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E-EE: -] that methansl is produced from sarbon dioxide

LAl atats:

Casa B

¥y inventlon relstes to an imorovemsnt in the
procesza of preducing aynihatic mathanol hﬁ the reantian.
of hpdrezen snd carbon dloxlde at alsvatad tampsratnras.
and preasursa uwndar tho lofluanps of aultakls eatzlyata.
More pariicealsrly my invention »eintes to g proosss in
whizck %he intersoting gaszesm nre propsrly provoriicnsd
¥o obtaln o magrimum yleld of msthenel and a minlmom
7igld of undsairable by-produesta.

48 13 wall krowrn, nethanol may be produced
by the interastion of hydrogsn with carboa monoxlde, nri
parbon floxida, or alxtursg of the two.

I have now disgoeverad that, in tha oaze of tha
interagtleon of carben dlezide and hydrogan uatalytiual;&
at elevated temparatures snd pressurs: o produce :

mehanol, optimum resulty are obtained unly when the

caruon Giloxide is predant 1in axtramﬂlg emall prupurtinnf

that ig, in & proporfifan tr tne hydrogan presant whish !

1y #zr legs thop the gorrsct Sheoresieal proportion.

he combload rescilon by which 11 hes been

ig ona of the Tourth order andg 12 sXproasaed ad follows:

LB Hp f 0Oy w= {.‘-}_-501{;.{'320

Boma pe*snnﬁ hava further sganmad fhat thly uomhiﬂad

reaeiion mighﬁ ha-aaparauad intc two almplas aqudtiona,

truma: -
00p ¥ Hp 722 U0 # Hg0; _ !
00 /'R Hg@a? O CH. .

If ¥he true resction la assumed to be the simple raaﬂtlFﬂ
ahoTa shuwn; 1t follows fronm theorafiloal raaauniﬂg
i

~Bhet the rate of resoliior should be at a maximam when

thaoretlonl properdichs of ossrbon diexids snd hyiromen

ares predant in the gomecae wmilzture. ‘ f
In daspaallor with my azperimants nn fhe wra-

&ucuinu of mﬂthanol Tfrom mixturas nf hydrugan o rd aarhah

-1 .
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: 1. Alowl@s, I hevy passed gosea oontaining warlonsz pro-

2. portlons of ihesa ingradisnty over auitabla ﬁﬂtalrtle

3. amgantz ab temperetures of 200-5007 .., and af praasurusf-'

? ¢. 1in excess of 50 stmosphares. ALl of the pases present
: . are n0s reasted during one passmgs over Lae asbalyad
. . i =M and.huncé 1t 1a the practice to resiroulate the
éi 7. rasidusl geses ovsr the exbalyet 1n ayelic f##hion, i
1 5. nothing teing raméved fromw the procegs axospt ﬁha_w&tur;

9. and methznol whick sre formed. To ﬁaintain_tha yﬂlpxﬂ.

10, of gaa, whisk Ls oonbinually diminighed by the zemsbion,

11, dresh gas 12 aongtantly added %o the sratem.

18, _ Tha mathod of mavufacture of mathanul frum

;15}_ mlxuu_BE af uarhun dicxide and hydragan ma gy ha moru'

. : _ulaarly duacriheé witn “afe*aﬂaa tﬁ Fig. 1 of tha

:Haat Exahangﬂrfb,f ?hilﬂ pasaing thruugh tha;Eﬂﬁ;J_n

CBReT Exunanger th& gﬂa 1& hﬂated hy thﬂrmal aontact with $ha !
"' oy .|. i
u'hnt gaa frum the methanal raaﬂtiun which naaaaa in

| i
--L

, :turough - par:nrate plz=ta HY farmlng tha bntﬁum af ihq”
.f@,fﬁhaakﬂ ‘H. - S

iame o Tha drawing shows the catalyat ag aagarataﬂ

4. 1ntn two’ Haatiuna, 7 ang I*.. 3eotibn J 1o designed to |
' o
i

Aet-gg g "pre-uatalyat“ or purifiar, ﬁn daaﬁruy ua
Co ; o B . .
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up gma =3 gonneatiem ®, In sparatiag the yrooesas, the

" a sonsbant dlminition in the sressurs of tha ayatanm due

‘%o the resetion of the gasss to form mebhanel. Do

replace fhe pezen sansumed by Lhe reantion, make-up gas

285280

faze B

ahgorb any eatalyas polaans wiolch mey be prysent in the
ga3, and uiuge %o pragarve ths eetalysic activity of
saction ST for tiue methanol remsiion, The slevabad
tamporaturs in dhe Convarisr g iy largaly maintainnﬁ by
tha hast of reaction, but aupblemanuary bemy ia
provifes for by weanz of alsatric hesting alemenis £,
E', ste. smhedded 1n an insulsting jaaket I whizh
SUrroundes .

43 %he hot gae buages sarough the natalyeb
tha methanal resetlon ozeura, though all of ths earbon
axfdas prassat in.tha gaE are not rescted at ome pasaggé,
Ehe hot gng dimobarged from the Convarlsr through pipe |
W gontaing methanol vapors, (water i2 carbon ﬂiaxida-ia:
ﬁraﬁeﬁt} and any reaction hy-profness formad, as well
aﬂ'umreautad aarThon ozides and hyﬁrugan. Thig gﬁﬁ
pasgaa Vvorongh the aﬂJﬂl&r graca E of Heat Exahangar P
giving ip moet of 1ta heat %o tha inunmiﬂg gaa.

|
|
|
|
”1"& p&rﬁi.all,,r cocled #ad than paadag frum the .
Heat Excnaugﬂs B via plpa N to the Uoraansar 0 where.

t

‘1%.1% ¢ooled. . The meihansl thus obtalhed in Limis

form tuééfhar ﬁihh any water pr aaant ig ﬂ&pusi ad lﬂ thn
anaivar B, frem whlch thea liguig may Bbe removad througﬁ
ﬂraiﬂ P’ . Lha vsaiﬂual norsaabad, 5&3 risas through
pina Q anﬂ p&aaas tn aironlating fump R, '

Phe . alreules 1ng pump R withdraws the raaidual

:gaé:fiom the ‘Recaivar ¥ and combines 1t with the m&ka-

elreulating. purp R serves to olroulate the gaa through

the sysien and to overcome pressure drops dus e frietlde
!

in the pipes and catslyst chowber. Thaers 1a of course

Buﬁtaiﬂ the pressure in the silrenlating syatem and to

ig pontinaelly wmupplied nnder pregsurs througk plpe 4.
tm S
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- wAaier. Yha carhon monoxids formed in rﬁaatinn.ﬁ'may

_reacﬁ ad?antaﬂaoule with bydrozen ta produocs mﬁthannl ;

20628%

Ogaa 3
I have disnoversd that wher methanpel 1a
Froduecad from a mixtqrs of thaoratisal proportions of
aarbon divxide and hydrogrn, znd avan nken leas than the
Thaaretionl vroportlon »f carhon dioxide ie enployed, .
thare 1s a formasios of meihane and carbon monoxide in ;

tie glroulating gap mixture ang, furthar that fros

zarbon is depagited in the appsratua. Also, the g BN

pertion of water found with the weihanol when ﬁhé :
miztury is removed, by oondensetion, from thae apparatu&i
18 mwan graater then vhaf that snould e formed by the
methannl_raactlcn.

From She regultes thus slteined id appears that

there nre o oamber of primary rescliiine cecearring =t ii'

aifferaﬂt fatas, rathﬁr than one ur tRo almpls reaﬁﬁinns.

”ha gﬁaup of reaotiong which seour 1o vearying g
ﬂegreas ir tallaved %o be as follows;-
fiy 8 R"E £ C0g ¥ HpO # OHpoH;
(2] cog £ Hp #5200 £ HyO;
(5) 60p £ 4Fp 3o ody £ Hy0y
fa]l a0 £ B, oo Gy f 30
_ E_ﬁ}; ae, ,:f_ By ;::“_a_mm{;

[&} GEQ f DDE.# Eg 4-—~ B0 =0H;

BT B00 e g0, £ o
It ig thus sean bhot the dssirad course of the
reacilon - 1,8, metharal production - is attained by tha
édvaﬁtaguuu& raaufinna 1, &, and posaibly 6. On the

othar hard reactlon £ produces carbon nonnxids ang

anoarding to raautinn & or flsadvantagaoualy to prnduua;

earbhon {Eeactlon ?] or rethane {Besation ¢). Bneh aarbénE
. 1

22 iz formed iy, of oodures, romoved from the trocesszg and

o, .
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29,

~ghtemninn dxiﬁae'fnr 8 pariud af 128 kourz, The natalyat

aoclad and the mixsura of melhansl and water formed by

a 119,
. hao.
dz1.
“hour par litar of eatelyst, the iiguid shoming 500
;Eﬁ:
. .ppntain ?Qﬁ'by volume. An analysia of the sirounlebing
28, ‘maa '
ZrE&;
'-zr.'
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." '1-

tapoficn ¢ 18 practicglly irreversibla. The reaeiions,
advantagsonz or disadvantggoous, which oroduce water arpg
algo largaly lrreversibls alnoe water iz constantly
ramoved from the procese together with the gondensed
metrnonal formed ag the deslrad vroduot.

As 1llustrative of the sepdltlons préveiling
woan i3 1p atismpted to weact cerbon dloxide sand

hydrezen in Theorsflosl proporfions the following

e m—— e

tyrical experimeni iz oitaen,

4 gag olxture comprizing theorokiosl pro- :
porticns of hydrogen =nd oarbon dioxlde fi.e. agprox- }
imately 254 carbon dioxlde} wam oireulatad over s

mathanel satalyat sontedning a miztnrs of sine =md

temperature ®a3 439 G. &ﬂd $ha gag presgonre was 3b00

pounds. Afser pagalag over the calalyat, the gasaa were!

the reaclilon wes condensed wnder preasnrs and rameved

fronm the syaism. The razldial {unresctad) gaaﬂﬁ_wéxs

supplemartad by frash ges and resiroulatiad. 'ﬂﬁﬂaf thaasi.”

eonditiona thers ¥a® preduced L.B livers of Llguid pex 1,

mathanul on analynia whers theoratiaally it should

gAg éftET_Lg_hnurs of reamotion showed the fulluwing.
aampuaiticn:-. .
‘ Barbeon dfoxilde 214
ﬁarhun moroxldes 124

Ma bhana 5.2%

Eyﬂrﬂgﬂn 61.0%
It ahould by noted Thsi thia aroalystia off th&

gaese slroulated cver the aatalyst was made sftar the

':.gruc&sa nad hgen in oparstion imalwve hours and aheuld be

furiher ramarked that prier gas anAlysss showed that a
.

j;
|.
?
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sractically statlc cendlifison had been reuched. In obher,
mords, bLhe proportions of mafhana and carbon mcnoxldé |
founé in the ayasem ware no longar 1nc§2aaing. Tha ;
lowarad yiali of matnanel In tha condensate 18 sbbribut-
ghia only to the Slesdvantageous rsactlons provioualy
mwenliconed, whiek, on aceount of greater rapldity or
galaghive acilon permit the deccmpealtion of sarben
d;nxida'and of nyfregan wibhout & correaponding msthanol
produchilon.,
e reguity of the azperimant show thab whils
ths uee of & gxe mixbure of theoretlosl propertlone of
carbeon dicxlds and aydrogean in the methanoel proocsd doed
net producs a theovetical gquentisy of methenal, atiil =
mora or leas atatio sondldlon iz set up aiter & timg in‘:
;ha giroulnilog system, This im desirable, since 1%
-parmiua Dparatium without conatanily nhaﬂging the .
prapnrtluna of the "make-up" zaw 4o meintain a dgafinita
.prnpaxtiup vk § gaaaa in the clranlefing syetem.

By empariment, I have dlscoversd that when Lhe

ﬂﬁ&raaaéﬂ'tﬁa'ﬁarcantégé of. ‘methanol in thé condenaate
ﬁﬁpﬁogchaa mnfa alusaly.tha sheoralical figurs
féﬁpinximgtﬁir“?nﬁ}l which indicatss ¥het by the mea of
'auch proporflions the. ﬁndaairahla 21de raactiaﬁs ara -
partiallv ar whally inhitited and the waata of gmaaa la
#hus avnideﬁ. I have ﬂiaauvaraa that whan ths gaa .
mixtura progime ovar bthe ealslyat comprlaee luﬁﬁ ﬂarhon:
disxide snd 99-95% hydrogen, the meat favorsble resulid
. :ra phtatned. _

_ Wails uha aupplylng opf zasea to tha Prﬂﬂﬂﬁﬂ
‘in theza favurahl& erapsrhlong pruﬂucaa tha daairahln
reault mentiloned, it ts uhvious that diffionlties wunli'
hﬂ anapunforsd on tha aontipuad speratlon of tha praﬂasa.

[

If a mixbura of %% carbon dloxide abd 97 hydrogen im 5

=i
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Case B :

133
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l. gorstantily supsllsd to The oropesg, sll of the garion i
P B, dlexlds will ke converbtad ko mathapal but a grast excaaa:
3, of hydraogen will remain uwnresctad. [T %he "make-up paa™
i %, suppllied %o the progazg to maiptaln the pregsure iz of
5. the saws compogitien, the resnli ogourring on continusd |
5. oparation will b2 a gradual dimanition In %ha Uaraantagar
Y. 6f carbor diocxlde in the gysvem until it remches an
3. inflpitesimnl figurs al whilonr praoilcally no mathanol
9, will be Zorosd.
ilD. . In tha prastice of my inventlon thias 41£Ff1-
13, cuitg may ba sgdlly avoldad, To aojust the process mo

12, that s gas of ang dealred proporélon of carven dloxide

i13. Wil he pressnt in the miziurs pasaing over bhe catalysy,
.14. the ol=pulatory ayﬁﬁam in whipk the prozagy oparaﬁEé i3,
15, filled with suhabtantially puxe hyﬂfoéan gag at a progaure
aRLr aamﬁwhﬁt ﬁalnw.thg rrepsurs dealred for upﬁratian; _Tha
;;?. oiroulaticen o2 thim gas toroush the systam neturaily
| .13; .prﬁaucas'ﬁu regobion of sny kind. When thls aﬂjﬁatuﬁht
19;;'hﬁa haan'aﬂcoﬁpliahad-a phanga is msde in ths zas smpolisd:
Eﬂi -undar praaﬁuratu the pyetsm and inetead of pure hydrUgeﬂ;'.
o £i. = mixtura of esrbon . aioxidu gnd nydrogen 1o the owo- -
. BE. portLaﬁe UhﬁGrELiG&lLF ragired to Haka methappl 18
.éﬁ; supplied to tha Evatam.: Thia gaﬁ wlendd with bhe pura"
.'545. ﬂgqrugen.in fha pyaten and as Lthe polnt whera tha-gaaéa -
':35;',§aéa tha cétalya£! the pereeabege 2f carbon diﬂziﬂq_iﬁ_
- 88, vory amall,
874 Sinece wader she favorebls resction nunﬂitlaﬁn
I ﬁé. _tﬁus.éffecteﬂ the sarbon dloxide is eonvartsd almﬂaﬁ_:
'59. Ehtiraly to methanoly the smeual of parbeon dlo=xlda ﬂla;
4 EU; ‘avpsaring from Lhe syalem 1a dirsatly proportionats :' .
~B1, ﬁu Eha amaﬁﬂt ¥ hydrogen dlaapfaaring. Uonaaquantly.i!

':! S5, tke gos mizturs of theorstinal yroportions ia sopnatantly

2g, supplied me m=ke-up gss at a rets Whinh waintaing m

34. waonatant prebaura in the agetem, nsthanol and wabar =re
e : :
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1§,

1T}i progagure deslred for operation hos been attained, and
18,
Jeo.
84,
(9

“haa besn giiained. In this manner 1t 13 posaible tg
Jafdjust the gas in the gireulating syebom to aﬂy_ﬂaﬂirﬂﬁ'i

'__raﬁia'nf carbon diloxida to bydrogesn, Toen, o operste

J-may_ha attsined.

'-iﬁting dystam gas which contelna more than % of oarhon
P - diaxida, 5 logs of gages will occur on ascount of tha -
' uﬁéeairahln redciiong pravicusly desorvited. ITarge

ﬁuantities o mathane ani carbon noncxlda will be Imilt

1% _ Coh28Y

\ Cnas 2
oontinually 2rudaesd, and Ghe compoaibion of $he gas in
tha elreulsting sysbam romalns unchangsd. In thia
Zarer a woRt dsalrgbls "stalilec condition™ 1s asst up in
which a gra of ope unverylng composition remsing in the
clroulatice eyatem and arother gma of a gifferent bud
alsy unraryirtz compoaitien ta supplied to the =yetam st
the sama wrale at which the theoreilsal mixburs of
mﬂthaﬁﬁl nnd waier iz Zormed.

Ingtead of f£1lling vthe cireulating system with

vure hydrogen al a pressurs aprroxlmasing the pressuras

deslred for the ronotion, the gas placad in tha eiron.
lating ayatem may contain scome serbon dloxida. This
ey e acoomplisked either by f1lling the syetem at the
proggure of opevellon with a gas conmbaining s fra-
detarmired yuaniisy of carbon dlozida, or b7 pasalng

ﬁura nydrogan inte the syetem uwntil dnly pert of the

'Ehaﬁ'adding B gad vontaialng Sheereiicsl prnpurtian;'qf

aarbon dloxids and hydrogen, until the daglred presaunrs

Gike- teoo9sd, qhhe Mmers up gas" of theereildal propertlosmh
is supplled To the aystem =ndé a eimllar simtie condition

1
1

Towevar Lf this adinstmant praducaa a sirou-

'ﬁp-in tha ppotem =nd mhils coptinued oparation off tim . .
preaasa will £inally preduce & stable oondition in that
ihé compoaition of g&saa.in tkhe wlroulating apatem:

heucmgh uﬂch;ngigg_1n:ua@ﬁaaitinn. thae ;Ialﬂ of MEthannf

will Us much lower tham %hat Eheorstlioslly ohtalnabla.

-fa



. heyﬁg water).

f;raqulrad for mﬂthanul proéuction. Tha tempearaiurs

’amplﬂ?ﬂd wag 42ﬂ G. in dack pasza, and -z apaca valnuity
-fin“:ha azpardmenta-ig. gus .to varianes in the gas tresent

.::Was Euaﬁaeﬂ -_ hau is hafu;& the makawup B3 Waa

";:_.Hupplied b uhe procezs.
jiiqarhuJ diaxida in whe glrenlating zades was reduged from
h:ﬁﬁftp 2, the par aent of mathanol in the cnn&anuata

?-ﬁﬁﬁé"ncraaaaﬂ from 8C.5% to 55% na DETUﬂnuagas of

. ‘systom are also rediged amr the result of %he dimnition

VT 286284

Case B
Typionl resulis obtialned by thls metkod of

pparation ara fndioabted in the following tabnlations:a

Tohla I
Zxpt. Wo. Analysis of gades Yiela BPurity Opar tiu
C Ciraulating over * b Ha F
Gﬁtaijﬂa
GO, U0 an Ha

L 1:,0 %¥.5 10 71.E 2.9 a0.5 - 12

2 4.5 V.0 9. %76 @4 62 11

8 5.2 B,2 £ @8bB,s 2.1 82z 12

4 2.0 E.E &8 Gg.8 2.0 Ba 10

FLiters of condenwnia par hour pus litar of gatalysf.

**Psrqant by wolums of methansl in aondeneats {Hmmalnaei

Ei“f”-*‘IjIc-i.J;t'E of cperation b time of teat.
In tha'axpérimﬂnza abﬁva'rapﬁrtad, 4 Tresgura
.'uf EEDO pnunﬂa waa amplngad f%ﬂg Musko-up gaa"
zﬁsnppliad Lu the pracess Wiy a mixture of cerhon ﬂinxida

:-anﬁ h;&rugun of’ approximaaaly tha thasreiical pwppnrtiﬂﬂs

'.qf 100,900 was_amplog@ﬂ. The warlange in regults shown

'in tnﬂ cirnuxaulng agatam nefore the mefhanol raautian

Tehlia . I indiaassg that ag the parﬂantava of

'thhaﬂﬂ arif Jarhcn monoxlda progent in tha uiruulating

it carbon dlozide. The faet thet in Experimant 4 the
dsreantere of oarbon monoxide in the sirouilating gases

e
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i Omzae H

1. =xcosded Lhe perceniags of carbon dloxlide iag ui no
: E. impeortanses, for the praducticesn of n largar cercenloge of
5!5. aathanol in the ceondensate than wae cttalned in the other
j é.. e¥perimonby indioates Shas digadvancapeong Blde reautiong
F E. mers diminlsked 1; actbvity. Agparenily tho oothans |
i f. mIHE oorton monexide ware fp@med darlng tha flrst atogae
7. af roactlcn btofore & siatis comdition in the cireulat-
B. 1ng syelem waa stlainad.

9. _ Mhile Ixperimest B, employing E.Eﬁ parhon

10, diomice [n the eilreulating ayasen, zave the largest :

'511; viald of condsnaste par hour, Lkis 1s nol the conelder-
=lE, atlon of prims iﬁpﬂrtanue 11t the sconomy of the procena,
1B, Any desiraa yia;ﬂ uf nnnﬁansgta‘par hour may be ohiginad
1%: Lt inﬂraaaing ks spparafues =nd ths swount of patalyat'
-Iﬁ;ﬁ émplayéﬂ -Ehé.gﬂaataat B OO00NY and efficiaﬂcy of _

5. apar5¢lon is gufalnaﬂ whao &1} of tka gaﬂﬂs removad fruJ
Ef,tha R ooRas antar intn tha produstion of ihe Lhaurﬂtiugl'
:'-}:mxxturp “of mﬁthanol_aﬂﬁ.Watar, reibor than ﬁiaaﬂvantage g

”g&ﬁua dlde reacbions, Peor exszpls, *he same volume of = || =

?': aﬂnﬂanaata per hour s wag ohbalpmed in “xperim&nt 2 mag ..
'21?: b DhLa*nad 1n xpawlment 4 by marely duuhling the amﬂu:t _

':_?3,':01 catalyﬂt amglayad* an& modlfyine tha apparatus auenrﬂingly.
e Aadle 1T

Ampt. - Ho. Ahalyite of Gases Tisld Parity ina of

divonlaying aver - - EF Gperetiol
CGatalyot * |
CUE g0 CcHy H'E
b 11 .18 L] B 2.45 (i) LS
6 7.2 13 8 TE.A 1.95 6B 12
o 8 g5 1 95,5 1.85 &9 10

L s 1 C o . ' .
E #&itara of condengsta par Bonr var liser of satalysi.

"FO, T¥Par pent of voluma of Malihsnol In scondensake
- - {Hemzloder being waler}

AL ***Huqrﬂ of apsrotvion gt Fime of Sash.
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