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COMPLETE SPECIFICATION

Improvements in the Regeneration of Spent Catalysts in the
Syunthesis of Hydrocarbons frem Carbon Moncxide
- and Hydrogen

1, Harorn Evwrx Porrs, Chartered
Puatent Agent, of 12, Church Street,
Liverpool, in the County of Luneaster,
Subject of the King of Grent Britaju, do
hereby declare the nafure of this inven-
iion which hag been communicated to me
by N. V. Internationale Koolwaterstoffen

Synthesse Maptschappij (Internaiional
Hydrocarhon Synthesis Company), a
10 Dutch Company, of 20, Wassenaar.
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scheweg, The Hagus, Halland, and n
what manner the same is t0 he performed,
o be particularly described and asces-
tained im and by the {following
statement ;—

In the synthesis of hydrecarhons with
moré than ona carbon atom in the
molecule from gases eomprising earbon
monoxide and hydrogen, thorium has
hitherto heen recovered from spent
eotalysts  combniging  thoriwm, for
exaxple, beside cobalt and/or nici{el, by
treating the said catalysts with dilute
nitrie acid and subscqlucntl;sr precipitating
thorium from the sclufion obtained by
means of sodium carbonate.

It has, however, been ohserved that
when the thorium thus recovered was ze-
emyployed for the preparation of catalysts,
that thesa catalystis did not always have u
satisfactory acfivity in the said synthesis.
This was more particnlarly the ease when
the catalytic materinls were regenerated
from catalysts coniaining earriers, sueh
as, for example, kieselgulir,

My foreign ocorrespondents have now
found that catalysts confaining thorium
having a uniformly salisfactory activity
in the said synthesis of hydrocarbone from
rpses comprising carbon monoxide and

‘Tiydrogen can be prepared with thorimm

recovered from spent catalysts if fhe said
recovery is carried out by treating the

_g}lve:nt catalysts with o mineral acid to

ssolve the thorium, and, if desized, the
other catalyst constituents, precipitating
from the zcid solution thus cbiained, u
sladge containing large smomnts of
thorium, dissolving the said sludge in
sulphurie acid, precipitating the thorium
from the eulphurie acid solution thus

[Prioe 1{-]

obiaiced as thorimm-potassium. sulphate,
separating the thorimm-potessizm suk-
phate from the selution, prepering an
ingeluble thorium carbonate from the
sglpha-te and recovering the said earbon-
ate, :

The said insoluble thoritm carbonaie
is wusually obtained in the form of
therium hydrecarbonate.

The unsatisfactory activity of the
catelysts prepured with thorium in the
manner hitherto amployed wos apparently
due to the fact that thiz thorium con-
tzined irem in disturbing smounts. When
working according to the present inven-
tion thorimn is recovered containing sub-
stentially no iron or only small amounts
of iren.

The present invention will now be des-
eribed in greater detail.

The treatreent of the spent catalyst
with a mineral acid to dissolve the
thorinm and other ‘eatalyst consiituents
is advantageously earried out in accord.
ance with Specification No. 504,700,

The sludge containing larme amounts
of thorium is as & rule precipitated from
the solution thus obtained by the addition
of a solution of a soluble carbonate, in
parficular alkali metal earbongteg such as
sodlium carbonate. Tf the solutions con-
tain other .catalvat constituents suoh ss
cohalt or nickel 1% is desirable to add only
go much olkali metal carbonate solution
and so slowly that {he precipitate contains
lorge amounts of thorivm but that the
bulk of tha other catalyst comstitnents
remain in solution.

In this way a sludge containing mainly
thorium and iren, for example, in the
proportions of about 1 to 3 may be pre-
cipitated. The  precipitaton may he
earried out at suitably elevated fempera-
tures, for example, ai about 60° to 70°
Centigrade.

The solution. from which the sludge has

been senarated end which usually containg

the balk of the catalyst materials, such
ag cobalt, s then worked up for the
recovery of these materials if this s
desired,

S Application-Date: e 15, 1939 No. 1746639, 530,036
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80 the solution oblained

After dissolving the said sludge in
sulphuric acid, potassium sulphate oz, it
desired, » mixture of potassinm sulphate
and sodinm sulphuie in which the furmer
iz present in predominating amounts,
may be added to the 2cid solution, prefer-
ably while stirefng, so thai thorium is
pracipitated as thorium-potasgium sul-
phate but iren remsdns dissolved. In
%)laae of potassium sulphate mizbures

urnishing ~potassiuma sulphate may he
employed for precipitating the thorinm-
potassium  sulphate as, for example,
potassium chloride and sodivm sulphate,
or potassium chloride and sulphuric acid.
The precipitate is separatcd from the
solutivn, for example, hy filtration and
prefarahlly thoroughly +washed, adven-
tageonsly with o saturated potassium
suiphate solution, in order-to remave the
adhering parts of the solution in which
irorn is contained. :

The econversion of thorium«potassinm
sulphate into inseinble thorium carbon-
gte may ba carried out in different ways.
Hor example, the sail sarbomate may hLe
obiained by boiling up the thorinm-
potassium sulphate with a concentrated
solution of a corbonate of an alkali metal
or of ammonium, Particularly goed
resulfy as resurds the separation from the
jron and mltimately in the activity of ihe
regencrated catalyst, are obtained if the
reaction mixture during the said cowver-
sion containg more potassium sulphate
than sodinm sulphate or af least equal
pmounts by weight thereof. For cxamyle,
when employing a sodium carbonate
golution for the conversion, pelassiuin
stlphate may be added as such or in the
form of a-solution, before or during the
said econversiom, which is effected acaord-
ing to the equation: )

(Th(S0.)s)K; +2Na,00, = Th(CO.). + 2N2.80, + K80,

so that withovt the addition of potassinm

-sulphate, more sodium " swlpbate would
- have heen present.

Alsn z solution con-
taining hoth sodium. and potassium car-
bonate may be employed with advantage
in plaec of sodinm curbonote alome, in
arder tu increage tha proportion of patas-
sium suiphate to sodinm sulphate in the
repetion mixtere, '

Tn order fto obtain even more favour-
ghle results as récards the separation of
fron and the cotalyst activily the conver-
gion of the thorimm-potassium sulphate
into thoriwm carbongfe may be’ carried
out by treating it with such an e¥cesg ©
alkali metel or smmoniwm earbnnate
solution that the thorium carbonste firsk
precipitated is redissolved and then heat-
ine the solmtion obtained, say fo aboub
90° (lentrierads, so thet the iron
hvdrozide colloidally condained in solu-
tion is precipitated. ~After the precinifate

as heen removed, for example, by filira- -
tion thorium hydrorarbomate iz Tpve-
cipitated from the solufion by un addition
ofp acid, for example, sulphuric acid or
hydrechlorie acid.

The irom hkydroxide precipitated a3

aforesaid usunlly containg a gmell amount

-of thorlum and therefore this preoipitate

mpy be worked up for the zecovery ¢
thorium together with fresh sludge fo he
digsolved in eulphuric acid, in apcord-
ance with the present inveniion. R
The allali metal sulphates contained in
hy ilie aforesaid
orium-potassium sulphate
o, for example,
such as,

conversions of :
may be separated there
by cooling to Iow temperatpres,

_clated as ThQ,).

“for example, —5° to -10° Centigrade,

and mey be used again in the proecess.

" Accordivg fo the process of the present
invention thorium i3 recovered from the
spent eatalysty in u sufficiently purified
forrn for further smployment in the

manufacture of catalysts with satisfactory
aetivity, S
For * example, ihorium carbonate

obtained hy eonversion uf thorium.
potessiim  sulphate accordieg fo  the
present process,” by boiling up the same
with a concenirated sodium-carhonate
solution as stated wbove, containg only

f .ahoui 0,8—1.0 parts by weight of irom

oxide {caleulated az Fe.0,) i 100 parts
by weight of thorium compound ({cal-
1 ‘When adding potas-
sinm sulphate during the said conversion
in smounts ag ahuva defined, o thorium
carhonate of higher purity cen be
obtained, for sxample, contuining less
than 0,9 parts of iron oxide in 100 parts
of thorium compound ({(caleulaled as
stated above).

' Wheq thorium carbonate is prepared
by precipitation Irom a purified salution
df thorium-pelassitm sulphate in a car-
bonate solution as set oubt  above, the
thorium is obtained practically free from
iron, for example, eontaining in 100 parts
Tess thun 0.1 part of irom oxide (ealenlated
ag atated above).

The recovered thorium is dissolved in
nitrie acid and the thorium nitrais solu-
{iop, obtained is employed in the prepara-
tion of catalysts - for the -synthesis of
hydrocarbons by interaction of hydrogen
and carbon monoxide,
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trate the nature of the present invention
and in- whet manner the same can e
earried out in practice, bub it should,
5 however, he understood thut the inven-
tion is not limited so said Examplas,
Exanern 1.
360 kilograms of » mowist sludge eon-
faining 50 kilograms of thorium eal-
10 culated us thorium oxide, precipitated by
the sddition of the first porions of
sodium. carbonaie solution from g nitrie
apid solution ohtained in the working wp
of o spent thoriwm containing catalys,
15 which has heen employed in the synthesis
of hydroeasrbony from carbon monoxide
and hydrogen, are infroduccd while cold
imtn 720 lires of 4-pormal sulphurie
acid and are dissolved wkile glireing
20 Then 150 kilograms of potassium sulphale
and 100 kilograms of sodiwm sulphate ars
infroduced into the solution whieh ig then
stirred for about 14 hours, The thorium-
potassium sulphate doubls salf is thereby
25 precipitated and is separated from the
iron-containing golution. The double salt
is washed with s potossium sulpbate
aolutinn which has heen saturated at room
temperature, until the washing liguid
80 containg merely traces of irom. he
practically iron-free double salt ig theve-
upon. admixed with a Httle -water and
heated at abouf 90° Centiprade and o
much sodium earbonate solution having w
35 conceniration of ahout 200 grams per
litre iz added while stirring, until the
pe- value remains constent at 7.5 to 8.0
For this purpose aboud 60 Lilograms of
godivm cathonate are required. “The
40 thorium.hydrecarhbonate thus obleined is
separated %y filtration, washed with hot
water until it is free from sulphate and
dissolved In 60 per cent niirie
acid, whereupon the solution obtained
45 i Bitered, Thiz solutlon 18 employed
in the preparation of calalyst for
the hydrocarbon synthesis ihe activity
of which is equal to that from which i
has heen regenerated.
60 Exampie 2. ]
3G0 kilogramg of the same studge es
used in Example 1 are introduced into a
mized solution which consists of 160 Litres
of concentrated sulphuric soid, 170 litres
6 of a solution of potassium sulphate of
slightly acid reaction, which has bheen
used for the washing of therrum-potas-
ginm sulphate and 410 ltres of a solution
which has heen used in the conversion af
B thorium-pofassium sulphate, Thersupon
20 kilograms of potassium sulphate are
added and after stirring for about 1} hour,
the preeipitated thorinm-pofassinm gu-
phate is separated and further worked up
a6 o catalyst for the synthesis as stated in

“The Tolléwing Eximples tusthes Mus:

_Egsmgle 1.~

Having now particelarly deseribed and
aecertained the nature of the said inven-
tion and in what menner the same Iz to
performed, which has beon eommmmiented ™ 70
io me by my  loreipn correspondents, 1
deciate that what T claim Is:—

1, Iz the synthesis of hydrocarbons
with more than one carbon atem in the
molecule from gases comprising curbon 75
monoxide and hydrogen the improvement
in the regeneration of catalysts contain-
ing thorium, which comprises treating the
spent catalysts with e mineral acid, to
digsolve the thorium, ond, if desired, the 80
other catalyst constituents, precipifating
from. the acid solution thus obtained =
sludge containing larme amounis of
thorium, dissolving the #aid sludge in
snlphurie acid, precipitating the thorinm B8b
from the sulphuric ocid solulion thus
obtained as thorium-pofassiwn sulphate,
separatine the therlum-potassium sul-
phate from the solution, preparing an
msoluble therium carbonate from, 4he 90
sulphate and recovering the seid ecar-
houate. -

2. A provess. ag claimed in {laim 1,
which comprises precipitating the said
thorium-potassium sulphate by means of 96

otgsginm. solphale andfor a mixture
urrishing potassium sulphate,

3. A process as claimed in (latms § or
2, which eomprises precipitating the said
thorium-potasainm sulphate by means of 100
a mizfure of potassium sulphate and
sodium sulphate; in whieh the former ir
present in predominatine amounts,

4, A procesd as claimed in any of
{laimg 1 {0 3, which ecomprises sonvert- 105
ing the said thorimm-potassivm sulphsic
by boiling up with a coneentrated solution
of 2 carbonate of an alkali mefal or of
ammoninm.

B, A procesg as claimed in amy of 110
Cleims 1 1o 4, which cumpriaea converting
the sald thorium-potussinm sulphaie by
boiling up with a coneentrated solution
of alkali metal carhnnates in such amounts
that the reaction mixture ocontains at 115
least equal amounis by weight of potas-
simn sulphate and sodium sulphata or
still murs potussivm sulphate.

. A process az claimed in (Naim 5,
which comprises . adding potassiom sul- 120
phate before sond/or during the said
boiling up. -

7. A-procesy as claimed in any of
Clzims 1 to-6; which comprises convert-
ing the said fhorium-potassinm sulphate 124
by boiling up:with a coneentrated golution
ozntaining potasginm and sodium carbon-
akbe.

. A process ag claimed in any of
Claims 1 te 3, whick comprises romvert- 130
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ing the said thorium-potassivm seiphate
bﬁ trenting it with -sueh en’ ezeesy ©
atkali metal or amworinm  carbonete
solutien that the thorivm vurbongie frst
 F precipitated is redisrelved. healing the
solution obfained, so that the iron
hydroxide colloidally eontained in solu-
tion is grecipita.tt:d, removing the iron
hydroxide by filtrutivn, and sebsequently
10 precipitating thorimm  hydrocarbonats
from the filkrate by an addtion of aeid.
9. A proeess as claimed in any of
Claims 1 to 8, which comprises employing
o sludge which is prepared from the spont
15 catalyst by freating ths same w'th nitric
acld and precipitation from the acid
solution by menmns of sodium earbonata

added only in such amounts and so slowly .

.ihat . the .. precipilate evmtains - Jarge
amounts of therinve hat-dittle or-mothing
.ot the other cutalyst constituents.

10.. A process ag claimed ia any of
Claims 1 to 8, which comprises employing
s siudge which contains thorivm and
iron in the atomice propertion of about 1
to 8.

. 11, The process for the regencration of
eatalysts, substantially as described in the
for%gmn Example,

12, C% alysts whon regemerated in
accordance with the preccding claiming
elauses,

Dated this 14th day of June, 1939.

W. P, THOMPSON & CO,,
12, Church Sireet, Tdwverpool,
Chartered Patent Agents,
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