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Tiae prefent lovention relates o the produstion
of methenol by the high pressure oatalytie reaction of
Lydrogen with carbon oxldes. NMore partiecularly, the
invention relates te a novel process and apparatus Tor
thege purpoges which 1s charspterized by an aoourste
tampereture contrel avd by awtothermnsl opsratlon.

The art of synthesieing methanol has now bocnme
woll establizhed in the litersture. Amcng the Unlted
States patents 2o this subjeet thet nay be menticned are
petentas 1,558,559; 1,608,645; 1,40%,085; 1,684,9584;
1,824,980 1,624,886, 1,084,987; 1,824,928, and
1,624,929,

Whan e mixturs of aydrozen with carbon monodde
and sarbon dlczide, or s mixture of tis two cxides, is
pagsed over & catelytia mass_cﬁmpriaing_a Eixture of-
metals or of thelr oxides st & preasure 1n excess of lDﬁ
etmoarhersd and at a toupersturs of about IB0-450~ C.,
methansl i prodused. In gaze pure carbor monoxide 1=
employed, the produet cbiained will be prachiically pure
methano, mut in the uaze of the diocxics, & molagile of
weter 1z produced for saoh moleculs of methapel formed.
In practica,.&ll af tha gﬂascus aixture does not ressd
on the flrat contaet, and the residusl, unrsacted zases
are olroulated again and agsln over tas cefelyst, the
regotion product being cooled sach time to separate
vut the methsnol {or methsmcl =znd water) ir liquid fom,

Bust raguiis are obielned when the prowvorticn
oF bydrogen present 1s io axueaa.of the amotnt {heoret-
feelly required to react with tﬁe cerbon oxldes present,

but & gtriet prepovtioning of the ilngredients preasnt is



net zasszzery to the sucoess of the vracesa, The smount

E. of gases nonverted to methanol on sash pEEB4Age  throcesh

d.  the catelyst w111 Eapand upom the catalyst actlvity, the
4, ‘tewperasurs of ihe reactiod, the space volodlty, and o
Ev number of nminor Fachors. )
Y The present invention ralates to a methanol Ei ;if:;"'

{ © 7. process and apparatua which 12 Dot Iimited to the use of -

u:% . 'any apeeific omtalyat or gas proporilon. It relatea tﬂ'a';5_u,_f .

q /! ‘L,k
qﬁ} 9. 'mnethod and spporatus by which the nethanol catelyst is
Y- S ) : - Lo
%;fiﬁﬁgl "10. xept at a uniform temperaturs, aad by waieh the nECeSaaYy
iy : . :
ey “ll. heat la supplied by $he exoshermio reaction.itself. Tha

?12. heat - givan oft by the reactlon is nonaarvaﬁ witnin tha_””
;113. raact*un ves8el where it 13 used to¢ heat nha ineuming .
::14. raw materigls and alse to melnteln the catelyst tampara; :
élﬂ. “Uure. This type of préneaa is kﬁown 48 az "sutothermal E..
i18. progess", ' | ' f
| : Anﬂthar aﬁ?antaga uf the inventian 1iea in tha
cloga uontrol o‘ tha aatalyat tamperatura whioh ia made- )
Paaaibla BF the brocass and ﬁppﬂratua heraiﬂ aet Lorth.1 iiwﬁ
Thke up*imum faantion temparatu:e is in the" neighborhnnﬂ‘ I_‘_

of 400“ g. an& ﬂhan any part uf the cai alyst raaches a i

temperaturse mnch 1in sxcess of iﬂﬂ“ C., the reantlon tak*ng

place at: uh&t point oo -lenzer pradua&s Ture mathanol, E .H.=iﬁ-'

rarions undaa rgb;e_pxtpnuduatq:be_ng_qbtai@ad. In

. addition tc*thié'ﬁaﬁ'&fﬁeaf  a'morsa ﬁne'ia:iikalj o
'ﬁ=;'bbhﬁr' nam&ly, tﬁat & tampéra*ura mueh 1n sxcesa of the'
' .npt1ﬂum raaetian temperﬂmura ey algo dEHerF the - :
. ﬁacti?ity uf tha oatalvat 1tsa1f.

En tne othﬂr hand if the ca+alfst, or any part

n* 1&, 13 ¢qn1gﬂ frqm tha aptimum tsmparatura tie maﬁhan—

gi prcaeaa will operats insfficiant*r. and the dagrea ur




JORle.

"“i";in the. casd af tne firﬂt instanca than 1n tha a&uan&-

.. 18 not hasaﬂfan thﬂ usa af pura-gﬂaas.

"':"pura carbon munaxidﬁ Gr dioxida is 1ntruducad intc the !

'i:fha presant Gﬂing tu variuua a*da “eantinna.

'mathsmul.
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convarzion w111l be Iags than 4the ﬁ&ximum norssible. For
the resaoza cutlinad, 1t i3 lwportant Shat evary particﬁ
of the catalyst ha malontained at exaatly the optimum
remetion Temperature. Tha iovention provides a mesans
and process for doing thie,

A8 prsvlously stated, tha reaction of hyarcga#
with perbon oxides to produce methasol 13 an exatherﬂﬂb'

The reaﬂtiu“ of pure carbon monczide with hydrugan

iz more highily axmt ermic than tha xa&auion of earbon

dicxlde with hydroesn. ?Erious Liguraes have beean gi?aﬁj
in the literaturs which purport to zive tﬂa haat genaram&d
by the tWO ruactinna:*

CO + SHp = GHEQH. ‘and

Cog + EEE = GHEDH + HaD

end while the apiuiric figurns givan mar be npan to

_quaation. tae haaic raut that more ha&t 1a gi?en oft 1o

- the oase of the reaction of carben ‘monexide 13 not apan%

to diﬂnuta.x

thne 1%, might &ppaar'at firat glﬂnea tThat .E

; _autotharma1 Dparatiun cnuld havmuah mnrl aaﬁily ﬂﬂhiﬁ?&ﬂ_;_:"

; . Howewer, . the 1ndustr1al nperaxiun of taa mathanul proness

Hu mattar !huthdr

'5?lpromaﬂs 1n tha ciraulating ayatam itaalf buth gasas will

Eurthar, tha,

freaﬁting gaapa ara not intro&uqaﬂ in pruuiaa mﬂlacular

'rognrtiana, and auna _uently thara ia alwaya B0me axtra

hrﬂrﬂgan nraﬂent whinh abamrba haat frnm the gatalyat O%:

Eﬂaoh,uasﬂage thrnugh it and. g;ves up that hﬂat when tha

=feaotiﬂn prﬁdunﬁ iﬂ uﬂalbﬂ to condensga nut liquiﬁ f

Fbr the TE&EGHS menticoed, the prautiu&l

-3 -
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1. difficulties of achieving autothermal operation and clods b

2. cootrol of catalyst temperature ars of the seme order,
3. Do metter whether carben mcﬁakida or Eﬁrban dloxids is
4. used as the priﬁnipal carbon oxlde entering tha._raaatiuﬁ,
5. thoagh aufothermal opera‘bin‘n.'ia rendersd sesisr in the
G+ oaze of carbon monoxids by the Jomewhat zvreatsr Beat of -
7. wrweactlon. I . .
8. The nature ol this pregent prucasé and apﬁaraﬂua;{ijlf:
;8. mey best be wndersteod in connsctiecn with the drawings -
':lG. forming & »ert of this spanﬁfiﬂation- Thaﬁe drawings
_;il. deplct improved epparatus and akow, =lgo, the mods of
.18, oDaration. | .
T3 Eaferring to the drawiﬁgsi Flz. 1.reprasants
él&. n urnaa-sautiunal elevaﬁiun or the ¢ Lnverber takan
Elﬁ; through. 1ts centers . _
Ei16. Flgs .5 1z a Eactiunﬁl.#iaw of the converter
‘17, taken along the lins 2--2 of Ftg. 1, and

118, . Fig. 243 m sectlonel view of the converter
119 taken along thé 1ine 5--b of Fig. i. Tdeatical
EQ? .raferenoa numerala are used. ‘throughout the SeveTAL viawa.i:::f
izy, Tn Fig. 1 the rafarenoa pumsrsl 1 Tepresenis.

PRE. thg préaaura reslstant and cotrosion reaistant »all af

LBGi thé uanvéftebé ”Ih'p actice, thls mey be GHMﬁﬂSHﬂ of i

'&E@i . chrome-vana.ﬂium ataal, or- sama similar &ZI_'Lu;r, and m&:,r be

¥85. intersally; lined or plate:l with'sopper or ohromium, The
.:';Eﬁy- mamher 1 13 actually an elongatad tuha, b»oth ends of whidl e
.i&?ﬁ are closaa DF aimilar structuras. The tnp ﬂf the mﬁmhar

'-'_.: ‘{Eé’; 1 is clased by a plug 2 whitah reats - -oR small sheulders :

12Dy en the in-ﬁarnal Wai}.L of 1. A.-prasme tight joint is
_;'Er!.;.l:.é".'nhtaineri by meens. oF pressure exerted om the plug

i Eﬁi}"ahmuidara hr means of a ring &, which 1s. thread unnnahtaﬂ

;98.  to the tuba 1. The ring % recelves tha preaaura sdrawas

Pl . - ; P
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'usarving ns ‘A aupparting flanga for tha Etruutura to be

:h&ordinafﬁar daacribad, -y hy—pasaad gna iniat tibe @

' baing a;nularly Ep&uad within thaﬂa msmbars, ‘provides a
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o, which besr egainst the shoulders on the plug 2.

The botfom of the tube 1 i3 simllarly slamed hy;-“.-f

e plug, or lowsr head 4, whish also smgagsd spall
abouldere on the internsal well of 1, Binllarly =ma
aseoribed above, end sgein a pressure “izht jJoint is

obtaioed by meane of pressure exerted uzen the plug

‘shouiders by means of {he Ting 3, which recelves the prand -0

Sure of the sorews Oa, bearing agalnat tha shnuldars on-
the plug 4. ”he Mng & is thread BDnﬁﬂGtBﬂ t% the tuba
1: ail z2imitar ko the cunstructimn alrsady deseribed, .
%ha lower and uppar plugs, or heads, ara thus held in
engaganent with tﬁe peskets & and 7, raspegtival;, BE :
shown in Fz. 1, tha astion 6f'thase:gaskefa cnntrihutiﬁg'.
to -orm pressurs tight juints:updﬁr the aotion of the i :
preszurs applied 4o the reap;afi?e hends, .

ﬂhiia the tube i l1s actually 2 lohg. 1nteEral é-
part, the drawing Has basn shortane& B8 indiaateﬁ at 'é
a--a' anﬂ h--b* “

. The: plug 4 haa sauurad to 1t tne mumber a,

paasing thruugh tha plug 4 and aunparting flaﬂgﬂ £, pod!

-main gas inlet by way of uhE rﬁaulLing annul&r gpace !

; aa will ba 1atar aat farth.

Insid& tha tuha 1 and sunpurtad by the flangaf;

::hthsra ia pusitiunnﬂ L atructure 1n the furm.of another
tube gnﬂ inﬂiﬁatad generaily by Ba. This structure,
__;heruinartar rafarrud tu a8y "bamb“ may-aunsiat of
ifucppﬂr or uf alluy stual nlata& with aapper or chrumium.
53 HUBBtWEﬂn thﬁ tuhe l and the bomh Ea, theare is ﬂn &nnulﬂr

anaca ﬁa, thraugh whiuh gasea maEy truvel a8 »i1ll latesr he

describod.  The bomb Bz is closed at bath top and bottom,
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a ST - 1. but is gpan o the annuiar Dessage 9 naar:tha'hattnm h}

2 ' 2. meens of a @srlies of small povrts on its paﬁiphary.' Thaéa_'['
d. Bre indiocmtsd st I10a aug lla on Mg, 1. .

4. Within ths baﬁh 8e thers ia poaiﬁinned 8,

O« epaualyst basket, Fatalyet, end a heat'axdhéngar. The _

6. component perts of these may bhe best understood in thsif

:,3 P reletion %o the uhamiual praceas whioh ‘fakes Pleoe within

&, tha ponTerter. Fbr tFis reason, in further aaanribing i

TP LARLFLELIM S . .,

P tha anperatus mod nrccaas it will ba asaumed that the
i10. catalyat is at the optlimun reeotion temperature ssi that
i1l. & mizture of hydvozen and narbon axides is paaaing thraugh

thia oconvarter end u:mtauting With the oatalyst where H.s
partion -:f the 2as reamcts to forn mathannl. and that th
ocoled ruaidual hrdrugan and sarbon ﬂxido mixture 1=

being ndded e the BN gaaaa paaaing into the bombs

R

Aﬂ uill ha aaen fram Fig. l tha bumb Ba’ 13

cenVaniently fmrmed of twn aaations, una af whiuh uau-

R taips’ tha uatalyat and ia tharafore ﬁha raautinu uhamhap,-f'*“ -

'“_;whila tna athar ssrvaa as a nrehaater fof the raaatanta. _
*'Tha bnﬂb Ba has pﬁsiﬁiunad within it B gas distrihutor 1& [
far diatributinn gf eld dinlet: gaa uhrough the cagalyut,

}' B &nd the tubas 11¥"_-'aerv1ng a.a haat mtaruhs.uger Hlbes by J

?-maans of! wnieh tta 1 coming “a&ctanu iz Sure may . be Frﬂ“!"

;-f}_hented whuu tha hut reaqtiun prcducts ara paaaad in ) ?

'.Tf_axtsrnal aantaet wiﬁh thaaa tubua cnuqtar nhrrﬁut te tha

: : : TD éﬂaura maximum tharmhl eontaect
_hatwaan tha&a tuhﬂa an

ot

;tha_aruaucta of reaﬂtian, the pré

:nﬂating ah&mher

};maxiﬂaﬂ with .a aariaa of baffles 12 ?

ndild ef altarnating larga and amall diamqur and seo dis*

*fﬂ;hﬁt reaction pru&ucta &nd tha fubss 11,

-8 -
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i . YATious tubes within the bomb a*e held in Emapar spaﬂaﬂi

. rafe of heat trensfer Pram the: reactiaz praducta %o the

. raastant mixture.-

"'fahall 1?‘ Thia'un ar 32 1s anerturad for the reeeytiun ;

LQ 300362

_ It hes been mentioned that the Lomb 8s 1s _
frrmed of two ssetions, and 1t will ke sesn from Fig. 1.
that when the apparafua iz asagmh}gﬁﬁthsre-will he & .
unnnéﬁting flangs onh eesh aa;tiun adjacént-each other.
These fimnges are indieated &t 14 and 15 respuativaly,
and in assemhleﬂ relationship; a plate 1§, sexrving ea n
uatﬂyat suphorting plate will bHe aspurod A position
betwean the two flenges. The catalyst or reantion uhaﬁ%
ber la thers fore located in the shell 1%, the catalyati

ltaelf, indilosted at 18a, baing srevented from eﬂvﬂriﬂg.

'the preheating chambsr by she plate 16, which plate is, |

bowever, pérfura ed to parmit the Passage of the reantion:

produtcts from the resetion chamber, . § ;
‘4B previcualy mentiuneﬂ the ineoming reantaﬁé

mixture 18 preheated by the hut romotion products.. Tha

preheating chamher ta defined by the stel] 18. Tha

.ralatimnahip by the tube apacer headsr 15, wkile in the ; fi

prahaating nhambar tﬂere ia nrevided u,plurality ©of ear& _:

. ruds 20;. Qf maximum diamater 1q ﬁrﬂar to gi?e ﬁhe maximum ;

It will ba aﬂan that the shﬂll 1? ia prnviﬂaﬂ

; .ﬁith 1denﬁinal flangea-at the anuasita anda ol the ahell.
_ana of thaaa flangﬂs Ié haa praviuusly Deen desuribad.‘
'-Tha ﬂhhar rlange al alan aar@as 1. nonneating flanga,

REEE haing ﬁhe maana ot ennnecting tha sover 22 with the

"nnr the: ﬂ?romeﬁar tuhas 4z and 34, the tubes B4 heing
':drupned 1nta tubus as.

v -

LT NI RN



'plug or head & through tha agengiea of ths prasaure
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Tha slement of tae entire esaambly of tubea sre
zeid in pmpsyly spaced ralaticn oy the op=scting sgpecar
headers 1% ﬁﬁﬂ 23, end while the header 19 is psrfaratﬂd
for gas pasangs, “he only apan ings in 25 are for the
Toceptlon of the variouz tudea. _

The gesscus resoiant mizture 13 igtroduced infd -
the bomb Ba throuek the gas inlet 26 ty way of the anmilar
Pbeasage 28a defined bBotweso the by-pas;ad imlet tube §
and the vlug or heed 4 and supporting fimcge B.  This
apece opens beneath 4the tubse need 235, the gasss entaring
the bemb bheing thus bruught inte commmicetion with the
open ends of the infterohanser tubes 11, through which
tubes thege gases pass. The temperature within the bomd
ig indiceted by pyrometers in the tubes 23 and 24, angd :Lt
may be pdjusted when nessss8ry by by-passing cold ganeas _ .
threugh the inlet tube 9; which pe=ses thrmgh = atuffiﬁg_:--

Lox 2% seoured in pressurs tight relaticzaily with the

sorews A and gaskﬂt 2%, ' 5
The gansedus reaction produats find thelr way |
from the honh Ea thrcugh ports 10a and 1la into the
annulerT chamber 9 betwesn the bowb 88 and tubae 1, thua:
aur"onnding the homb Sa with an atmaaphere of gases befure

ttay 153&3 from- tha gas outiete &0 and S0

Anr incaming gaEes by -paated intu the inlet

-tuhe ¢ pazs thrcunh this ﬁuhe iLtn the dlstributar 1o anﬁ

thoros 1anto tha diatributor tuhas 3 whence they are

'paaaeﬂ intw tha catalyst.

- The outlets 26 and- aq are providet, respectivelg:

with aturfing boxes i end 3&, each naintained in gas

. tlghy rsl&timnship-hr-tha ection of the preasure screms
© B8 and 54, and gaakets 55 end 36, respeciively. Each of

.theae members 31 and 38 12 adapted, az by fhraaﬂing, fox

= G -



;¥ i3 welded into, tha bube Eead and extends thruugh tha ;

‘epoled In ordaep te- 1evel orf the

N 300963

tonneotlon with lines leading the Teaction produets to
whatever uillizstion Sherger nay, be dasired,

It wilz be seen, therefora, that the prahaatiﬁg
and oatelyut éhambars are intsgral, the combined struc—
fures Forming the Momh Ba. The whele is supported by {he
tlange & and i3 free fo move within the tube 1 bacause E_'
°f the differential sxpsnsior betwaen the shells 17 end -
18 and tie eonrerter tuhe 1, Aiso . the tubas 11 ars .
expanded inds the tube head 23, but are not rigldly . con-
nected ut anhy other poict and ara unnaaquantly free to
nove within the &hells 17 gnd 18 on expsnsion. The -
satalyst supporting wiate 18 1a held rigldiy 1n plaoe by
the ounneaﬁng f'langaé 14 end 18, This satelyst plete ia
bored for each intarahangﬂr tube ®1th plenty of allnwannn_'
for movement of tze iubes. Also, thare are, meny small
holss in the plate fur the paBange o thn g&aaa. é

The majnr portion of the Za8 snters through tha"
1nl et EE, at tha hottom af tre bumb snd passss up th*nugh
tihe intarchangsr tubes, being narmsﬂ by thermal contast é

with tha reaated Zases passlng on, Ghe Qutsiﬂu nf thase §

tubes 1in eantra-diraatinn. The tamperature o5 the warmué.; o

‘gma ]z mepayrsd by L1 tharmﬁcmupla and théa temparatura

ragilated by bywpassing epld #85 in thraubh the hr*paﬂa é

825 inlet 9 aonnacte& intu a. stuf“ing bﬂx ﬂ?. The tube

haad 4. It iﬂ ﬁraa, hQWevar, tu mnva in tha stufting bax'

it

_2? anﬂ aqaardingiy gy ﬂiffarential exp&naiun nay he _

"L taken uar& of. This br—passad E88 13 distrihutad by maans _

" of the tuheﬂ ﬁﬂ thruugh the sztelyst at. e point several_;
_feaﬁ Trom the tup.- The object of thim 13 to allow the

'natalrst nu be heatud o tha Tesotion point by tha

entering g&sas and for the rartizlly reacted gasez to ba .

Tempen .
- PErature graqiens,
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1. Enteriag gasea are fupther heated during their

Z. DpEEsags thrnggh the upper pert of the tubeq by thermai

i . 3. contect with the catalyat 1iaelrf. Pazsing the entericog

4, pgraes countercerrently to the flow throuzh the uatalrst:
8y will tend fo ocool the lower part of the catalyst and

&. mnove the hot apot towards the tuj. The amount uf hesat -
Y+ 1b the upper helf sof the heat 1ﬁfrch&rger muy be regulatad
. B. Dy reducing the langth and diameber ot rods oentersd in:

1 9. the heat 1nter¢hangar tubas and supported by luge and |
Eélﬂ. Frojeetions from the upper snds of tha tubea, dora rnﬂs T .
?11. 20 of paximum diamster are placed in the lower helf af ihe:fi'ﬂ“
513. heat intarahangar in order to give the ma:imum rate of

|15- heat tremafer. Tt s also %o ba noted in this connecsion .

_ Hl&. that the baffle plates L2 and 13 =rs mrovided here for ;
3' :' _ 5154 looresalng the gzaw ?alauity on the outaide af the’ tuhasJ

A8, OCatelyat tamperatures are noied by pyTometers iﬂﬁﬁrtﬂﬂ in.j?

'.wlﬁ;:fWElls or fibes 24 which are dropred inte the owser.
: x_-lf_i_;'_'_'wrometar tubes aE-. . The '-eaa#ad gases affer they have
' ':gli;;=passaﬂ thraugh thu haat intarcharnar will Ieava the

:'%éﬁ}' apparatis gt thﬁ lawar fead through the outlet EB. Ir
“i®l.  the wall- gets tao kot, the reaoted geces may hbe pasasd
fﬁﬂﬂzj'-up along the wall and leave. the ncnvartar at the . cutlat
_ Es;zfﬁﬂ. ﬁﬂditianal haau waulﬂ also e reriaved fram the
:ﬁi_ﬁx_ 'i24, .Eﬂtﬁiyﬂt by tranafar thrnugﬂ tha wall 17 into these

H2G. . exit gasasi_;

‘:Eﬂ;. __-.j G&t&lyst ey ha clinrged and dischargﬂd Trom

29 ;the aan?arter by satting the whula canverter in pnslﬁinn

'zeax"up side duun.: Tha parta ava wow referred o ag if this;
'--EQJ_.wara tna-nasa.- The 1nna“ narts wuuld then he suspendsd

$ﬂ.ﬁ‘frum the flange 8 ‘and -the catalyst supporting plate lﬁ

81. mowld bseliminated. Instead, @ catalyat plate would be

- 10 -
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“Tna coures of tha reantibn whinh permits autauharmal
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nrovided st the Tery tottom of ;ﬁe caiaivat teking the
pleze of the palt specifled therewlth sz 19. With Tlange.
8l resting cn %ze lower head, and the upper heads 4 and - 8
remeved, the ceatalyst Is charged in woti) 1t has fillaed
the bomb 30 the reculred poilnt. The entirve catalyat
basket 1o then pulied up s¢ $hat the hZezd & can he
atianhad tﬁ 15 and 4. The zabalys’ i3 removed aimply by
dropping it out with {he heads & and 22 remaved. '

- Adthcugh the corverter hereln met forth 1a
illustratéd sod deasribed 23 Yeinz inzislled on =
vertlical posltion it wili be wnderstood that the engle :
and plene of instailation is not material to the invantiu;
and 1% will also be apperent tnat ey ﬂatails of <he
pongtruotion may be sodified w‘thmut depsartinog frotn tha
iavective sonospt and althnugh tha apperatus hes bhean
spaclfically desoribaed iz nannaction with the manufactura

of methapol, it 1z alac sdapted to tﬂa manufactura of i

- o%har b?ﬂuucﬁs, as for axnmpla nighar alcnhaLs, ammonia

ate. Ir fact, any gas ‘reacticn of an aaatbermic o f

cﬁaracter mE hﬂ-qarriad out_by this type Df cunvafter
through the epersiicn of.thé vrbssas rereln described.
. The ﬁiraution of the f1uw af tha gasas thraugh

convertar is 1naicatad by the arrﬂwa o the drawinga.

¥ _0neratiﬂn ‘ang’ auaurata conbrol af the caﬁalyst tempera- |
.t'_tura emn&iata in ns&ting the coul 1reaming gases by :
' tharmal cnntaat nith ﬁa& hot gaﬂeous raaatiun proﬂuuts.;
T"_.This heating in:ra&a&ﬂ ﬁhe tamparature of tha incaming :
E :gnsus varyiauhafaﬂtiall? hut -doeE nst hoat them quita té
.tha Dptimum reantlan tamneratura. The &aated gEaS&S are

. then pnsﬂaﬁ in tharmﬂl cuntaqt with the u&talrat 1tﬂalr

- 11 =
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1. [wheres the sxothemmic methansl remction is taking placed B} o

S. ard this thermal contast not only raisea the temperature
¢« of 3he incoming gases substantielly to the opiimum re— -
4. actlion temperasurs, but also serves to control tha

; 9 temperature of the catelyst Itzsl? in two ways:

;E g, 1. To abatracht hest from the catalyst ac that its
Pog, temperature will not ri&e above tha desired

é E; rezation aptimum, -

E; 9; £, To heat up any puftions of the oatalyst ﬁhinh mﬂf
?510. tend to ba decreased ih tempsrabure much below
%llq _ the Teaction optimom, B _
212; In praatiue, aufriciant heat 1a gsnerated [} g

513, tha axmtharmic reaction baking pleaa within ths natnlyat

:514. to provida more than anaugh haat to werm the Ingoming

gages and to malntadn the satslyst tamperuture when tha
fprnceaa and annaratua 13 operatad at prautical apana i
- ?elocitiaa, 1.5., abuut 10, DGG. In faest, Bn e:aaaa of j
;- hest 13 uﬁually=5&narated. s uontral thin tamparatura of
'tha catalyst it 15 freuuantlr naaasanmy uQ dilute tha hqt
‘masea frodr thu heat intsruhangam with seme cﬁld zasea; Sﬂ':
thet the mean teuperature within she converter will not '
risa to t@ﬁ high & pointq This uamperaﬁura Bnutral ia :
:';prﬁ?idad hy maana ﬂf‘uha uolﬂ gaﬂ pipa E aa prqvinusly
“.".gxplain&d whicn riaes ﬁhruugh the center of the hest %_t 
- ‘ifiterchanger and aalivarﬁ 15s uald ‘g=s under the distﬂﬂ-

.:i_q;nr hEx) at tha tnp af tha aazalrst baskst, By the

; .aﬂjustmﬂnt Gf the strsam af apld gas Tlowing Zren the and
E-rof thia pipa, ths ﬂﬂﬁired tampar&nura eontrol mar be

' :;t ea&i1y abtuinu&. Tﬂ &Gﬂurately ohaerve the tempsrature
jf-within tha uon?artex, pyrometars mey be located at son- .
?enient uuinta, and Bhe- aunyly of cold gas may be ragu-g.h

leted sither mannally or by auitnhle electrical cnnnactiun
$a the inﬂicating pyrumatenb - 1%

R
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i In the Zoragelng deseription of the invantion;

Z. 1t has been azoumed tkat the prosess gmd apnearatus was in

3. oparaticn and that the caﬁalyst.wua 8% proper reaction
£, tenperature. Aatualiy. in atarting uo the propsesa and _
&, apgaratué it fa of course neceasary to provida sore out+
é; &, oide sourece of hemd. The proosss and_appﬁratus Mai be .
i, put intnaoparatioﬁ by supplying.previousiy he&tgd.gasesi
i B. to inleta % and 26. :Tha glmplest trocedure ia merely t%
. rA3s tha mi;tura of hydregen and carbon oxides through 5 ;
10, saome sultsble gaa'haﬁter and to oonvey thém hot into thé-
'fll;..cunwartar. in apoount of the massivensss ﬂf the a;parahn,'nu_ﬂ;:.
ﬁlai the heated gmzes muist be passad into the eonverter for é SRS
113, censiderable period he;ora it ia raised to raautinn tem~ . |
514; perature, znd as spon &S the catalyat ha3 bmen raised 1# v
115, -tamperatura te a paint wtere the mathanul raantinn atarés,_

18, the heat of the zaautinn &lﬂﬂ aaaiats in raiaing tha

1%, sonverter ,amparaiura.prnviaua thaﬁ no uqld;gna_is.

- _ L L _ o :
18: Dpaszssd intﬂ ﬁhanconvartar.' IR !
In placa uf supplying hot gases tb ﬁha onn?er-:

'?.ar, it s Gf courae pusaibls tm haat the cat&lyst

<.

suffiniently to st&rt the mathanal raantinn by meana ot

PR

8%, an alentria he&ting alemant Whiﬂh Ay ba poziticnsd ' E

.—'

?ﬁjﬁﬁﬁiﬁ ﬁiﬂhin tha convarter anﬂ 1n qﬁntact uith tha ﬂatnlyat.

The ;mprqvaﬂdprﬂGGSa and appnratua B3 ebave !

_._._...._ﬂ___.'_'.L::. .

R : TR i
ﬂ;_ﬂaanriha& m&r ha smp oya_jrar the prnduotiuu uf aynthaﬁi
. :mﬁﬁnanﬂl ﬂith tha ?&riau& ﬂ&talysts and gas: mixtur&s '_i
. I
¥ alreadr knnwn in the art. Fﬁr amampla, whan E gaa mixturm

tuﬁ_ecﬂmpriaing 1&% oarhnn diaxide and =13 hydrugan ia pnsaad

- ¥
"""'.:_throush f-he app&ratua a‘b ap&ﬂe velaciﬁ:,r 6f 18,009 and |
..nﬁ g’ rs&etinn tampar&ture of 406“ Cu in uﬂutant Witk a. i
'“'ﬂaﬂtalrat af th& vrpe describsﬂ 1n ch&ruff‘hnd Elunmfi&bﬂtf
1.8, Patent:1; erzs 939--1 6., B mrura of zine oxids, !' |

L= 13 -
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18y

.19,

} /} | , 3000943

chromium oxiﬂe, ironm oxlde, and zinc nhloride--thera is
produced sn hourly yleld of mathanol smounting to shout
6.5 sallons per oublo foot of oatalyst, together wiih en
@guival ent emount of water. TP the &R mixtars supplied
to the prnceas and abparatus consista of 10@ oaThon
monoxide and 90% hydrogen, the other cunﬂitiuna ramainiﬁg
the same, the hourly rield of mathanel 1s nhout 10
Eallons per cubie foot of cotelyst. _

In the place of ths catalyst mentianed, other
eatalyats, such as those described in 1w, B. Fatenta
1,820,924; 1,625,925 1,625,008 1,525,92?, 1,625,928;
l,&dﬁ 92% may he employed. '

It will bo avparent thet meny mndifiuatiuna of
the datails of the construstion of the SOlVErter herain
11ilustreted may ba mAade without substantially affecting .
the assantiula of the cunatruntiun theredf, end 1t wili -

be understosd that 1t 1z dasira& fo ecomprehend w1th1n

_ the scape of this lovention Euch mndificatiuns as nay

be neoessary tc_adapt-it tc warying cpndit;ona and uses.
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ikat le olaimed 133

1. In sn apparatus Tor the preduastlon of
chemi;al reactions the combinatlon with a Dressura re-
slgtant shell of Integral proheating and remctlon
chambers in the shell, and mesns for lutredicling resctant
geses into the reaction chamber in such manmer a3 to
vreheal the zald reactanf.gaaas prior to reaction by hot
reaction products.

2. Tn an apperatus for the rroductlon of
chemical reactiona the gonblnetion with a pressure ra-
glaztant shell of a support with;n'the-shall.and a
reactlon assembly carrisd hyliha aupport, the 5aid

- 14 -
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t 1. a3genbly uumvris;ng integral Pfahaatiug and'raautian

"o

N chamb T, @oEne for iztredusing reactent gases into the .

f He raactinn ohemter Hﬂd negnd permitting eiflolent pre- _
; 4, nesting cf the reactans ga3e3 by hot resctien pruﬂucta,;
E G. the afrressid elements of the asld assembly belng eapahlh
g é, of free motion within the smell upon ﬂ;fmarantigl ;
_%’?; expansinn of the suaid alaments. E
% ga; & In &n spparatus Tor the prwductinn of ﬁ_
k -59. chexlcal rEautiona, the aombination with a vrasaure
) id.. resistant shell of & auppert within she shell, aud e
é !'lg reaotlon aésamhlﬁ'narriai vy the AUppoOrt ahd comprizing E
%f e L&, remotlon and nrehe&ting cheabers end mesna for 1ntroduui;5

EE.' “aantaﬁa therein, the afareaald alementa of tha raantiﬁn

}4,  assembl gely movemble upon expanaiun.
i ' L5, G In an apparsibs for the - produutian ef

e L (6. chenioal raantions, the. uomhinatinn wiﬁh a prassura

fo,'_rBBiatant Ehﬂll Df 8 raauﬁicn &aaamhly within tha ahall

i
[
iz .tnﬂ said &Baembly dafining 1ntegra1 preheating and ‘reactien.

sy .

_nhambara 1eans far introd&sing raactant gaaas inta the: |

r

SR S

RERCEE
'said reaction charhﬁr maans fﬂr p*ehaating the 2sid E

" rasciant gasaa by hut reaction nroauats :and mgggg_ig;

f f]ﬂelactivaly iutroduciug aold - reavtant mixtura inte the

_._.—'——~- L _“__\l_d__l____,._._._l.u_w_v

anﬁ auﬁlats ar a resctlon E !

ufztant ahell hgvrns Eﬂﬂ inlet

"';_:'nBEEmhly within *tha_ 3. m :shﬂll the maid aasembl:r com~

- L:f;'ﬁpria.ng tﬂﬂ nﬁmmuniﬁnming :halla Enelqaing 1ﬁtegral

: f.'araamtian and arah5&¢ing Gaambars, masns for 1ntruduning §
re&utants 1ntm the rﬁactiun chamhar and mﬂana for paasiné .

-.15 - 1
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1. ot reaction prodocts inte thermal contaof with inocming

B. repctents, the 8sld sasembly baing ag gonetructed aa tD; _
5. ocmpensate for differential expasnailon beidwasn Lta elemaﬁﬁhki, i
&. - 6. In an apparefus for the production of :  f”
4. methand, the comhinaiion with a pressure resistant shalif e R
G hgving ﬂ.EEE_EE}EE_ﬁﬁﬂ outis®, of a EEEEEEt within the i
7. shell, &nd & EEEEEEEEﬁEQEEEPIE carried by the support,

B. the sald azesmbly noggrising_gggqnammunicating shalls :
‘9, defining integral reaction end preheatlng chambers, REE%
ilﬁ. Leating tubaa pessing ﬁhruugh.ths chambers. and cpening ;
Fli. into the resation cheamber, snd s catal;at Egate rigi 1yl'

ﬁ?-:. ' 512. Eaaurad in puaition setwesn the seid shells, the asid

:lE. plete retalning catalyst -oonteined in the reesticn

14, ohember hlle permltiing th&zpaéﬁaga af gﬁsaoua rerctlor

15, products from the reectlon chember inic tite prehesting .

16. ahanhar, 1n.tha&ﬁgl-auntact.wiﬁh tae ald preheating . |

T L. 'fuﬁes & me&ns fnr adjusting the tamnaratare uf the

o [15;_:reaaticu ohamher. ”53. : . C I Pl

a

iﬁ*?-i.' - é;ﬁ-In aﬂ apuaratus fbr the prnﬂu&tiqn of

t
L ' } ;
;ED. mathanal, tha cﬁmbih&tian with a praﬂsura raaistant afiall

{51, h&ving a gaa 1n15t and uuﬁlats, uf & ﬂunpart within the;
i ;3hell,fﬁ$é Aﬂ?lﬂJanﬂ Y rﬂautinn aaaamhly narried by thea
-1;suppmrt“ tha Eaid a&sﬁmhly eomprising twa G@mmunloauing

' _;'-:;"shalla apa{:aﬁ apart Iren tha first shall arm defining

'.intagral :aaeﬁiﬂn and prehaaﬁing ch&mherﬂ, a plurality o

.EE:;Jnf prehaatar tuhaa Dassing ﬁhrough tha urahea+1ng

"333¥;finhambﬁr ap& ﬂpahing 1nta tha said ‘regoticn chamber, &

.:3gégfdp1a¢a Q*Ejdly Banurai hetwhen tha gzid ¢ommunieating

r

'fg:ﬁﬁﬁ:~shalla ana ra ainlng catalyﬂt c;ntainaﬂ in tha reactinni
: EGQ:LQhamh&r whilu parmitting the u&aaaga nf re&etiun produnﬁa

tm1l,  into the prehenting chambaﬁ. barfled in the said pre- |
: ipin—~ VLTVEY !

an
%,

KRR Ll
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1. ‘heating chanber to effact stficiest thermael contach

2« Dbeiween the reaciisn products apd reactants and

4. Lhesdera witkln esok chembayr to secure the said tubas 1nj
'+ 4. Droperly spacsed rolation.
i 8. 8. 1In an appsratus for the produsticn of ;

¢. methanpl, tame cumbination with & pressure'resistant'shaﬁl

7. hevinz ga® inlets azd outlets, of o aupnurﬁ within the
8. shell and a reaction essenly carried hy ﬁue $upﬁort the e

5. =alsi aﬂaamblg eomorlaling cnmmuniaating Euﬂlla defining

I .

0. dAntepral reaction and prekasting Bqanb&rﬂ, mﬂana for

.J 1. ucntactirg heated rasctants witn a catalrat cunfined in

e 12. the reastlon chember, and means +or eﬂaling tha reauti
ﬂ._._.-'-—'_"'—“---.--\.

[ . " m———————— e,

“18. chamber, the s8id neans uampriaing a tube adapted to !
: |
14.

introduse oold resotant gaaaa inte the raaation uhamher4

{18 & alatritusor for the Eaiﬁ gas, #nd tubes eammunioating

i16. with the diatributnr and adaptei to contaot the said ol :
%ﬂ S 17. geses with the cat&lyﬂt. . _ a ;

94 CInen appar&tua for tha gruﬁuction ar

=i
m

”;'lgiﬂ_mathanul tha uumbinatiun Df 5 nraaaure rﬁaiﬂting Ehﬁll|

-fﬂaﬁ}_ an aﬂtranma uﬂrt fﬁr reaﬁtant gaﬂaa, cammunieating shellf

gﬂl, within the a&iﬂ shell deiinlng. 1ntegrﬂl hrﬂhaating and

e —ame—e-

5. ”raantiun nhamhara maans feor pg&sing raautaﬂt gasaa in

:dirac;

i
L g;;'Tuhambar, mﬂaﬂﬂ parmitting the naasa*a of hqt rﬁaction o
]
|
I

taat with a uatalyst within the. raautiﬂﬁ

TS

'.33;3335:; pruﬁuuta intu tharmal contact with the said reactant

f_pgnsaa, and maanﬂ fur ramoving tha reaction produoct from

L ke ftha apparatua. :i“F

lD. In an apparaﬁua far tne produetion of

:5:;5;E§;'5mathanclj tha nemhin&tian mr a uraaaura raaisting shall

{ﬂan entrgnqa»pnrt'fnr renctant gages, qammunieatiug shall?




1. 1ihe gald comuniecabting shells defitilog integral pre-

& .; &+ heating and resction caonmbera, méana for passing raauta%t;:
. gases in direet ccniact wiih a cately=t within the o
4. wresotlon chamber, meams permitting the pasdage of ru&ctia&-F
@. produsts indo. thenma aontaet wilth the seid resmotant :
i &, gases snd counturuurrentiy ﬁheretu. énd:maans Tor re- ?
g 7. movlng the ramction prﬂauata trom the appafatus‘
B - 31: In an epperatus Tor ths pru&uctinn of |
. 9; methancl, sha¢ls ‘defizdng 1ntagral reactlon and preha&t-
jlﬂ._'ing chamber s, a nlurality of tubes for 1aad1ng reaetant
111. gases throuph tha Irehaating ahanbar into dirsct contact
118. wilth & catelyst within the raaatioL chembar, means .
?_ . 'ﬁlsa Termithing the pedsage vf hot remotion pruduut Irom thas
' |14. catelyst irto tas prabeater and into thermal, oontact

o - llE. with the aaid stibed to prahaat31nunming :qaut&nt gases, .

186, = socond plurality of tﬁbes ﬁameﬁrating'tﬁe eatelyst, _
17, means for passing cold reaotant gaaas through thu&a tubep S

"for tamperature euntrol ag the reaetiun nhamb&r, and
g means fur_ramo?ing;tgg raautipn prq&gp#g.fmmmﬁthe :'

ooerm oL
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