

Carmdian Pafents Dutabage
_ OTANZINIZ - 1e:45:23
(121 Patent: (11 CA 53%0ad7

34) PROCESS AND APPARATUS FOR EXOTHERMIC REACTIONS
{541 PROCEDE B APPARZEIL A POACTIONS CROTHERMIQULS

12y Teeriors (Counlry: FERCIVAL C, KEITH (™ot Available)
(P30 Swenors (Counmyh: HYNROCAREON RESEARCH

(F1; Azpieanis (Coantey:

{Td} Amini-

43] Testes o Apr. [6, 1957

(22 Fled o

LAY DAt snen an:

(32) rJhpeidian Clags (0P A8I2T 4804

(A1 tnnaimietons Oimas iy NiA

shamonerst o ey LT N
30 Apricanon srorty gofa Mane
Avg b or heenre NfA
Linkoowo

*# More: Dala on ubstracts und claims is shown in the afficial languaee in witch il was submmitted,

hens or Dn loasi Trmages -

Corver Puue Trmuawe
=

Alstract Imaos
r .

Claimmg Tnge
HER—

Dizclosures Imise

- 1
Drawings Imape

hin:fparents e ae. cafdetails?patent_nomber=3356047&ansuaze—X 192



B

i

Fi

i

%1

ﬁf.

k2 5

X

i

¥

F%i

0

i :
15
20
25
30

- mixtures of mathane =nd cxygen, of & product containing ap-

]

. i

53964?@

The ﬁrESBnt invention relates to relatively high
temperature cxothermle resctions and is more paroicularly
eoazerned with the continuows menufactore of gasecus products
by the interaction of exotkermically reacting waterials in- |
ciuding one oF more pases which sdvantageouily requirs the
efficlent utllization of svailahle heat ir order Lo aggurs
maintenance of & desirasble hipgh temperature during ths reae-
tion.

While the inventlon, for purposes oi convenlsnce
will be described more particularly in eonnection with the
preferred preparation of synthesls gas from hydrocarbons, and
other conventional reactants, nevertieless it will ke under-
stood that Lhe prineiplaﬁ'thareof arep eqgually spplicable to
equivalent exothermic processes inyelying gaseous reactants,
whereln relatively high temperature of reaction must be
meintained.

While tﬁa interaction of methane or other hydre-
rarhon anc &n nxygenécmntaining pas ip more or less strongly
exothermic I have found that this resction, whether ctrriad
oulk in hhe prassncé of cetalyst or an inert granular
material, 1s desirably opsrated at relatlvely high tempera-
tures 1in ktne qaighhﬂrhood for instance of 2000*-25°F. or
in some cuses even as high as 3000°F. ar highar; ' .

Theoratieally, efficient and sconomic gperation of

the process requires thg_quanfativa vield, from appropriats

prowimotely 2 mol parts of hydrogeh te 1 mol part of carbon
swoneoxide. .Gptimum_high:temperatures of operation should be

engured il this desired objectivefis tos Le appresched.  More-

gver, in accordsnce with cowventiondl pragtice Lhe Tezctante
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i| the cther heat lossss normally lavelved in such & high temperd

; may and nprmally do lnclude eppropriate additicns of water
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vapor or cerbon dioxide, or both, in the fresh fesd gasés.
Theze products, however, react sndothermically with the
methane. This together with the constant discharge of reap

tion produsts from the reachion zone at high tewperaturs, and

ature system, freguently make it difficult to maintain the
cpbimun temperature din vhe reaction or genaration zone. In
any ¢aszd, heat lesssz are & messure of the therwal ineifi-
glenciy of the operatlon.

It is, of course, posslble to orehest the pases buk
expandlture of addltional heat cnergy is sconomically objec-
tippable. Moreover, the senalble Beédt in the reactien pre-
dusks is only diFficulsh exchangesabls with the incoming rezc-
tants due Lo its extremely high beétperaturs and the necessity
zor cumberscme &nd expensiva equipmsat in haadling the rela-
tlyely large volumes of zas Lnvolved, and parbieulariy in
vlew of the advissboility, for reasona, of safety, of preventlie
admixturs of the rearctants in combugbible propertions prilor
to the wviclnity of the reaction zone. Convenbional regensya-
tive gystems invoive one or more of tShese objectlons.

It iz, theredore, an Important objeset of the present
invention to provide for the excthermic reagtion of materials;
at least zomé of whlch are 1a gasifbfm stote, uwndar auch con-
ditions &y to elfect 3 gaoad uiiiimiﬁiﬁn or the exothermic
erergy in preheating of one or ﬁrefefably & plurality of the
gaseous reactantz. Ancther chject dﬁhtamplates a protess as
above, operzble to exchange heat nﬂf phly from the reaction
gone itself but from the hested produmcts of reaction whereby

the preducts are discharged st a2 temperature below reaction E
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i tbergdbove permite the trepafer of sensible heat from the hot

| resstlon pruducté to the circulatiﬁgfﬁharmophore.
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fhemperature and tiws better gdapted to subssquent handling and

utilization. Yet another abjact contemplates the provisisn of

means capable of achievlng the foragolng objectives, in rela-
i '
itivel? compéct and simple form ang which may form a part of

the reaction or regeneratlon chamber, whereby to eliminats, in

large measure, the negessity for adéltionel and bullky heet ex-

change equipment, Cthar abfects will be apparent from con-

sideration of the follewiry spscification whereln the lnven-
tion is deseribed and 1llustratsd in greater detall.
: The invention more particularly involves the exo-

therwio reaction of a plurelity of reactants, 2% least one of

which is in the gasecus form, ln the preogence of & heat car-
;rier or thermophore cyclically cirveulsted in countercurrent

| relation through the reactants ia 2 path including a feed
preheating aone, a reaction zone apd a reaction preodoct ogole
ilng sone. Iﬁ ita preferrad aspect, the invention involvas
use of 8 plurality of reactant gases which are prehested either
soparately or in separate uon-combustible adnixtures in the
prehosting zone, being deliversd seperavely into the reaction
or gsa' gehsration sene in provsrtion appropriate for effi-

eient completion of the reactilon. -Advantagecusly a zone

| It 1z apparent frow the fordgoime that the invembion
contenplates reaction of = plurelity of meterlals with a net
exothanmic likeration of aeat energy.  Whila this demands the |
presenee of suitable exothermicaily reacting feed materizls,

1t dess not exelude the use of minek propsrtions of reartents
whigh do not conérdbute to the net exothermic heat eif'ect, E

and in facht may detract thereirom. In other words the iaven-
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pFation verdes in & prodetermined manner from the ration eof 2:1

i lis 2 more or lezs diagrammatic slevation showing an alterna-
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tion cnnﬁamplates; eng in fact permits, the use of substential
reartion, snd in the exothernic oxidation of synthesis gas, |
;far exanple, permite uss of earbon diexide and eteam as india
cated above. Tthis hes the accompaaying advanteges of pernite
tiﬁg ;aod ubllization of sxcesy process gases aad permits
good contral and adjustm;nt ¢f the relative proportious of
dhydrogen and carvon monoxide in the synthesls gas. In shors,
these reactants osn be added 1n comtirollsd, relative gusntile

ﬁiés, ad is known, to produng & produet whersin the Haot DO

icharacteristic of such a gas produced from methane and oxygen.
{When ac operating both the senaible heat of the reaction
gaszes #nd the heat of reaciion are lérgely abscrbed and trang-
|[ported by the circulatiﬁg thermophors or heat garrler to gup-

ply heat energy to the incoming feed geses and in turn meine-

tain optizum tamperatufa in the reaction or gas zeneration
Bong.

In order to deseribs the invention more in detsil
reference 1s mﬂde'tq She sgcompahylng. drawing wheredin Fip. 1
illusﬁratea nove or leks diagrammayically & pas generator,
Hargpaly in saction, embodying ﬁba:ﬁrinciples of the present
invention; Fig: 2 15, a Porizcntai $sctbion taken through the

H N 2wl
228 generator of Plz 1 on the lipe &% thereol; and Fig. 3

tive type of arrangemsnt.

Referring particularly to Fig. 1, the aumeral 10
leepresents a gas genérafor af vertically extendirg, cylindriw
iual Torm having frusto conical upper 2nd lower and walls, 11

Lnd 1z, r25pecu1valy. The chamber 10 is provided continucusly
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1 hermophore employed.
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rwith a dowmwardly moving charge of thermophore maintzined

at a predetermined upper level by meana of an inlet standpips

L3, supplied abt any predetermingd raze by & switavle feedar
! L which may be & star feeder ov sny other convectlonal type
I device adapted to feed solid particlss at a ecomtroiled
ata. The feeder Lk derives its supply of thermupﬁmru from
!bhe comrunteating hopper 15 supplied Ly & scraw feeder 16.
hddielanal valve contrelled hoppet means 17 permits latrodug-
tion af thermophera te tha system. The bobbom exiremity of

the ghomber 10 1s similarly provided with an outlet standpipe

18 controlled by & second mechanical feedsr 19 discharglng
inte the hopper 20 which in turn supplilss gerew feeder 21,

The acrew feader 21 cenyveys the dlscharged thermophore
Haterally to an elevator 22 or 1104, of any stltakle construc-
tion, for return to the upper screw hoppar 16 whereby the
thermophora can bs maintained in s state of continual eyclie
clreulation through the zenerator. '@bviously izs rate of
icirculation gné the lewel in the chamber 10 ls readily ad-
Juatable in aceprdance with the coordlnated mste of cperatian

E the zeveral feasders and ucnveyﬂrs;”and the chantity of

Intgrnally the generator is sepzrated at its lower
ortion iaboe z piurality of axially sxtending possages by a
air of intersecting walls 23 a@nd 24 shown more cleardy in
igs. 1 and 2. Tae passazeways thus provided are opsn at
I;heir sop and bottom extremitiss so that the thermsphors
prszes dewnwardly freely thersthrough in separate atieams.
Thus, the wells 23 and 24 terminate suvstantially abode the
lower extremity of the gensrator su that the several stieams

iof thermopiwre from tiae phsségss soerie Logsther in 2 common
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B dzons for removal through outlee pipe L8.

i Meansz 1s provided for introducing ssperate gasss oo

s

mixtures of gassa In each of the upwardly extundicg passage-

seaite

wiayH. Such means, in the smbodiment discloszed, comprises fourn

e A

2

5 {{separste zas inlet pipes 25,26, 27 end 28, each supplying the
"gas or fhe fluld from a sourcs not dlsclesesd to & dlatrizuting
hesd, respeotively desiznated by the reference numsrals 29,
30, 31 and 32. ‘the heades advantageously dre dispossd somewhat

above the lower extremity of the several passages wherseby the

e e R el

10 Jgases pass individually upwarcly within chelr rsapaective pas-—

L
s
S

i aeges free from admixturs and are discharged from the upper
extremities into the zone thereabove, Ia thlas zone they com-

mingle at reactlon temperaturg aad the products are ultlnasely

Iwibhdrawn from the upper extremity of tke zenerator through

15 feuslet pips 33. In thils way, partlculsriy whera ths seversl

gases are ilntroducsd at substanctislly the seme pressurs, the

flows pass upwardly in separate chembers 9o that there 1g ro

Ty Ll

I
Kl vy

N T
S e e

mixing of tha zazes in the lower portion of the zenerator and

1!intermzi:.c:‘m,n;l- iz prevented in advance of the reactlon zone.
20 In operation 1t will be understood that an appros |

oriate stream of & suitable solid, refrectory thermophore is

H
43
1

i
R
kN

N
S
R,

Jcirculated gt any pradebermined rate downwardly through the

generater, the reactent gases, supplied through the several
inles pipes, psssing uwpwardly in epuntercurteat relstionship
25 Y thereto and reacting in the ragianzjuét asove the upper margin

of the plates 23 and 24. For purpases of illustretion i% wilﬂ

ﬂba agskmed that ths rezction is completed within the zone
approximately indieated by tie wracket T where the tharmophore

becomaa hested ta a hish temperaturs By the excthermls raoc-

jﬂ' 0 fitlon going on thereln. Obvicusly tihles heated thermophores
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subzequently meving dewnwerdly isto tha sewsral passagewsys,
defined by the partitions 23 and 24, prehsats ihe incoming
sireams ol gds to g teﬁpar&ture-slusely gpproximafing reac-

vion temperature or to any cther desired level. It 1s fur-

5{tkermore important to note that the lnventlon provides a

sone above thslraaction gone ¢, designsted by the btrgcket D

hevein ths relatively voel incomlng thermeophers abeorbs the

sengible heat of Lhe gasecus raactlon products and thus flowa

lnto the renciion gome O at & high temperature suitable for

[
o

the reagticn.

With the foregoing apparatus 1t will be uwnderstood
ithat the terperature of the reacticn zome may be predetermined
snd maintainsd within a wids ranege of available temparatures

by appropriata control of the rate of thermophore flow and by

1: [pppropriate propertioning af the thermophors prehesting zone

D and the vertical axtent of the ges Prehesting passages. It
lis further important tc note thabt the ges preheating passages

et be varied.widely in srmber and reletive slze in accord-

Ence with the number of *eﬂd gagzes employed and the relative

20 rate of feed of aach. Tiua, as will be apparent to cne
skilled in the art in the light of tﬂe foregeing, the rela-
bive area of egach of tie gas preheatdng peassagzes shoudd aporo-
iPﬁmﬂte the Felative rate of Zsed of the specifies zas intro-

duced throuch this passégewayt Thus is wlll be noted that the

25 |[Lower left nand paSaaaaﬁqy *llusuxated in #ig. 2 has 3 hori-
zontal sectmonal area subqtantlally gr cter than the other
;asavaways and is thus properly prmpwtiuned for haandling

g 1ncomins Straam oP methanz., The' upper pasgagevay oi
somawhat lesa EEBELOHE_ area ‘ay, for example, accomodate the

supply of oxygen. Tiie remh_nlng twe pAmsnEaways ATs pro-
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Eort1oneu o accommodste the relatlve lesser flows of steam |
th arbon dioxide. '

8s also the ares of the passageways may be
seleotad with a view to preheating the several zameous sbreams
5 fbo relatively different respective temperatures, where such
ig advisablg. Thus in order t¢ pravent undesired thermal de—
composition of methame or other ilight hydrocarbon whera ex-
ikraordinarily hizn temperaturcs prevail in tha reogblon, the
cross-sectional area and Jor lengwh of the respachive pre-
10 |heating pagsuzs may be appropriately seleosted by one skilled

i the ert ao that the temperaturs inersase 1s limlieq to

l ny preselested maximat.

30 alse any one of the sevéral gaseous feeds may

he introduced to. the generation zone without preheating, if
15 desired, or any suth phTeam may hg.pféheated in sapafate prEe

heating means or by indirect exghenge with any of the several

heated streams of materisl including the thermophore itaski
n addition; anl extranecis fluid mey be used to add or remove
- famat. For exanple, excess heat of reactiﬂﬁ‘mﬂy e withdrawn
ﬁﬂ Tom the syratem Dy clrpulatlng a e¢onlant through coila or
tubes disposed in the movingmes of thermophors. Buch &
ihaat exchange means is schematically shown &z & tube bundls

£L din uhamber 42 tFlg. 2l hs“a1nﬂpter dascr]bed- Thus, tube

bundle 55 mEv be usad £o FEmate heat ny generatlng stesm.

&5 The_term_zhermsphare &g used hereln1maans particles
granules, spheres, or any other suiﬁéﬁls shape or form of solld
matsriél, pfaférabl?'of good eat ab;orptive sroperhisgs. AL
the substantiul telperaturas ncfmall? prevalling in the syn-

thesiz ERs generaﬁibn reaction, for example, 1t is egsential

3D|that the thermophore be a auitanle refractory naferlal sueh
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iz, for example, silica, carborundum, slundum, zireconis, mag-

H

nesia, Zire clay or the like. Obvicusiy the specific material
i

E% will be selected in vlew ofF the temperature corditlons pre-

%% vailing in the reactien zone and it iz zévantagecus to provide;
?E Sllparticles, shapes, or forms having rousnded sur'fsces or obhers=
E%' wige so configurated as to permit easy handling snd promots

éa relatively regular flow of the particies by the conveyors end
ﬁ- downwaTily in the chamber 10. The tharmophore must alse be

IRIRT.
AT

fof a materlal which is wnresctive vnder servise gonditiens,
LCllexcluding, however, desired eutalytic effects.

i The aize of the particle; does not otherwiss ap-
pear fo bs critical in progesses opevated under optimin gomne-
lditians guch that carbon formation is inhibited. The parti-
cles shovld preferably be of such pize thet tha resistance

15lto the flow of gases up therzthrough is small. l
i .

Tt 1g particularly important to peint out Shat the

]

present process will tolerate 5 small rate of carbon depoai-

7

ﬁﬁ “tion wileh would be mighly objectionsbls in any othar Pro-
?ﬁ casz, due to the purging eifect in the oxygen preheating

E%; 20llpassagevay. In other words the comtinual cirewlation of

j?% i thermophors éésures.tha wltimate passage of 81} of the parti-
g? elas through the sone wherslsn the oxygen Ls lntroduced snd
gﬁ_ at which azcne any small deposits of carbon ars burned and

%gu pess upwardly into the reaction wons.: It ig moreover Fik e
fgf 25¢significant that this action invelves =10 detriment to the

speratisn asinee the carhon monoxide and dioxide shus forTmed
ure wtilizable in the process. OF ¢ourse appropriate adjust-

mért wmey be wade by the.operator in the rate of fresh csrbon

dioxide fsed in order to meimtain shat oredeterelned balance

30 of Tesd metsrisls which will nmot upset thz desired composi-

L L

SRR
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tisn of the effluent & ZaE.

While refarence has bean made to the lntroduction of

relatively pure streams of feed mas o the saveral preheating

passeges it will bs apparent that this is not sssential since

nep-reacting feads mey be lotermlxed whkere desived, and even

reactant gases may be mixed in propertioms oubaide the exe
plogive range. Thus, for sxemple, the oxygen, Choend water
vapor sey 1ff desired be intreduced in a mixed stresm to &

glngle prehaating passage, and gven methane with amall per-

1chentagas of pkygen, say 5%, may bo prehested ln admixture in
& single passageway. ' _

o also the imveatlon is not limited to the use of |
total Ly gaseous reactents sines sny suwitabls maegous faad ALY
be preheated For intermizture wlith a anltabls fluid resctant

lsflintroduced to the reactlon zons., (ne such arrengemsnt Ls

illustrated more or Lless aymabolicslly ﬁy the dottad lines in
Fig. 1 which represent an inlet pipé 34 adapted %o introduce,
for oxsmple, & lisgwid hydrocsrben fraction to a distributor
head 35. .The hydroesrbon. fragiiosn mey be prsheated amdin-

20l Jevted into the generator im the form of & vaper or lisuid ;

where 1t will bocome completely sdrmixed and gasified by reac-

tion with the up-flowing screamp ¢f gaseous resctants from

the lower prsheabing peszages.

While the invention in its praferved aspeet contem-

Eilplataﬁ the use of a plurality of preheating passageways,

nevertheless in ites broadest theugh less advantigeous sspect,

it is possibie to injeet & feed &5 &t 34 and 35 while sunply-

lng a aingle pfeh&ating'stfaam &f gasecus reactant from bha
lower or preheating secﬁian of the generator. It may be

Y

desirable to blankeb tne lowermogt portion of the zenerator
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By meanzs of a limited Flow of inert eor relativaly inert pas
which may be advantageously admitted from any suitable
sourge, aot shown, through the distributine mesns 35a repres
sented by the dotted lings 1n Pig. 1. This arriggement Hyer-
codes any tendency for the several feed streams to diffues
into the bottom of the shamber and to ereate an vmdesirved
mixture of reactants at this peink. Only a relatively smail
ilow of blanket gas is required to effact this resuls and may
advantageonaly involve one of the lsss reactive fasd EEaeg

suck as the O or steam. In fact, thls srrangensnt 1s of

gparticular adventage in a?ferding good control of the lavel

to winioh the methane for exsmple is preheated. Thus by ap-
portionlong an imcreasing cart of the total Hall or CO, flow to
the distribvutor 352, the methana will be dlluted and any
tendency toward cracking and cerbon depogition will be mini-
Ihmi;?.er.l.

Yot another embodiment is diseloszd in Fiz. 3

Iwharein the gonstrustien positively assurss the separation of
the several gamaes during prehaating. Ia accerdance with this
larrarzement sn . upper af ratction cranber 3& is aupplied with
the downeoming grream of thermophore fromw an inlet pipe 37
HSupplied with & cirpulasing steeam of thermophors in sub-

stantially identicually the same masncr as the esbodiment diga

lolosed 1n Fig, 1. 9he rsastion is completed within the zone

¢ as before and preheating of the thermophers takes place in
zoné D; 4n outlet standpipe 38 divides into separate op
branehed shandpiped 3% and LD.which gunoly ssparate praheat-
ing chambers 41 and 42 through respective star feeders 43 and
iqqt The dﬂwnﬁardly cirpuiating streamsg of thermophore in the

twe prehsating chembers 43 and 42 pass counteréurrently ta

i
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upwardly moving streams of lnlet faed gases introduced through
inlet pipes 45 and 46, respectively, and withdrawn at the top
guf the reapective preheating chambers through outlet pipes L7
and AS. :

4 pair of outlst steundpipez 49 and 5% eontroiled by
gtar feeders S1 and 52 in “urn direct the stresms of therao-
rhore into & common hoppsr 53 whevs it 1 plcked up oy soraw
feedar 21 &nd returned tv chamber 38 sz before indleated.

[ The prehected otrsams of isad gaé pags inso &8
saiteble mixdng nozsle 54 for injestlon inko the lowsr portion
of the reactlon chambar 36 where the reactlon ocoura.

I In tke cperaticn of thls embodiment it will be ap-
perent that the feed gases are preheated in sepsrate chambars
free from any poasibllity of intermixbure. Thus tke peveral
fesders 43, 44, 51l and 52, beling suﬁatanbially gas-tight,
lmainﬁ&in the preheated streams apart until they reach the
mixing acwsle 54 from which the mixture paszses dinto the re-

gction zone. While only tws preheating chambers are dis-

elosed in the embodimens of Flg. 3, nevertheless, 1t will be
understood that any desired or sultahle mumber of sueh ele-

ments may be employed and the streem of thermophore Frorw the

25

!

rezctlon sone may be split or proportioned as deslred in oz-

dar to preheat the passouvs streams in aceordance with the
principles outlined above. _

it may be parivicularly advantageous in practiledng
the invention tu.usa a thermcphore which is, or compriszes a
suitavle catelysh for -the reactiom in question. Thus, for
exanple, 1ln the exothermic oxidaticn of hydracarboﬁs, nickel

oxlde has become recugnized s 4 dasirable catelysi. Tha

degired eifect may be achlaved by precipitating nickel hydro-
il -

L

i
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xide upon a relstively inert suppert, such as alumina or any

sultable refractory material heretefara nentioned. In short,

14 nickel-type catalyst thus fupported may we enploved instead

ot = ccmﬁlanely inert thermophore apd may be ciused to gravia

tate through the several succesaive sones in the Eame manner i
and for the Baile purposss ss hereinbefore mentioned. j
A In seme instances whore = catalyst iz employed, the1
reaction tempereatures need net be as hizh as otherwise, al-
#though they are praférably meintained above 1500°F,, as for

examnpla in thE.raﬁga of 1650 to 1850°F. or highsr.

P Yhile refersnce has besn mads to DXYEBN A8 & Teag-

tent gas, it will be understood that thie term in its broad-

29t sanse contemplates mixtures ineléding for ingtance air.

On the other hand it 1a quite inpereant so undarstand thet in
the case of oxidation of hyﬂrﬂcarbons, Pure oxygen ia a Ja-
slrable feed from the standpoint uf‘eliminéting #ilution op
1uuntaminﬂtiun by nitrogen or other.impuritias.anﬁ ainplifying
subasruent operatioﬁs, Ee £., 3ynthesis of 1iguld hydrocar-
bons. In any event 1i ig edvartarectz to emplay an oxyren

Teed of'at least 35% purity, ang preferable at least 959

While the apparazus has boen diselozed mors or laas
diagrammaticall?.fcr convenisnce of deseription, it is uwoual-
Uy nighly desireble to pProvide snitcble inaunlation for the !
evreral chamhars.and intergonnectad conduits and conveying
Eaans to.preserve the eyerall heating efficlsney of the de-

vice. B30 also it will be desirable =zng advantegeous to 1ine

%ortions at l=ast of the systenm rarticuiarly the resction

emeration chamber with o refractoty or brick of higthemper-

ture resglstunca.

L L Tl
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The present invention provides a simpie and effec-

BRI

Hh

e |[bive method and apparatus which may be compsctiy constructed

o

;ﬁ a5 2 single bnit in crder to conserve amd utdlize the avail-
"ﬁ Iovle neat of an exothermle reaction in maintaiﬁing oG Lo
i 5|bemperature conditions fer the reaction. It is partleulariy

advantagecus in operatine at ths high tenperaturss and under
Iconditicns vhere & stbstantial propertien of endothermically
reacbing fead materials ars used in 2 net exothermically
operating procesd,

lD“ Obviousely many rodifleations and variations of the
Tinvention aw ast Forth above may be made without departing
|frem the spirlt and scope thereof and therefore only such
limitations should we impused 45 ere-indicated in the ap-

ﬂpenﬂsd cleims.




" paBsing sash guch fead in countercurrent contact with one of

" and introducing said_praheatadfgasiform Muida into the re-

Zataus whlch cumprise nantinunualy clruulat balo4 a wasg of

path raacting said gaaifa“m fluida aﬁ a reaction zone in
sald path wheraln tha reucticn oceurs in heat exchange rela-
'tlonuhlﬁ wlth said thermﬂphore, separatinv tas thsrmuphore
_flﬂwzng fram Said raaptlnn Ecne inta divided streams, pre-
.heating sa&d”g&siinrm flulds br paaanng aazh sunh f*uid in-
levldualiy infcauntercurrent couuact with one of said streams
ot thamnophcra, transfarring sena;ble heat  to said gasiform
.-:E'_'E.Lu_t':[a by d.irc:ﬂt heat exchanga from said tharmcphore, intre-

-duclng all Gf sa¢d gaaifarm Fflnids inte the resctlon sone in

539647

. Ths embodiments of the inyeniion in which an gx-
slusive property or prilvilege is claimed are delined as

follawa:

_ L. In the relatively high temparature reactlon of
reactante qampfising a plurality of pasidforsm fluids adapted
to react_ﬁith the net liberation of exothertile energy, the
steps which ﬁompriaas_ﬂnntinuﬂuﬂly girenlating a masa of
particulate, ébli@, heat absorptive thermophiere iz a closed
path, rescting said gaaiibrm fluids at a reacticn zona in
gaid path in heat exchange relationship wiﬁh 2aid thermophore
zeparating said Lharmophc“a ilowing from $he reactiocn sone

inte divided streems; prshaating aaiu gaai;orm fluids by

asald streams of thermophore, transfertirg sensible hest to

the said fluids by ﬂirecﬁ heat. exchangs with sald thermophors)

getisn zons fer reacticn bﬁprgina
. . .

2. In bha relatlvely higk temperature reaculun of
regotanty nomprising a plurallty of gasiform fluwids adapted
to react with the net llbaratian Gf exnthﬂrmic energy, the

partlculatﬂ suxid haau absorptive bhErmﬂDhﬂre in a ﬂlased

kg’

1fr

preheated ﬂDﬂditLﬂn, and_subaectlng gaid thermophore in & scoe




essentizlly of hydrogen and carbon monioxide from a plurality
more resctants of the c¢lags consistiag of carbon dicxide and

liberation of exovhermlc EUBTEY , the gteps which ecmprlse

‘zhip with said thermoxhore, dividing gald flow of thermophors

. countercurrent, heat gxchange relation thereto and introducing

heated condltlon.

rasséntiallyqu-ﬁydrﬂgén ahd carbon monoxide from a plurality
-df_raau;an;s]ccmﬁriéiﬁg a hyﬁrdgarbon, oxrgen, and one or
:mnxg'redctaﬁts'df-théfulaas comaishing of carbon dioxide and

water vapor. in prnﬁﬁrﬁiogs operative to react with the net

) 539647
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in advance of said resction zone to preheating by tha ecountery

current passage of zassous products of reaction in heut ax-

change relationship.

3. The process, as defined in claim 1, wherein ths

thermophers comprises a spseific eatalyst For the reaction,

Le The process, as defined ln eclaim 2, wheresin the

thermophors comprises a apeciilc eatalyst for the resctieon,

5, Tt the generation of synthasis gas composzd
of reactants comprlsing a hydrosarbon, oxygen, and one or
water vapor, in proportions cperative te reast with the net

roving a mass of particulabte, heat absorptlve, solid thermo-

phora in a closed cyclic patk, reacting gaid redctants ab a

i

genération ﬁuné_in said pabh in diract hzat exchangs relation
into a plurality of separate stresus et a gas preheatlng zome
in said path subsequent Lo aaid-géneration zone, pasging a

separate flow of reactant gas throuvgh sash of sald sbreams in

the separate Llows dlpecbly irto the generation sone in pres

6. In the generation of synthesis gas composed




| at a goneration zone in sald path in direct neat exchangs

‘essentially of kydrogen and carbon monoxide by the high tem-

.solid heat carrler bodies through & elrcuit wnereln said heab

carrier bodles pass through a high temperature gas gensratlon

' saidiaeparata éﬁréamé?bf.hsat carrier bodigs are conducted
' through separaﬁe preh=abing mones, the sspavats streams of

' heab carrier badles from the prehsating zonmes ars rejoined

.-tinﬁpusly feedlng-egch-aald reugbanl separately to each of

'said prahzating ﬁonas,fgassihg ench Teactant countercurrently

53964%

liberaticn of exothermic =nergy, the steps wilch compriae
awoving a mass of particulats, heat abasgrptlve, solid

thermophore in & closed cyelle patik, remctlng said reactants

relationship with szld thermophare, dividing said flow of
thermophore into a plurality of separate atreams at a gas
preheating gone in said pash subseguent to sald generation
zone, passing 4 geparate flow of reactant gas throogh esch of
gaid apreams 4t sounbercurront, heat exchange relation thera-
to, lntroducing the separate flows directly inta the genera-
tion zone im prehested condition, acd subjecbing gaid thermo-
phore to paassage of gaseous prodiucby of reastion 1n counier-
current heat exchange relationghip at a zone in advance of

said generaticn zone,
7., 1In the generation of a synthesis gas composed
perature combustion of reactants cemprising a gasiform hydro-

aerbon and oxygen, contitmguslr transporbing a atream of

sone where sald bodies are raised to a high temperature, the
stream of not heat carrier bodies from the gsneration mone

ta thersafter divided.into a piu:aiity af{saparata straamé,

and PBEHIﬂﬂd *a the lnlﬂt Df the gas gensralion sone, eon-
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in gontast with the hot 9tream of heal carrier bodies in the

respective preheating sone to effect a separate treheat

thereof, interm@ngling the preheated resotants from the
Individual preheating zones, effecting partial combustion of

i
S

%' the interminglsd reactants in said generation zoos to form a
ﬁ  reaction product compoesed essantialiy of hydrogon and earbon
;§~ t onoxide and liberate substantial dquatititlies of emothermlc

g ' heat znergy ia contact with the heat carrier bodlas thersin, !
‘;: and wilthdrawlng the dealred product gas from the gas zanera-
ﬁ: tlon uone. '

4

.E 8. The method according to claim 7 wherein the

ég_ separately prehested reactants from each of the prebheating

zones pzasss directly into said gas generation sone.

SRR

-

__

4. In an apparatus adapted to the high tamparaturaE

exothermic rasction of gasiforn réactants, a vertically

B

extonding vessel adapted to receive a moving bed of solid

ey
iy

parkicle heat carrier bodles, a conveyor cperatively connected

A

to continuously convey aolid heat carrier bedles from the E

bottom of said vessel to ths top thereof, the inkterior of

e

ferd

%_1 said vessel formlng an internal chamber haviog an upper

%ﬁ' seation and a lower section, the lowsr section of said chage

%‘ bar helng diviﬂed.by an upstanding partition member separat-

%; ing said lewer section inbe vertically extending sompartments
E{ ﬁﬂrging at their upper extremities with the upper section of

%%: the chawber, means for introducing a separate stream of

it )

gagsoous reactant into the lowsr portion of each of gaid com-
partments, and means for withdrawing desired product gas at

the uppel pertion of said chamber.
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10. 1In the relatdively high sempsrature reaction
of reactants comprising a plurality of gaslform fluids
gdapted to reasct with the net Libsration of heat, the aszeps
wiich comprise contdmaously transportimg a streain of selid
heat varrisr bodiez throngh a cipouit whefein satd heat
carrier bodies pass through =z high sempearofure reactlon uone
where said bedies are réised to 4 high temperature; Gha
gtrean of hot heat carrler bedlss from the reacticn zoas 1s
thereafter divided into & plurality of separate straama,
dald separste streams of heat carrier bedisy are conducted
through separate preheating zones, ths ssparate streamns ol
heat carrier bodies from tha prahgating gomes ars rejoined
and raturned to the danlet of the resstion zeme, coutinucusly
feeding a plurality of gasifera fluid rezctants to geparate
preheaiing zuneﬂ; passing sach reactant countersurrsnildy in
contact with.the hot stregam of heat carriler hodize in the
rospactive preheating sone to effzet & sepsrate prehest
thereof, intermingllng the.pr'aheat;d reactanis {rom the
individual prehsating sones, effecting reactlon of the inter-
ainglsd reactants in said reaction zone to Earm 4 gaseous
reaction praduct and liperate éqbstuntial quantities of heat
in eontact with the heat carrier bodies therein, and with-

drawing the desirsd product gas Ircom the reaction zone.




-
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¢ of reactants cowprlsing & »lurality of pasifurm fludds

L e e

thersafter divided lntp a plurality ol separate strens, gaid

o 53964%
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11, Imn the relotively high temperature reactlon

adaptert to react with the aet liberation of heat, the steps
which conprise continucusly traxsporting & ssraam of solid
hezat corrier bodies through a cliyouik wherein gaid heat
carrier bodlss pass threnge a high temperiture reaction zone
where cald bodies are ralsed to & high termperature, the

gtranm of hot heat carrier bedles from the reaction zotie 1o

separate streama of hest carrisr bodiss are conducted thfuugh
separate preheating zoﬁes, the geparate sureaas of heat
parrier bodies from the preheating sonas are rejoined &nd
returned to the inlet of the reacbian wone, cantinocusly
feoding & plurality of zaslforn fluid reastants to separato
prehgating zones, passing edch reactant countersurrently in
conuach with the hot stream of heat carrler bodles in the
respactive probkdating zone to effact "a separate prsheat
thereef, intermingling the preheatad reactants from the in-
dividuwal preheating zones; effecting reaction of the injer-
mingied reactants in sald reaction scue te form & gaseous
reaction product and liberate substantlal guantities of heat
in ecatact with the heat earricr bodias therein, subjecting
saild heat carrier bodies to prsheating in a salids prebeating
zone Lo advance of sz3ld reﬁution zone by countercurrent -
passage af gé&eaus products of reaction in heat gxchange with
said solid heust carrisr bodies prior ta their insroduction
into the reaction ZDHB; and withdrawing the desired product

gas from said solids preheating Zots.
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