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PATENT SPECIFICATION,

We, Insrroro Pse Lo Stupro Denia
Gomxa Sixverica, @ Body Corporate
organised under the laws of Italy, of Via
G. B. Pireli No. 1, Milan, Ttaly, and
Gietio NATTA, a Subject of the King of
Ttaly, of Via Mario Pagano 54, AMilan,
Ttely, do Thereby declare the nature of
this invention and in what msnner the
game iz to be performed, to bhe particu-
16 lavly deseribed and sscertained in and
by the following statement: —

This invention is for improvements in
or relating to progesses for the wmanu-
facture of butsdiene,

The synthesis of butadiene (CH) has
attained todav a remarkable importance
owing to its use in the manufacture of
syathetic rubber.

The processes heretofore eploved for
3 the manufacture of butadiene starting
from  aleohol and sldehgde offer, how-
ever, many inconveniences, owing to the
low industrial vield obtainable, the high
cast of the raw materinls and  the
difficults  of obtaining butadiene in a
very pure afate.

Attempts for the menufscture of buta-
diene from less expensive raw materisls,
e.g. butylenes (CH,) obtained as by-
produets  from petrolewn eracking. have
uot heretofore given good results on an
industrial seale, owing to the difficulties
which have been experienced in the
seporation of nnchanged butylenes from
the butndiene produced, the yields of
butadiene being low, and owing ta the
poisoning of the catalysts used after a
chort time of working.

Tt hns now been found to be possible,
aeeording ta the present invention, to
abtain in @ continveus process a high
vield in buiadiene from butvlenes s
particularly from  alphs-butylene, com-
letelr  avoiding  the ahove-mentinned
inconveniences of the  knawn  peu-
nesses,

Acrording to the iovention, such a
process cansists in this that butylene e
4 gnseous mixture confaining butylens is
submitted to dehydrogenation in the pri-

- —
enee of a dehvdrogenating catalyst con-
sisting of & metal of the eighth group of
the riodic system, preferably nickel,
(rize 111
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and of o diluent gas consisting of carbon
dioxide.

The expression ' butyleme ™ as uged
herein with reference to the process of
this inveution, connotes chiefly alpha-

or A . 1-2. butylene, but also beta- or
A 9.8 hutylene and/or mixtures of
these bodies.

The presence of the carbon dioxide i
the mixture promotes the reaction:—
UJ.I..':C,H‘ +H,

Thig effeet iz appuarently due to 2
number of couses,  Firstly, the ecarbon
dioxide couses @ diminution of  the
partisl pressure of lhe individual com
ponents taking part in the reaction; it is
known, of course, that a diminution of
pressure favours reactions which take
place with an increase of  wohnne,
Secondly. the carbon dioxide nssists  in
preventing the formation af free carbon,
which, if deposited on the catalyst.
wonld quiekly deteriorate it by reacting

with it and forming earbon monexide.

It is evident, however, that the
influencs of carbon dinvide in the procesa
is much greater than that which eould
he foveseen on the ground of the fore
going  considerntions. In fact, ou the
basis of these econsiderations, steam
showld bhe sufficient to give an effect
which is similar to that given hy carbon
dingide, but in practice this & not the
case.  That it {3 not the case is due,
partially at least, fo the fact that earbon
dioxide takes part in the resction, either
directly with butvlene. according to the
equation:—

¢ H,+C0,=CH, +CO + H,0,
or through its reaction with hydrogen,
aceording to the equation :—
0, +H,=C0+H,0,
thus promoting the renetion of dehyidro-
genution of butylene.

While the kinetic mechanism of the
reaction is not yet fully explained, the
remarkably  advantageous  action  of
carhon dioxide ran to o certain extent be
expliined hy presuming its  activating
netion on the dehydrogenating catalyst
and'or its participation in an inter-
mediate reaction which is lLinetieally
more rapid.
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Bhould i be desived to weonomie o decowpusition of a misture of aleahnl
the use of more cossly metals, god snd seetic aldelyde on wlwsive or an
resulle may be oblained the use of o cquivalent carslyst.  Thus, in these last-
parous support for oxnmple, aluming, of  bwotioned processes @ quantits of buty-

5 silien or, preferably, kuolin o bentonite.  lete cotpesponding 1o B--du%, of e T
Thus, excellent vesults are obtuiteble  buradione produced i abiained as » by
wifh cutulysts vonposed of fuely divided  preduet,  The recovers of this butylene
mickel on such o support, the wickel wid B trassormation juto butadiese by
baving been peodusend in sitn oon the  the piuesss avcording o the  ivention

10 su by reduction thereon of a wivkel  ciables an bererse of 0%, to be obtained 75
salt such o5 busie nicke] mrbonate, nickel B the totel output of butediene without
oxalate  or  nmickel lpdeoxide.  which  Gwrvasing  the ensiinption  of  raw
has  first  been  precipitated  on  the  wterinls, wleohol wid uldehiyde,
snmn. It b further possible to ime  alpha-

15 femparatine of  debydmgenation  bustlene  obtamed  from ooemal buil S0
I the process may vary within wide sleobol by » pesctiun  which may  be
Hmite, but the best results wre obtained  carvied ont with practieally guantitative
at temperstures manging between SN viekds, tut is, by delydmtion of the
md TR° Coand prefemsibly beiween 550°  norgnd  butyd aleohol or a eatalyst cou-

0 end 600% O, For imtance, a mixture  sbting maindy of aluming or kuoliy, The 9
consisting of equal volumes of wiphae  butel aleohol pay have bren obtuined by
butylenc and cabon  disxide s at hivdeogenation of aldol.

3357 €. through a0 eatalyst laver con- Besides  alphabotylene,  beta-butylone
sisting of boutonite carrving 3% of w wdstares of Ui two way alka be wed.

25 nickel prodoecd I situ on the buntonite  smve during  the  dehydiogenation of W
amd, after separation of corbon dioxide  Geta-butybene o wigution of the, e
end of the zases wove diffienlt to eon.  wxisting double bond takes plue,
dense, viels a wixtuce coutaining about The delydrogenation resction «f  the
equal  velumes  of  butylewe  and  batyleins is endothensic and fhe beas of

WM butadiene. resetion wsbist be supplied o the ot 05

The corban  dioxide, sepurated by side by beuting e resttion  elunuber
meang of a suituble solvent. may be  wilh bot geses or by indiveet o dinet
rebirned to cheulation, while the seporss  bLeating of the catalvst or of the reset-
tion of butylene and butodiene muy be Sy geses by wems of vivetele texistazees,

8 obtalued by condensition: altermatively, As  the saction §s roveedble, it is 00
the sepuration of butylent from bita-  peofersble then the  tvaction wses shall
diene 1wy be vervied oui By o process of iz-aw the eutalyst wt the highest tonpors.
selective disselubion In o solveat, follow. tare of the evele and be wt oner sooled
ing knows metheds iy this reapet. dowa.

40 sepursted  butglene  may e i ulse possible, i oveder to wveid WG
refraed o civeulation and converted  the seed of wddition of Beat from the
inte butadiens. sutside, which s expessive awing o the

It is possibie, by a sufficiently coveful  bigh resction temperature. to carry out
el of the opereting conditions, 1o u pertinl combustion fuside the reaetion:

45 obtain by o single aperation swch w Bigh  cimoaber of the fvdmsgen vopuing from 110
vield that 6 s possible to sepamale the the deludimgenation batvlene,  For
butylene  fman the  butadions by  this purpnse il s sullslent o iy with
polymerisution of the botudiens, for the earbon dioside the small etaitity of
example,  with sodivn  thes  diveetly  sosgen g air that s reqquived Lo develop.

3 obtaining symthetic wbber of w good by burning, a quantidy of heat eapable 115
quality. of balsncing the henl wbsorbed by the

By thus mmu‘n% and by returning to  weetion ol debydrogenation  and  of
eireulation upaltered butylene, it s beinging  the  roweting  geses to dhe
possible o obiain yields of botadiene  renction temperatuee,

38 which m mww excecd B0Y, of In order to veduce the amount of heat 190
the butylenc ; . required  to bring the guses tv the

The proeass may be applied nol ooly  reaction femperatine, it is useful {o pre.
to the lreatment of butylene eontained it beat the gases which enter in the reaction
eracking gages, bub also fo the treatment  chamber, by hest exchange with the

€0 of butylene, or mixtures of butvlenes. guses isning from the reachion chamber, 125
obtained in other ways, for example In ths sexe. w sl uantity of oxygen
butylens obtained by  debwdvation of o air suhstantinlly loss thay the lower
butylaleakol, also butylens obtuined a2 &  quentity that will form an em
by-produet in the munufacture of butar  mixture with the other guses, I8 81

63 diene by provesses bused on the catalytic i
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of the eatalyst without addition of heat B A process os claimed in any of the 50
from the outside. preceding claime, whersin the mixture of
tn United Kingdom Patent Specifica-  busadiene, unchunged butylene, earbon
tios No. 608,764, u puocess for the dioxide and other guses, which is obtained
b patation  of butudiene by debydro-  os the resslt of the deb pation reae
genation of butane I cluied, which  ties s fmcsionated  either by econdensa. 55
cowprises  the calalytic  dehydrogenn.  tion or by & proesssof seleclive
tion of butgkne to butadienc in the thn fn o solvent In such a way s to
resence of carbon diaxids, the butylens revover the carbon dioxide which hus uot
10 faving been prepured by the catalylic reacted ia the process. which carbon
dely wition of butage, sud no claim  dioxide & then reterwd to the resction 00
is wmade to the procvss, ehunber,
Having now particuiarly described acd 7. A process as claimed in m{; of the
wscertained the nalure of our said imven. preceding cluit, wherein the butylene
15 tiom sed i what manuer the smne #6810 which bus not rencted in the process s,
be perforued, we declare that, subject to  ufter sepueation  frow  the butadiene, O
the foregoing disclaimer, what we relursed to the resction charmber for
elain i8:— cetrratinent therein.
1. A process for the manufacture of B. A prosess as chimed in any of the
2 butedicne by debydrogenation of buty.  preceding claines, whersia the butadiene is
tetwe, which cousista in this that butylens scparated frow the unchanged butylene 70
o 4 gaseous wixture containing butylene by polymserisation with conseguent divest
ts subwitted to debydiogeuation in the formation  of  synthetic  rubber, the
presence of o debydrogenating eatalyst  unchanged botylene reanaining after this
95 consisting of u wetal of the eighth group slep of the process bei preferubly
of the Peviodic  Systemn,  preferably  returned to the reaction o for rapns- 75
pickel, and of @ dduent gas cousisting formation thereks into buladiese.
of carbon dioxide. 9. A procese as claimed in any of the
3 A 43 elabied in Claim L preceding clabms, wherein the butadiens
30 wherel temperatire employed in the i3 sepuraled by means of a solvent,
delivdrogenating  eperation s between W, A process as claimed inoauy of the )
st €. and 0% €. and preferably  preceding elulns, whorein butslene
betwern 5530 O, and 600° O used is butylene which hus been manufie.
A A provess s elaimed in Clein 2,  tured by dehydration of butyl  wieohol
45 wherein, in edditien to emvbon dioxide  which latter hax been obtatned by hydro-
sl qusntities of oxygen or air we added  genation of aldsl, the hyilvogen formed in 85
ta the butylene, in such sn mmount @ o the dohwhogenation of the butvlene being
balapee the quantity of heat sbsorbed i if nevessury pecovered and emploved for
the dehwdrogenation resetion, by wesny  the bydrogenation of the sidel
40 of the ?m?gwmﬁ in the combustion 11, A process for the wanifacture of
of a portion of the hydrogen coming from  butadiene by dehydrogenation of butylene B0
the debydmgenation of the butylena. substantially as heveinbefure deseribed.
4. A proeess as claimed inoany of the
preceding cloima, wherein ke catalyst is Tratad this 26sh day of July, 1958,
48 carried on u porous su . ¥. REDFERN & Co.,

f. A process o efm in elalm 4,
wherein the support consists of slnmina
or sifiva or a compotnd theweo! such for
exmople ns kuslin or bentonite.
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