-3

-usingthese processes.

United States Patent Office

2,821,537
Patented Jan. 28, 1958

1
2,821,537
CATALYTIC HYDROGENATION -OF CARBON
MONOXIBE WITH ADDITION OF AMMONIA
OR METHYLAMINE
‘Walter Rottig, Obethausen-Sterkrnde-Nord, Germany, as-
sigmor to ‘Rub¥chemie Aktienigesellschaft, Oberhansin-
Holten, Germany, and Lurgi Gesellschaft :fier “Wiier-
migtechnil m. b. H,, Fravkiort:am-MaindHcddernheim,
Germany, a German corporation

Np Drawing. Applicativn July 15, 1952
Serinl No. 299,000

Claims priority, application Germary Jaly 21, 1951
$ Clalms, (C1, 260—449.6)

‘This invention relates to improvements in.the catalytic
bydrogenation of -catbon monuxide. More particulsrly,
it relates to-a process for the catalytic hydragenution
af carbon monoxide -with the -production of primary
synthesis products which have a relatively high content
of oxygen-containing componnds and. preferably alcohels
sn-addition to a high content of-nitrogen-containing com-
pounds and clefins.

Processes for cffecting the ‘catalytle hydrogenatien of
carbon monoxide with the nddition of ammonia to the
hydrogen-containing -soythesis gas -are “known. These
processes have been -effected at bath gtmospheric and
elevated pressures. A certain 2mount of npitrogen-con-
tainiftg compousds consisting: chiefly- of, primary-amines,
aré present-in the -synthesls produets- obtained -when
Alcohols and other .oxygen-con-
taining compeunds, however, ate: only formed in very
small amounts.

One object of this invention is the catalytic hydrogena-

‘tion.of earban monoxide with the production. of primary

Synthesis products- containing nitrogenscontaining - Com-

- pounds in-addition to o relatively high content of oXygen-

Sofitrining comipounds and preferably- aleohols. This,

-5nd still further objects will bccome-apparent from-the

foliowing description: :
"It hag now heen fdund that with the use ol special
catalysts-and syrithesis pas containing:small quantities-of

-gaseous alkaline reacting compounds, primary products
- may be obtained with a high content of oxygen-contain-
Yjiip compounds, -‘olefins, ‘and nitrogen-containing *.com-
- pounds.

The “hydrogenation ix-effected ol pressures of cabott
1 to 100 atmospheres, aml preferably at pressures of §
to 40 atmospheres with synthesis pases which contain

“hont 0.5 fo approximately 6 ‘parts by volume of ‘hydro-

gén' Tor each’part by volume ‘of carbon onaxide vand

- snall quantities, prefersbly 0.5 to 2% tof alkalifie-resct-

ing compoinds gaseous vnder synthesis “conditions sand

“préferably ammonia or -derivatives' thereof, such as: fof
“instanée methyl amine.

“Fhe synthesis is effected at'tem-
peritures of ubout 170 to 300° C. and “preferalily - at
temiperaturcy of 190 to 260° C.

“The cafalysts used in accordance -with-the favetition
ate precipitated ‘iron catalysts ‘which are free from-or

" coitain rclatively small quantities of carrier materisls.
“Kicsclguhr and’ activated bleaching earth’have- provén

narticolarly ‘good as carrier material of this kind. Mot

‘mote than 25% by weight, and preferably Icss than 10%

by weight of cirrier: material should he present in rela-
tiot to the iron in the catalyst. The catalyst must “be
reduced in accofdance with the Lovention to a free irom
content of more than 60 and preferably more than.80%
.af. the tofal iron content. Reduction is effected with' re-
duction gases such ag, for exampie,"carb‘on"monnxide
and/or hydrogen. The catalyst may be activated, if nec-
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essary or <esirad, with copper, silver, or metals of the
second to.seventh group of the periodic system, From
these metals, the. matals.of group X1 of the-periodic cla ssl-
fication, but-also the metals titanium, vanadium, .cerium,

.5 thorium .and mangansese have successfully been used,

“The eutulyst must be, prepared by _precipitation from
an agueous. solntion under _alkaline conditions at prefer-
sbly a pH of about 8 iv 10. ‘The precipilated catalyst
_must -have .a content. of -alkali oxide of between 1 and

10 15% -and preferably between .5.and 10% calculated -as

KO .and .based .on the .iron present. The final alkali
oxide .content may be obfaingd by totally washing the
precipitated catalyst and thereaficr. impregnating the cata-
Iyst with alkali oxide ar-by partially washing the precipi-

15 (ated catalyst to the alkali oxide content desired, Alsa

a-combination.of these two expedients.is possible.

If an increased yield of esters rather thun aleohels is
.desired, .in . aceordance wilh the invention, the catalyst
should be impregnated: either. partially or.exclusively with

80 galts of mon-volatile acids, such as, for example, alkali

.phosphates, borates, and tungstates.  Also in this case, the
“alkali g added .in quaniities of between 1 and 15%,
calenlated as K,0. If alcohols nreferably ure desired, the
-alkali -ay be.introduced into the.catalyst in the form

26 of g salt-of a-volatile acid, of an.acid which decompaoses

during -the -Teduction, or.in the . form . of  the hydrexide,
Tt-has been found.that. the-Jife.and activity of .the iren
catulyst -used. in accordance with.the .invention may be
incroased. if they.arc.deied priorto reduction at.a tem-
--pcruture':cf-;BG“to-150°-C., and: preferably 110° C. 0.2
residoal water contentof 4 to 7% by: weight of H,0.
Gatalysts reduced from suitable pxygen-containing com-
~pounds with reducing gases &t lincar. gas velocities of at
_ lsast 30 to 50 cm. per second, preferably 100 to 200 cm.
. per second, measured in the cold state (0* C.; 760 mm.
“Hg), and temperatures -of ;approximately 200° to 400°: C.
~weie-found to be particolarly active. For this reduction,
 the-pse :of reduciion, gases rich -in carbon monoxide has
“been-found. particularly favorahle under ¢ertain circun-

40, jionees.  The reduction may. be. effected even with pure

carbon monoxide. In gemeral, a-carbon monoxide to hy-
drogen proportion-by volume of 1:1 to .1:2 is satisfactory.
“The use of carbon monoxide or: gases contuining carbon
- monoxide. during-the-reduectioniis of advanlage especially

.46 jn.cases-where-a High reduction value-along with lowest

possible reduction: temperatures it desirable.

1f the catalysts have:a coppet. content:of more than 15%
and preferably between 15 and 50%, a particularly high
formation of uxygen-containing prodocts will be effected,

-8 4hd the synthesisdory be carried out-at-relatively-low tem-

, peratures.
This result.is: also obtained by using -catalysts having
:a:grain sige which is.below 2 mm., ia diameter.and pret-

55 serably ‘between 0.5 :and 1.5 mm.dn :diameter..and :as-unl-
~Y form.as possible.

with -respect to lhe uniformity -a
tolerance of “approximately . 0.3 mm. s -alfowed, -With
: {he -use - of these catulysts, it has been found particularly
-advastageots prder -certain circumstances {o effect the

g -Synthesis with: synthesis-gases which: are condncted” from

below through the catalyst layer. This expédient -has
_proven :parﬁcularly"gond"where'hi'g_h'gas'-loa'ds of, for
cxample, ‘more: than 300 volumes -of gas-per volume of
-eafalysl per hour are used in the synthesis, since -a-lower-

g5 ing-of the pressurc-loss is -possible in-this-way.

in the past it has oply very rarely been possible: to
- precipitate catalysts {rom sulfate -solutions. However, in
-accordange -witl ‘the invention, -the catalyst may -be pre-
‘cipitated’ from -sulfute -solntinns with - gpproximaiely 10

70 -1’ §0%-and ‘preferably-approximately 25 to 30% of the

iron present being converted into the trivalentform. 'The
washing of the precipitated mass obtuined should be
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earried out with the use of ion exchanging compounds
and prefarably the vse of easily soluble ammornia com-
pounds. The washing, predrying and drying must be
expediently effected with the abundant admittance of
air in order to obtain a further oxidation of the bivalent
liton still present to convert the same into the trivalent
form. In any case, more than 70% and preferably more
than 80% of the fotal iron jn the catalyst should ba pres-
enf in the frivalent forny before the reduction. Tt is of
advantage to increass the concentration of the ion ex-
changing compounds in the washing water during the
washing in order to abtain a maximum washing with small
quantities of water. Tn general, washing waters are pref-
erably used with a content of ion exchanging compounds
of 0.2 to 20% and preferably of 0.2 to 2%. The io-
dividual steps to be taken for the precipitation of the
catalysts from sulfate solutions zrc the same as staled in
patent application Serial No. 280,173, filed April 2,
1952, now Patent No. 2,786,817,

The synthesis jisclf should be effected in a mauner
which assures careful treatment of the catalyst, with
straight pgas passape and preferably with recycling of
the synthesis gas, using 1 fo 10 parts and preferably 3 to
5 parts by volume of recycled gas for cach part by volume
of fresh synthesis gas.

The gas load should generally be about 10-1.000 vol-
umes of Iresh gas per vohune of calalyst per hour, pref-
erably 100-300 volumes.

The nse of a temperature gradient, i. ., an increasing

catalyst temperaturs in the direction of gas flow, is of §

advantage in special cases. This is true, for example,
if in a synthesis carried out with conce-through operation
or with only little gas recycling, as, for cxample, 1
volume of fresh gas+4-0.5 volume of recycle gas, the con-

ceniration between the inict and the ountlet of the reactor ¢

becomes considerably lower so that an increunsed tem-
perature at the reactor ovuilet as compared with thal at
the reactor inlet is favorable for increasing the rate of
COHVE!I'SiﬂIl at the reactor outlet.

Tt is possible to effect the synthesis in accordance
with the invention, using a fixed catalyst bed, a liquid
phase synthesis or a fluidized process. When working
with the fluidized bed process, the synthesis is effected
in a paseous phase with a finely distributed catalyst
iayer, particles of which are eddying in a lively whitling
motion, this forming a fluidized bed.

The carbon monoxide hydrogenation produocts obtained
in accordance with the invention, have a content of more
than 207% oxygen-containing compounds in addifion to
mere than 10% of amines and a high content of olefins.

The following examples are given to illustrate the
invention and not to limit the same:

Exampla 1

A catalyst was precipitated from a boiling solution
containing 40 gms. of iron and iZ gms. of copper per
liter by pouring the soluiion into 2 boiling sodz solution
containing 1)1 gms. of soda per liter. The pH was 9.2,
The filtered catalyst mass was freed from excess atkali
hy repeated washing with condensate and then impreg-
nated with potassium carbonate in such a manner that
8 paris by weight of potassivm carbonate calculated as
Kq0 for 100 parts by weight of irun were present. 'The
grain size of the dried agd molded mags was belween
1 and 3 mun.

The rednction was carried out at & temperature of 320°
C. with the nse of a pas mixture consisting of 759 of
liydrogen and 25% of nitrogen at a linear gas velocity
of 1.4 meters per second. The reduction time was 120
minutes, the rednction value was 65% of metallic ivon.

When water pas contaipning 2% of NIy was passed
over this catalyst at a pressute of 30 atmaospheres, and a
gas load of 100 liters of gas per liter of catalyst per hour,
a conversion rate of 56% of CO-+Hy; wes obfained at
a temperature of 183° C,
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The processing of the synthesis product obtained yislded
35% of oxyeern-containiog compounds consisting chiefly
of primary aliphatic aleohols, in addition to 17% of
mitrogen-containing compounds consistivg chiefly of pri-
mary aliphatic amings, The olefinic portion in the re-
maining hydrocarhons was 609 in the gasoline boiling
range and 509 in the diesel oil boiling range.

When the same catalyst was charged with twicc the
gas quantity, a CO-+H, conversion of 50% could be
obtaincd at a temperature of 196° C.

When charging the catalyst with three times the pas
quantily, a CO--H; conversion of 55% was obtained at
g temperaturs of 210° C,

The yield of nitrogen-containing and oxvgen-confain-
ing products was slighily reduced under these conditions.

Example 2

An agueons solution of iron nitrate and copper nitrate
of the concentration as mentioned in Example 1 was
poured into 2 boiling soda solution containing 100 gms.
of Nay;CO; per liter. After filtration, the preeipiteted
catalyst slurry was partially washed with hot condensule
so that finally 8 parts of alkali calculated us K O and
bascd om 100 parts of irom remaining in the catalyst.
The mass wus molded, dried at o tempearture of 105°
., and sieved to a grain size of between 1.5 and 3 mm.

The reductinn was carried out for 90 minutes at a
temperature of 310° C. with hydrogen at a lincar pas
velocity of 1.5 m. per second, measured in the zold state.
The reduction value was 70% of metallic irun.

Water gas contaiming 2% of NH; was passed over
the catalyst at a pressure of 30 atmospheres, a tempera-
ture of 190° C. und o gas load of 100 [iters of pas per
liter of catalyst per hour. The CO-}-H, conversion
was 60%.

Working up the synthesis product yielded 39% of oxy-
gen-containing compounds, chiefly primary aliphatic alco-
hols, in addition to 15% of nitrogen-containing com-
npounds consisting chiefly of primary amines.

Erxample 3

A catalyst was prepared in the manper described in
Example 1. The ralic of iron to copper was 100 to 10.
‘The reduction value was 80% of metallic iron. The im-
pregnalion was effected with the nse of primary potassinm
phosphate in such & manmer that & parts of potassium
phosphate ealenlated as KqO for every 100 parts of Fe
were present in the catalyst. Under the reduclivn and
synthesis conditions of Bxample 1, a CO4-H; conversion
of 53% was obtaincd at a gas load of 100 liters of gas per
liter of catalyst per bour. The proportion of nitrogen-
containing componnds and preferably of primary aliphatic
amines, was 12% in addition to 30% of oxygen-contain
ing compounds consisting chiefly of aliphatic alcohols,

Example &

A solution consisting of iron sulfate and copper sulfate
and containing 5 parts of copper for every 100 parls of
iron znd having a concentration of 40 purts of iron for
every 1000 parts of water wus heated until it boiled and
precipituted in the hot state by ponring it into a soda solu-
tton of 80° . containing 90 gms. of MNagCO, per liter.
During the precipitatian, an air stream was blown through
the precipitation apparatus. The quantity of air was 600
liters for every 23 gms. of iron, the blowing time being
3.5 minutcs. Immediately therealter, the precipitate was
freed frum the mother liguor by subjecting it to a suction
filtration and was then washed two tinies with a quantity
of bniling condensate corresponding to twelve times the
quantity of iron present. Finally, the catalysi mass was
washed three times by suspendipg it In 2n ammonium
carbonate solufion containing 5 te 10 gms. of ammonium
carhonate dissolved in 1500 cc, of sulut:ou 1500 cc. of
washing solution for cvery 25 zms. of iron were used in
cach of the three washings. After the last washing, the
suffur content in the finishad catalyst was only 0.029%.
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28% of the tota]l Fe were now present as Fe(III}), the
bulance being Fe(IT). Then the catalyst mass was im-
pregnated in a potassium carbonate solution in such u
manner that 8 parts of alkali caleulated as K5O for every
100 parts of iron were contained in the mass.

The catalyst mass was dried for 24 hours at a tempera-
ture of 110° €. with circolating air and crushed to a
grain size of 2-4 min. The content of Fe{lll) wns now
88%. Therenlter, the catalyst was reduced [or 1 hour at
a temperalure of 300° C., using a gas mixture consisting
of 75% of hydrogen and 25% of nitrogen af a linear gas
velocity of 1.4 meters per second, measured in the cold
state. Thercafter, the reduction value of the catalyst was
68% of free irom.

A pas consisting of35 parts of CO, 35 parts of H,, 2%
of ammonia, the halance being carbon dioxide, mitrogen
und melhane, was passed over this catalyst at a pas load
of 100 liters of gas per liter of catalyst per hour, a syo-
thesis pressnre of 30 atmospheres and a synthesis tempcr-
ature aof 192° C. A CO-+H; conversion of 65% was ob-
tained. The Tesulting product was worked up yielding
$39% of oxygen-contuining componnds consisting chiefly
of primary aliphatic compennds, in addition to 13% af
nitrogen-conluining compannds consisting chiefly of pri-
MAry amines.

1 claim:

1. In a process {or ths catalytic hydrogenation of carbon
monoxide, the improvement which comprises infimately
contacting under conditions of {cmperature between it
and 300° C. and at conditions of pressure hetween aboul
1 and 100 atmospheres, u varbon ronoxide hydrogenation
synthesis 2as containing 0.5 to 6 parts by volume of hy-
drogen per each part by volume of carbon monoxide and
0.5 to 2% by volume of a member selected from the

eroup consisting of ammonia and methylamine wilh a §

precipitated iron catalyst which has becn reduced to a
free iron conlent of more than 60% and containing 0 to
75% of u carrier material and zbout 1 lo 15% alkali
oxide caiculated as ;O and based on the iron present,
and recovering the carbon munoxide hydrogenation prod-
uct with more that 20% oxygen containing compounds,
more than 109% amincs and with 2 high content of ole-
fins.
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2. Tmprovement according to claim 1, in which said
contacting is effected at a pressure of about 10 to 30 at-
nospheres.

1. Improvement acrording to claim I, in which sad
catalyst has an alkali oxide content of about 5 to 10%
calculated ay Eg0.

4, Improvement according to claim 1, in which said
catalyst is impregnated with a salt of a non-volatile acid
in vrder to obtain said alkali content.

S. Lmprovement according to cluim 4, in which said
salt is a non-volatile acid sclected from the group consist-
ing of alkali phosphates, ulkali borates and alkali tung-
states,

6, Improvement according to claim 1, in which said
catalyst has u copper content il excess of 15%.

7. Improvement according te claim 1, in which said
catalyst has a substantially uniform grain size below 2
mm. in diameter.

8. Tmprovement according to claim 1, in which said
catalyst is a catalyst precipitated from a sulfate solution
with about 10 to 50% of the iron present converted into
the trivalent form, washed with lon exchanging solutions,
predried and dried, said washing, predrying und drying
being effected with a further oxidation of the residual bi-
valent iron to more than & 70% trivalent iron conlent.
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