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T, Epwsrp Branrorn Maxrer, D.Sec.,
of 9, Alexanda Road, Bristol, 8, a British
Subject, do hereby declarc the nature of
this invention to be as Lollows : —

It is well known that nickel or other
matallic hydrogensation catalysts, ox being
used: for the eatelytic hydrogenation o
impure materials conizining catalyst
poisons such as toxie sulphur eompounds,

10 lose their octivity partially or substan-

tially completely and fhus become less
sffectiva for further use.

The present invenfion relates to the
revivification of such catulysis, namely to

16 trewtment by means of which the catolytic

aciivity of puisoned or partially poiscaed
metallic hydrogenation catalysis may be
restored ; and, in pertienlar, the invention
relates to the revivificafion of hydrogena-

80 tion catalysts consisting of or containing

metallic Dickel, cobalt, copper or iron
which huve become partially or completely
poisonad as a result of thelr previous -uso
for the catalytic hydrogenation or reduc-

25 tion of impwre materialy containing cata-

lyst poisons consisting of toxic compodnds
of sulphur, selentum, fellurinm or phog-
phorus or of these elements in a free state.
Of these noisons, foxic sulphur compounds

80 constitute the type ol eatalyst poison most

frequently met with in the materials nor-
mally hydrogenated in practice. Suitable
catalysis for subjection to the revivifica-
tipn  treatment hereinafter described

85 include spent or partly spent catalysts con-

sisting of or confeining metallic mnickel
which have become partly or rompletely
inactivated hy previous use for the hydro-
geaation or redustion of impure organic

40 substanccs, for example for the catalylic

hydrogenation of unsaturated glyeerides
or for the hydrogenation of substances
such as benzene, naphthalens or the
phenols (includinﬁ the cresols or

but the invention iz nob
vegtricted fo the revivification of poisoned
or purbially poisoned catalysts derived
from hesc paficular reactions only; thus

the revivification freatraent may also, for
L4 )

example, ba applied for the reactivation of &0

catalysts containing nickel or epbalt which
have become deactivated or poisoned
sulphor compounds as a result of their use
for the eatalytic reductivn of impure cox-
bon monexide to liguid products or for the
reacbivalion of catalysts consisting of or
containing iron which Thave bacome
paisoned by traces of sulplhur as o.vesult of
their use in the synthesis of ammonia,
whick reaction may be regardad as invelv-
ing the hydrogenation of elementary
nitrogen. .

The revivification process which forma
the subject pf the presemt invention con-
glsts essenfially in the f{reatment of
poisoned or partly poiscned hydrogenation
catalfﬁts, consisting of or comtaining
metallic nickel, cobalt, copper or irom,
with a reagent containing a peroxyacid or
peracid - of melybdenum, = tungsten,
vanadium, chromium or phosphoris or a
salt or other darvivative of suck peroxzy-
acids or perracids.” .

In general, the employment even of
di]ut% E}Iuﬁﬂlr_fs of rengenty of the na].Iurc
specified in the preceding _pura i3
gufficient: fo cansenn eﬂ'ec’fve 1'evi'€gfi?§'ﬂ;tion
of the poisoned catalyst; but the invention
is not coafined to the use of solutions of
the above reagents having any special
range of concenfration nor tu the use of
such peroxyaecids or per-acida or their
derfvatives made by any special method.
Tt is however in many cases convenisnt to
prepare the reagents containing the above
peroxyacids gr per-ecids or derivatives of
thess hy the action of Liydrogen peroxzide
on a suitable salt or othar compound
containing  molybhdemwm,  tungsten,
vanadinm, chromium or phespheorus, in
acoordance with well known -methods for
making these peroxyacids or per-acids o
thelr derivabives, and in $hir casge the
reagent as used may contain an excess of
hydrogen peroxide in addition to the
peroxyoeid or per-acid of molybdenum,
tungsten, vamadinm, chromiom - or
phoaphorus (or the salb or other derive-
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tive of such peroxyacid nr per-acid) which
forms the eszential purt of the revivifying
reagent.

T# the metallic catalyst 1o be revived has
B previously been used for the hydrogena-
tion of an impure organic material, it is
in mosh cases advantageous fo wash the
poisoncd catalyst with « suitable solvent
to remove any adhering orgenie material
prior to tke applicatipn of the revivifying
reagent; and a washing provess may alsn
be applied after revivification. Fuarther, it
may be necessary, after the revivification
and after any subseguenl washing, to re-
reduce the revivified eatalyst, for instance
with hydrogen, befors the re-use of the
cataltyst for entadytic hydrogenntion.

The following example is given in order
to illustrate a suitable way of carrying out
the revivifving process in pactice; but the
invetition is of couse not limited to the
materials or conditions employed in the
example.
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Exayreinl.

25 The catalyst taken for revivification
consisted of kieselgulr-supported miclkel.
which had originally been made hy the
reduction” of besic nickel carbonate on
kiéselguhr with hydrogen at 300—320°

80 Contigrade and which had become
poisoned down fo an activity of about two
per cenb of its original activity hy being
used in the hydrogenation of an impure

henol"The calulyst, in its poisoned sfate,

8§ was freed from adherent phenol first as far
as possible by filtration and subrecuently
by thorough washing wiih hot weter. Tt
was then suspended in vold water and

revivified by the addition, with stirriug,
of a revivifging reagent rcontaining
sodium peroxymolyiriate in dilute squegus
solutipn, this peroxymolybdate beine
made in the wsusl monner by allowing
sodium molyhdate—in smount equal to
abuut one per eemt by weight of the
poisored nickel to be iPreated—in react
with an excess of hydrogen peroxide, The
aguecus suspensivn of the cywlivst in the
reagent was then heated to 100° C. inorder
to destroy any excess of perosymolybdate.
after which the calalvst was washed with
water and dried at 100°C. Oz testing the
revivified catalvst, after re-reduetion with
hydrogen ub 300—320°C., it wus found
that the original aetivity had been
restored, Thus, three romparative fests of
the relative eatalvtie activity of, fHrstly.
the original catalyst before heing used for
the hydrogenation of the impure phenol.
secondly, the poisoned catalvst as received 60
for revivifiration and, thirdly. the

poisoned catalyst after revivification were

made by wusi
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using three equal small festing
samples containing in each rase nhont
0.08 gram of metallic nickel, for the
hydrogenation of 1) ¢.c. of pure plienul in
a2 hydrogenation shaker st afmosnheric
pressure and at 150°C. under standardized
testing eonditions. the volume of hwidrep-
gen absorbed during a 10 minate min
heing 178.1 c.c. for the oariminal eatnlvsl.
4.1 e.e. for the poisomed eatplyst snd
178.5 e,c. for the revivified ratalyst.

" Duted the 9%k dav of Tuly. 1948,
E. B. MAXTED.

COMPLETT SPECIFICATION
Revivification of Metallic Hydrogenation Catalysts

1, Epwarp BrapgorD HAXTED, D.5e.,
T8 of 9, Alesandra Road, Bristel, 8, 2 British
Subjert,-do hereby declare the nafure of
this invention sad in what manner the
same is to be performed, o be particulerly
described and ascertained in and by the
80 following statement: —
Tt is well known that nickel or other
metallie hydrogenation catulvsts, on being

wsed for the calelytie hrdrogenation of-

impure wmaterials containing  cntalyst
85 polsons such as calalytically toxie sulphur
- eompounds, loss thew catalytic activily
for such hydrogenation partially or sub-
stantizlly completely and thus heeome less
effertive or ineffective for further use.
90 The present invention relates fo the
revivifieation of such catalysts, namely to
freatment hy means of which the catelvtie
activiky of poisoned or partinlly puisoned
metallic hydrogenation catalysts may be
restored ; and, in particular, the invention
relates to the revivifieation of hylrogena-

95

tion catalysis consisiing of or containing
imetallic nickel, cobalt, copper or iron
which have hecome partially or completely
olsoned ag o result of their previous use 100
for ihe vatelytic hydrogenation or redamc-
tion of impure materials esntaining cata-
Iyst poisoms consisting of catalyfically
toxic compounds of sulphur, sclenium,
{ellariuz or phosphorus o of these cle- 105
ments in a free state. Of these poisonz.
toxic sulphur compeunds constitute the
type of calalyst poison most frequently
met with in the malerials cormally hydro-
genated in practive. Suituble calafysts for 110
subjection ta the revivification process
bereinafter described include spent o
purlly spent catalysts consisting of or can~
taining metallie nickel which hove heepmae
partly or vompletely inectivated hy pre- 113
vions use for the hydrogenution or redue-
tion of impure organie substanrez, for

example for the eatalrtie hydrogenation

of musatwnied slyeerides or for $he hydro-
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wepatipn of substances such as tochnical
henzene, naphtbalene or the phenols
{including the cresols or xylemols); bLut
the invembion is mot restricted to the

B revivification of poisomed oz partially
poitoned catolysts devived from these
rhioular reaclions only ; thus the revivi-
cabion treatment ey also, far example,

be applied for the reactivetion of catalysts
.10 containing nickel, cobalf or iron which
have become - deactivated or poisomed by
sulphur componnds as a vesult of their use
for the catalytic reduction of mpure cax-
bon monoxide with hydrogen to liquid pro-

15 ducts or for the roactivation of cotalysts’

consisting of or cuntaining iren which have
become poisoned by lraces of sulphur or
sulphur compounds as & result of their use
in the synthesis of ammonin, which rear-
%0 tion may be regarded as imvolving the
hydrogenatipn of elemetary nitrogen,

The revivificabion process which forms
the subject of the prescnt invention con-
sists essentially in the treatment Jof

285 poispaed or partly peisoned hydrogenalion
catalysts, consisting of or confalning
metallic nickel, cobalt, copper or irom,
with o solntion of & per-acid of
molybdenum,  tungsicn, vanadiui,

80 chrominm or phosphorns or @ salt of such
per-acids. Sinee the common per-acids of

- these elements are spmellmes termad
perogyacids, the ferm per-acid In the pre-
gent specification ig to ba nndersfood to

85 inejude the so-called peroxyacids of
melyhdenum,  tungsten, vanadinm,
chromium or phosphorous, for exampls
$he term permolybdic acid, having as salts
the permolybdates, is to be understood 28

40 syponymons with peroxymolybdic acid,
having as salts the peroxymolybdates.

Tn general, the employment even (154
dilute solutions of reagents of the nature
specified in the last preceding paragraph

4k 15 sufhcient to cause an effective revivifiea-
tion of the moisoned catalyst; but -the
invention is not confined to the uses of
slutions of the above reagents having any
apecial Tange of concentration nor to the

80 use of such per-acids or their derivatives
made by any special method. T6is however
in many cases econvenient to prepare the
soluticns containing the above per-acids or
salts of these by the action of hydrogen

g5 peroxide nm, a suileble acid, galt or other
aompound ncntaini_gﬁ molybdenin, tung-
sten, vopsdium, chromimm, or phos-
phoras, in accordance with well known
methods for making these per-scids or

60 theiv salts, and in thie case the solubion as
ased may contain sn excess of hydrogen
peroxide in additicn to the per-acid of
molyhdenum, tungsten, ~ vanadium,
chromium or phosphorus (or the salt of

86 such per-acid) which forms the essential

part of the revivifying reagent.
Tt the metallic catalyst to be revived hoa
reviously beew used lvr the hydrogena-
£10'1’!. of an impure organic material, it is
in most cases advantageous to wash the 70
poisoned catalyst with o suitable selvent
to remove any wdhering organic material
prior o the application of the revivifying
reagent; and 2 washing process is also
applied after revivification. Further, it 78
may be necessary, after the revivification
and after subsequent washing, to re-reduce
the revivified catalyst, for instance with
Lydrogen, before the re-use of the calalyst
for uata-.bitic bydrogenation. -

The follywing esamples are given in
order to illustrate the corrying ont of the
revivifying process in practice without
however limiting the mmveniipn to the
pariicular poisomed  catalysis or the 8D
particular revivifying reagents or to the
exact procedure given in these examples,
1t is to be noted tilat the prescnt Invention
ralates to the revivification of metellic
catalysts which have previously been used 9¢
in the cefalytic hydrogenation of impure
materjals and not to the revivification of
metallie adsorbents which have been used
merely for the purification from catalyst
poisons of subsfances which are smbse- %9
guentfy to undergo catalytie hydrogena-
tion, which latter process forms the sub-
ject of my Patent Application No.18602,
(Serial No. 844,240% of the same dafe as
the present application. 100

Txawpir 1,

The e.atalﬁ.t taken for revivification
consigted of kieseleuhrsupported niekel,
which had ori 'inaﬁy been made by the
raduction of . basic nickel carbonaie on 105
kieselguhr with hydrogen at 800—320°
Qentigrade - and which had hecome
poisoned down to an activity of about two
per_cent of its original activity by being
used in the hydrogenation of an impure 120
phenol eontaining catalyfieally toxie sul-
phur corapounds as the prineipal eatalyst
puisons. The catalyst, in ifs poisoned slate
was freed from adherent phenol first as far
as possible by filtration and snbsequently 115
by thorongh washing with hot water. It
was then suspended in rold water and
revivilied by the addition, with etirring,
of sodium permolybdate in dilue aguecus
solution, this permolybdate being made in 120
the wusual manner by allowing sodizm
molybdate—in amount equal to aboub one
per cent by weight of the poisoned nickel
o be treated—io reuct with an excess of
hydrogen peroxide, The agueong suspen- 125
siom of the oatnlgst in the reagent was then
Lented to 100°C., in order to destroy any
excess of permolybdate, affcr which fhe
cutulyst was separated, washed with water
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and dvied at 100°C. On testing the revivi-
ged cotolyst, nfter ity re-reduction with
hydrogen at 300—320°C,, it was found
that the origimal activily hod heen

b vestored. Thus, thrée compurative small

10 phenai, secon
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45 freed from adherent

50

seale tests, in a laboratory testing appara-
tus, of the relative catalytio activity of,
frstly, the original cutelyst hefore belng
used for the hydrogenation of the impure

Ly, the poisoned catalyst us
roesived for revivificationand, thirdly, the
poisuned catalyst affer ravivifieation were
made by using three equal small {esting
samples, containing in each cose about
0.08 gram of metallic nickel, for the
Lydrogenation of 10 c.c. of pure phenal in
o hydrogenation shaker at atmospherie
pressure and @t 130°G, unde?
standardised testiug conditions, the
volume of hydrogen absorbed during a 10
minutes run being 178.1 c.e. for the
original vnpoisvued catalyst, 4.1 c.e. for
the poisoned catalyst and 178.5 e.c. tor
the revivified catalyst.

Exsners 2.

The catalyst taken for revivilleation was
similar to that used in Example 1. The
revivification was earried out in ths
manner already described in Ezample 1
save that a solution conisining sodium

erohramate, made by allowing a cold
]c?lilute solution of sodigm chromate to
iuteract. with nn esxcess of “hydzogen
peroxide, was used -as the revivifying
reagent. R
Exayprs .

The eatalyst subjected to the revivifica-
“tion. process consisted inthis case of 2
nickel catalyst similar to that in Example
1 save that it had hecome poisoned by ils
previous uss for the hydrogenation of zsoya
honm oil confaining small guaniities of
patalylically toxic sulphur compounds.
The catalyst, in its poisoned state, was
hydrogenated cil,
first as far as possible by filiration aud
subsequently by washing with hoiling
agrueous-pleoholic sodiwm hydroxide solno-
tion, foliowed by washing with hot ague-
ons-nleohol and subsequently by thorough
washing with hot water. It was Then
suspended in cold water and revivified by
the odditinn, with- stirring, of o solufon.

containing solium permolybdate, made
by the inferaction ¢f o cold dilule solu-
Hon. af ‘sodiam molybdate with an excess
of hydrogen peroside, the remnainder of
the revivifying ireatment being similar to
that already described in Example 1 sava
that the washing uf the catalyst after the
application of the revivifying reagent was
earried out fivstly with hot water, then
with hot alechol and, finally, thoroughly
with hot water.

Having now purticylarly deseribed and
ascertained the nature of my said inven-
tion and in what manmer the same is to be

: pcrformed, I declare that what I claim

11— .

1. A process of revivifying hydrogena-
tion catalysts eonsisting of or containing
metallic nickel, cobalt, copper or iren
wlick  have hecome partially or com-
pletely poisoned as a result of their pre-
vipus use for the eatalytic hydrogenation
or redtucHon of impure materials contain-
ing cadolyst poisons consisting of calalyti-
cally toxic compounds of sulphur.
selenium, tellurium or phosphorus or of
these toxic elements in a free state, which
comprises freating the poisoned catalyst
with a solufion of a revivifyving reagent
comprising u per-acid of molybdenum,
tuagsten, vanadium, chromium yr phos-
photus, ot a salt {Lereof. and subjecting
the so-treated cadalyst te washing and
drying.

2. A process as in claim I wherein the
eatalysts hute become partiully or com-
pletely poisoned as o result of their pre-
vious use for the vatalytie hydrogenation
or reduction of impure benzene, naphiha-
lene, phenol evesol, xylenol or wnsaturated

glycerides eontaining in each case eatn-
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Lytically toxie sulphur eompounds as-the1060

prineipal eatalyst poisons.

3. A process as iu ejaim 1 wherein the
solution of the per-neid of molyhdenum,
fungsten. vanadinm, chrominm or nhos-

phorus,, or a salt of such per-aeidsz, is 108

mude by the interaction of hydrogen per-
oxide with a sqitable aeid nr zalt of molyh-
denum, (ungsten, wenadinm, chromium
or phosplhoras, the solution containing. if

Jesired,.sn exress of hydrogen peroxide. 710

Dated (he 5th der of Angust, 1930,
E. B. MAXTED.
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