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SPECIFICATION
10
IMPROVED CATALYST FOR THE MANUFACTURE OF
ACRYLONITRILE AND HYDROGEN CYANIDE
15
BACKGROUMD OF THE INVENTION
20

Field of the Invention

The present invention relates to an improved catalyst for
use in the ammoxidation of unsaturated hydrocarbon to the
25 corresponding unsaturated nitrile which unexpectedly provides
increased yields in coproduct HCN without significant
decrease in the yield of the unsaturated nitrile. 1In
particular, the present invention is directed to an improved
process and catalyst for the ammoxidation of propylene and/or
30 isobutylene to acrylonitrile and/or methacrylonitrile,
respectively, with an attendant increase in production of
hydrogen cyanide coproduct without significant decrease in
nitrile yield.
There are many patents related to the production of
35 acrylonitrile by the use of bismuth-molybdenum-iron fluidized
bed catalysts. 1In particular, Great Britain Patent 1436475;



*decrease in the yield of the unsaturated nitrile. In particular, the
present invention is directed to an inproved process and catal yst for

t he ammoxi dati on of propyl ene and/or 30 isobutylene to acrylonitrile and/or
met hacrylonitrile, respectively, wifh an attendant increase in
producti on of hydr ogen cyani de copr6duct w thout significant decrease
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COr I eSPPILSEhet St Uit & diidl | Sxy@er Y [@sudIlyein the form of air) to
manufacture acrylonitrile. Acrylonitrile has been attained as

15 a major product while hydrogen cyanide has been maintained as
the major coproduct.

In the ammoxidation of propylene or isobutylene to its
corresponding unsaturated nitrile, acrylonitrile-
methacrylonitrile, respectively, it has long been the goal of

20 researchers to maximize the acrylonitrile or methacrylonitrile
production. However, recently the main coproduct of this
ammoxidation reaction, hydrogen cyanide, has taken on an
increasingly important economic consideration. In fact, in
certain operations, the maximization of coproduct yields for

25 hydrogen cyanide will be highly desirable especially if this
increase in yield of hydrogen cyanide were achieved without
the normal attendant loss in acrylonitrile production levels.

The operating conditions in an acrylonitrile reactor can
be changed to increase the yield of hydrogen cyanide.

30 However, changing of the operating conditions to increase the
yield of hydrogen cyanide has always led to an econoﬁically
unacceptable decrease in the production yields of
acrylonitrile. Typically, for every one percent of hydrogen
cyanide production increase, a decrease in two percent of

35 acrylonitrile is seen. The present invention is directed to a
solution to this problemn.
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met hacrylonitrile, respectively, it has |ong been the goal of 20
"researchers to maximze the acrylonitrile or nmethacrylonitrile

production. However, recently the main coproduct of this anmoxi dat i on
reaction, hydrogen cyani de, has taken on an i ncreasingly inportant
econom c consideration. In fact, in certain operations, the maxim zation
of coproduct yields for 25 hydrogen cyanide will be highly desirable
especially if this i ncrease in yield of hydrogen cyani de were achieved
wi t hout the normal attendant loss in acrylonitrile production |evels.
The operating conditions inSammacyybfnithe Tavedtdlonw can be changed to
I ncrease the yield of hydrogen cyanide. 30 However, changing of the
operating conditions to increase the yi el d of hydrogen cyani de has
always led to an economcally unaccept abl e decrease in the production
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i ncrwasesctybonitrile production levels at substantially the same
levels.

It is a further object of the present invention to obtain
a novel ammoxidation catalyst that at comparable operating
conditions increases the yield of hydrogen cyanide without
15 economically unacceptable losses in acrylonitrile production.
Additional objects and advantages of the invention will
be set forth in part in the description which follows and in
part will be obvious from the description or may be learned by
the practice of the invention. The objects and advantages of
20 the invention may be realized and attained:by'means of the
instrumentalities and combinations particularly pointed in the
appended claims.
To achieve the foregoing objects and in accordance with
the purposes of the invention as embodied and appropriately
25 described herein the catalyst of the present invention is
characterized by the following empirical formula:

A BpCcDyFe Bifd0:,0,

30 where A = one or more of Li, Na, K, Rb and
Cs or nmixtures thereof

B = one or more of Mg, Mn, Ni, Co, Ag, Pb, Re,
Cd and Zn or mixtures thereof
35
C = one or more of Ce, Cr, Al, Sb, P, Ge, La
Sn, V and W or mnixtures thereof



‘yields of hydrogen cyani de coproduct produced during the manuf act ure of
acrylonitrile while maintaining the 10 acrylonitrile production |evels at
substantially the sanme | evel s. It is a further object of the
present invention to obtain a novel_gammoxi dation catal yst that at
conpar abl e operating conditions increases the yield of hydrogen cyanide
wi t hout 15 econoni cal? y= IPRR CRBiREre 9HssEdr i Fracky| odF tRixEUBeSduct i on.
Addi tional objects and adt§@¥e®®s of the invention will be set forth in
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t he appended @thes. elements preseR®ki eve the foregoing objects and in
accordance with t he purposes of the invention as enbodi ed and
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Al erw] Blis rdelectdd| s rhéchme r¢Biniere |oD[ Eithifes r jodBlm, potasbitum A =
Cher eof B dosiint; &bediafly Bétorred being, cegjum and pStadbipl’ 7,
Cd and Zn or ¥nangthex erefteérsed embodiment, B ig sebected finew theCe,
ELérg%% gdbup cdfsiding of magnesium, mangaesd, R{GkelVaRf BbKALYESS

or mixtures thereof.

15 In still another preferred embodiment, C 1is selected
from the group comprising cerium, chromium, antimony,
phosphorus, germanium, tungsten, or mixtures thereof,
especially preferred being cerium, chromium, phosphorus, and
germanium. _

20 In a further preferred eﬁbodiment of the present
invention, D is selected from the group consisting of Ca, Sr
and mixtures thereof, especially preferred being Ca.

In still another preferred embodiment of the present
invention, a may range from about .05 to .8, especially

25 preferred being above 0.1 to 0.7. |

In a further preferred embodiment of the present
invention, b and e may range from about 2 to 9, especially
preferred being 2 to 8. In still a further preferred
embodiment of the present invention, ¢, d and f may range

30 from about 0.1 to 4, especially preferred being 0.1 to 3.

The catalyst of the present invention can be used either
supported or unsupported. Preferably the catalyst is
supported on silica, alumina or zirconium or mixtures thereof,
especially preferred being silica.

35 The catalysts of the present invention may be prepared by
any of the numerous methods of catalyst preparation which are
known to those of skill in the art. For example, the catalyst
nay be manufactured by co-precipitating the wvarious
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introduced into the catalyst as an oxide or as a salt which

15 upon calcination will yield the oxide. Preferably, salts such
as nitrates which are readily available and easily soluble are
used as the means of incorporating the A element into the
catalyst.

Bismuth may be introduced into the catalyst as an oxide

20 or as a salt which upon calcination will yield the oxide. The
water soluble salts which are easily dispersed but form stable
oxides upon heat treating are preferred. An especially
preferred source for introducing bismuth is bismuth nitrate
which has been dissolved in a solution of nitric acid.

25 To introduce the iron component into the catalyst, one
may use any compound of iron which, upon calcination will
result in the oxides. As with the other elements, water
soluble salts are preferred for the ease with which they may
be uniformly dispersed within the catalyst. Most preferred is

30 ferric nitrate. .

Cobalt, nickel and magnesium may also be introduced into
the catalyst using nitrate salts. However, magnesium may also
be introduced into the catalyst as an insoluble carbonate or
hydroxide which upon heat treating results in an oxide.

35 The molybdenum component of the catalyst may be
introduced from any molybdenum oxide such as dioxide,



; eepecially preferred being silica. 35 The catal ysts of the present
““invention may be prepared by any of the nunerous nethods of catalyst
preparation which are known to those of skill in the art. For exanple,
t he catal yst may be manufactured by co-precipitating the various

- 5- i ngredi ents. The co-precipitatirfy mass may then be dried and
ground t z ely p ted
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15 DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to an ammoxidation
catalyst characterized by the following empirical formula:

20
AB,C.DsFe BiMo;;0,
where A = one or more of Li, Na, K, Rb and
Cs or mixtures thereof
25
B = one or more of Mg, Mn, Ni, Co, Ag, Pb, Re,
Cd and 2Zn or mixtures thereof
C = one or more of Ce, Cr, Al, Sb, P, Ge, lLa
30 Sn, V and W or mixtures thereof
D = one or more of Ca, Sr, Ba or mixtures
thereof
35

and a = 0.01 to 1.0; b and e = 1.0 - 10;
¢, d, and f = 0.1 to 5.0 and =x is a number
determined by the valence requirements of the
other elements present.



*whi ch has been dissolved in a solution of nitric acid. 25 To introduce
tthe iron conponent into the catal yst, one may use any conpound of iron
whi ch, upon calcination wll result in the oxides. As with the other
el ements, water soluble salts are preferred for the ease with which they
may be uniformy dispersed within the—datalyst Most preferred is 30
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The llow1ng Examples are set forth below for

%
illustrative purposes only.

Table I

Examples | Catalyst Composition Conv | AN HCN

1. Effect of ting Conditions on HCN Yield and AN Yield
1 Comparative | Cso1Ko1NizsMgs FeqBiosCeo sCrosMoys560x 98.0 75.5 8.1

2 Comparative | Incr. pressure from 9.5 to 18.0 psig 9%69 |69t |90
3 Comparative | Raise NH/C; from1.2t0 1.3 953 67.7 . 93
H. Comparative Examples

2 C01Ko.1NissMgs FeBiosCeosWoMoOx 1940|671 |81
5 Ko.1Niz2 sCoy sFe;Bi1PosMo120x 97.3 713 79
6 Csa.1Ko.1Nig, Mgz sFe,Bio sCeo sPiMO0;0s0x 95.7 644 7.7
HI. Examples of Invention

7 Cs0.1Ko.1Nig; Mg sFe;Bio sCeo.sCao sM01250x 91.7 734 82
8 Cs0.1K0.1Nis2Mg: sFexBio sCep sCay 0M013.40x 98.4 723 |88
9 Cs0.1Ka.1Nis2Mg2 sFe;Bio sCeo sCa1.25M012. 60« 98.2 70.9 9.4
10 Cs0.1Ko.1Nis2Mgs sFe,Bip sCeosCay sM0y3850x 98.0 74.2 86
11 Csa1Ka1Nis2Mgz sFesBiosCeosCaorsMo1sss0x | 98.2 74.9 8.3

12 Raise NH/Cs™ to 1.25 and Air/Cs™ to 10.1 982 745 92




=15 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The

“present invention is directed to an ammoxi dati on cat al yst characterized
by the followi ng enpirical forrmula: 20
Alerr]Blerr]Cerr]Derr]FeBi[err]M[err](err] where A = one or
more of Li, Na, K, Rb and _a_ Cs or m xtures thereof 25
B = one or nore of My, Mh, Ni, Co, Ag, %b, Re, Cd and
Zn or m xtures thereof C = one or nore of Ce, Cr, A, Sb,

P, Ge, La 30 omp r%ﬁﬁvi;Ex%%Plé?n1X%oa@dangVEQQmﬁléguﬁeﬁotTfrﬁg%

D = one or nore ereof
and a = ‘ested dlfld@‘-‘ gubgitantial by - the:same conditionscinda and f 0.1 to

5.0 3nd g0 i&c A TW¥Sed reactor at adeﬁﬁémgﬁﬁétbaftBStwaéﬁnéemeael rements
of the ot her el ements, presen

-7- 0.12 wwh uy$ing A ofged scapka R g 2 bYtHFRi 4§ an aqueous sol ution
1 C37/1.2 NH3/9.8-10 Air at 430°C to 460°C and a psig of 15.

While the present invention has been described in

conjunction with the specific embodiment set forth above, it
100 1is evident that many alternatives, modifications, and .

variations will be apparent to those skilled in the art in

light of the foregoing description. Accordingly, it is

intended to embrace all such alternatives, modifications and

variations as fall within the spirit and broad scope of the
15 appended claims.



s of amoni um hept anol ybdate with a silica sol to which a slurry

*containing the conpounds, preferably nitrates of the other el enent s,
is added. The solid material is then dried, 5 denitrified and cal ci ned.
Preferably the catal yst is spray- gried at a tenperature of between

110[err]C to 350[err]C, preferably “110[err]C to 250[err]C, nost

preferably 1 err]Cto 180 err]C. The " denitrification tenperature my
range fron113&%&L¢L&Jﬁéiﬂgﬂée¥§ C, preferably 150[err]C to 425[err]C
Fi nal ly, cal clnatidncabkEgspl asmepasitidonacdeppeshhgre odmpiéeweefi 300[err] C

The 1ol | SAF T ket caed OF LFGR, biopdpR) Shhy inblndalbBll R ctum apgc oo

only. characterlzed by the following empirical formulap| e |

Exangl es Cat al yst Conposition

Conv AN HCN L Effect of gferatlng Condi tions on HCN Yield and
AN Yi el d 1 Conparati ve PaPsCcDaFeB1dM01,0,
Cs[err]Klerr]Ni[err]M[err]Fe[err]Bi[err]Ce[err]Cr[err]M[err]derr]

98.0 75.5 W@é NE Q% ¥ BP%e Phcrl re@%@r@!fﬁﬁn19£g to 18.0 psig
9.9 =~ 69.1 9.0 BC%O@Ba'PHFF‘&’éeSRE %Ee [err]/C[err] from1.2 to
1.3 1 5. 9.3 |1

Cs[err]K[err]Nl[err]h{err?ﬁe[%??]B?Ter?fGE}EFP{?FeFP?RﬁP@rr]CIerr]
94.0 67.1
K[err N|[err]Cb[err]ﬁ%[ér?TBLgErF?F?e?f]NGFer?tu ﬁir Sb, P, Ge, La,

97. 31 71. 3 7.9 or mixtures hereof

Cs[err]Klerr]N err err]Fe[err]Bi[err]Ce[err]PLerr] M[err err
o5 7 L hca T LS e E g LGl LGR0f STavBA(| OR mixtlpes ||
Cs[err]K[err]Nl[err]N@[erFT?ﬁ?@?r]Bl[err]Ce[err]Ca[err]Nb[err]C{err]
97.7 73. 4

8
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Cs[err]K[err]Nl[er¢$§@f@%¥?¢ePng¥BlYéi??@ﬁ[ﬁ?ﬂ?@ﬁﬁ@?PFﬁbP@rFPG{err]
08. 2 70. 9 hér jglements present

Cs[err]Klerr]Ni[err]My[err]Fe[err]Bi[err]Ce[err]Ca[err]M[err]derr]
98. 0 74. 2 8.6 1 . .
Cs[épr]K[err]%«[er??ﬁ@f@&?f¥§Fe?f]E&fé?r%cﬁfgp?fEﬁﬁePP]ﬁB[éPPfE{err]

98.2  T7suspors. selecteQZfrom theRgreupNepasistthgr of sidita?25adnuina
ATl ery]rtdnid; land mixtures thereof. 98.2 74.5 9.2
3. The catalyst of claim 1 wherein A is selected from
the group consisting of cesium, potassium or mixtures thereof.
30 q. The catalyst of claim 3 where A is a mixture of
cesium and potassium.
5. The catalyst of claim 1 wherein B is one or more
of Mg, Mn, Ni, Co and mixtures thereof.
6. The catalyst of claim 5 wherein B is one or more
35 of Mg, Ni, Co and mixtures thereof. .
7. The catalyst of claim 1 wherein C is one or more
of Ce, Cr, Sb, P, Ge, W and mixtures thereof.
8. The catalyst of claim 7 wherein C is one or more
of Ce, Cr, P, Ge and mixtures thereof.
40 9. The catalyst of claim 1 wherein D is one or more
of Ca, Sr and mixtures thereof.



¢ - 8- Conparative Exanples 1 to 6 and Exanples 7 to 12 were tested
" under substantially the sanme conditions in a5 40 cc fluid bed reactor at
a throughput of between 0.10 to 0.12 wh using a feed containing a

m xt ure of 1 derr]/1.2 NH err]/9.8-10 Air at 430[err]C to 460[err]C and
a psig of 15. Whil e the presentldmvention has been described in

conj unct i on 491 i SRAGTYS YOUHIRON Shled oL h FOONE. sdiedled Scovi dont
that many alternatives, nodifications, and vari ations mnl? e apparent
to thos®&kida-ed in the art in i ght of the foregoing description.

Accordingly,1i! i The ddtzangad dO clEimaCe widrsiich @l tringés vESom 0.05
nodi ficatio and variations as fall wthin the spirit and broad scope

of the dppended cl ai ns. - 9-
What 5i s cl aib2d i $he catalystl.of A lesimal}istwheangiosi ta orramees | Sroy a
compl ex Qfsut 0.G24Y ¥ i€, oxides of iron, bismth, nolybdenum and cal ci um

and
13. The catalyst of claim 1 wherein b and e range

from about 2 to 9.
14, The catalyst of claim 13 wherein b and e range
10 from 2 to 8.
15, The catalyst of claim 1 wherein ¢, d and f range
from about 0.1 to 4.
16. The catalyst of claim 15 wherein ¢, d and ¢
range from 0.1 to 3.
15 17. The catalyst of claim 9 wherein d ranges from 0.1
to 4.
18. The catalyst of claim 17 wherein d ranges from 0.1
to 3.



. characterlzed by the followi ng enpirical fornmula: 5

“Alerr]Blerr](err]Derr]Fe[err]Bi[err]MJ[err](err] wher e A =
one or nore of Li, Na, K, Rb and Cs or m xtures

t hereof 10 B = one or nore of M, M, N, Co, Ag, Pb, Re,
Cd and Zn or m xtures thereof -11- C = one or nore of Ce, Cr,
A, Sh, P, G, La, 15 g fHEh or m xtures thereof

D = one or nore of Ca, Sr,ﬁgfﬁﬁa?ﬁ)ﬁfnﬁﬁ?]Dféc 2 t hereof 20
and a =0.01to 1.0; b and e =1.0 - 10; c, d, and f = 0.1

to 5.0 and x AScatausr‘eQr composition com@@ieifighad demplfes W Q!&Ct%lytlc
requi r ement, hgﬂ elenents resent

2.
The cataP§%ae§f°%I&F9P1 ?&EHHFPedeAY a&&ﬂﬁﬁ?@“§%lected fromthe

group coohaghchgratzesdi biyc&healfodilowing empumdnaa faxshuiiaxt ur es t hereof.

3. The catalyst of claiml1 wherein A is selected from the group
consi sting of cesium potassiumor m xtures thereof. 30 4, The

catal yst of claim3 where ARBEBF@RLd0a:0%f cesi um and potassi um

5. The catalyst of claiml1l wherein B is one or nore of My, M, N,
Co and m xt uwbsreher 8of. one or morge of Thd,cdeal Fot REf @msl m 5 wherein B
is one or nore 35 of MCsN orCoixiuges thereof hereof . 7. The
catalyst of claim1l wherein C is one or nore of Ce, C, Sh, P, G, W

and m xtures thereof. B = one orgmoreTiod cMdal Yor, i,clCei,mAg wWhreiRe, C is
one or nore of Ce, CEd PanGe Zandom mixtaweshdheateof

C = one or more of Ce, Cr, Al, Sb, P, Ge, La,
Sn, V and W or mixtures thereof

D

one or more of Ca, Sr, Ba or mixtures
thereof

and a =0.01 to 1.0; b and e = 1.0 - 10;
¢, d, and f = 0.1 to 5.0 and X 1is a number
determined by the valence requirements of the
other elements present.
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40 9. The catalyst of claim1 wherein D is one or nore of
Ca, Sr and m xtures thereof.
-10- 10. The catalyst of claiml1l wherein D is selected to be
Ca. - 11. The catalyst of claim1 wherein a ranges fromO0. 05" to
.9. 5 12. The catalyst of claim1l wherein a ranges from about
0.1to 0.7. 13. The catalyst of claiml wherein b and e range
fromabout 2 to 9. 14. The caf alyst of claim13 wherein b and e
range 10 from2 to 8. 15. The catalyst of claim1l1l wherein c, d
and f range fromabout 0.1 to 4. 16. The catalyst of claim15
wherein ¢, d and f range fron10 lto 3 15 17 _The catal yst of

claim9 wher eilME

claim17 wherein d ranges>ugggggm§§§§‘_#~_ﬁ-u

She catal yst of

Abstract of the Disclosure

A catalyst composition comprising a complex of catalytic
oxides of iron, bismuth, molybdenum and calcium and
characterized by the following empirical formmla:

AaBchDd Fe eBi fMOIZOx

where A = one or more of Li, Na, K, Rb and
Cs or mixtures thereof

B = one or more of Mg, Mn, Ni, Co, Ag, Pb, Re,
Cd and Zn or mixtures thereof

C = one or more of Ce, Cr, Al, Sb, P, Ge, La,
Sn, V and W or mixtures thereof

D = one or more of Ca, Sr, Ba or mixtures
thereof

and a = 0.01 to 1.0; b and e = 1.0 - 10;
¢, d, and f = 0.1 to 5.0 and x 1is a number
determined by the valence requirements of the
other elements present.
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