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Improvements relating
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- Complete Accepied : Dec. 8, 1830,

COMPLETE SPRCIFICATION. -

to Catalytic Processes particularly for

the Hydrogenation and Dehydrogenation of Organie

Compounds.

We, 1 I TDv DoxT IF NEMQURS ANKD
Co., a eorporation organized and esistng
under the lawe of the State ol Delawure,
United States of America, located at
Wilmington, New Caotla. County, State
of Deloware, United States of America,
do horeby declare the nature of this in-
vention and in what manner the same is to
be performed, to be particulerly described
and  ascertained in and by the following
statement: —

This invention rclates fo a Pprocess of
propaving . valuable organie. corpounds by
eatalytic llydrogenation-éahy&rogamtion
yeactions, It relabes partienlarly to syn-
theses of organic gompounds by the eata-
Ivtis hydrogenasion under pressure of

oxides of cutbon, €., carbon monozide, |
. T4 oig well Imown fhab

valuable orgonie
gomponnds mey be produeed by the cale-
Iytie hydrogenation under pressure of
agides of sarbon, particularly esrbon oL~
oxide, Aceording to numercus descrip-
Hong, the composilion of the liguid pro-
duets so produced is Turgely o funetion. of
variable = operating  conditions  amond
which are the composition of the gascous
inixtive, the tempevatura and eomposi-
tiom  of the vonbach mass, and the vate of
gas passage over the catolyst. I the gas
omfinins besides hvdrogen and the- oxides
of carbon, o large propartion of gtlylenie
hxdroearbons, o i the oxides of carbon
ave present in large  eXCERE . over  the
hydrogen, the regulting produch congists
largely of liguid hydrocorbons. - Fhe sub-
stantial abuence of elefins ot a lower con-
centration of enrbon monoxide reletive )
the bydrogen fevors the formetion  of
atoohols, partienlacly methanol ond other
oxwgenated orgazic compounds  sueh  as
neids, ketones; osters and sidelydes.

As catalyiic bodiea- .suitakle for the
formotion of methnnnl and other oxygen-
ated . orgenic ecompounds, fhe hydrogenat-
ing metuls other -than those of  the
plativum  proun of those Imown o fomn
methane readily, from purbon monoxide
and hydregen, have previously besn sug-
gested.  Such metals sre copper, cod-

mium, silver, tin, lesd and zive, which
muy either be used alone ov when pro-
mated with non-reducible oxides or cott-
pounds of the alkail metale.  Owing to
their activity for ethane formation,
rastals of the so-culled irem groUp, i.e.,
iron, eobalp end nickel, sre undesirable
anless combined with sume non-wetatlie
elements such as arsenie, antimony, sul
fur, phosphorus, or borom, or as solid
solutions with non-methanafing motals, or
when cornhined with non-reduaible uzides
in such u way that no elementary meb
is present under the vonditions of opera-
tion. Among ofher catalysts whieh may
he used are those oxides whish are non-
redneible to metals under the nonditions
of operation, especially when employed in
intimule mixtures containing two or mors
oxides having different degrees of aeidity
or bagieity.” e

T5 hat. been.get forth in U.5. Patent
1,558,550 that the more Dasie oxide should
praponderate.  For example, & catalyst
composad of zint apd chromium oxides
should eomtain & proportion of zine vxida
‘%matel: ihan the proun necessary to
rm the neutral eompound zine chromate
{ZnCx0), or'in other. words, over 2 mols
Y sgainst 1 mol chromie oxide. As the
hexavalent form of chromium s not shable
in the presence of & reducing, gas, it
readily passes:over to the trivalent form,
the corespanding oxide being chrominm
senquioxide  (Cr0.), commanly  ealled
chromium oxide ar chiromice oxide. Therc-
fore, in. & catalyst.containing a pre ender-
ating quantity of zine oxide, the zine
axide-chrominm  sesquioxide moleeudar,
ratio is grester than iwo. The basic zine
chromstes of eommerce. eommonly  Tre-
pared hy precipitation. are eompounds of
this type, and-arc. freguently veferred to
as especiglly suituble enbalysts for the
production. of - axygonetad crganie comn-
pounds. - - Phicse *usually contain .2 largo
EXCess _-Df"rzinc.‘-ibxida, it being very diffis
oult  to prepare cxactly neutral  zine
chromate.

Ti lies heen Tj‘_rqposed.to synthesise ox{r— jii i)
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2 813,003
genated organic compounds sueh a3 ecompounds contalning u cuwrbonyl group,
methanol from oxides of carbon and it hag been proposed to snppress whelly op
hydrogen, by eatalytic resction at ele- in -purl the nownul dehydrating effect of
vated temperatures, and pressuras, in a2 hydrogenating oxide catalyst, by in-

8 whick chromite cetalysts arc uscd These eorporating in the catulyst au basic aub- 70
catalysts may bé prepared in 4 variety of stunce such ss un oxide, hydroxide, car
ways such as by gently igniting basie zine bonate or other salt of 2 weak acid of an
ammonium  chromate for instsnce, by allall or alkaline-earth metal of groups
which Grealiuent a loosely construeted 1 and 2 of the Porodic Systewm

10 compound of zinc oxide and chromium According to the present invention the 75
sesquinxide, known as aine chromife, iz . Improved process af synthesising axggen-
formed; which may be leached with ated ovgsnic compounds by eatalytic
dilute aecids, whereby. uncombined =zinc __hydmgcuatiun or dehydrogeaution at oe-
oxide iz removed, Thiz compound de- - vated femperatures and pressure is char-

15 ecrepitates when heated with loss of oxy- . acterised by the use of a eatalvst ecm- 80
gen and ammonia. . pidsing  difficultly reducible Lasic  aud
_ When pure, basie zine ammonium acidie oxides together with from 0.239
chromate, as well'as its Ignition product, - to 3% of an allli metal compmmd eal-

© - obviously containg two moleoudor weights  culated as the element., the acidie oxide

20 of =zine oxide for each molecular weight being in excess of that pecesswry lo jorm 85
of chromivm sasquinxide. Ilowever, a neutral compound with the basie oxide.
wheveas zine chromate as generally pre- In arder however to obtain substantial
pared by precipitation always contalns an  quuntities of higher uleoliols, parbiculariy
exaess of zine oxide and hence is a basie noimal propanal, ischutancl, and amyl

25 ging chromate, the donble zine and aleohwols, as well ns acids, ketones, esters 80

" ammonium  chromate wlivays vonlains & and  aldehyde, we have found that the
glight excess of chromiume oxide beepuse addition of small amounts of nllall wctal
of tha wnavoidshle qeclusion of ammonimn  compomds, particularly  sodium  eom-
biclwomate in the produet during ifs pre-  pounds, iz necessary.  Furthermore. cem-

80 cipitation. Thevefore, it Is rarcly pos- flrary to prior praetice, it has been foumd 95
gible by this method to obtain a proeduct possible 1fo operate ub high spacc
cantaining as mueh as fwo melecular  velacities with our catalysts even thoush
weighfis of zine oxide for each moleeular they contain olkali  metal compounds
welght of chremium sesquioxide. The which are preferably uged in small quan-

A5 ratie wusually found in the commercial tities. Potassium. compounds, sodium 160
procuets is about 1.95. Gond vesults are compouinds or wixtuves of the two may be
alea obtalned -according fo the process cxtployed but it i generally move desir-
stuted using calulysbs in which zinc 13_ ablé“to use the sodium compounds which
replaesd by thanganese. ' "qre cheapsr and mare available.

40 Is is undemtood of eomwe, that othayr - “Mhe gllali mnetals may he iptreduced 103

" roethods of prepming the chromite eatas ihdd: the cuntalysts as sulphate, phosphate,
1ysts may be vsed. It is possible to pre- chiromate, hwdroxu]& or carbonate, or us
pare a suftable condact matérial by grmd-— the Ralé of any of the heavy metal oxygen
ing in suitable mills a mixtire of zine  agids or organie acids. Hecrq:rdTeqs of the

46 oxide with emmonitm bichromate in ex- - form in which the alkaliis introduced its 110
‘pess, the mase being web with water. Tn  ulthnoate - effect in buinging sbout higher
this manner it iz possible to obfain any alechol production iz the same. Intro-
degived ratio of =zime oxide to ahrominm  duclion of the allkali as the salé of a heavy
oxide. -However, the use of n defmite metel oxygen acid. while temporarily

&0 compound as the parent substance of the posﬁponmg the atfainment of maximwmn 115
catalyst resulds in a contact mass in higher alechel production, has the addi-
whish fhere i a more intimate relation-  tonal advantage of indroducing a larger
ship between the bagie and acidie oxide.  proportion ol fthe acddic oxide. For ex
Furthermore, the use of a decrepitating ample. the addition of sodivm chromate or

A5 ecompemad  resulds in the formakion of A hishromate to the zine oxide-chrominm 1320
highly - poraus résidue  well adapted to  oxide eabalyst alesady deseribed has the
graaulation Ly pressue. fwofold  adviulege of Turbher inercasing

The zine -chromite catalvsts ”fuﬁ‘ﬁ de-  the preponderance of the chromium oxide
soribed, when free from ailtali metals over the zine .oxide and furnizhing a sup- -

A0 bring aboubt the farmation of practicalle  porb  for the alkelive compownds gener- 123

© pure mcthanol from  reaclion mixtures ‘afed Buring the cowse of the reaction.
—eontalning hydvogen and carbon mon. The advaniages which acerue from the
oxida, - . ust o low concenfrations of alkali metal

In the mannfacture of GX‘\!'—'E‘II-LO!JLH n- compounds -with our bydrogenation ecata-
<08 ing organic compeunds . fmm organic = :lvst‘sl are many. The pl‘oduet obtained 130
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from the hydvogenetion is homwogensous
and relstively free-from. wator, offen con-
taining as. mueh-ag 40%.of compounds of 2
higher . order than methanol. Further-
more, thers iz formed litfle or no ferry
matter and bub a small proportion of
hydrocarbons is produced s compared

o

with #he produch irom a reaction in which
the catalyst used contains higher concen-
traticns of ellali. The conbechk mass Te-
fains its good structure whereas in the
presenca af a higher soncenfration of
alkali mebsl ecompound, he eabalysttends
fo sinter imfo o solid mass thereby im-
poding or preventing. gas flow through
the catalyst ohamber, Furthermere, wibh
the cafalyst low in alksli, carbom deposi-
tion is ab 2 Iminimoum, as contrusbed with
contact masses of greater allkali conbent,

In employing compounds of the alkali
metals with our cataiysts for the produc-
tion of higher alechols,-it-is preferred to
use such an amount thap the finished
eatalyst will contain from 0.25% to 509
of ullinli metal caloulated as the element,
the amounl varying within thess limits
depending upen the conditions of opera-
tion, YFor example, when operuling at a
lemperature of 475° C. and 80,000 space
velocity (80,000 liters of gas par hour,
measured st 00 C. and 760 mm. of mer-
cary, per lifer of catalyst), a zinc oxida-
chromium oxide eatalyst containing aboub
29, of sodium gives espevially good re-
sulés.

The following is given as a specific ex-
ample of carrying out the process: —

A conlact mass is prepared by grind-
ing together in the web way the produch
resulting from the exothermic {ucomposi-
tion of @ mixture of a precipitated basie
zinc ammrmonium chromsbe with about 5%
af  its  weight of anbydrons sodinm
chromate, The intimate mixbure pre-
pared i& dried, grenulated. and eharged
into n suibable pressure resistant caba-
lyst  chamber. Waber-gas conbaining
appraximately §0% bhydrogen ond  35%
carbon monoxide by volume with small
percenbagos of carbon dioxide, metharne,
cthylene, and nitrozen is pagsed ab 4 pres-
sure of shout 275 atmospheres over fhe
contach mass ab the rate of 40,000 liters
per hour por Jiter of cabalvst, the labter
baing heated to about 476° ¢.  Under
these oonditions thers iz produced per
hour a volume of condensable liguid
prganie eompounds aboub equal #o the
volmme of eatolyst employed, containiug

shout 400, each of methanol and higher
boiling organic compounds, chiclly iso-
butancl. :

Ag illustrabing the improvement derived
from the use of & cabalysh containing bub
a small szoount of alkali metal campound,

a3 compaved with a eatalyst comtaining a
large smount of such .componnd, & cafe-
Jyet similar in overy respect to that used
in the specific process example given,
except thab it coptains about 209 of
potassium  chromaté (8% potassium) in
place of 5%, sodium ehromate, when used
in the process cperated under the seme
conditions, produces per liter of catalyst
per hour uhout 0.3 liters caoh of methanol
and compounds having a higher moleculaxr
weight.

It hay also been found that the cata-
lysts which. have been deseribed a8 form-
ing the subject matter of the present in-
vention, in. addition tu their use as hydro-
genation cutalysts,, may olra be utilized
Tor the reverse rveaction, thab is, dehydro-
penation, For inslence, A catalyst pre-
pared as deseribed ffom a mixturs of basle
yine emmoniuzn chromate with 5% sodium
chrowats may be used as a deliydrogenat-
ing ecatelysl and when isopropanol  is
passed over such o vatalyst heated to 400°
C., it is comverfed almost corapletely to
acetone. ‘The progess, of course, is eurriad
oub ander pressures above abmospheric.

Tt 15 o be understood thpt tho present
invention covers the field of cululysts, hoth
as applied to hydrogenation as well as
dehydrogenation. - ‘These eatalytic pro-
cesses are gencrolly ' earried out of tem-
peratures around 475° C. and at s pres-
sure of around 975 atmospheres. How-
gver, in geperal, the processes may be
carried out at temperetures of from #75°
tn 500° . with the uso of pressurc rang-
ing trom 100 to 1,000 a-tmo?hm-es.

Having now particularly eseribed and
ascertaimed the ndature of our said inven-
tion, and in whab meuner the same is to
ba performod, we. declure that what we
cigim is:— - Lo

1. An improved process of synthesising
pxygenated orgamic ~eompounds by cata-
Iytic hydrogenation:or delydrogenation at
elevated bemperatres and pressires chnr-
actorisad in this that’ the cafalyst com-
priges  diffieniltly vedueible Tasie and
acidic oxides together with from 0.25% to
5.09, of an alkali mebal compound caleu-
lated ae the element, the acidie oxide
heing in excess of thabmecessary to form a
nevtral compound with the basic oxide,

5. An improved - process aceording to
Claim 1 in which the catalyst eomprises
pine oxids and ehromium oxide, fhe ratio
of sine oxide to chromium oxide being
proferably less than Z. ,

8. An improved process &S claimed in
Claim 2 in which the catalysé eontains
shout 59, of its weight of anhydrous
sodium ehromate.

4. An improved process as clelmed in
any one of the preceding glajms in which
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the remetion is effected ab a {emperaturs
of around 475° C. to §00° C. and under 3
pressure of. from 100—1000 atmospheres,
preforably of 275 atmospheres.

5. The improved processas substantiaily
os- hereinbefore deseribed.
_ Ba.ted this Sixth day of June, 1929,
- MARKS & CLIREK.

Abingdon = Printed for iz Majesty” 3 Smtxunpry Offies, b%tB urgess & Son.
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