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8 "THE ISOSYNTHESIS -

EFFECT OF PRESSURE VERSUS CONTACT TIME UPON
S CONVERSION -

The explanation for the increases in conver-
sion and in hydrocarbon vields that resuli from
rise in pressure appears to be the prolonged
contact time ‘associated with higher pressures.
Two series of experiments were undertaken to
determine whether this is actually the case or
whether high Pressure is in itself g necessary
condition for high conversion. . In the first
group of experiments, conducted with g thoria
catalyst, & pressure of 150 atmospheres was
meintained, and the contact time was varied by
decreasing the throughput in & ratio of 1:4: %
In the second group, a constant throughput was
maintained, and the contact time was increased
by the operating bressure. The results of the
two groups of eXperiments, summarized in teble
6, show that incresse in Pressure caused s
greater incresse in conversion than a large
Increzse in contact time 8l constant pressure.
At a constant pressure of 150 atmospheres, con-
version was somewhat increased by prolonging
the contact time. - However, at higher pres-
sures, for example 600 atmospheres, carbon
monoxide conversion was considerably higher
then at lower pressures in spite of the smaller
increase in contact time, Comparison of experi-
ments 3 and 5 shows that weight of carbon
monoxide converted at 600 atmospheres was
eight timés that converted at 150 atmospheres.

The results obtained in the tests summarized
in table 6 are substantiated by the fact that
almost' no carbon monoxide-hydrogen econver-
sion is. obtained at atmospheric pressure, even
at a véry low throughput of synthesis gas (for
example, ¥, at the usual throughput). 'This can
very probably be explained in terms of the
equilibrium conditions thag govern the primary
reaction. '

A —Ffect of 2-stage operation at 30°
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EFFECT OF TWO-STAGE AND RECYCILIG!
; OPERATIONS ; :

Part A, table 7, summatizes the rey
.obtained when two converters were operaté
a single stage with standard thorig catalys
150 atmospheres and 450° (3 (rows 1.3
-and when the two converters fWere operatéd
series {row 3). Comparison ¢f the date i’
first two rows with experiment, 1, table 6, sh
that the catalysts used for tho experimént,
table 7 were somewhat more active, Seage
conditions were similar, :

Liquid products were removed between sta
I and II at a pressuré of 150 atmosphargs
at & temperature of —25° C. The total oo
traction for converters I and I operated mn sends
was 45 percent, and carbon monoxide conversiy
was 75 percent. Comparison of this ¢ two-stads
experiment with experiment 2, table 6, ip why

18 considerably higher “for Ooperation in'Zfwh
stages with intermediate removal ¢f the T8
As was to be expected fro

the formation . of _gaséol
hydrocarhons is somewhat higher in

the results i table 7 with those in table 5 &

Distribution, weight pércent o

Tields, g./m3b hydrocarbons

e e i e S
Total : . 3
CC:: " H.0 hydro- O i—Cy CytnCy
. carbons

208 24,8 729 45.2 25.8 14,

194 210 67.9 49.8 27.8 11.

285 - 440 1113 33.6 - - 32.4 14,

C, 30 atmospheres, CO:H,=43.3:48.0

162 17.8 f 51.9 22,4 18.3 251

73 l 67. 4 52.6 3.8 26.2 19.2




that, for approximately the same contact time,
seration m two stages at 150 atmospheres
rioduced about the same total yield as opera-
Goriin 8 single stage at 300 atmospheres. It
“fiould be noted, however, that at 300 atmos-

g I}n‘"’ S

Tes. the weight of synthesis gas passed per
mitcof time and unit weight of catalyst was
%ﬁﬂ ' that passed at- 150 atmospheres.
i A second two-stage experiment was carried
t 'af 150 atmospheres with carbon monoxide-
fich: gas (48.6 percent carbon meoenoxide and
417t percent hydrogen). In this experiment,
thatemperature was no longer the same for both
ciages: (stage I, 430° C.; stage II, 470° C.).
Phis had the effect of distributing conversion
fiore:equally between the two converters. The
{5tal hydrocarbon yield was 125.7 grams (37.6
percent liquids, 26.8 percent iso—C, hydro-
arbons) per cubic meter inert-free feed gas.
111 the recycle experiments (apparatus shown
i fig.- 5), the synthesis gas was repeatedly
nisded: over the same catalyst. After each
age, the liquid reaction produets and the
q_ﬁgﬂyqlatﬂe gaseous hydrocarbons were removed
1, & pressure separator at —25° C.  Fresh feed
gagvwas continuously added at the converter
mlet; and & portion of the gas was removed as
ail'gds at the condenser outlet. The amount
ofioutlet gas corresponded to that vsed in
standard experiments, that is, about 10 Lters

3

fresh feed gas to the recycle throughout, was

experiment of this type carried out at 30 atmos-
‘pheres. © The results for a similar experiment
Without recycle are shown for comparison. It

monoxide consumption and increased the con-
sumpfion of hydrogen. More water and; a
Jarger liquid hydrocarbon . fraction were ob-,
ned, although the total hydrocarbon yields
re approximately the same for both methods.

L-Reacter
'&-Pressuie receiver
3-Cold pressure receiver
4~ Got recirculation pump
5~ Chorzogl trap
6,~ Gas meler

. T-Fresh feed gos revervolp
‘B-Gos inler

S-Gos exit

RECYCLING EXPERIMENTS.

peért28 grams of thorium oxide per hour.” The-
ecycle ratio, that is, the ratio of the amount of

.. Part B, table 7 contains the results for an

will be seen’ that recyeling decreased carbon’’

EXPERIMENTAL PART g

Operation. in more - than one stage with
intermediate removal of the reaction products
makes- 1 possible to obtain extensive carbon
monoxide conversion at moderate. pressures.
On the other hand, the recycle process offers a
means of varying the eonversion ratio of carbon
monoxide and hydrogen over a relatively wide
ranga.

EFFECT OF PROMOTERS AND CARRIER ON
THE ACTIVITY OF THQRIUM OXIDE

‘The following experiments with ecatalysis
consisting of more than one component were
made to determine which compounds were
suitable as promoters for thorium and to de-
termine whether any multicomponent catalyst
could be substituted satisfactorily for thoria.
The effect of adding alkali was interesting be-
cause of its influence in increasing the higher
molecular-weight fractions of products from
the normal hydrocarbon synthesis when present

-in small amount in iron catalysts. The addition

of alkal to the catalysts used in the synthesis
of alcohols from carbon monoxide and hydrogen
has a similar effect in favoring the production
of higher alcohols, especially iso-butyl alcohol.
As it is known that under certain. conditions
phosphorie acid converts unsaturated hydro-
carbons stich as propene and n-butene to highér
branched hydrocerbons, particularly  to the
dimers, the effect of the addition of phosphoric

acid also was examined.

It is possible that the branched-chain hydro-
carbons are produced by way of aleohols and
dimethylether, thorium oxide ecatalyzing the
formation of oxygenated compounds and their
subsequent dehydration, as well as the convér-
sion of the'resulting unsaturated hydrocarbons
to'saturated compounds having the same or a
larger number of carbon atoms. ' In this con-
nection, two- types of compounds were added
to thorium oxide, ;one designed to promote
formation of slecohol and the other to increase
the activity of thorium oxide as a dehydrating
agent for aleohols. A 'series of experiments was

.made with catelysts containing constituents

known fo have these properties (for example,
zine oxide-aluminum oxide catalyst).
Other substances also were tested. Thus,

. cerium was added to thorium oxide; thorium
‘itself was replaced by decomposed “dnd re-

precipitated monazite sand; copper, iron in
decreasing amounts, and alkaline earths such

as magnesium, manganese, efc,, also were

. added to thorium oxide.

; ‘ . EFFECT CF ALUMINA‘ .
. The following thoria-aluminga catalysts were
tested: . e
1. ThO,—ALQ, prepared by coprecipitation
of both components. - e
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2. ALO; and ThO, prepared separately and  appreciable effect upon carbon monoxide Cogi

tested in series in the same reactor. version at any one temperature. It did, hq e
8. ThQ: and ALO, precipitated and washed. ever, increase hydrogen conversion. Increageq %
separately, and the moist precipitates then formation of methane and C, hydrocarhq ’
mixed thoroughly and dried. and a decreased yield of lquid hydrocarbc'm o
) 4. ThO,~A}Ogkieselguhr, : and oil-soluble alcohols were observed. TR

amounts of C; and C; hydrocarbons salsg :Hé%’ 3
: creased in the presence of aluminum -0xide:
A typical catalyst in this group, containing  whereas the amounts of water-soluble alcochol
20 percent aluminum oxide (based on the (chiefly methanol) remained aproximately ths
thorium oxide content), was prepared as follows:  same. The isohydrocarbon content, of the G
To a solution of 240 grams of thorium nitrate  fraction also appeared to be independent of g
and 169 grams of aluminum nitrate dissolved  aluminum oxide content; (¢) it is interesting
in 2 liters of distilled water and heated to boiling  note that the formation of unsaturated oom
was slowly added a boiling solution of 167 grams pounds was higher at the lower temperatias
of sodium carbonate in 2 liters of water. The - The isobutene content of the O, fraction +wy
precipitated mixture was boiled for a short ° 6 percent at 475° C., 18 percent at 450°,013
time, filtered, and washed with boihing distiled  and 46 percent at 425° C.; (d) increased ten;
water (15 portions of 400 cubic centimeters  efature and pressure increased the carbon mon:Y
each). The precipitate was then dried at  oxide conversion and the is0-C, yield. Thia
110° C. and treated in a current of airat 300°C.  pressures between 300 and 600 atmospher
In table 8, part A, are summarized the data  and temperatures between 450° C. and
obtained with catalysts fvhose aluminum %Xide C. were optimum.
content was, respectively, 0, 10, 20, and 40 v
percent, based on the thorium oxide content, SEPARATE TEO; AND A)O: LAYERS IN THE SAME FERCTOR 4
These tests showed the following effects of the The experiments described above showed
presence of aluminum oxide: () The optimum  that an increase in the aluminum oxide contep
amount of alumina was 20 percent; (b} the wup to 20 percent, based on ThO,, produced 5
presence of alumina in the catalyst had no  noticeable increass in 150-C, hydrocarbon yialds:

COPRECIPITATED ThQy-Al0;

TasLe 8. —Ffect of ALO; on ThO, catalyst in 1s08ynthesis with 100:1H, gas (catalyst pretreazfeai f
sintering in gir at 300° C.) (throughput, 10 Liters outlet gas/e8 g. ThOy/hr.) nisd

A—ThO—ALDy coprecipitated

: Yields, g./m? gas (CO+-Ha)
. P : Oonversiton, 0 O4Hs
emper- | Pressure, | pergen -Uy, per- i
450y, perc:ent of | “ature, | atmog’ S Hydrocarbon products sﬁ‘ﬁcﬁgﬂl‘fl Total | cent of g}art%etx;}:
0. pheres !iqilids total Cq 10,
plus
OO Hi {Cot (10 |DCif G} G | & | 00 | ;g0 | E2SOl
450 Jol.61] 4rlanzfomyi meig]| 45{1111 a6/ 107 08.3 83 gl
475 3000 68 61306223 38|25 142 129] L&l 5 0/ 1018 88 5
450 2001 -50( 511328376 54 55] 2.7 |15.2( 34|19 6 g7.2 87 10
475 g0 e8| 62205 504 9.8l 2] 35 ):a| 538|109 105.6 83 3
450 d00 B4 60210 (47.2( 61 4B 220! 12]118| oy 1 89 4
450 600 | 78] 67102887 35| 7o 28,3 -3|17.2] 1059 94 2
450 L000 | 851 81 |27.3(54.6] 9.3|147 28.9 31175 1137 85 &
425 300 560 500327 2667 41 1.4)120] &1 21|90 5 e24 87 46
45 00| 861 5013511351 65| £1! 9.7 202 814 97.9 85 18
4735 3001 6| 60183480 b6 108|130 |20 (5|58 817 ] 6]
B.—Th0;+ ALQ; in two successive layers
.. 450 30 70 62480 2n1 5.2’ WBs[ 74245 20 29| 007 84 B |
CA—ThO,~ALO,® precipitated separately and mixed in wet state
400 3000 401 40190 10| 40|___| 40! 70! 1o 80| 40¢ ar 13
450 B0 Ty 67341 805) a0l &6 |102|148] 10 24 115.5 87 8
75 800 7B w7250 160.0| 80! o8| 84izol .51 132 2
— 450 G0} 82| s2i864)61.8( 66 55] 54174 5% 3.0 1338 o1 6
Wetoo 425 0G| 561 57246176 86 5.4) 544zl o 3.0 50.5 &7 fo

N -t

* This catalyst was precipiteted from scmewhat mare dilute solutions In percent by volume:'37.7 0O;, 0.7 olefn, 0.1 Oy, 18.2 00, 17.3 Hil
an the preceding catalysts, . ‘ 12.1 hydrocarbons, C-No. 2.4, 14 9 Ny, . L

b CD:H:=4Q:4;. - . * This catalyst contained also 10 percent Eieselguhr, based an

© AL:O; Drecipitsied from sodimm alumipste. which was added to the mixturs of Wet Precipitates, ' :
4 Composition of prodnet gas in his experiment ‘was the following, 1 CO:H,=51:39, .




was of interest to determine whether similar
ts could be obtained when aluminum oxide
sed In a separate layer, placed immediately
the thorium oxide layer. Both catalysts
_prepared by precipitation with sodium
sarbonate. .

2Table 8, part B, summarizes the results ob-
ained for an experiment at 300 atmospheres
1d°450° C., with a catalyst containing 29
“eireent aluminum oxide based on thorium
’ Comparison with part A shows
at the results were most similar to those ob-
ed with the standard {aluminuro-free)
thoria catalyst, particularly with respect to the
Jiquid ‘hydrocarbon and “iso-C; yields. The

“aldohol yleld was small and the methane yield

Targe. .
:0s PRECIPITATED SEPARATELY AND MIXED IN WET STATE
'In these experiments, thoria was precipitated
from the nitrate solution with sodium earbon-
e aluminum oxide was precipitated from an
minate solution with sulfuric acid. After
ashing, the two precipitates were combined in
Measured amounts, mixed thoroughly, and
ried. - The preparation of a catalyst contain-
g’ 20. percent aluminum oxide, based on
thorium oxide, is described below:
ETwo hundred and forty grams of thorium
itrate in 2 liters of distilled water was heated
-boiling and precipitated, with a boiling solu-
of 95 grams of sodium carbonate in 2 liters
ofi water. The precipitate was filtered and
washed with boiling distilled water (15 portions
0 cubic centimeters). 169 grams of
sluminum nitrate in 1 liter of water was heated
0, boiling and treated with 77 grams of sodium
ydroxide in 500 cubic centimeters of water.
The sodium sluminate solution was heated to-
boiling and treated with 17.2 cubic centimeters
" concentrated sulfuric acid in 350 cubic
centimeters of distilled water. The reprecipi-
“aluminum hydroxide was suspended and
vashed by decentation 12 times with 1-liter
ortions of water. The precipitate was filtered
b suction and washed on the filter with
oiling distilled water (3 portions of 400 cubic
ehtimeters). The thorium and aluminum
recipitates were made into a slurry in hot
ter, stirred, and evaporaied on the water
th with constant stirring. The product was’
ried, first at 110° C. and then in a current of

1t will be seen from part C, table 8, that this
Ybe of catalyst, operated at 450° to 475° (.
at 300 to 600 atmospheres, produced
Lxceptionally good yields of iso-C, hydrocarbons
2nd only very small amounts of alcohols.
ThOy-Al:0-KIESELGUHR

& A catalyst containing 20 percent of aluminum
94de and 10 percent of kicselgthr based on the

EXPERIMENTAL PART ' 11

thorium oxide content was tested at 300 at-
mospheres pressure. This catalyst was pre-
pared by precipitating the two oxides separately
and adding kieselguhr to s mixture of the wet
precipitates. It showed an unusually high
tendency to form methane and consequent ¥
could not be operated at the temperature of
450° C. usually used for the ThO,~ALO,
catalysts. Opersation at 425° C. produced the
Yields shown in the last row in part C, table 8.
The total liquids-plus-gasol yield was low, and
the methane production was high, even at the
low synthesis temperature of 425° (. A
comparatively large proportion of n-C, hydro-
carbons—one-third of the total C; hydrocarbon
fraction—was produced.

SUMMERY OF ThO:-Al:O; EXPERIMENTS

Thoria containing alumina is - valuable
catalyst for the isosynthesis, especially where
high yields of iso-butane are required. The
best results were obtained with catalysts that
contained 20 percent sluminum oxide based on
thorium oxide. Simultanecus precipitation of
the oxides was not necessary. Catalysts pre-
pared by separate precipitation and subsequent
mixing of the washed precipitates produced the
highest iso-C, yields. The use of kieselguhr
as a carrier was not desirable.

The principal results obtsined for thorium
oxide-aluminum oxide catalysts prepared by
different methods are summarized in table 9.

EFFECT OF ALKAILI
ON ThO; CATALYST
The oxide was precipitated by the standard

procedure and was washed on the filter. It
was suspended in water, and various amounts of

- potassium carbonate in aqueous solution were

added. The mixture was then evaporated to
dryness, and the resulting product was dried
at 110° C.

A series of comparative experiments was
carried out at 30 atmospheres and. different
temperatures with catalysts containing 0, 0.5,
1, 5, and 25 percent potassium carbonate.
The gas throughput was 10 liters of outlet gas
per hour per 28 grams of ThO, in all cases.

Figure 6 shows the effect of the alkali content
upon the activity of the ThOj catalyst at 450°,
475°, and 500° C. All three curves show that
the activity of the thorinm oxide catalyst falls
off as the alkali content increases. This effect -
is more marked at the lower temperatures.
Thus, at 450° C., conversion dropped from 13
percent to O when the slkali content was in-
creased from 1 to 5 percent; at 475° C. it fell
from 20 to 3 percent; whereas, at 500° C. it
dropped from 28 to 22 percent. The Vields of
low-boiling and gaseous hydrocarbons decreased
more rapidly than those of higher hydrocarbons.
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TABLE 9. —Summary of results from ThOy-AlLO, catalysts (300 atmospheres)

Yields, g./m? inert-free gas

AlO;y in cata-

M Synthesis . -
lyst, percent ethod of precipitation tempera-~
“of ThO, | . fure, °C. S;jblgflgio‘ Cs-1- hydro-

ga50] carbons -Gy Aleohois”

__‘__—_—_—-—_._
e 450 79. 0 | 42. 2 ‘ 22.7
T N 475 62. 2 39. 6 27. 31
200 ________ Simultaneous__.____ .. 450 791 21.0 47. 2
20 o do_____________ T 475 93. 7 17. 6 54. 8
200 ___. Beparate. _________ """ 450 |. 112. 2 34. 1 60. 5
20 | T doo___ . ________ ___° 475 112. 7 25.9 69. 0
208 L. do_____. ___ __. " 425 l 56. 2 24,6 17.6 .
20 _____ Separate (two layers) .. _.__ ( 450 [ 95. 8 48. 0 271 .

* This catalyst contained also 18 percent kieselguhr, hased on ThO:, which was added to the mixtare of wet precipitates.

Owing to the decreased catalytic sctiv
resulting from the addition of alkali in amoun;
greater than 1 percent the synthesis can )
carried out st relatively high tempera
without ‘extensive formation of methane,
this way 1t becomes possible to operate in 12
temperature range in which cyclic hydrocarboss
are the principal synthesis producis, . Thid
when a thérium oxide catalyst containing
bercent potassium carbonate was operated;
30 atmospheres and 500° C., it produced ] q
hydrocarbons containing 42 percent, naphthene
8. percenf, aromastics, principally toluene, aj
3 percent phenol, '

- CONVERSION, PERGENT

experiment with g very  weakly al,
thorium catalyst (0.6 percent K,CO, b
? -OL N T SRS A ' ThOy); the results from an alkali-free
T s s zc *© are shown for comparison (row 1).
ER ‘ FaC0y PERCENT catalysts were operated at 300 atmosphe;
Fieure 6.—INFLUENCE OF ALKALI CONTENT  450° (.. In both cases, 62 percent,"c_:al:in
' OF-A THORTA CATALYST IN THE ISOSYN-  monoxide conversion was obtaimed. Addifi&s
+THESIS (30 ATMOSPHERES, VARIOUS THM- of alkali incressed the amount of Liquid hydr
PERATURES, EQUAL THROUGHPUT). - . carbons and of bhigher alcohols {principall
TABLE 10.—Effect of alkals

on Th0,, ALO,, and .HOQ—'Alz03 catalysts in isos
gas at 300 atmospheres pressure and 450° (7.

(10 liters outlet gas/28 g. ThO, (25 ce.)/hr.)

ynthesis with 490@3

Catalyst r ‘ 1 : - Yields, g./m? inert-free feed zas L
- i Gonversiqn, — ——— - 04 -
Composition, parts Dercent : ‘ : Alechols ercent,
; by weighi - Hydroearhon products | solublein— | Tofal Mot
. " No, I - Jgizuzs 5
. _*h___‘__*ﬂ ) H A - .
ThO; "_uzo:is KnCO;b! - COo ( H, f Cst | -0y | 0~y I (o II Cs ! C, l 0il f H:0 gml‘
100 q 0 42 3 “2f ou| el ul gl - 11 a9
100 0 .6 65 . 12 1 8 1 6: - =21 [ 113
100 20 0 "34 61| . & s 10| 15 1 2 116
100 20 .2 35 67 10 0f. s/ 1g ¢ 1 113
100 20 6 25 85 T 7| 22 0 0 120
100 20 <8 42 5l v 18] gl 13 2 4 124
0 100 0 19 6] -4 al. g . 35
_ 0 100 3 24 2 1 0 8] 11 <1 <1 28
* AL:O; pracipitate

d separately from the alurninate in all experiments, ¢ Throughpuat 10 1, cutlet £28/25 ce. catalyst/honr,

> Based o0 ThO; eontent, - . -« Based on AlOs content; 0.6 percent K.C0; in catalysts

© Alkali added to the washed thoris brecipitate, instead of the washed o
alumina Drecipitate. - * o oW o ’

equivalent to 3 percent based or ALO; content.




o-butyl aleohol). The yields of lower hydro-
zarpons (Cr-C,) and of methano! decreased.
These results substantiate those obtained in the
rmal hydrocarbon systhesis: Large amounts
of: alkali inhibit the sctivity of the thorium
tatalyst; small amounts of alkali promote the
formation of higher molecular compounds.

{ ON TaO:&L:O; CATALYST

B, oo

thorium oxide-aluminum oxide eatalysts, where
the aluminum oxide retained some of the alkali
sed as precipitant, suggested the desirability
{ a detailed study of the effect of alkali on
horlum oxide-aluminum oxide catalysts. In
he preparation.of this series of experiments,
he alkali was added to the washed precipitate
btained. from 'the aluminate solution, except
one experiment in which the alkali was
dded to the washed thoria precipitate.

Table 10, rows 3 to 6, summarizes the experi-
ments conducted with 100 thorium oxide-20
; aluminuim oxide catalysts containing 0, 0.2, and
0.6 percent K,CO; based on ThQ,.” The cata~
- yst in row 5 produced the highest iso-C, hydro-
s carbon yield. Iso-pentane (2-methylbutane)
mprised 30 to'50 percent of the liquid reac-
on products. Thus, in this experiment about
00 grams of is0-Cy and iso-C; hydrocarbons
: fere produced per cubic meter of inert-free
nd rhon monoxide-hydrogen mixture. When
e alkali was incorporated into the thoria pre-
itate, higher Cy~+ hydrocarbon and much

AW TTLI S S Dy o

I 1

ed lower C, hydrocarbon yields were observed.
o 'Nonalkalized and alkalized alumina catalysts
75t (rows 7 and 8, table 10) containing no thoris

_were very poor catalysts for the isohydrocarbon
synthesis. :
o EFFECT OF ZINC OXIDE

on ON THORIA CATALYST

-These catalysts were usually coprecipitated
with sodium carbonate. The inverse precipi-
tation procedure (that is, nitrate added to pre-
cipitant) produces exceptionally high yields of
liquid hydroecarbons. Ei_nc oxide alone (row
1, table 11), when tested at 300 atmospheres
and 450° C., produced chiefly considerable
i Quantities of methane and alcohols. The ex-
W - Periments summarized in rows 2 to 8 show the
. effect of precipitation procedure, carbon mon-
‘oxide:hydrogen ratio in the synthesis gas, and
Synthesis temperature and pressure. The high
thoria content in catalyst 8 resulted in smaller
~ aleohol yields. Thorium oxide-zine oxide {3:1)
- Catalyst produced a high liquid hydrocarbon
- Yield of 79 grams per cubic meter of mert-free
Syuthesis gas and about 19 grams of iso-Cl
ydrocarbons in a test at 300 atmospheres and
£50° C. (row 9, table 11). The catalyst used
for this experiment was prepared as follows:
B68607°—50—5

Observations made in operating certain

EXPERIMENTAL PART 13

120 grams of thorium nitrate, Th(NQ,),.4I1,0,
and 74 grams of zinc nitrate, Zn(NO,),. 6110,
were dissolved in 2 liters of distilled water. The
solution was heated to boiling and stirred into
& boiling solution containing 86 grams of
sodium carbonate in 1 liter of distilled water:
The precipitate was filtered with suction,
washed on the filter with water (15 portions of
400 cc. each), and dried at 110° C.  The bulk
density for 2 to 4 mm. granules was 0.75; after
heating in & current of air at 300° C., the bulk
density was 1.09.

The catalyst in row 10, table 11, was pre-
pared in the same way; it produced similar
Cy-t hydroearbon and i-C, hydrocarbon yields.
When the catalyst was precipitated from more
dilute solution (for example, 86 grams of sodium
carbonate in 2 liters of water), larger amounts
of gaseous hydrocarbons and smaller liquid
hydrocarbon yields were observed (row 11,
table 11). The activity of this catalyst was
not as constant as that in the two preceding
experiments.

An important advantage of the thorium

" oxide-zine oxide catalyst is that in addition to

promoting the formation of liquid reaction prod-
ucts they show no tendency to produce carbon
deposits. Even after prolonged operation, their
color remained pale gray. ‘ :

ON ALUMINA

Although neither aluminum oxide nor zing
oxide alone is a satisfactory catalyst for the
isosynthesis, each is a promoter for the thorium
oxide catalyst, the alumina in increasing the

roduction of gaseous hydrocarbons, particu-
arly iso-butane, and the zine oxide in increasing
the yield of liquid hydrocarbons. It was of
interest to determine the catalytic activity of
an aluminum oxide-zine oxide preparation
because of the desirability of finding a satis-
factory substitute for thorium oxide. -

An gluminum oxide-zine oxide {mole ratio
1:1) catalyst was prepared as follows: A solu-
tion of 187.5 grams of aluminum nitrate,

Al(NO,)5-9H,0, and 74.5 grams of zine nitrate,
Zn{NQ;);-6H,0, in 2 Liters of water was heated

to boiling and stirred into ‘a boiling solution of
117 grams of sodium carbonate dissolved in 2
liters of water. The slurry thus obtained was
again heated to boiling. Then the precipitate

was filtered with suction, washed on the filter,

with boiling water (13 portions of 400 ce. each),
and dried at 110° C. It was subsequently
treated in a current of air at 300° C. for 3 hours.
The product weighed about 48 grams; its bulk
density, in 2 to 4 mm. granules, was 0.84.
Table 11; rows 12 to 16, contains dats on
experiments with aluminum oxide-zine oxide
catalysts at 150 and 300 atmospheres pressure
and temperatures of 425° and 450° C. Com-
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Synthesis conditions

Catalyst
No. Compeosition, percent Precipita-
tion proce-
ThO; | AkO; | Zno. | dure
1] v 160 I
75 Y 25 N
75 Q 25 N
75 0 25 I
75 ] 25 I
78 1} 25 I
78 1] 25 I
87 0] 13 I
75 o 25 I
75 ] 25 1
T : 25 1
L] a8 61 I
0 39 81 I
0 39 61 i
[ 39 6L I
0 A6 44 I
59 11 ] 30 ()

Bulk den- | CO:Hzin { Pressure, Tem. [CORVETsion, peroey
sity, synthesis atroos- SVH b | perature, — i
g.fee. gas pheres °C. co o

0.25 41:49 300 | 450 38
1.19 40:50 300 10 450 70
.19 40:50 300 3 450 79
1.08 40: 50 300 16 450 74
1.08 40:50 300 5 450 74
1.08 48:42 150 1% 425 49
1.08 438:42 150 10 450 64
____________ 4£8:42 150 10 450 58
1.09 48:42 300 10 450 ki
_______________________ 300 10 450 73
________________________ 300 10 430 7
r 84 49:41 150 10 425 36
84 49:41 150, 10 430 42
€ 84 49:41 150 5 4350 54
< 84 41:49 300 10 450 58
____________ 41:49 300 10 45 63
____________ $1:39 300 19 E 3 R

Ylelds, g/m ® (CO:Hy) gas

i-Cs, per-
No. Hydrocarbon products Alechols soluble in— cent of
v : \otal total Cs
iquids
Cet i-Cy Cs+ n-G4 Cs .O1 oit H,0 plas gasel
L L8 1.4 2.0 51 6.9 23,1 33.3 76
30.7 .8L7 14.5 7.7 22,3 5.6 0.1 2.6 87
37.2 ‘43,2 26.5 20.4 23.4 2.2 2.9 115.G 88
50.3 . 26,9 218 6.1 10.3 6.0 8.8 113.9 o1
3.7 S5 3L7 18.0 10. 5 7.1 6.8 113.8 87
58,8 11,6 L 102 1.8 8.4 12.4 4.4 97.4 9@
57.7 15.0 18.¢ 121 21.5° 2.5 1.9 96,1 88
46.2 .22.4 21.9 5.6 19.6 4.8 ] . 1.6 96.9 89
78.7 19.3 21.8 4.6 9.9 2.6 1. 5.8 128.2 85
677 24.0 18.9 .l 4.0 9.1 3.3 123.¢ o0
453 33.5 .7 13.4 14.0 7.3 4.8 |- 116. 1
30,1 a8 3.8 1.6 3.8 15.¢ 5.5 67.2 &4
35.5 12,1 14,1 a7 8.0 4.4 41 .2 68
41.0 16.5 15.3 3.4 12.3 4.0 4.6 8.4 88
10,8 26,5 13.9 6.9 26,8 25 38.0 9.7 86
4.5 24.0 8.5 0.4 L1e.2 1.1 12.7 80,8 "84
59,2 3.7 20,07 10.0 84 6.6 3.3 120.8 &7 |-

* I=inverse proportion; N=normal precipitation.

b 3VH=1.cutlet gas/28 g. ThO: (or 2§ cc. catalyst)/hr.

¢ This catalyst was prepared as a duplicate of catalyst 9.

4 This ¢atalyst was prepared from more dilute solufion than catalysts
9and 10 (that is, 86 g. Na;CO; was dissolved in 2 liters of water).

® 24 mm. granules, - : "

parison of experiments 15 and 16 show that =
fairly high eluminum oxide content was neces-
sary to suppress slcohol production. In the
test of catalyst 16, which contained 56 ALO, to
44 7n0, in parts by weight, the C;+ hydro-
carbon yield was 34.5 grams per cubic meter
inert-free feed gas and the i-C, hydrocarbon
vield was '24.0 grams. Dimethyl ether was
present in the reaction products. The yields
réported in experiment 16 could be increased
somewhat by using a synthesis gas whose carbon
monoxide:hydrogen ratio corresponded to the
usage ratio. In this way the specific yields, in
grains per cubic meter, for aluminum oxide-zine
oxide catalysts would be similar to those ob-
tained with the thorium oxide one-component
catalysts (refer to table 8). However, the
space-timie yields were considerably better from
thoria-containing eatalysts. Thus, a thorium
oxide-aluminum oxide (5:1) catalyst produced

.;ad i
. 600 liters of synthesis gas per liter of cé;talyi

¥ - ATk

! Presence of dimethyl ether was observed in resction produet from
this experiment.

£ ThQ» and ZnQ were precipitated from the nitrates and AL0; From:

the aluminate. Ther the three wet precipitates were combined in the

desired proportions. N '

30 grams liquid plus gasol hydroecarbons ipe
liter of catalyst per hour and & conversion o
380 liters CO+H, when the space velocity

per hour. The catalyst in row 16 tabl i3
produced - 11.6 grams liquid plus gasol h oY
carbons and a conversion of 173 liters O+
when the space velocity was 340 liters per houf
[From catalysts of equal activity, ‘hightr
throughput usually produces smaller convers
sion. However, in the experiments cited,’thes
catalyst containing thoria, which was teste
600 liters per hour throughput, producéd
conversion of 63.4 percent, whereas the tho
Iree catalyst tested at a throughput of 340 1i
per hour produced a conversion of 51.4 P
cent.] 22 : " B

Comparison of experiments 18 and 147

% The bracketed sentences have been added by the editor io”
the thought in the two preceding sentences of the text. "




