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COMPLETE SPECIFICATION.

Preparation of Hydrogenation Catalysts by Reduction.

We, Tmr Destnrees Company Lamirep,
a British Company, of 12, Torphichen Street,
Fdinburgh 3, Scotlund, THomas BEWLEY,
o British Subjent, of the Company’'s Research
and Development Department, Great Burgh,
Tipsom, Surrey, and PETRR LIioxEL Bram-
wyoEE, a British Bubject, of Hayes Road,
Sully, Pouarth, (lamorganshire, Waules,
formerly of the Company's Research and
Development Depurtment, Great Burgh,
Epsom, BSurrsy, de hereby declare the
invention, for which we pray that a patent
may be granted to us, sud the mefhod. by
which i5 is to be performed, o he particularly
described in pod by the following statement

The preseat invention relates to the
preparation of active hydrogenation eatalyst
by the reduction of kieselgubr-supported or
nivkel compomnds suspended in & fluid
medinm. "

It has heen found thab, il a liquid or semi-
liquid organie polysiloxane is present during
the reduction of the smpported metal com-
pound, the production of sn active hydro-
genation oatalyst is greatly fucilibeted. The
invention compriges the novel processes and
steps of processes, spovifie embodiments of
whioch are described hereinafler by way of
exumple and i accordance with. which we
now prefer to praoctise the ivvention.

The present invention comprises a process
for $he preparation of active hydrogenation
catalysts mh oomprises reduction to the
active condition by the irestment with
hydrogen of a kieselguhr-supported copper
or nickel compound which is reducible to the
metal, sugpended in a liguid medivm com-

ising an organmic polysiloxane. This re-
gzction msy be effected as a preliminury
step before the material to be hydrogenated
is added to the catalyst, or the latter may be

resent from the commenvement, the effsctive
ydrogenation vaturally not taking placc
before subsiantial reduction of the cafalyst
bas heen effected. The copper and nickel
compounds which may be used sre suitably
those ”gmgwds guch as oxide, hydrozide

(P~

or carbonate, which are susceplible to
reduation by hydrogen tn the active state.

The orgapie polysilozane employed s
prefersbly polydimethyl siloxenc; alse ib
iz to be noted that other organic polysiloxanes
are plup suitable. The liguid mediom which
is used may consish of a substantially liguid
palysiloxane or, alternatively, i5 may con-
sigt of an organic polysiloxane, whether
liguid or nob, i solelion in an orgenic
solvent, Buitable organic svlvents include
aleokols such as  2-ethylhexanol and 2-
methyl-2 : &pentonc diol, and others sush
as 2 : -dibutoxydiethyl cther.

The following examples, in which the parts
referred to are by weight, illustrate the
process of the present invention and show,
ak the same time, some wpplications of the
eatalysts produced.

CExamriz 1.

30 parts of a basic copper carbonate-
Licselgubr oatalyst (prepared by preeipi-
tating from a copper :g)lb selution in the
presence of kieselpuhr by means of potassiom
esrbonete eolution, washing wmfil nentral
and deying st 60° C.) were dispersed in a
medirm consisting of 250 parts of 2-cfhyl
hexanel and 10 parts of liquid polydimethyl-
siloxune sud heated to 145° C. Hydrogen
was passed through the stirved suspension,
for 6 honra during which time the temperature
wua redsed slowly to 165° C., the loss
of the Z-ethyl hexsnol being aveided by
means of a reffux condenser. Four 100 part
hatiches of alphamethyletyrene in isopropyl
benzene (50 : 50 mixfure) were then hydro-
genated to Imopropyl benzeme st 160 O,
using this oabalydt  mepension, without
appreciable loss of catalylie activity, the
average time required for complete reduction
per batch being 2-—3 hours. The hydro-
genation preducts were distilled from the
rpaction ncdinm in each oase through a
short fractionating column and the sipha-
methylstyrene content of the products was
less than 0.6%.
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Precisely similar results weré obtatned in -
two subseguent catelyst preparations nsing
& medinm sonsisting of B parts and 2.5 parts
respectively of the poiyd imethylsilozane and
255 paxbs -and 2575 parts respectively of
2.ethyl hezanol, the temperature employod

for {he reduction in the Iatter case being

160 to 1707 €., all the other conditions heing
the same. Abtempts o hydrogenate alpha-
methylstyrene in this way with catalywts
prepared in the abscnee of the polysiloxane
wore mnsuceesslul.

Exaserr 2
A mixture of 130 parts of 2,2%.dibutoxy-
dicthy! ether, 3 party of polydimethyl-
siloxane grease und 30 parts of the hasic
copper  earbonat kiesolgubr  catalyst  de-
cribed in Ezample 1 was treated with

‘hydrogen at 150° C. for 13 bhours. The

resulting catalyst suspension, was very ac tive

for the hydrogenation of alphamethylstyrene
ot 150° C.

ExaweLr 2. _ _
60 purts of the basic copper carbonate
Jieselguhr cutalyst deseribed in Example 1
were dispersed in 300 purts of polydimethyl,
giloxane fluid and the catalyst was reduced
with hydrogen for 2 hours at 150° C. followed
houss &t £75° C. when Iydrogen
absorption was - complete. 400 patts of
nitrobenzens were added 1o the eatalyst
suspension during 9 hours ab & temperaturs
of 240 1o 250° C., the hydrogen feed heing
approximately 3 perts per hour. The per-
cenfage conversion to aniline was 97.4

ExavrLE L

18 parts of niekel nitrate erystals were
dissolved i 1,000 purts of water, and 133
parts of kiesclguhr were stireed in.  Agueous
potassium carbunate was then, added to the
wollstizred mixture until the product was
alkaline to phenolphthalein and sho pre-
cipitute kieselguhr mixture was fittered off
and wastred urdil neutral to phenolphthalein,
giving 302 perts of catalvst after drying at
J00° . 30 purts of this catalyst wore.
then, dispersed in 250 parts of pulydimethyl-
loxane fuid, heated to 200° G, and treated
with hydrogen uatil absorption was oo
plete, taking & hours. Nitrobenzens wa3
thea ferl infe the suspension ab 200 to 220° C.
dizing 14 hours with gomewhat more thun
the theorstical wmount of hydrogen, the
total feed being 600 parts of nitzobenzeme.
The conversion to antine wag 85.3%.

For the purposes of comparison, atbemnpts

 were made to rednoe the above-deseribed

nickel-kiesslgahr eatalyst to the active stute
dispersed in corresponding sanounts of aniline,
[iquid polymeric alphamethylstyrene and
nitrobenzene at 170 to 210° C. These
attempts proved unsuceessinl, wnd the

of kieselguhr by

‘ redneed by treatment

catalyst, after treating with hydrogen us

_ desoribed wheove, would not promote the

hydrogepation of nitrobenzeme or alpha-

- methylstyrenc at 200 to 220° C.

The pracess of the foregeing examples
may be repeated using other copper or
nielel compounds reducible by hydrogen
£ the active slate. such as the oxides and
hydroxides,

The hydrogenation catalysts prepared in
aceordance with the present ipvention
catulyse the hydrogenation of unsaturied
and redueible eompounds such as acrolein,
arotonaldehyde, propionaldchyde, alkoxy-
aldchydes or unsaiurated hydrocarbons.

For comparative purposes the following
experiments were carried oub.

Experiment 1.

A copper vxide-kieselgnbr cotalyst was
prepared by the preipitation from a hot
solation of eopper squ]I)mte in the presence
means of sodivm hydroxide.
This catalyst, after drying at 607 C. was
suspended in 2-methyl-2 : 4-pentane diol and
with hydrogen for
12 hours at o temperature of bebween 160°

‘o 170° €. The catalyst obtained exhibitod

such a powerful dehydrogenation activity
that the Z-mcthyl-2:4-pentane diol was
rapidly split o accbone.

Experiment 2.

A copper oxide leselguhr eatalysl pre-
pared us described in experiment 1 was
suspended in 2 :2-di-butoxydieth ;1 ether
and reduced by treatment with h};{.{mgen at
170" . The catalyst obtained was khaki-
snloured aad proved inactive for the hydro-
genation of di-acetone aleohol ub 75° C. amder
200 lbs. /sq. in. prossure.

Experiment 8.

A copper oside kieselznbr eatalyst pre-
pared as deseribed in Hxperiment 1 was
suspended in dibutyl phthalate and reduced

. by treatment with hydrogen al 160—179° C.

for 12 hours. When the catalyst obtained
was used [or the hydrogepation of di-avetone
aleohol, no hydragen ahsorption was observed

_and ihe di-acetoue alsohol wau quants-

tatively split fo acefone.

Experiment &

A copper oxide kieselguhr eatalyst pre-
pared as deseribed in Ezperiment 1 was
suspended in dibutylphthalate apd redieed
by ireatment with hydrogen at 160—170F° C.
for 12 Lours, A mistuze of erotonaldelyde
and hydrogen were passed into this natalyst
suspoision at 170° C. and it was found that
the catulyst remained aotive for only about
12 hours.

Thess comparative experimenls detailed
above show clearly the advantayes sttendant
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upon the process of the present invention and
the necessity of effecting reduetion of
kisselguhr-supported copper or nickel com-
pounds in the presence of an organic paly-
siloxane if an active hydragenation safalvst
is 10 be obtained.

What wo elaim 4s —

L. A process for the proparation of active
hydrogenation eatalysts which comprises the
reduetion by freabment with hydrozen of =
meterial congisting of a metal compound
selected from the group eonsissing of eopper
and nickc] compounds reducible to the mata!
disposed on a Ideselguhr support. whicl iz
suspended in w lquid owdium comprising
an. organie polysiloxane.

2. A yprocess as chimed in Claim 1,
wherein the liquid medium alse conbains an
organic solvent for the oreanic polysiloxans.

3. A process as olaimed in Claim | or 2,
wherein the metal compound is an oxide,

4. A process as elatmed in Claim [ or 2,
whorein the metal compound is a hydroxides,

5. A process as claimed in Claim 1 or 2,

whersh: the metel compound is a earbonate,
- B A proeess as elaimed in any-of the
preceding olaims, wherein the organic poly-
siloxane 15 & polydimethyl siloxane.

7. A process as claimed iIn any of the
preceding Claims 2 to 6, wherein the organie
solvent employed is 3 : ethyl hexanaol.

H. A process as claimed in any of the
prececding Claims 2 to 6, wherein the organic
salvent awuployed is 2:.dibutoxy di-ethyl
cther,

. Processes for the production of active
hydrogenation catalysts substantially as
dlescribed in any of the examples | to 4.

10.  Aetive hydrogenation catalysts pre-
pured aveording to the processes elaimod i
any of the preceding claims,

11. A proeess for the hydrogenasion of
redueible orgunie compounds, which som-
prises treating said eompomnds with hydeo-
gen in the presence of a catalyst as claimed
in Claim 10. ’

' N. F. BAKER,
sgent for the Applicants,

PROVISIONAL SPECIFICATION.

Preparation of Hydrogenation Catalysts by Reduction.

We, THE DsTiniers CoMPANY LIMITeD,
a British Company, of 12, Toarphichen
Strect, Bdinburgh 3, Toouas BewLEy aml
PerEr LiospL BRAMWYCHE, both British
Subjects and both of the Company®s Research
and Development Department, Great Burgh,
Bpsom, Surrey, do herely  declare the
nature of this invention tn Lie ax follows -

The present invention relates tu the prepar-
abion of active hydrogenation catalysts by
the reduction of kieselpnhr-supported copper
or nickel eompounds suspendod in a fluid
madiun.

It has been foud that, if a liguid or semi.
liquid organie polysilaxane is preseut during
the reduction of the supported metal com-
pound, the production of an awive hydro-
senation catalyst is vreatly facilitated, and
accordingly the present Invention comprises
the reduction of kisselgulir suppurted esopper
or nickel compounds as hecvinafter definerl
40 bhe aetive condition by their hydrogena-

fion in the presence of a fuid medinum com- .

prising an organic polvsiloxans. This re-
dnction may he offected as a preliminary
giep befors the material to be hyvdrogenated
iz added, or the latter may Ixe present from
the commencement, the effeelive hydro-
genation thereol naturally uot taking place
until substantisl reduction of the eatalyst
has heen effocted. By * copper or nicke!
eompounds s meant those compoungds,
such ar the oxide, hadroxkice ar earbonato,
guseeptilile to reduction by hvdrogen to the
aotive motal or metal oxide.

The lollowing examples, In whish the
pares referved to are hy weight, illustrate the
process of the prasent invention and show,
at tha same thpe, some wpplications of the
entulysts produced.

Bxavens 1.

B0 purts of u basic copper earbouate-
kieselgur catalvst (prepared by previpi-
tating from a copper salt solation in the
presence of Kieselguly by means of potassium
varbonate solution, washing until neutral
and drying at 60° C.) were dispersed in a
medinm consisting of 2560 purts of 2-ebhy!
hexunol and 16 parts of liguid polydimethyl-
siloxane and heated to 145° .  Hydrogen
wax’ passed through the stirred suspension
for 6 hours during whicl thoe the temperatura
was raisel slowly to 185° O, the loss of the
2cthyl hexanol being avoided by means of
a reflux condenser. Four 100 part batehes
of .alphamethylstyrone in isoprapyl benzene
(#0 - 50 mixture} were then hydrogenated at
10¢® C., wsing this catalyst suspension,
without appreciable loss of catalytia activity,
the average time required for cowplete
reduction per hateh being 2—3 hours.  The
hydrogenation products were dixtilled from
the reartion medium in esch oase through
& short {ractionatiug column and the zlpha.
methyistyrene content of the products was
less thany 0,379,

Preeisely similar results woro obtained in
bwo subseguent catalyst preparations using
oniy & parts and 2.5 parts respeoiively of
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the polydimeshylsiloxsne in the 200 parts
of medium, the temperature emploved for
the reduction in the latter case being 160
to 170° C., all the other sonditions being the
same. Attempts o hydrogenate alpha-
methylstyrene i this way with eatalysts
prepared in the absenes of the palysiloxane
were unsuccessfol.

ExaneLE 2.

A mixturs of 150 paris of 2,2%-dibutoxydi-
ethyl ether, § parts of polydimethylsiloxane
grease and 30 parts of the basic ecopper
earhonate-kieselguhr catalyst deseribed in
Example 1 was treated with hvdrogen 2t
150° C. for 13 hours. The resulting eatalyst
suspension was very achive for the bydro-
genation of alphe-methylstyrene at 130° (.

Examrne 3.

G0 parts of the hasic copper carbonate-
lieselguhr catalyst described in Example 1
were dispersed In 500 parts of polydimethyl-
siloxane Awid and the catalyst was reduced
with hydrogen for 2 homrs at 150° C. fol-
lowed by 2 hours at 176" C., when hydrogen
sbsorption was complete. 400 parts of
nitro-penzene were added to the catalyst
suspension during 9 hours et a temperature
of 940 to 250° C., the hydrogen feed being
approximately 3 parts per hour. The per-
centage conversion to aniline was 874

Exavrere 4,

616 parts of nickel nitrate orystals were
dissolved in 1,040 parts of water, and 125
parts of kivselguhr were stirred in.  Aqueous
potassinm carbonate was then added to fhe
well stirred mixture until the produet was
alkaline to phenolphthalein and the pre-
cipitate-kieselguhr mixture was fitbered off
and washed until newtral to phenolphthalsin,
given 302 parts of catalyst after drying at
B00° L 30 puris of this catalyst were then
dispersed in 230 parts of polydimethyl-
siloxane fuid, heated to 200° G. and trented
with hydrogen until absorption was com-
plete, taking 6 hours, Nitro-benzene was
then fad into the suspension ut 200 to 220° C.
during 14 hours with somewlat wore then
the theoretivul amount of hydropen, the
total feed being 600 parts of nitzobenzene,
The conversion to aniline was 65.5%.

Attempts to zeduce the above described
nickel-kieselgnhr catalyst to the active state
in corzosponding amounts of aniline, liguid
polymerie alpha-methylstyrene and nitro-
benzens at 170 to 210° C. proved unsucesss-
ful, and the eatalyst, afber treating with
hydrogen in this way, would not promote the
hydrogenation of nitro-benzene or alpha-
meth),rcistyt‘e_ne at 200 to 220° .

Dated this 18th day of August, 1948,

N. F. BAKER,
Agents for the Applicents.

Abingdon : Printed for His Majesty’s Stationery Office, by, Burgess & Son (Abingdon), Ltd~-1961.

Published at Tha Patend

ffica, 28, Seuthuapton Buildings, London, W.C.2, frum which

copies, price 25, per copy ; Ly pest 2s. 1d. may be obtainud,
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COMPLETE SPECIFICATION.

SPECT FICATION WO, 682007

INVENTORS ~ FRGHAS

By a direction glven under Section 17(1) of the Pafents Act 1949 this applies’
procesded In the neme of The Blstillers Company Limitad, a British Company, of

BEWLEY AND
PETER LIONEL SRAMWYCHE

ig, Torphlchen Strest, Edinburgl, 5!

THE PATENT OTFLLE,
2zth Februgry, 1052

which it i& to be performed, to be particularly
deserihed in and by the following statement -

The present imvention relates to Ghe
preparation of active hydrogenation eatalyst
by the reduction of Irieselguhr-supported or
nickel compoumnds suspended in a flwid
medinrm. :

Tt has been found that, if a Hquid or semi-
liguid organic polysiloxans is present during
the reduction of the supporfed matal com-
pound, the production of an uctive hydro-

gonation catalyst is greatly facilitabed. The .

invention comprises the novel processes and
steps of processes, specific embodiments of
which ara described hereinafter by wuy of
example and in accordsnoe with which we
now prefer to practise the invention.

The present invention comprises o process
for the prepatation of active hydrogenation
catulysis which comprises xeduetion to the
active coudition by the treabment with
hydrogen of & kieselgubr-supparted copper
or niokel compound whieh is redueible to the
metsl, suspended in a liguid medivm eom-
prising an orgenic polysiloxane. This re-
duction may be cffcoted as a preliminary
step before the material to be hydrogenated
it added to the catalyst, or the latter may be
present from the commencement, the effeetive
hydrogenation naturaily oot taling place
hefore substaniial reduction of the catalyst
has been effested. The copper and nickel
compommds which may be used ars suitably
those compounds such as oxide, hydvoxide
[P

D& 7768F1{7} /5285 160 2f

28 2 : -dibuboxydiethyl ether.

The following examples, in which the parts
referrad to are by weight, illustrate the
process of the presemb invention snd show,
at the samc-time, some applications of the
catalysts produced.

Bxawerr 1.

30 jparts of a basic copper earbonate-
Lkicselguhr satalyst {prepared by preeipi-
tating from @ ocopper salt solution in the
presence of kieselguhr by means of potassium
carbonate solution, washing until neutral
and drying at 60° C.) were dispersed in a
medium eonsisting of 2560 perte of 2-ethyl
lhexsuol and 10 parts of liguid polydimethyl-
siloxans and heated to 145° C. Hydrogen
was passed through the stirred suspension
for 6 hours during which time the temperature
was raised slowly to 185° O, the lows
of the 2-ethyl hexanol being avoided by
means of 2 reflux eondenser, Four 100 part
babehes of alphamethylstyrene in isopropyl
Lenzene (50 : 50 mixtnre) were then hydro-
genated to isopropyl benzene at 160° O,
using this “catalyst ~susponsion, without
appresiable “loss of catalybic activity, the
aversge time roquired for complete reduction
per bateh being 2—3 hours. The hydro-
genation, prodicts were distilled from the
reagtion meditim in each ease through w
ghort fractionsting column and the alpha-
wethylstyrene content of the produets was
less than L6%,.
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