i bias T

http://ww. Pat ent Gopher.com

PRODUCT YIELD

(Grams Aromatics per Normal Cubic Meter of

Dec. 13, 1955

+ CO Consumed)

Ho

PRODUCT YIELD

H. S.

SEELIG ETAL

2,727,055

CATALYTIC SYNTHESIS OF AROMATIC HYDROCARBONS FORM CO AND Hy

Filed Dec. 13, 1952

60

50

40

30

700

TEMPERATURE ( °F)

60 ‘ ;
N FIGURE 1
50 -_—
N EFFECT OF ALKAL/
N CONCENTRATION
N
g
O~
3D
38 30
Q& L—4
kS § — 800 °F
08
< 20
A
S \ 8
3 0,
S \\ /900 F
g
Q
: \b\
g o0
g o 0.5 1.0 1.5
= ALKALI CONTENT (Wt % Nay O )
/(\ N\ FIGURE 2
/ c EFFECT OF
/| 004% Nez 0 TEMPERATURE
1 D
0.1% /V02 7]
/ 7
800 S00 1000 INVENTORS ¢

Herman S. Seelig
BY Herman . Weck

ATTORNEY



-

http://ww. Pat ent Gopher.com

United States Patent O

2,727,055
Patented Dec. 13, 1955

1CC

2,727,055

CATALYTIC SYNTHESIS OF AROMATIC
HYDROCARBONS FROM CO AND H:

Herman S. Seelig, Valparaiso, and Herman 1. Weck, Ham-
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Application December 13, 1952, Serial No. 325,778
5 Claims. (Cl. 260-—449)

This invention relates to a process of preparing aro-
matic hydrocarbons from carbon monoxide and hydrogen,
and has particular reference to the catalytic synthesis of
aromatic hydrocarbons from the said gases.

The synthesis of hydrocarbons, particularly aliphatic
and oxygenated compounds, from carbon monoxide and
hydrogen over Fischer-Tropsch or iron-type catalysts is
well known. The content of aromatic hydrocarbons in
such hydrocarbon synthesis products is always low and
often zero. A primary object of the present invention is
the provision of an improved catalytic process for the
synthesis of aromatic hydrocarbons from carbon monox-
ide and hydrogen. Another object of the invention is
the provision of an improved catalytic process for the
synthesis from carbon monoxide and hydrogen of an
organic liquid product that is substantially entirely aro-
matic. Yet another object of the invention is the pro-
vision of a process for the catalytic synthesis from carbon
menoxide and hydrogen of a liquid product consisting
predominantly of methyl-substituted mononuclear aro-
matic hydrocarbons. Other objects of the present in-
vention will be apparent from the following specification
and claims.

Briefly stated, the present invention comprises reacting
hydrogen and carbon monoxide (in a mol ratio between
about 1:4 and 4:1 and preferably about 1:1), at a tem-
perature between about 750° and 950° F., and preferably
between 800° and 925° F., and a pressure between about
30 and 600 atmospheres, or higher, but less than 2,000
atmospheres, in the presence of an alumina catalyst hav-
ing an alkali content of less than 0.3% alkali-metal oxide,
based on the weight of alumina, and preferably of less
than 0.2 weight precent. The relative amount of catalyst
to reactants as measured by the space velocity, which is
the number of volumes of gas per volume of catalyst per
hour, can be between about 100 and 1500 for fixed bed
reactors and is preferably between about 500 and 1000;
for fluidized bed operation using recycle, total-feed space
velocities as high as 10,000 may be employed.

The preparation of alumina catalysts, which have wide
application to hydrocarbon conversion processes, has in
large measure involved processes which result in the in-
clusion with the alumina of varying percentages of alkali-
metal impurities. For example, when alumina is pre-
pared by its precipitation from an aqueous solution of
sodium aluminate with carbon dioxide, repeated washings
with water of the resulting alumina gel does not reduce
the sodium oxide content to less than 1.4 weight percent.
Alumina catalysts having an alkali content of 1.4 weight
percent or even of 1 percent effect, under the above syn-
thesis conditions, substantially no production of aromatic
hydrocarbons. . :

‘We have found that when a substantially pure alumina
catalyst (i. e., one having less than about 0.3 weight per-
cent alkali-metal oxide) is employed in our process, a
predominant amount of the liquid product so-obtained is
aromatic. If the alkali-metal oxide content is less than
about 0.2 to 0.25 percent, substantially all of the liguid

i0

20

30

35

40

45

50

55

60

.65

0

2

product is aromatic. The pure alumina employed in our
process is usually at least 99% pure. Trace quantities
of, for example, compounds of manganese, molybdenum,
tin, tungsten, iron and copper may be present provided
the total weight of such compounds does not exceed
about 1%. Zinc oxide may be present in somewhat
larger quantities.

Alumina catalysts that have been used in the past for
hydrocarbon synthesis (Pichler et al., The Isosynthesis,
Bureau of Mines Bulletin 488) have contained over 1.0
percent alkali-metal oxide, and the products of such a
synthesis have consisted of methane and carbon and of
small quantities of other light paraffins., We have found,
however, that if alumina catalysts are employed at tem-
peratures of between about 750° and 950° F., and if
these catalysts contain less than about 0.3% alkali-metal
oxide, an aromatic product is obtained.

The conversion of carbon monoxide to liquid hydro-
carbons at pressures below about 250 p. s. i. g. is low.
However, pressures of about 3000 p. s. i. g. to 9000
p- s. i. g. effect substantially greater conversions, as is the
experience with other hydrocarbon synthesis processes and
catalysts. It is, therefore, largely a matter of economics
whether high pressures or large recycle ratios are em-
ployed.

The alumina catalyst can be prepared by any one of
several methods so long as the product contains less than
0.3% of alkali-metal oxide. It can be prepared as a
gel-type alumina base by coagulating a gel from an alumi-
num sol solution, as taught in USP 2,432,286 and USP
2,481,824, A method of preparing a catalyst that is
substantially free of alkali-metal oxide, that is, a catalyst
that will contain, as a rule, less than about 0.05% alkali-
metal oxide, has been described and claimed in USP
2,274,634 (Re. 22,196) and USP 2,371,237. According
to these methods, the pure alumina is prepared by treat-
ing, with water or dilute acid, amalgamated aluminum
metal, coagulating the so-formed stable alumina sol with
a non-alkali-metal electrolyte, and drying the resultant
gel. More specifically, the catalyst can be prepared by
coagulating the stable alumina sol by the addition of am-
monium hydroxide solution, drying the gel at 200° F.,
and finally heat-treating in air at 900° ¥, Catalyst pre-
pared in this method was employed in the specific em-
ample hereinafter reported. .

In the drawing, which is presented for the purpose of
illustrating the present invention,

Figure 1 is the representation of curves showing the
effect of alkali-metal oxide concentration on the aromatic
product yield at two different temperatures, and

Figure 2 is a representation of curves showing the
effect of temperature on the aromatic product yield at
several alkali-metal-oxide concentrations. .

Our process may be best described by the following
example of the synthesis of aromatics from hydrogen and
carbon monoxide over a pure alumina catalyst having the
following analysis:

Table I
Weight Per-
Component cent, Dry
Basis
AlOs e 199, 579
NasO. el 0. 040
Fez03 - 0.004
810z __. - 0. 165
MgO - 0.040
Cul 0.003
MnO: - 0. 005
MOOS e e 0.078
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This alumina catalyst was prepared by amalgamating
aluminum metal, peptizing the amalgam with 2% acetic
acid at a temperature between about 140° and 160° F.
to form a stable alumina sol, coagulating the alumina sol
by adding ammonium hydroxide to a pH of above about
7, drying the resultant gel slowly in air at 185° F., and
then calcining at 900° F. for 4 hours. The calcined
catalyst retained a volatile content (H20) of 8.78 weight
percent. The catalyst was ground to a particle size which
would pass through a 5-mesh screen and be retained on
a 14-mesh screen. This catalyst was employed in the
conversion of a synthesis gas introduced into a pressure
vessel in a mol ratio of 1:1 and at a space velocity of 500
volumes of gas per volume of catalyst per hour, and a
pressure of 450 p. s. 1. g. The catalyst was employed for
19 days in the synthesis of aromatics from thé synthesis
gas. Temperatures were increased throughout the operat-
ing period from 700° to 975° F., the optimum temper-
aturé being approximately 900° F. Substantially no aro-
matics were prepared at 700° F. At 800° F. a yield of
44.8 grams of liquid aromatics per normal cubic meter of
hydrogen and carbon monoxide consumed was obtained
but the carbon monoxide conversion was low, only 4.3%,
owing not only to the relatively low temperature buf to
the low pressure employed for convenience in operating.
It is preferable to employ pressures of about 3000 to 9000
p. §. i. g. to avoid the need for a high recycle and ob-
tain higher carbon monoxide conversions per pass. Aver-
age conversions of about 15.9% were obtained at a temi-
perature of 900° F. and 450 p. s. i. g. The conversion
of ‘carbon monoxide increased to about 19% at 975° F.
but the yield of aromatics was much reduced.

Over .two-thirds of the hydrocarbon products of the
synthesis at 900° F. have a carbon number of 3 or greater,
of which substantially all of the liquid product, about one-
third of the total Cs-} yield, consisted of aromatic hy-
drocarbons. The refractive index of the liquid product
obtained varied through the run from about 1.505 and
1.532, thus indicating, by its high value, the high aro-
maticity of the product.

The liqiid hydrocarbon product from the synthesis run
at 900° F. using the alumina catalyst containing 0.04
weight percent NasO was percolated through a column
of silica gel to separate the aromatics from the non-aro-
matic hydrocarbons. = The liquid product was found to
coiitain 96% aromatics, 1% olefins and 3% paraffins plus
naphthenes. Traces of oxygenated compounds were pres-
ent. The aromatic fraction from the percolation was
combined with a comparable aromatic fraction from a
duplicate run and was fractionally distilled. The frac-
tions from the distillation were subjected to infra-red
spectrographic analysis. The resulfs of these examina-
tions are shown in Table II.

Table 11
. Boiling
Frla\?gfon g:ll_%g;% Rgzége, Composition !

1.1 75-110 | Principally benzene.

1.8 | 110-125 | Principally toluene.

8.3 | 125145 | Para-xylene; meta-xylene; trace or-
6.8

tho-xylene.

4 145-168 | 1-methyl-2-ethylbenzene; 1-methyl-
4-gthylbenzene; trace mesitylene
and ortho-xylene.

[ JR 12.4 | 168-177 | Principally 1,2,4-trimethylbenzene;

i trace mesitylene.
[ SR 9.2 | 177392 | 1,3-dimethyl-5-ethylbenzene; 1,3- and

1,4-dimethyl-2-ethylbenzens; 1,2,3-
and 1,2,4-trimethylbenzene.

1.2 | 192-200 | Principally durene and isodurene.
2.4 | 200-232 | 1,2,3,4-teframethylbenzene; other un-
identified aromatics.

9 7.9 | 232237 | Pentamethylbenzene.

Beottoms_._. 18.9 | 237+ 2-methylnaphthalene and other un-
identified aromatics, principally
polycyclic.

1 Determined by infrared spectrographic analysis.

30

40

45

55

60

65

4

The product is primarily polymethyl-substituted ben-
zenes. - It is apparent that the present process can produce
relatively large quantities of aromatics that have not
heretofore been commercially available.

The foregoing specific example and runs conducted at
other temperatures and other concentrations of alkali-
metal oxide on the catalyst provided the results demon-
strated by the curves shown in the drawing. Referring
specifically to Figure 1, isotherm A indicated thereon rep-
resents the alkali-metal oxide effect at 800° F., and shows
that high product yields dre obtainéd at alkali-metal oxide
concentrations less than about 0.15. Isotherm B reflects
the product yield obtained at 900° F., and shows that
alkali concentrations on the catalysts of less than about
0.10 weight percent provide relatively high yields of liquid
aromatic product. The sharp break in the curves at about
0.2 percent by weight of sodium oxide defines clearly
the preferable limit of alkali concentration under the re-
action conditions here employed and when sodium oxide
is the alkali present.

Figure 2 illustrates: the effect of temperature upon the
yield of aromatics. As can be seen from curve C, which
records the behavior of an alumina catalyst containing
0.04% of sodium oxide, a maximum yield of aromatic
hydrocarbons was obtained at about 900° F., and that at
a somewhat higher temperature approaching 1000° F. the
yield dropped abriiptly to less than 6 grams or about 48
grams léss than the yield obtained at 900° F. The curve
also shows that at tempetatures as low as about 700° F.
even catalyst with this low alkali concentration was unable
to effect any substantial production of aromatic hydrocar-
bons.

Curve D shows that a maximum yield of about 38
grams is obtained with an alumina catalyst having about
0.1 weight percent of alkali thereon at temperatures at a
lower point in the range claimed in the specification, i. e.,
800° F., and that this yield decreases to substantially zero
if the temperature is lowered to 700° F., and to 15 grams
if the temperature is raised to 900° F.

Curve E shows that with a concentration upon the cata-
lyst of 0.5 weight percent of sodium oxide no operating
temperature will provide a yield of aromatics greater than

“about 10 grams per cubic meter of carbon monoxide and

hydrogen consumed.

Cutve F shows that a concentration of alumina catalyst
of 1.4 weight percent sodium oxide provides substantially
no yield of aromatic hydrocarbons within the tempera-
ture range employed.

Our process provides a useful method for the synthesis
of aromatic hydrécarbons, particularly the methyl ben-
zenes, directly from carbon monoxide and hydrogen.

Having described our invention, we claim:

1. A process for synthesis of aromatic hydrocarbons,
the said process comprising: reacting carbon monoxide
and hydrogen at a temperature between about 750° and
950° F., in the presence of an alumina catalyst that is
substantially free of alkali-metal oxide and is prepared by
treating an amalgamsated aluminum metal with aciduous
water to formy a stable alumina sol, coagulating the
alumina sol with a non-alkali-metal electrolyte, and dry-
ing the resultant gel; and recovering a normally liquid
product of the said synthesis consisting predominantly of
aromatic-hydrocarbons.

2. A process for the synthésis of aromatic hydrocar-
bons which comprises effecting redaction of carbon mon-
oxide with hydrogen at a temperature between about 750°
F. and about 950° F. in the presence of a catalyst consist-
ing essentially of alumina containing Jess than 0.3 weight
percent of an alkali metal oxide, thereby producing a nor-
mally liquid product comprising predominantly aromatic
hydrocarbons, and recovering said liquid product.

2. A process for the synthesis of aromatic hydrocar-
bons which comprises effecting reaction of carbon mon-
oxide with hydrogen in a molar ratio between about 4:1

and 1:4 at a temperature between about 750° . F. and .
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about 950° F. and a pressure between about 30 and about
2000 atmospheres in the presence of alumina containing
less than 0.2 weight percent of alkali metal oxide, thereby
producing a normally liquid product consisting essentially
of aromatic hydrocarbouns, ‘and recovering said liguid
product.

4. A process for the synthesis of aromatic hydrocar-
bons which comprises passing carbon monoxide and hy-
drogen through a reaction zone at an hourly space ve-
locity between about 100 and about 1500 at a tempera-
ture between about 750° F. and about 950° ¥. and a pres-
sure between about 30 and about 600 atmospheres in con-
tact with alumina containing less than about 0.3 weight
percent of alkali metal oxide, thereby producing a liquid
product consisting essentially of aromatic hydrocarboxzs,
and recovering szid liquid product.

5. A process for the synthesis of aromatic hydrocar-
bons which comprises passing carbon monoxide and hy-
drogen in a molar ratio between about 4:1 and 1:4
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through a reaction zone at an hourly space velocity be-
tween about 100 and about 1500 at a temperature be-
tween about 800° F. and about 925° F. and a pressure be-
tween about 30 and about 2000 atmospheres in contact
with a substantially pure alumina catalyst containing less
than 0.2 weight percent of an alkali metal oxide, thereby
producing a liquid product consisting substantially en-
tirely of aromatic hydrocarboms, and recovering said
liquid product.
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