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1. The present inwasntion reletes to the catalytle
2. @#yntheais of ﬁatarials through high oressurs catelytic
2. re=atlon. More specifically, $the investion comprizes &
4. novel proceas and spparatus spoploved in the menufscturs
B.  of valusable products by direot aynthesis from their oone
&, ponent gaszes whish afa passed at high terperatures under
7+ DProESUre over a catalyst mass, as for amémple, the
B. wmenufesture of methyl aleochel o nethano’ frTom cerban
¢+ momoxrlde and hydrogen, or the production of synthetio
10. sammonie from a gasesus mlxture of nitrogzen and Lydrogen
1L, In theilr vombinirng rroportions. In any instancs the
18, slemonts ahould be oombined in thelr reapantive propor-
13. tlona in tze gaseous mixturse and then oonmpreased to
44y relatively high sressurss and passed under such pressEuTa
:15. over o sultable catalytic agent papabla of atlmilating
18. the ecomblnation of the two geaes wherehy auffislent heet
i?. ia produced to malntzin the temperatures required for
iB. gaticfactory yislds.
;9. Pha ard of synthezizing mathapol haa now becoms
£0. well ezatablished in the literature, Among the Tnited
#1. States patenss upon the subjfest that may be ments oned
28. ere patemis 1,568,589; 1,608,643; 1,609,583 1,684,004;

B3, 1,624,980; 1,624,926; 1,594,987; 1,684,028, and 1,624,880, <. -

é&. When e plxture of hydroges with carbon morexride
;5, anid eperbon dlorlde, or a mixiure of the two oxides, is
?ﬁ. yazzod over @ catelytlc meas'ocumprising a mizturs of

é?. meiels or their uxidés at & pressure in azZosas of 104

éﬂ. atmospheres and at a temperature of sbout 350-450° Gay
23, nmethencl is produced. Th casa rure carbon monoxride ias

dd. employed, the product obtained will ke practically pure
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methancl, but in osse of the diorids, a moleruls of watar
18 produced for eack molseule of methanol formed. Tn
sreotios, ell of ke gasecus mixture does mot Tesst on
the first contant, and the residual, unreacted gased are
eiroulated arals ard again over tre catelyat, the resotion
produet belng cooled soch time ta Eeparate oy the
methansl (or methencl and water) in liquid form.

Best resultz are obtelned whan the Proportion
of hydrsgen preseni 1s 1z exoess of the amoun thoopat-
ically reguired to remct with tha varbon oxides praaent,'
but & strict proportioning of the ingredients pressnt iz
net neosasery to tﬁa ducoess af ﬁh; Frocess. The amount
of zRapa gonverted ta mathanql_nn_gach peagage throtgh
the setalyst will dspend upon the oetalyat sotivity, the
tenperature of the reaction, the space veloeity ang a
numbér of niner faobors.

The prezent inventicon ralatps e B methanol
prdcaas and appesratus wnich 1=z net 1imited Ho the uase of
any specifiec enftelyst or gas pfupartian. It'ralataﬂ to
8 methed and apparatuz by wkich the wethenol catalyss ias
kept at a yniform temperaiurs, ﬁnd by which the neceasery.
hezt 1s supplied by the syothermloe remction 1taslf. The |
heat given off by the reasticn s scnaerved within the
reastlon veasel waere 1t is used to heat the incoming _
raw materisls and also tn.méintéiﬁ-tha casalyaf temparature¥ .
Thia $ype of processa is known aﬁ an."aututharmﬂl'ﬁrncesa". |

Loother advgnﬁaga of the inventlon lies in the
tlcas ecntrol of the ortelyst Berperature which 15 mada

PeEgible by the process apd spproretus nereln =et forth,
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The opilmum reactlon tempersture Ls in “hae nelghborhood
of 430° C. end when any part of the ocatalyas raguhas 8
temperature muck in exoeas of 460¢ ¢,., the reasticn
taking place st that point no lorger produces purs
methonol, rarisus undesirable by-pradunts being ochtained.
Tz mddition %o this bed effect, = worss ope ia Ilkely 4o
secur, nemely, that & tempersture mich in exeess of the
optimum reacticn tempereture may alae destroy the zotivity -
of the cetalyat 1tself, )

Ou. the cther hand, 1f the cetelyst, or any pard
of 1t, 18 cooled from the optimm tempereturs, the
methenol prooeas will operste ineffiolently, and the
degree of econversion will be léas ther the meximum
poggibla. Wor the ressons outlined, it 18 important
thet every portion of the catelyst be mainteined at
exactly the optimum reactlon iempsrature. Tha Iuvention.
praovides a mesns and proces: for doing this. _

42 previously stated, the resetion of hydyogesn |
with carbon okides to produse mathanul.ia.an Bxcthermio
one. The reaction of pure carboen monoxide with hydrogen
ia more highly sxotkermlc tham the reactlon of carbon
dloxide with hydrogen. vhrinus figuraa have been given
ir tha literaturs which purport to give the hesd )
genarated by the two rancticnsé

€0 + ZHp m (HgOH, asnd.

802 + JHy = CHRUH + Hgo
and while the apeeific Plsuwes ziven may be opan to
guodiion the beale faest that more heat 1z given off in
the case of the reaction of carbon monoxide i not onen

to dispuke:
-3 -
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Hence it might sppeer at first zlance that
autethermel coperation could be mich more sasily aohleved
in the case of tha Tirat instance than in the second.
However, the Industrial oparation of the methanol DProcess
il net bezsed on the uae of pure gases. HNo matter whotieor
Pare ocarhon monexlde or dloxide 1s introduced ints the
rrocessd, in the circuleting system itsalf§bnth Zases
w1l be present owing teo varicus aids reantions.

Furthaf, the reacting geses are ot introduced in precise
molesular propurticons, mnd conseguently there is always_
some extra hydrogen present which absorhbs heat from the
aatelyst or amoh paséaga through 1t and gives up that

heat when the resotion product 13 ooclsd to condenss out

iiguid methenol. For the reasons mentioned, the prectioal -

diffioulties of mohieving autothermal operation asd close - -
santrol of eatalyst temperatore are of the same order
ne matter whether sarbon monoxide or errbon diozlds is
uzed a2 the priooipel ocarbon exide entering the re#ctiﬂn
thongk sutothormal npépatipn i= }andared es2iar in ;hu
ce3e of esrbon monaxide by the momewhat groater haﬁt af
reastion. _

The present imvantiun providea mesna wharsby

the temperature of the eatelyst is controlled so ihet
the opfimum reactlon temperaiurs 12 maintelinad while
crerheating of the cetalyst 1s prevented.

. The nature of this_ﬁreaant praceEs and apparatuys
may best b8 understood in compection with the drowinga
Torming & pard o this mpesifloation.

In the drewmingzs,
Mg, 1, representa a oross-gectional elevation

3f the converter isken throngh 1ts canter;
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Flz. Z, is a =ectional view of the convertar
takon an.tha line B--& of Fg. 1, and

Fig. &, 1z a siniiar view taken ar the ling
B-=3 of Flg. L.

identleal reference numerals sra usad through-
cut the several viewd.

In Fig. I, ¥he refereneg numweral 1 rapresents_
the pressiye ragiztant mnd eorrosion resistant well of
Hhe ponverter. In oractios, thiz mey be conposed of
ahrope=ranadium atee]l or some similar allioy, and mey
be irternally liped or plated witk copper &nd ohiromium.
Tie member 1 ig agtwally ao slongaisd fube, both ends of
which ere olossed by simliler structurss, The tor of the
manbar 1 18 olosed by & plug 2, which rests on amall
shouldexs on the internal wall of 1. 4 pressure tight
Jaint i= obteilned by means of presaure exaerted on the
riug skouldsrs By means of a ring %, which ls +threed _
eonnented te the tube 1+ The ring 5 recelyea the prq;sure: .
screws Sa, Which besar agsinad fhe shoulders ob the plug - :
2.

. The bottom of the tube 1 15 similerdy olznoed
by the plug, or lower head, 4, whick sl8c engeges smell
shoniders on the internsl wall of 1, sinllarly as de-
sarived zbove, and ageln a pressure tigﬁt Jeint im

cbtained by mssn# of pressure exerted upon thse plug

shoulders by means of the ring B, which receives the pres=-

Burs 6f the sorews Hm, bearing againat thq shoulders on

the plug €. The ring S is thieed connscted 3o the tube

- 1; &ll similar to the construetion already desoribed,

The lower and upper plugs or heads are thus held in
enzagenment With. the gaakets ¢ ard 7, respectively, as

- B o=
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shown 1n Flg. 1, the soticn ol these gaskeds contributing
o forik preseurs Flght joints under the astion of the
prezdure applisd $o the respective heeds.

Wille the tube 1 12 actually & lomg intsgrel
pare, Hhe dreawing hes been ahordensd a8 will be saom
frxn an insdzection sherect.

he piluz haa firmly secured En i% in any cone
vonlert wevner, the menber 5, serving as o Hupporting

flange Tor the oiructure to be herelnafter described.

Inzide the tube 1, and supporied by the flange ff:{:;f?

8, there i3 positliozed & s¥racturs in tha form of another

tube ond indlcated gensrally by 8a. This structurs,
hereinafier roferred to @z a "bqﬁb", mzy oonalat of
copper, or of allsy ateesl pletad with cepper or chromium.
Betwson the tuba I and the ﬁﬂmh.ﬁa, thers 18 ax annyler
speage 9a through whioh geses may travel ez will be latsT
desorited. The bomb 2a is olozed at Lotk tep and botbom,
but ita interlor is in commnicetion with the space Pa
at the top ol the bomb 8a, the communication being thfou$h ;
tas ports l0a, thess porid pessing through a tube apaaar; '
header Tunationing as hereafier deseribed and forming th?
top elozure for the bomb Es. . |
Within the bomb Ha, there i3 posliicned a
catalyat bazket, caetelyst, and 2 heat szohanger. The
aemponent perts of these may ba.baat understond in their.
Feletlion o the chomical prauaéé whaich takes place within
the ponverter. For ﬁﬁis reasnn} in further desoribing
the apparatus and prosess 14 wili be aEaumed that the
catalyat 15 at the optimum reastion Sexperature and that
a mixiure of hydrogen and carben oxldes is peesing
through thia convertsr scd contacting with the aatalyad
where a porftion of the gaz reascts o ferm methanck, and

that the oooled reai&ual hydrogen =md cerbon oxide

mizture 13 belng added to the paw gazea passing
bomh, . - B - .

Into the
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1. A% will be seenm Irom Fig. 1, the bomwb Ja 1a
&, oonvenlently Tormed of %we sectlona, cue of which contains

J.  the vatalyst and basket srd ia therefore the reaction

A
.

ohamber, whille the ofher seotion derves mE8 5 preheater

2+ Tor the reaotants.

8. Referring %2 the preheating or hest exchanging
7. chambsr, it will be seen that this is defined by a shell
8. 9 provided with en annular flengse 10, andlcontaining &
2. rplurslliy or aest of heat lonterchanszer tubes 11 and =

10. vplurality of baffles 12 and 13, the beiftles 12 having
11, ocsnter openlcgs while beffias 1E are side opezing. It
12. will be seen from Fig. 1 that the lower end of shell ¢
13, 1ia elozed by the supporting flenges B, and the ahell gnd
14, flange are firmly secured o eEch other, as for inatence,
18, by welding, and the flange epd shell are conveniently
_lﬁt formed af the Same materisls or of materiais having

:l?. epproximetely the ssme ogefficisnt of thermel szpansion
;15.. a¢ Thet the unicn hetween the shell end flsoge will be
élﬁ. maintalned urdey ell ccnditicna. The fubes 11 are medm-
EEQ. talred in proper speeed apar$ relstion by the heeders 14:
‘Pl. and 15, through which the tubss pass, :
BB, It will be seen that the header 14 18 apacsd

-85, from the flange. 8, and that the flange and plug ¢ ave

B4, provided with reglstering passagewsya extending through

'26. weach of these nembers, thua furming a continuous passages -
EEE. way or cpsninz communicaiing wifh the interlcr of the

ﬁﬂ?. _héat exphengsrs The Zas inlset plps 16 passea through

i28. this apsniﬁg, gnd alsc through the headsr 14, the inlet
?EB. oipe 146 diacharglng inceming zas 1nts the ket exchanger
EEG. around.tha tubea 11, Tpere beldnge a eontinuous empular |
fEl. Lassgge 1V between the inlet pipe and {he flange & and
EEE. vlug 4, thiz peasgesze serving ss a condul: 0 leoad the

B3, reaction profucts, rom the heat szchanser to the entled
-7 - ’
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18. It will therefore be Sesn that the inooming resstant
nlxture dla¢herges from the pipe 16 in close proximity to ;
the heat ezchanger tubes 11 end sovelops ihese tubes as
1% passee to the reastlon ohember, end iz wermed es 1%
PEABEE because of hemt excaenga with the hot reastlen
products praging intericrly of the bubes 11 from the
regetlon ¢henbar to the discharge, the baffles 12 and 13
cguaing the reactant miziurs tp follow e sinucua ccurds,
peEslng through the center af barfles 12 and outaide
sround the olyoumference of baffles 13, thus belng

brought into intimate and efficisnt thermal econtasnt with
the tubes 11, Ths baffes 185 and 13 sre Gecured in
position by any oonvenisut way, as for erample, by brazing
then uponr the tubes 11.

The heat exchanger communicsies with the re- _
aotion ohember, which is defired by the shell 19 having a . -
Tlange 1%e corrsapanding %o the fleage 10 af the shell Bin
When the bomb 1s assembled, the heat interchapzer héaﬂar;
15 is ageured between the flanges 10 snd 18m. Tt will
be seen that the header 15 1s provided with an openfng .
&, vonvenlem¥ly centrally looated, and o flemge 21,
adepted Yo racelive s flangs 82 defiping pEZsege 3
throvgh the heeder 24, which acts ag a hesder for the
catalysﬁ tuhss as will be heramafter meuticnsd, the Flanges
21 and E% being sgoursd togethar in sny desired menper
.as by belilng or riveting, %he p&ssagas ad and 23
reglataring with each other te Zorm a condinuous nanﬂuit:
for the bessage ﬁf the reactents from the hemt ezshanger
to the reastion shember. 'The reacticr ohamber contains
a pluretity of tubes 86 te bheld the catelyst 28, the
catalyst belsg of zuch a oharactsr as will favor the
desired reaoilon. The tubas 25 ars helé in $he Sesired

roitlon by the top svscar header 27 and the bottom

hgad
~8 - o
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24, the catalyst 26 belng retalned in she ubas bv the
gfrid £9. e rescilon chember 1s alsg provided with
balfigs 29 and 30, sntively analpgous to the bhaffles 18
and 13 In the heat ezchanger.

Tt vilew ol the fact tast the remcticn 1s an
sxothernle reaction, It i found desirable to sontral
the temperaturs of the satelyst to Trarvent overhesding
of the same. For this purcede, mesns are provided for
intreducing colé resctent mixture into the gaa passages
outslde the caialyst tubes. This is anpompl ished by the
Proviglan of & plurality of by pazs inlet tubss sush as .
Indloated at 31 and 32, the discharge endz of these
tubas helng B0 pozitiocned with respect -to the cetalys:
tubes that sverheating tkroughout the eatzlyat masa is
effeotively preventsd, Top erample, some of the inlat
tubes ney discherge oold gas near the top af the catalyst
Tubea, athers at tha battom of the catalys¥ tabea, and
8till othera In intermediate roaitiona, and 1t will be
ebviﬂua, of noures, that the pumber of these inlet tubes
may be mulitiplied sy meny times a3 nesded. ‘Mhers is 8lso
provided a by pess inlet for cold reaotents Indlcated ab
83, pernitting the introdustion of cold Teastanta Iinto
the spe¢e P& batween the shell 1 and the bomb Zam, thils
alan exerfing s cosiling effect upoz the contenta of Lhe

bomb and on the converter wall. 417 £a3a3 latroduced

within the oonverser shell! mnd bomb basa through the

vatalyet 2o tiaat botk the oold gassa initroduced for

eoaling and the praheated BB% axterlug the Tasactlon

shauber By way of the heat sxchsuger pass thyough the
tatalysdt and ere converted inte the desired mrodocts.
The temperatura is dotermined Ly means of oDyrometara
logated in tubes placed in destrad roditiozs In the rae-—

Botioz charber. Such tubes ars Indicated at 54, 35 ana 36,

-.-9._




<

74,

47
86,
29.

30.

51,

005862
\? 3 62

IT deaired, core rods 37 may be ilnserded in
the heat axcharngsar tubes 11, 30 ag fto gerve fo regulate
the heat exochange, or this may be accomplished in other
#ays ad by vegrledlng the velocity of the gases passing
through the converter.

IF may here we noted that the intet tube 16
pacses Through & stulffing box 38 secured in pressure-
tlght relation with tre plog or head 4 through the
agancies of the pregsure scorews 3% and gasket 40. The
gas outlet and each of the by pass inlets ars provided
with merbers suok as shown at 41 whish dorve as nnn;eetipn.i;
menhera to connect the outlet and by vusa folets with .
lines leadlng to storage aﬁd supnly, respectively. SEach
of the connaotion membars iz meintained in gas tight
relationship with the convertar. akell by the action of
DIeRRUTE Zarews, Such a8 48, and gesksets, guuh ag 111lus-
trated at 43. Thees nmambers sre zcrow threaded to
raceive thel» respective lines.

The oourse of the gases w11l ba sppesrant from .
the drewings, tke 20lid arrcws indicating reactenis, Whilﬁ..
vhe broken a~rows lndlcate the raacfinn products.

To svmmerizs, therefore, it will bs saen thet
the eonverter shell 1 18 made pressure ticht by <the
upper head 2 and lower head 4 held in place agsinst the
gﬁahets B ﬁnﬂ % by the vreasuyre of the retaining rings
S sand 5. The ratﬁining rings heve buttress threads as
indicated on the draming. .

In the hest 1ntarahan§;r, the tubes 11 are
expanded . lnto the headers 14 snd 15. If desired, core rods ._
37 mey be placed in thoze tﬁbea ta incresse the Eas .
veloolty through them, or thils velocliy may be resulated

- 10 -
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1. exiernelly of the convertesr. Toe velosity of the =Zas paze _'-"

B. lng on Las outside of these fubes Iz accelerated by meens
&, of thes bafflez 18 end 13. The Qaﬂ paases thromgh the .
d, csnter of the baffles 1%, snd ouislds arovnd the clrouwm-—
J. Tferencs of waffies 13. ' .
G. The o8talyst basket contelned in the shell 19
7. consists of a muaber of tubsa four o elght inches in
&, dlasmeter which sre expended Ilntoc the subes hesder 24, At
9. the kottom of sach of thuss tubes 25 thers 18 placed a
10. ea*alyst aupporting grid 28, Op the outside of tﬁa tubes
11, +theres sare gas baifles as in the case ol the heat intar-
G ch&ngﬂr.itaalf. Pyroneter tubaa o4, 40 and 36 are
1&. 10§aﬁad at esanveblent pointa oo the wutalde of those
14,  osatalyss Yubea. Tn addivlon tﬁ those showo 2% least
15, one pyromater shauwld be inssrted in one of these eatalyst
1B. tubes. ' |
1% . The novel festurses of shia de2dizn include the
‘12, method and maans:of controlling the tenpersturs witvhin
;19. the catalyst. This oconTerter i1g intended in partieular
;Eﬂa. for ude with cerbon monoxlde-hydregen mixtures where the
?31. pr&blam ia that of removal of heat {rei the catalyst
'22. rether than thet of preheating the entering gedes. Most
Eb. of tke antering g&seslwill anfar through the mein =as

E4. 4nlet 18 and wiil bs heated up during 1ts paasaze through

0
.,
]

5354 the hest 1nterah&ﬁgar Lor ihemnal_cmntaet witk the reasted
Zaa. gaEes pasaing caunter~uurran%ly.i:31da the tubes. Thesg
fé?. warmed sntering gased are than’ﬁhssed o ths ceizide of .
féﬂ- the cetelyst tubes 285, peing further heated ur. They may

%9. be ocnblzned with by poassed cold geaes Hnté:ing through J1.

E0. The temperature ob the cutside of the catalyst tube= at
ﬁlq_-the botion will be controlled aif 3cme predeterminesd voint

B2, aa in&iéﬁ@éd h#_tﬁa pyrometer 33. Again these gases nay

- 4l =
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be further diluted with zold gas entering through tke
port 35 whioh terminates at a polnt acoub half wey up the

cutalyst bed. The bemperature at thils point 1s again

levellsd off 4o decrsase the gradélent within the catalyat. B

fhere ia a third by passed gas lnlst 3% arovided at the
botjor of the asoenverter. The oold gaa pasases thrcugh the L
anmular spacs Geacribed by the shells ¢ and 19 and the
shell 1. Haet 1s pleked ue from the well whiph would
otherwlaa be lost by radiuation end the temperaturs of the
comblned geses entering the catelyss conivelled aas deaixd -
by regulétibn of the amowny of gaa entariﬁg at 35,

The reacted zoses passy down thrqugh the ftxnheaa
11 gnd cut of the converter throusgh the outiet 18,

Although the ocnverter hovein set foxth ia
111ustrated azd dszoribed as being iostalled in e vertledsl
positicn, 1t will be underatcod that the angle and plane
of inatallation iz not material to the invention, end
it wi1ll glso e apparent thet wany details of the com-
atruntloen m;y he medifisd wilithout departlng frar the
irventlve conecepd.

The direstion of the flow of the zZasss thyough
the converter 18 indleoted By the errows on the drewingn. .
The oourse of the reaction which vermits sutethermel |
operabion ané seourebe control of the catalyst tempera—
ture eonaiste io heeting the cool lnocming zases hy
thermel contant with hot gesecus Treanilon produweta. This
hesting irersasea the.tﬁmperature of the laoomlng gases
vory substantislly, but does not heat them to the optimum
raautiaq,tamﬁeraﬂura. The heétaq guzes sre then passed
in ﬁhgrm%l contact ﬁith the éatalyst itaself {where the
gxothernie reaetion is taking placal, and this thermad

- 18 -
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contect not only ral#es the btemperature of the incoming
gages substantielly o the opblmum raactién temperatre,
it alesp serves to control the temperatura of the catalyst
1isaelf in twé wHYS

1. To shatract hee: Zrom the oatalyst ao that
its terxperature will nct rise mbove the desired reeotion
onptlmumy

&. To heat up any purtions o the catalyst
which may tend to be decTessed in Tarpersitre mueh
below the rasaticn ophimtm.

In practice, sufficient heat iz generated by
the excthermic reaction taking place within the catelyst
to provide mers then emowgh heat o werm the lneoming
gegea mnd to mmintelin the catalyst temperatures when the
progess and epparaius are cparated at praqtiual SPEGa
vealoolties, l.2., =bout 10,000 - EG,000. In fack, &R
excess of heab is usuelly generated. To eomtral the
tumperaﬁura of the osatelyst it 1& nec¢easary o dilute
the hot gasez from the hest interchanger with oold gas,
g0 that the meen bemperature of the ﬂataiyst will not be
relsed too hlgh, .The couling méans hare wrovicusly
been ﬂasnfiba&, wut it mey be here polnted ocut that the
present Insisllaticn is dlstinotive in providing of sueh
cnoling means cutslda of the vatalyst, sand ciroulatliag
the entire cooled gas mixturs through the antirs mass of
eatalyst. 'Po aceonreiely nbaerﬁa the ftemperaiure wiihin
the corverter, pyromesters are located at eccnvesnlent
points, a8 sbove aiplainsﬁ, andl the aupply of opld gas
may be regulated manuslly or by suitable electricel com-~
eation tﬁ the indicﬁting DFrometers.

Iin ihe Foregoing deaerlpilon of the invention,it

t tha prooess and arparaing was

in
- 135 -
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cperation and thet the catalyst was a% the oropsr reantiﬂn:

Semparatore. Antually, in eterding up the process mod ?
apparatya, 1% i8 of courae cecsssery to provide some out-
slde source of heet. The process and appetatua may be
pat inso cperation by supplylrg previously healed gases
1o Iznlet 14, The sinplest procedure 15 merely tc rass
the nixture of hydrogen and cerbon oxldes through aoms

eultable gaa heater and ic comver them kot {nto the

ponverter. Ou ecocunt of the massivenssa of the apparatus -

the hestad geses ouat be passed into the converter for a
conalderable perdcd before it iz railsed to reactlion temw

perature, acd =8 &oon es the catelyst has keeh retsed ip

temperature to & point whers the methanol remstion sfarts,

+the heat of the resstlon alav asslsts in reising the

ponverter Lomperaturs provided thet no oold gea ia

rangad Inta the ainverter.

Toar

"

In placs of guppiyizg hot 2sse3 to the converter,,

it 1s > course possiklse to heat the catalyst suffiuiamtly:
to start the methencl reaction by msans of an eigctrla
heating elemsnt whiech n=y e gﬁsiticna& wlthin the fon- E
vartar asd in contect with the caialyat.

The lmproved process and apparatpa, a3 above

described, nay be smploved for the sroduetion of 3yn$hatiu__

methanol with vearious catalysts and gas mixtures alraaﬁy_
¥rown o the art, TFor sxample, whe: a gas8 mlxture con-
prising 10% of carbon diczide and $0F hydrogen is passed
through the apparaius st e spses veloclty of 22,000 and

at = reagbicn temperaturs of 400% 0. in contact with a

catalyet of The tipe desseribed iz Woodruff gnd Bloomfislde

U. 5. FPalent 1,080,939, i1.8., a mixturs of zinec oxide,

oehromium- oxdide, iron oxide, and zime ehloridg--thers is

- 1L -
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produoed an hourly risld of methanol EMGuﬁting to akout
VI gﬁllnna por mubie foot of eatalyst together with an
pallivalent amcunt of water. If &he gas mixturs oupplisd
Hin bhe prooesa and apperetus consists of 10% caerbon
monoelde and 95% hydrogen, the othar.cﬂn&iﬁiuns rensining
the same, the hourly yisld of the methanel is about 10
gallous per cubic foot of catalyst. '

Iﬁ the nlace of the catalyst mentioned, other
aatalysts auﬁh a8 thoss described in United Stabes
natents 1,685,924; 1,585,985; 1,5285,986) 1,B625,987;
1,885,988, and 1,P8%,538%8, may be emploved.

.Whila the anperstus hes been described partieu-
larly for use 1n the synthasié of methenol from narﬁnn
oxides and hydrogen, 1t may ﬂbviuusly he employed for the
catalytic maoufacture of ﬁﬁher materisls éuuh, for
instencs, &8 ammonis, higher mlochols, -synthol, ete.,

and 1t wlll ba apparent thai many modiflecations of the

details of the construetion of the converter hereln L
111ustraﬁad-may_ha made without suﬁstantially affeoting o et
the essentials of the construichion tHbest, and 1t will .

be understood thet 1t is tasrefors desired to comprehend

#ithin the scops of the invention aunh.mndificationa ¥

may be neaeséary to adaptlit.tu varying'@cnditinna and

TLEGE .
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2.

What 1z clelimsd 13:

1. In an spparstus for earrying cut exothsrmio
chemioal reactions, the cumhinatipn within & converter
ghell of aﬂja;cent iﬁtar-vﬁommnimuting h'éa_t exchanger and
reaction chambers, sa inlel cpening into tha heat ex-

changer for introduction of cold reactents therein, a

- 185 -
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1. communioatling pessage for passing sald heated reactants.

%2, from the heoth exuhanger to the reastlion chambers, maanﬂ!

3. Tfor passing heated resctants in toermel codtact with ﬂlﬁ

4. the caislyst coptained in the resction ohaﬁhar, a

9. plurelity of inlets for introdustion of cold reamctant

6. into the Btreatm of aald hot raautantﬂ at various nointa
ﬁ 7. axtericorally of the catalyst, meana for pazains the mixs
2. ture of said reantanta tﬁrmugh 'all of the natalyat and

Y. neansa Torpessing the ra&uticn products throvgh the haat

510. tntershanger in thermal coatact wlth the Tenctantas,

1L, - i, In. an apparatus for ﬂarrying out amutha%mic
;l2. ohemicel raaetlions the scombination with a ponverter ahall
fla. of ad jacent 1nﬁaroﬂmmuninnting haath ixahangpr and reautiun
314. cheambera within the. shell snd zpeced apart therefrom,

%15. thepaby iafining an annular Bpace between themselves and?

118, &hell, the reavtion chamber 'bﬂ:l.ng adapied to contau'a

iﬁ?t uaﬁalyst, an irlet onening intu ths haat axnhaﬂgar for tha
1ntraduut1qn nf raactinna thn:ain =111 3 ror yaasing tha i _ .
- heatad - reantant from the haat intarshangar thrnughout thL ﬁ.:;:ﬁf_:
.re&ctinn dhamher in th&rmal unnﬂaut with tha uatalyst u
pluralilty, of inlsts for admittiug pnrtiuna ot aelﬂ re-
-avtanty. 1utﬂ tharmnl cant&nt with the'. aatalrst and into
"__m: tha straam of saia heat&d rsaqtanta, Ieans ror passing ;

~all of Eaii ruactaﬂta in direot oontact with tha catalyst,

":;;?Eifimaana Ter naaaing the raautian predunts thruugh tha hea$
Eﬁﬂ; _interchangw :I.n tha:‘m&l nnntaat with the reaﬂtanta, meali&
:}?ﬁ;f_ﬁar 1ntradueing cold raaatanta inta the aaid annul er
'ﬁf%ﬁ; ‘spmce batﬂaan thn ahall end heat 1ntﬂruhan5¢r end into
N

.‘:;uontaet with tha nutalrﬂt.

- 18 -
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1. F: In en apparatusd for earrying out esxothermic

2+ oLhenleal reactions tha cumhinatiun with =& ecnverter shell,

%, of edijscent iotercommunioating hest pyohangsr and reaction

4, ochaombara within thé zhell, means lo the reactica chamber

5, adapted to aonteln a oatalyst, an inlet opening inte the

@, heat exchanger for Introduotlon of resctants thersin,

7. meand for passing thﬁ aaid reactanta from the heat ex- : . _
. 8. chenger throughout the reaction ehember in thermal uoﬁtaﬁt._ f:_”iH.
8. with the oatalyet and ther in direct conbast Smerewith, & ..
510, means for passing roactieon produets throush. the heat ; S
1l exchenger 1n theranel contzet wilth gnﬂ ccunter-currently .
EIE. to the lnecming reactents, a pleordlty of by-paszs reaotan#
%lﬁ, inlets opening inte the reection chamber externally of
gé! the catalyst eand diatrihutud for affiaiunt bunling ol thL
?@ﬁ. 5814 ocatelyat, tlia mni& inleta heing ad&ptad to introduse
giﬁ. ¢old Ieactanta into tha raautants acming frum the heat E
gv. u;uh&nge: and mpgna Tor pasaing the antirﬂ"ruaulting rﬂ*é
i actant mi#tyrav+ﬁr0ughltha'entira mass of ﬁatalﬁaﬁ}. .é

4. In an appearatus fur uarrying out axnthenmié

ahamical ra&ctinns the comhinatimn with & 0anvarter ahall
of. a raaatiﬂu ehambar and muana ta pruheat reantant with*
in the shell, means within the: reastion nhanbam fur uun~f
felning a catalrst, means. for p&asing-hanteﬂ ra&utants 1% T
tharmal cantaﬂt wlth. thu uatalyﬂt and thsen in dirﬂct nun—
. - taut therBWith anﬁ a pluraliﬁy at inlata upaming axtarnall

'nf tha ﬁ&tal?at eﬂnﬁaiﬂing maana but aﬂjneunt tharato

-,:anﬂ aﬁap%&d tu ﬂiach&rgn eolﬁ na&ctanﬂ intm tha heatad

l:{ra&qtanﬁ ﬁo thnnaby pr&vunt uvarhaating Df tha catalyst

r paﬂaing tha gntira rasulting raautant

B
»

:-_:mixtura thrqugh tha antirg maza aof catalyste

H '!_,;, Lz b T s,
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L. 5. Tu an spperatus for producing methancl from l;[ﬂf'n
5. oarbon oxzides end hydirogen, $the combinatisen with a com—

a3y veriyer shell, of 5 reacslan ahamber and heat sxohenger in

4. commnléation with sach other and spaced apart from the

BE. shell, and formin; en ennular oheamber therewith, a

Ba plurality of oatalyst contalning tubes Iin the reastlan

7. cheuaber, the sald {uwbes communlcating with the zaid anmm-
; ﬁ B lar Epaoe and.ﬁeing aldo In ﬂﬁmmuniuatiﬂn wlth the heat
J i $. exohenger, means for introducing reactant gmssous mixtur}'_
(18, inte the heat exohangar Iln thermal contact wlih ocutgelng
ills resotion prﬁiunf&; megns for ﬁaaaing the heated mizture
18, 1nto the reactlcn chamber, a plurslity of ialets opéningé
12+ into $he reavtion chamber sxternally of, bui adjagent to.
N4, the vatalyst tubsa and aﬂgptad to.diaﬁhnrgu 0old resctant
?E. gaaenys mixturg into the hented mixture soming from the

r 6. haat exolanger, an inlat for introdueing cold resotant
;7. EASBOUE miztura in%o the annular apaue batwaan thu ahalli
8. and the raactiun ehamher and hent exghangﬂr and means
;fﬂﬂ;"permitting tha paﬂaage gf ths antire gasaﬂua reectent % i
'?G? m,xtura in through the. entire mase of c&t&lrst.

2 _ ﬁ. In an apparatus for synthesizing methanmol, :
BE. thraugh the. oatalytia raﬂﬂtiﬂn hatwaan hydrogen: and Barbmnéf

"-_?5,'7ax1dea tha aﬁmhinatian With ) cunvartar shell of prahﬂat-i*

_ E..':ing gnd . reautinn chembars within the. shell snd defining. an:izvf_ﬂ;3“
i .

ﬂ. ;j. "_5;: anntisy- 3paaa tharuwlth, means.. for paasing he&tgd ruautﬁnﬁ
o ;gg?gﬂﬂasaa fram . tha prahaatar intn the reaction chamhar, nutalmi”
5. _uuntaining meana Within the ra&utinn ﬁhambam. inlats npau—:i
.f_:ff 1ng into tha reaetzon chamhax extarnally uf, but adjaaent :

"F :ta the uatalyat amnﬁaining meana and aﬁaptad o diauhargg

28
ks
:ﬁ#g;:-ggld gaagﬂp&_}gﬂgﬁgﬁ%& into the he&ted.raactanta end
?& n.ﬂgaiﬁﬁﬁ fp&?q&fﬁl?at ophitainiug meanz, an iﬁlat vpaning
:

_l,a__
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" means for intro&uuing ﬂnld raaut&nt ‘EEE into thﬁ annnlﬁn
'F-fapaﬂa batmgen the shell and raactian &ﬂﬂ prahaating !

:-fnhamhara and maana parmitting tha paaaaga ur &11 tha

ﬂj_mixtura ta tha antiﬁn aT -3 eatalyat. ubnling tha aaid
?.miztura priﬂr t@ 1ﬁs uantan% with tha aatalyat by
Jintroauuimg intu tha saia mixture quanﬁitiaa cf aald

.renctﬂnt mixtuxa' uffinient tn pravant nvarhaating of

*ujthraugh tha entlra'mass nf caﬁalyat.

300962
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into the anmulay spacs beiwesn the shell and remctlon and

prekeating chember and adapied to discharge cold gadeous

reactants thereln and meana permitting the passags af all -

gazsoud resotant through ihe snilre mass of catalyat,

7. In an apparaius For syntheslzing methamol
throuzh the aatalyilie Tesction batwaen hydrogst and
oeThen aiidaﬂ, the vombination wlth & confertar ghell of .
prehesting end resuiion ehambera within the shell =nd de- -
fining an ennular spaca thorewith, means for passing
heated reautnnt g&aaﬁ fram tha nr&heatam into the reaction
shambar, catalyaﬁ sonteiring tubes within $he resction

i el B cummnuiaating_with the #mid annuler spaos and

_ad&ptaﬂ tﬂ diﬂuharge hot reantian Druducts 1ntn ‘the ara-

h@ater, 1nlata opaning “into ﬁhu reautinn chambar &t

ataggerad deptha tharain axternally of . but ad jacent o
the aaﬁnlyat tubes snd. aiaptad o diﬂahargaﬂamld gaaunus

resotants into toe ‘heuted raautants rrem the proheater,

i ;.a.w-...—'- =

aactant gaaes thruug.h ‘the an‘mira ﬂatﬂ:rtd.u_masz.

Tha prqcass of carrying uut exﬂtherMﬂl _

i"- I

re&ctiaus whiﬁﬁ eompriaaa anhjecting B nrahhatad raautant

i fghg B&jalyat an& tnan pasﬂing thu whole raauﬁnnt mixturu

..'.:ig -
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D. MThe procesz of uafrying ont exrotharmal
reactions which pomprizes subjécﬁing B prageated reaﬁtant ;L“
oixture %o bthe agtion of & eatalyst, minteinlng the
cowalyet at itErEE}me@ reaction temperature by the ex-
ternal applieation of oold rescvtent mlxturs and pazsing
the whole of the resctants throuxh the sntire mess of
the catalyst.

10. The proosss of carrylng out exothermal
repctions which comnprises suijasting s hot gameons reactat
mizture ta the action of =2 catelyst while introducing
inse z=aid mirtors prior to its pessazs through the cate-
lyet at polnts exitsrnelly of but adjacent to the catelyst
in guantitias sufftclect to prevent overheating of fthe
oatalyst, oold rsactant mixturss and passing sll of the
reagtent mixture through the entire meass of 3he oatalyst.

1l. The process of nroducing methenal whilch
oomprises subjecting a heated reactant mixture of carbon
oxldea and hydrogen to the &etion ol e methacol cabalyat,
introducing late the heated mixture prior to 1ta contact
with the cetalyst, guentities cf cold mlxtuze sufflolent’
té prevent overhesting of the ecatalyat and pazsloz the
whole mixture throush the sntlre mass of the cetalyst.

1. The process of pfoé&ning wethanol wiloh
compriasd subjieciing B nented reaciant mizturs of carbon
cxwides and hydéngan to the sotisn of 4 methesgl oatalyst,
introducing lnto the keated mixtﬁre prior to lia cocntaed
with the sataly=t and =t polnts sxberselly of bud adjacent
to the catalyasd, quaﬁtitiss of edld mirxturs suffioient to
prevent cverasating of tha catalyst and pasaing the whole

mixtare shrough the entize msas of the cataipsi.

- =Y =
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13. The process of crodieing methanc]l whicoh
comnrizes gublecting n heated reacient mixzturs of cdrhon
oxidea and hydrogen to the actlon of z methanol catalysf,-
goollng the catalyst throuwgh substantlally 143 entlre
axtent by the introdnetion of ccld resctant mixiure ilnto
the hot mixturs at sg&ggﬁg&_gointa external of but ad facan
to the oztalyst and passing the wkole reactent mixturs

through substantially the entire mass of c&talyst.

14. The process of carrylinhg oat exothermal
reactions wolch aomprises subjecsting a prehidated reactliom
mixture to the actior of & eatalyat while contpplling

the ﬂ&t&lJut teampereture br aduiaaian or Lnld gaseous

reasstants inze therpal cansacs with 1t end into the stresm -

of prehested gages prier fo their nesaage through tbe

ﬂﬁtﬂlyﬂta
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