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) as to hyRpigRPr oxi mately 1-2 .ol percent oxygen present This

sdure Wi | | pasaawawwiéwe&aédadsyfahmhyem&'d&m ), BHIO AEEASEIIA
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The g@bal e ﬁﬁ& ahtl @b cebalt confi jggan a% vill be
cat affFst The félinkt td be betndbn 28 WtaE gndTEwt.Bf THelt@ dr@%&‘cﬂ BEY. total
CW ] ange a5r smfade e S\ J0tm*/@bout 350 [err]; preferabl y fromabout 225 to -
about®#300 n2/g. The nmethod for neasuring the total catalyst surface area
kno :as the B.E. T. nethod is described in Emet, P.H Advances in
- Cat sis, |, 65 (1948). Also the catal yst peferably contain about 0.1 w. %
- or -of sodi um-and preferably from25 wt.%to about 60 w.% of cobalt.

gaf al yst's of the present invention are useful in hydrogenating
hydr.ogenat abl e organic



i . )
- @onpounds._ln this connection the catalysts of the present invention may f
used to hydrogenate aromatic containing conpounds as typified by the

hydrdgenati on of benzene to eycl ohexane, the hydrogenati on of al dehydes,

- both saturated and unsaturated to thegg) le as In the well-known oxo )
process, the hydrogenatlon of the double s in edible fats and oils as .
wel I. as oth 'B%ﬁﬂ oth str ' and branched chain thet hydro g{a‘it |Iotn

. of -ALomat iCiGn eﬂﬁ{g ,E‘?EEE E solyticn

0°C t
hydr ogenat | :?io il 5 and

nitriles &o zmnﬁgeand tmdmdpf cdbalt based D thlstmhl wRight bf Calcitied lajd waﬁéah%ﬁ il be
conmpounds - hdend Bg betwaen 2% and 71wt %The BT dotalrsdrfave ateaiwil bé foand to be between 150

poI yunsat ur 3pd ounds- as wel |-. The conditions for the hydrogenation
I—y——&ﬂd—&Fe—weH—ze—k—Hevm——t—e—{—hese—

5killed i@ the artilyst ﬁrmﬁakhﬁsmuv@%ﬂaoﬁﬁmbi sﬂrﬁwﬂﬁa‘s&ﬁe&ﬁn‘ ddozrﬁ distilled
t enper at ur esv emng uma,aimgau,q 0&5 dlssbmd Bl gnbthelDS00 ofbaterfand 5 [of béid washed
[err}; pres¥ ech @mi lutmnmmssm pélariedthpeinivas
pr ef er.abl y f‘ l ug w “ °dafeee!f°r'amsowa
fromO0.2 f m °" osphenc
addi ti on of kémemh’é%nﬁ al f&'-g}loﬁ ﬂmﬂ"f«

eed (90 t o atBd@shed Immspeth bolllhgl watenfeaémthh caﬁsistinayf ?m msadnsu da vbzh& TraShePf
he oxo pro&akewas. “E?" dripchat 12086 endxalcingd inairfond hoorsex 4009 Cafte "%F cdadonipkel sisface area
hl kene to pmq&% ?’ﬁ ?I"Bﬂ'ﬁﬁ!@?“ﬁﬂm' wdvrtion atAR02G 3a kaFBym Y@ pndit had a BET.
uonpounds one wou g yplcdv ? enpl oy ‘conditions such .that the tenperatures
~oul'd r ange Cbﬁ:ﬁi?aﬂb@im;{lell r] to [err] andiyuse a hydrogen-t.o--hydrocarbon
ol e ratio of Cﬁ&!alm) gmsamnba@d 98 dollows:c8.78g dme(NQ;),.BBQIDamM 12 o of NitNODQ.6HD Wwérp.
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And t he | kdeatbd oithe aqmgrm.dnysdmeieaaudmhmw amdaoa at a uniform rate
nydr ogenat i @verst2@yminutetperied. This infbaurs mtknnrn th:fbolllns peihdafhydmuanroebmthoursrwmle

barticul a¥® E&?g ’f‘ﬁje féK:fr t was thep, ,ﬁh z 'PGHSQ'}(MGI' F¢'\§'Tb§ﬂfsngti

hIS furthe
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ar omat ics.In Mabmos@atalmmm qlarﬂlﬂiwbt gdquuawrégﬁnaobmaiﬁm Jﬂ@mrtadkdaamaf

phi t e sprasi theicimlativ bydsegenasion cethlytic rapghilisies ihe resuite int this corarison arergoem & Eable 1. n

Jhe . treatnent of such naterials. Still another useful ‘inproved
nydrogenation of the invention is the conversion of olefins In. paraffin

-polvepts such as denoneni zer bottonms and deocteni zer, overheads. Two =

. pspeci al l&g usef ul- hydr ogenati on processes i.ncluded.-within the scope of the

. |'nvention Include the hydrogenation of -aromatics such as benzene to .

vyciohexane and ‘t'he production of - ami nes fromnitro conpounds and nitrites.

For. .exanpl e, the invention'is useful in. convertlng C2to Canitriles to

: the correﬁpondlng fatty. aC|d ami nes. Al'so, aromatic nitro conmpounds nay be
,onve*ted t o amines, “e.§.;"hitrobenzene to aniliné or the conversion of _

L -rCtanrn;.“_;fcycfoaffpharlu antnes; ey rTaniline-to 45 -cyclohexyl i
ami ne. The foll owi ng exanples nore fully describe the manner of making and :

Lsing t hggabove-described invention as well as, to set forth the best nodes

“kontenpl ated for carrying out various aspects of-the invention. Exanple 1

Cat al yst A-was prepared as- foll ows: 62.7g of - CD(NDB)Z 6H20 was dissolved In

P80 ml. of distilled water, then 21.3g of [err] was dissolved in another 280
i of d|§$|lled water and 2.8g of acid- washed ki esel guhr’ was slurried in

“Hie=fiTst soluti on-contaiming the cobal tous salt. The first 'sol ution with
the kiesel guhr_slurried therein was stirred vigorously while the second

- solutlon contai ning the sodi um netasilicate was added at a uniformrate
over a 20-mnute period.: Thi's mxture was then heated to the boiling point-
of. .t.he. s&fution (at..atmospheric.pressure) and 44.7g of [err] was added at a
uni-formrate over a 20 mnute period. This m xture was kept.at the boiling
poi nt of the solution for 3 hours while stirring was continued. It was then
firttered and washed 2 tines 60 with boiling distilled water, each wash
conS|st|H@ of 1 liter of the distilled water. The filter-cake was... then
dried at [err] and calcined in air for 4 hours at [err]. The reduced cobalt
surface area of catalyst A was determi'ne® by hydrogen chemnisorption, after.
reduction at [err] to be 10.4 [err] of catalyst and the cobalt content
based on the total weight of the calcined and reduced catal yst, will be
found to be between 25 wt.% and 70 wt.% The catal yst by the above
procedure had a B.E. T. total 65 surface area of 170 [err].




5 Exampl e 2. Cat al yst B was prepared in the sane. manner as Catal yst Aé
t ‘t hat t he- frrst sol-ution containing the €obalt contains 3.89g of [err]
I“‘V(id therein. After reduction at [err] the reduced Co surface area, as .

d by hydrogen chemi sorption, ‘@ t aund to be between 5 and 5

and the wt. % of cobalt based on e total weight of cal cined and

feed catatlyst will be found to be between 25 and 70 wt.96. The B.E. T.

L ~surface area-wl| be found to be between 150 and 350 [err].

ative Exanple | 10 Catal yst C was prepared as foll ows: 112g of

was di'ssolved in 500 M of distjlled water, then 38g of [err] was

'ved I'n another 500 nml of. L Bnd 5g of. aci d washed ki.esel guhr was

ed in the second soI ution. second sol ut i on wi t h ki esel guhr

edtherei-n—wa ed- gw‘m—'— st——set—ut—r—en—eent—al—m—ng—

ii ckel salt was added at a E 28! 8ver & 20-ninute period. This

y ure was then heated to the 8o ‘PIE’IJ point of the m xture (at atnospheric

i S| : &dpd at auniformgate over a 20-mnute

_ pe'f_Od The mxture was kept atQthe bpiling point of ke reaction m xture

- fofg3 hours while stirring. contEn LIt wasthenfrlaered and washed 5

ti s with boiling water, each =0 of, 500«- of distilled

wat The filter- cake vvasthegag %%t%%% %d ca ined in aii-for 4

ho s at [err]. The reduced niclke face area was deigerm ned by hydrogen

orption, after-reduction & [e-rt]_ to be _65_[err§*aand it had a B.E. T..

otal ‘surface area of 292 [err]. Ceénparative Exar'rp‘P% Catal yst D was

ared as follows: 8.75g of [erf d 112 g of [err'Earvere di ssol ved in

. 50(8 of distilled water- , Fgen§3gm ,.[ew.]. V\G&ﬂhSSG|3ed in another 500nL

of Bsdi stiti-edwater—angd 5¢ 8ot g2 :

send sol uti-on.. The. second QOIE i-th the kr esel gmﬁ sl urried therein

was str rred vi gorousl y- -whé | e he - sol uti.on®cont ai ng the copper and

salt was added-at a uffa (rafe over a 20-nin _gaperrod This-

ure was then heat%dtotl?eli)lin poi nt of- ther tion-m xture and
ate over n%te period. This

ni g
mi B
{

80_.- of [err] was added -at a&n
i 4 Lerr] gplg%@@ﬁrﬁ 3 -hours while 30

ture was kept at the bOII;IE’]g po

st kring continued. It was- ﬂtﬂen f{Mt2ded and vva's'h‘e 5%‘?rres wi th boi.ling

“Wwafjt, each wash ¢onsisting&E 50‘5nt_ “of distilled wat@r§ The fiTter-cake
eh dried- at ©1200C and gl ci. 1ed§_i nair for 4 houstat. [efr]. The

d nickel ‘surface-area @& = e§ stth./\as defrer m by hydrogen

i sorption, after reductid [§e§

20
pr

¢ ]« @"be"&],.B [88] and it.had a
.B.@ET. total surface area of &5 qdﬁ]i Each of Catal yég A, B, C and D was
' {0 hydrogenat e benzene t@ ¢l dAgxane to ascertaidt heir relative

: "genatr on catal ytic capa i es. The're’sul-ts of t§Es -conparison are

in Table“l. 40 60 65. 6% |6 [err] ' 001327 The data in Table |
hat Catalyst A the cobal t§ catal yst -had a tﬂ her activity for
@éndﬁﬁﬁnr cleeR-silica = -

o-genatr ng benzene.than does 8 hg‘gqrge
Ci pit at ed, cat al yst (Cat al yst 5. prepar edin a§30rdance With, U S

af--No. 3 697 ;- 445 —even: thougr[r_the J-atter :cat al yst;ahv\hej:r Teduced at.:

has a rel ativel y higher nmetal qurface area than='§he cobalt-sili ca.

.ecrprtated 5 catalyst of theli ntjant i-nvention. ‘Iﬁﬂ: data in Table -

al i0 shows that the nickel-coppeg{s5i e o) eé pit at eSi" tal yst has-a
* hifgher activity for hydr ogenati @ | Ehlesizede t anedoes‘é aI yst B (the
. coflal t - copper-silica .copreci pi t% ¢ Eet"al ﬂf’) BhiTh i s,:B ieved to be
~at} ut ed ‘to the copper " S 3 _ '
& ’
8
S|2%|lw o0 o o
| FE|S 8% § §




oncentratr ng In the surface and sj nce the copper itse f hasvery |ow @
hydrogenat ion activity the catal yst has a | ow activity. 10 :
L - Exarrp’l e 3 Catalyst E was prepared in the sanme manner as Catal yst B

_ except that It was reduced at [err] fgiof$9P¥/rs instead of at [err] for 1

hours. The reduced Co surface area (determ ned by hydrogen chem sorption).
W |l be found. tthedatdint Tablenl sShomnthap Catelystr 4, tamsol!dh@lw calglyst ha@d aUmuacmltt Foe

y geppting-henten ahaarﬂse% - ec-rr- atalyst C) -
TRt i iyt gﬁ’ﬁ;ﬁ?ﬁ% %‘iﬁ or
e Hﬁﬁel

bet ween 150 cat@l#st35lot|?[eeﬁ§t]mt ﬁGéHﬂarli eVGht
n t he sane coprecisivated Tatlystahas st highee sctivity for Ihpdrodehation adf abmne thas dosctmalyh at(mao

err] for 1@%@8”’1&@%&@'%9@?‘1 eatalystl which gis heelieved tpABe Rattributethito | the | eopper
__conversion §$&?&]§v q)sql:fgpq gnd sip r itsalf has very low hydrogenation . gaxalgt___--
ferr] %Y ys [err] Time . Benzene - Ti me " S
Benzene. mple3 . Conversion % . (mn) - Conversion.-% 30 oo
60 ' 46C£alyst E was prepare® i the same manner iﬁ:aialﬁﬂB except that it wesdreduced at 200°C
for 1§ ad of at 400°C for /] 6@ours The reduoeg' urface area {determjrpd by meogen

7.2 25y R e e R R RN e
[err]; Feedgy %rda "[errr]d err ate _

20. 4 . I/h Catal yst Charge O 25g,- cataI yst reduced 16 hrs @[err]) 40
rrparatrve@m tive Exampatital yst G was prepared as fol llows: 91.2g of [err
s dissol vgggj,%f"ﬂg)pﬂ"&l’"’%ﬂ %;16 %ﬁg“ﬁﬁ“ asiatalyst O except that dhe catalyptvagtedu
.89, of ¥ {9 16 bosry ingead 5 under conditions of vigorous
rtnxr ng 200 mM of an aqueous soI ution containing 21.26g, of [err]. Mxing of
Ihl s comingl ed sol ution was conti nued arm\HLBIII owed by heatr ng to about
flerr]. The coprecipitatign GatalvticTone bah lohexane'¥ on—of—67- 2g,—of

240 to ¢yo
ammoni um¥i car bonat e. Thgaﬁ"rV?SFt‘E?/E”/ ’ i xed FoAtalvEtF IEWSIQNal - 30 m nut es

after the |ast addition, d dilut 4 1it w th washed by.
decantation 2 tines V\Ath1:\‘?h9)| i tercﬁs .Eg% fil tgf;,'ﬁ‘;r ‘and &Aﬁﬁéﬂ‘ [err]. The
catal yst was cal ci ned- - . E. T. total
surface a®ea after evacu®ion at [A&§ of 256 Qrr]. “Aft @8-20ver ni ght o
rreduction at [err] the cggral yst ha met al sygpace det e %1 ed by hydrogen - -
qhem sorption to be | ess"Than one [erf] catal ya§, and a % T.. surface area
- 432 erri-ofcatalyst.—An atterrpt was rrade fo convert benzene.to
cycl ohexame “RsactipntGonditions: Prossues: I satmpspbprar Eathpetatures. 76727 °Cebretli 90% a-beiie, 1096 S
were as foll “"Wr”é@ﬁs%ﬂ*@ 201cmifhitratecdQseiha Catalyst Gharge; 0.26g. (cgtalyskyeduced h@ hei@
10% benzene; RS rate: 20 Terr], [err] rate: 20.4 liters/hour; Catalyst
charge: 0.25g of catal yst which had been reduced 16 hours at [err] Sanpl es
of- produab ﬁamaaratulléxanmlelYS m nutes, 30 55 minutes and 60 mi nut es and there

Was’ no Si gn of W é"é@{ﬂ'é"ﬁé anfoliows: @Hgﬂef FeiNO9RHQ was s nMEROmI :f di::t‘ge;
tenper at ur e oHEE P AN SS 6‘6 '1’%....1 9533&2& ﬁ%ﬁ@% Sé’ét 'f’ hﬁ" e e
conver si on aggga fou ci RJ‘%%
non:nobl earte&adnetaa bhOt&a Qa«hﬁar:bpsnae SABHASh tmdimmas emaqt--xﬁwwa neikeid fofl an

3 hydr ogddimnnm miautes gfter ¢h Mpéditiqnemd dilted b liters avithn qs.sna;hl;d/bvtdeeant

i ncreasi ng th & Jiae syoome Rwrod A e o sCofhe amtalyst gwursat
e S e S s
cat.al yst Jaawmes%:ﬁd é AP cathiyst, and eraﬂuemem 15215. seca

hi gher sel ecti van mtm{whs madubrcunvhubta:’rzmtbbﬁ:lmea enqvmame I’OMW...

"The iron coﬂ'bem Prasgure:Hicatpy..cteawperatife: (765-77961 Eqed: 9@% N-

3,697,445 h W? for. R @t*t:a?&" ug Catalyp st
(o’ conver zgéi AR W R

I

catal yst s 0 wa matm ' F2<QdridRe &:wa@ etmgraaaa lcbHiversidh @ usdzcneto
activit y 8 cycloh@xaba? 75
The above tests demonstrata that the non-noble metal silica coprecipitated compositlons are not
equivalent in their hydrogenation catalytic properties. The above examples show that by increasing the .
so reduced nickel surface area one also increases the hydrogenation capabmty of the catalyst. However, the FI
cobalt-containing catalyst having a substantially lower ‘reduced metal surface area has a higher ~
selective catalytic activity than the corresponding nickel catalyst. The iron eontaining composite
prepared by the process of U.S. Patent No. 3,697,445 had substantially no detectable catalytic activity
- with respect to converting benzene to cycliohexane, whereas the cobalt-contaming catalysts of the
&5 present invention have good hydrogenation catalytic activity.



d a'i

t ot al rface area ranging from 150 to 350 [err] and a reduced .cobal't .

surf, e area ranging from5 to 20 nR/ g as determ ned—by 5 hydrogen -
chenmibigaai on, after reduction at {err]. wherein the a l“ II”IP

- the { _Qst ranges from25 wt.%to 70 @ 0332Z8d on tll:mllwt“m"m u
t he- (¥ ci ned apfihgduced catal yst, wherein said catal yst* has beeh p’r epar ed

~by o ci-pi-tating cobal t~and-si-liccate lons onto solid porous partict €527

A ca st- accordim sunpoubmcamehpim@d @ibalt-tilia catalysd havihg 6 BIETO{okkF siHa0 brod)
WL 9 ess s 9 ¥ & hé"qeémalw aresf ranging fromis/® m&hﬂ[ ya;eder:,%

sili

‘wher hthe sobésed 0 thesmdparwmﬂtlwcmﬂatalmel juhr. 5. Acatal yst accordl ng

cat

-whe

. bas
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50

acc

6. Axiesdl any one o) rece

n t hes t wt.%ito 30 wt.%af caprecipisatedicapber @Bsed'bnthimtvedl of theeatalydt.ng to claim.

act sttatee 9. /8 proata&s&cimdmwmromgf the pupmfgtomhcopielenasmebmteaabed to an active
cob si lica . &ateg] st accordl ng to claim1 which conprises: “’g@? preparing -
ar ‘ifon m xh B%IF puRpgrted °°§T°F‘P'&'&T"e°qbﬁ'ﬁ§‘“‘§rfd ?°G°'B‘69 Hudaim 1
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