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to occur because oxygen is used as the reactant, and thus'the development of catalysts

which maximally suppress such side-reactions and increase the selectivity for
1,3-butadiene is regarded as of the utmost importance. The catalysts known to date
used in the oxidative dehydrogenation of n-butene include ferrite based catalysts, tin
based catalysts, bismuth molybdate based catalysts, etc.

[5] Among these, the ferrite based catalysts have different catalytic activities depending
on the kind of metal which occupies divalent cation sites of a spinel structure, and fur-
thermore, zinc ferrite, magnesium ferrite, and manganese ferrite are known to be
effective in the oxidative dehydrogenation of n-butene, and zinc ferrite is particularly

reported as enabling there to be increased selectivity for 1,3-butadiene compared to
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Advant ageous Effects of Invention [17] sAccording to the present invention,
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conventi onal gy eessRthod 20] Brief Description of Drawings [21] FIG 1
illustrates the reaction results of Test Exanple 1 as shown in Table 3
accordilh) to the present invention. [22] Mde for the Invention [23]
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m xture which was n ecte utane separation. [25] The
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Speci fi cal | y dréddeRatidnO ciii@ 8§ HusiobtasighgeBeshitddiam. t he group consisting of
ferrouz g]hl oride tetrahydrate, ferrous chloride hexahydrate, ferrous

chil ori d&%i hydrate, ferric chloride hexahydrate, ferrous nitrate

hexahydr at e, A@vamegemdsr]affectmm‘z@mﬁ@n ferric nltrate hexahydr ate, and
ferric gtrate non %@:f The man an elliliﬂL‘%recurs ?ctedfromthe
group ¢bfisi st iMgOBH S%H]E?ﬁ%mé%‘fe&ﬁl ¥:SII|F6E§P U('}g 18 FOP 8 Rat e,
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such amount s paieyiERIRRE b Heler2T0d MEdukRofthiifild - BHicHBLEL n-veAds LRR M xed
t oget her. the atomratio I ron/ manganese falls outside of 2.0 - 2.5,
manganese |50§ldﬁFY%@ﬂhyde$ePﬁt0é‘r pose into iron lattices, or the activity of
the catal yst decreases drastically. [28] In order to co-precipitate the
manganese precursor and the iron precursor at roomtenperature, a 1.5 - 4 M
basic solution, for exanple, a 3 M sodi um hydroxi de aqueous solution, is
separately prepared. If the concentration of the basic solution is |ess
than 1.5 M it is difficult to forma m xed manganese ferrite catal yst
structure. In contrast, if the concentration thereof is higher than 4 M in
the case of a nmetal ion conbined with a hydroxyl group, for exanple, sodium



[30] If the co-precipitation is carrieg out at a tenperature |ower than
10C, it becones insufficient thus form ng very unstabl e bonds, undesirably
causi ng swoeor@aeésvons which are difficult to control upCH/KR20MIE3861
catalyst. If the tenperature is higher than 40C, the catalytic activity my
deteriorate. The co-precipitation may be carried out at 15 - 30C
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precursor, are- g‘&é‘ﬁﬁﬁ‘@nﬁ?} Qpsaipgdcinhigh yieldsef ul . [34] In the coating of the
suppor {19y t h tA;r@ofﬂnxg@ thapg:aasmsm&em |1t3ebutamem;|vdli(tlshachdﬁglh tie Géle inakhm t e,
and may be s I i.Stin [ L1186 ac: rochloric
aci d, sulfur E@%ﬁgnaﬁﬁQhé rl%gggm%%ﬁaf%)acg% Xﬁgéafeﬁ§%#g%ﬁgy%ﬁ§%ort
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limted but 3 sphediesakheddb gogélnlsﬂ&dﬁg e@inofiipp&tefitsh ddhpge@tSéch@e@fond] - 10 nm
may be used. FBG%SPThe m xed manganese ferrite, boehmte, distilled water

and nitric a& & mixed at a weight ratio of 1: 0.5 - 2: 6 - 12: 0.3 -
0.8, pae@jicularly 1: 1 - 1.5: 8 - 10: 0.4 - 0.6. To this mxture, the

support is adgded noun -5 times, particularly 10 - 12 tinmes the
wei ght of mjgrd %éﬁﬁé’gg’q gkllfliaewmag% bl ended usi ng a roll mxer and dried
at 50 {280C, tHIGsl@lhIs&*am ﬂgraadnoneehulrangamﬁﬁaﬁlprern isshowatiedalaBal yst. [ 37]
The dried m xed man ese errite coated catalyst is placed in an electric

furnace and ﬁ%cotrdlflg d)resfamislgben °8ooc, particularly 500 - 700C. [38] In
the prégdnt invention, the X-ray diffraction peaks of the m xed nmanganese

ferrite usedMEQ%t}?Eqﬁ%}f@eqﬁgg{l al have the 2-theta range of 18.78 -

18.82, 24.18 - 24, 35.64 - 35.68, 40.9 - 40.94, 45.22 -
45. 26, [23). 56 -Het8inbfterSdd@2iled dedc12BionShillbe givembofaBe prefen® thventsah. 96, 62. 56 -

rost 1 Stk kabl 9 gaak"t B s Lyttlo FEe detyiofer fmiBdripfmlhy el e 15,
In addition, ctlabyspiosyenin thm?eld@ti\@rﬂebydmgmoaOﬁfetbﬁmedfry Pndwaizinggnixed

1, 3- but adi engndishinde ferfite mrfgtdétﬁeamtfdﬁ MA8 ~NQPC SHikli@ed8d1 4 038@diahd afeal
source of n-butene. vi‘a oxidative

n- but ane separaftion, as t

dehydr ogenat CBH 7 4RO Wé@éﬁ% an%?ﬂ PHEARTSE dETiarYahe S driepRd too REPE A

calt al ystCI }I\/ﬂl phepadifg ¢ G-inrtaiiéne xtlatled)xadaurv@gahydecbgéﬁata%msfm -buibig: @%&mh&t ure is
sel ecte rom { rou St ut ene ut e, a
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electric furnace so eratu re cataly
mai nt ai ned c®PeERg | 3abqt@dflelwriné1|tgh iﬁ@ldrt@@@tthw@d%n\@ debydroaenafipn pén butene

conti nuousl y iPasiginB@by BsRgh supsorERdvahyBilch est Bhdidi®ity @aGtAfxed manganese
ferrite which is an active material, so that the amount of mixed manganese ferrite per
the unit volume of the catalyst is small, thus facilitating control of the generation of
heat and exhibiting higher activity and productivity for the oxidative dehydrogenation
of n-butene.
[26] A manganese precursor and an iron precursor for synthesizing the manganese ferrite

include a chloride precursor or a nitrate precursor, which dissolves well in distilled



11411The reaction tenperature for oxidafive dehydrogenation is maintained
at 300 - 7 WD 2012/011659PCT/ KR2011/ 003861 600C, particularly 350 - 500C,
nore partwoubrrdiyes400C. The anount of the catal yst is seCTa&R2h#03%he WHSV
(Wei ght Hourly Space Velocity) as the flowrate of reactants, is 1 - 5 h-",
particularly 2 - 3 h-', nore particularly 2.5 h-', based on n-butene. The
reactants i n@&arwie;vﬁl&lelsaéeﬂtﬂ xd e eolaﬂd $;5he1fﬁiany,ah@hrbﬂpreetuealmsaéleaed &boho 011: 1:
0.5 - 10: artl t|o 0]
the gas i xt dreapup Rk Bhiotds pfferigdisyalydndererlytlfi B RRuiREhe Vi el o
cannot be obtfarcmsethlomldepﬂtyldtaerrmcemwhbmddﬂlexbjgdta@ deremtsingrdie bexapgdmreat i on
when the rea t t and
oxygen mhlch?%?gmﬂﬁgggg%%%l zHJ %%CEQF%gﬁiveﬁg%% d#g¥§ﬁg??%ﬁ g?%”§§%§|led
in the form dheanagganass Rrearaeorléﬁdle@tﬁefreﬁpthﬁrgsouefconﬁeﬂng@frﬁ%gan@s(?h qKe 4

raffinate-3 wWlnghndus chideids WiRhydisRUMGEeMfic fbkdLRngdésd RA-adiI6riad)i ch i's
anot her reactant are reC|se%¥ control%ed and suggjled %Jgg i st.on punp
and a mass f ISREFESE KR dratf JrapReanpsedliyate fqitagydrae. ¢ Wgses‘}l%tﬁm
whi ch is knowrobydibleevi ate the reacti on heat of oxi datl ve dehydr ogenatl on

and to [? crea eta?lgou,%% 0%91%' VI 111 an];:so rpre(:u%sol% }13 Hleelp S pre ur r are adju te tglatp hase
is gasified whi erng In using a nass OM/ra € regu

that the st edm dtemgaippdl ie@l/mangﬁrmrrﬁels IQébrC 24r andtheset prpgresscas U sich) eeapumth erq nl et
through whi ched %Q&l ﬁgso'lv%d'lﬂhfsﬁﬁ&i:%qtelr Sang%éﬁtrﬁfxgg %égrﬁhel?’qpthe aftrl? Btlo of

particularly 350 erey he 1 ntroduced IS I nstant gasified
and ni xed wi ﬂwnéﬁ%an%eédisw% B4 K- %eu menewefsewrc}lfflcaﬁdo Melﬁoifdeéeso

through t hfe @aaﬁ@ésy@ﬂth@@dwn[y%]ﬂae%@ﬂgstueﬁerseaaiamaﬂ ywhi ch react in the

presen (0] 1 C st accor to resent nventi on m xt ure

P enag 0! 5" 18 ot 20 A breR e Fhe hap e e nd e urshAT gpcen ™ 16
wt % of a C4 aﬂinperatureea\llrﬁ < i Mobedc smuumrﬁd)maxam@twaﬁ-l\bubdmm lanidoxiddaiveoes. The

C4 admxture 53 lgﬁﬁgﬁgﬁﬁmﬁ¥ﬁﬂ% %ﬂ:&n@&hﬁ@%noﬁﬁkqgﬁisB@Eoﬁf%%%t@&en an

i sobut ene, ropane, 1so
i nexpensi ve @45 M, ittisfidtient t@éforfeﬁrmn paggangseclieytie agfalystatuetvee. I soipsy, éct ed

to oxidative tl%eédﬁ@érﬁﬂﬁﬁﬁftﬂe%bf YShi ?Heﬁtﬁﬁq v edl t%%mﬁeﬁaﬁfoh'cbﬁlbﬁ%t\ﬁﬁl a
catal yst according to the presenf invent i on 3- but adi ene can_be produced

in high yiel Y#1o8H HBYe- é%e%mf‘a.se@anr hydrgsde, étd% idfieult ogsmoyg ¢ HaipeHPhe

fsupport is Uﬁ@@hﬂng ﬁdales,lfabrym@ieabmgmme m&itedrm dabe wnererme(mdlarradgse?eaﬁ)n
erriteint resent, i.nvent unt o n ese ferrite
whi ch s 1 he S GRE RPN iR Rt e e 2 SRR B F e e
t hus nuki ng iférneagy niivedimangankse theitg emartatiaod pafforneag poytdreamyandathevasic
dehydr ogenat i t

y 9 sglﬂtlol’l'?ﬂ&d Ieccp ?thttn:l%; 5193@6 Me@\t,utggum btlfl? Hbf pfg[c?lltg?ﬁxa%et ter

cat al yst are si nc“p van ous ensu |ng epro g
under st andi ngnedyder anethsr e@e@r s e NN gINg ANERRIES Wakers if afldighp tofodite

foll ?W' ng eX% oﬁtﬁle\’\ﬁ['hf Q)'fﬂlescﬁgltcfs_@furnbn {nﬁhy'fhl'l usthe 8k fé(l)g%; pr.e n?t t OEge |
COI’]S r imti.n resent I on repar |1 \Ve anpl e
V\i)% 012/ ‘é%@@%‘ﬁ li’%ﬁfg RISl R for@rﬂ?-flp‘HP‘iﬁaPBﬁ’? Ropcusgs PRY fedr M xed
Man ganese Femprécusofahadgebuy objtidnrin evhikdr the mapgmaas preauﬂsa[bdrﬂttheﬂomn xed
manganese fer réch?so? %te% c}i?sglvegasp %ﬁﬁ?&ced drr{'to%e eslct e i%m(/ag O(é% rr21n§' 1I_s|20) as

a manganese precurs o] hexa
iron precurs@ﬁl‘fmméei fuséd 1 2wtoks, of pashewir werld thItSISOdlnas:ﬂm merdduq’qlomr@@ i | ed

water. 198 g 0finFRBIMESE Sl sQJfﬁ&l@nttc%t r@d?m%l@'a[n%%alég'glaéél g of iron chloride

hexahydrate were dissolved in distil , .m xed and stirred.
After 489k i ci dhth e§PrHr?‘i1W§aUOPH%C%8?$P‘§t3éad"r%ﬂ“ﬂfq leweb@apﬂ@&jr%remwaén-
confirmed, ardffich@t HusCHERE vas WaRUSle HBhAY, uAdesitalsy 2a6keeh dide- Ekra@@cbrgtvsmap a3

M sodi hyd | ut t 20
Moo Tt o e BRSO SR bty p bR ?f%sfﬁ%eﬁ%m%ﬁ g T886 s
usi ng a stir retalysio aasvityombe dstafibriael €ht toy-pscipitigch mapde cherd abit aidd- 3WCst and

at roomterrp% { flgr éﬁzchours so as to achi eve phase separation. The
precipitated’s dn"was washed with a sufficient amount of distilled

wat er, [3hd fi Iifhersede@lgwgecanrarlpln soluipidis Phasedgpardted ferssinflacierfipsriop Ohlimeng a
solid sanpl e Wi the%ﬁd%ﬁﬁ@s%rbﬁgltﬁ&s 3R8Gvhieh \&%é‘hlﬁ%b!ﬁ&fﬂt&}ﬂ?g Raedragegsol i d

sanpl e was heat treated in an electric furnace at in an air atnosphere
for 3 hours, PEREHEBIF RTOERES REChWHSH TRt} Jalidsapgieds PRRINGEGvi ng a mi xed
phase. The prepared catal yst phase was anal yzed using X-ray diffraction
under the follow ng conditions. The results are shown in Table 1 below As
shown in Table 1, the catal yst prepared at roomtenperature was confirned
to be m xed nmanganese ferrite containing iron oxide (a-Fe203) and manganese
iron oxide (MFe03). In order to evaluate the activity thereof, the
conpleted nlxed nmanganese ferrlte catalyst was prepared |nto peIIets usrng

. a0 v o o - Y ~ o~



[58] Divergence slit: |deg [59] Scattergng slit: ldeg [60] Receiving slit:
0.15 mm[61] 11621Table 1 9 WD 2012/ 011659PCT/ KR2011/ 003861 [ Tabl e 1]
[ Tabl e ] Wora/idsPracti on Results of M xed Manganese FE@CTIKR200#10336¢St
2- Theta 18.8 MFe03 55.26 MFe03 24.2 a-Fe203 57.94 MFe204 33.22 MFe03
62. 58 MhFe204

[32] The solid sample thus obtained is dried at 70 ~ 200°C, particularly 120 ~ 180°C for

24 hours, thus preparing mixed manganese ferrite.

[33] The binder used to coat a support with the dried mixed manganese ferrite may
include alumina having a specific surface area of 70 ~ 250 m'/g. This alumina may use
boehmite or alumina sol as a precursor, and boehmite is particularly useful.

[34] In the coating of the support with the mixed manganese ferrite, an acid is added to
gel boehmite, and may be selected from the group consisting of nitric acid, hy-
drochloric acid, sulfuric acid, phosphoric acid, and acetic acid.

[35] The support which will be coated with the mixed manganese ferrite may be selected
from the group consisting of silicon carbide, alumina or silica. Particularly useful is
silicon carbide. The size and the shape of the support may vary depending on the size
of a reactor used for the reaction, and are not limited but a spherical or cylindrical
support having a size of 1 ~ 10 mm may be used.

[36] The mixed manganese ferrite, boehmite, distilled water and nitric acid are mixed at a
weight ratio of 1: 0.5 ~ 2: 6 ~ 12: 0.3 ~ 0.8, particularly 1: 1 ~ 1.5: 8 ~ 10: 0.4 ~ 0.6.
To this mixture, the support is added in an amount 5 ~ 15 times, particularly 10 ~ 12
times the weight of mixed manganese ferrite, and blended using a roll mixer and dried

at 50 ~ 80°C, thus obtaining a mixed manganese ferrite coated catalyst.

[37] The dried mixed manganese ferrite coated catalyst is placed in an electric furnace and
heat treated at 350 ~ 800°C, particularly 500 ~ 700°C.
[38] In the present invention, the X-ray diffraction peaks of the mixed manganese ferrite

used as the active material have the 2-theta range of 18.78 ~ 18.82, 24.18 ~ 24.22, 33.2
~33.24, 35.64 ~ 35.68, 40.9 ~ 40.94, 45.22 ~ 45.26, 49.56 ~ 49.6, 54.22 ~ 54.26,
55.24 ~ 55.28, 57.92 ~ 57.96, 62.56 ~ 62.6, 64.04 ~ 64.08, 66.02 ~ 66.06, 72.16 ~
72.2, and 75.78 ~ 75.82. The most remarkable peak is observed in the 2-theta range of
33.2 ~ 33.24.

[39] In addition, the present invention provides a method of preparing 1,3-butadiene using
a C4 mixture, which was not subjected to additional n-butane separation, as the supply
source of n-butene via oxidative dehydrogenation in the presence of the mixed
manganese ferrite coated catalyst which was co-precipitated at room temperature. The
C4 mixture is selected from the group consisting of 1-butene, 2-butene, and C4
raffinates-1, 2, 2.5, 3.

[40] In Test Example 1 according to the present invention, a powder of the catalyst is
fixed to a straight type stainless steel reactor for the catalytic reaction, and the reactor
is placed in an electric furnace so that the reaction temperature of the catalyst bed is
maintained constant, after which the reactants are reacted while continuously passing
through the catalyst bed of the reactor.

[41] The reaction temperature for oxidative dehydrogenation is maintained at 300 ~



35. 66 MiFe204 64.06 MiFe03 40.92 MFe03 66. 04 a- Fe203 45.24 MiFe03 72.18
MhFe204 49.58 MFe03 75.8 MhFe204 54. 24 a-Fe203 [63] [64] Preparative
Exanpl e 2wpe@Bi2/ree@par ati on of Extruded M xed Manganese PETHR2011008%i Yy St

600°C, particularly 350 ~ 500°C, more particularly 400°C. The amount of the catalyst
is set so that the WHSV (Weight Hourly Space Velocity) as the flow rate of reactants,
is 1 ~ 5 h'!, particularly 2 ~ 3 h-!, more particularly 2.5 h-!, based on n-butene. The
reactants include the C4 mixture and the air and the steam at a ratio of 1: 0.5 ~ 10: 1 ~
50, particularly 1: 2 ~ 4: 10 ~ 30. If the mixing ratio of the gas mixture falls outside of
the above range, a desired butadiene yield cannot be obtained, or problems may occur
due to drastic heat generation when the reactor is operated.

[42] In the present invention, n-butene and oxygen which are reactants for the oxidative
dehydrogenation are supplied in the form of a gas mixture, and the amounts of the C4
mixture or the C4 raffinate-3 which is the supply source of n-butene and the air which
is another reactant are precisely controlled and supplied using a piston pump and a
mass flow rate regulator, respectively. In order to supply steam which is known to
alleviate the reaction heat of oxidative dehydrogenation and to increase the selectivity
for 1,3-butadiene, water in a liquid phase is gasified while being introduced using a
mass flow rate regulator, so that the steam is supplied into the reactor. The temperature
near the inlet through which the water is introduced is maintained at 300 ~ 450°C, par-
ticularly 350 ~ 450°C, whereby the introduced water is instantly gasified and mixed
with other reactants (C4 mixture and air), and then passes through the catalyst bed.

[43] Among the reactants which react in the presence of the catalyst according to the
present invention, the C4 mixture includes 0.5 ~ 50 wt% of n-butane, 40 ~ 99 wt% of
n-butene, and 0.5 ~ 10 wt% of a C4 admixture which does not contain any n-butane
and n-butene. The C4 admixture without the n-butane and n-butene includes for
example isobutene, cyclobutane, methyl cyclopropane, isobutene, etc.

[44] When an inexpensive C4 mixture or C4 raffinate-3, including n-butene, is subjected
to oxidative dehydrogenation using the mixed manganese ferrite coated catalyst
according to the present invention, 1,3-butadiene can be produced in high yield from n-
butene contained in the reactant.

[45] Also when the support is used in the form of being coated with the mixed manganese
ferrite in the present invention, the amount of mixed manganese ferrite which is the
active material per the unit volume of the catalyst is small thus making it easy to
control the generation of heat upon oxidative dehydrogenation, and the composition
and the synthetic route of the catalyst are simple, advantageously ensuring repro-
ducibility.

[46] A better understanding of the present invention may be obtained in light of the
following examples which are set forth to illustrate, but are not to be construed as
limiting the present invention.

[47]

[48] Preparative Example 1
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[58] Divergence slit: 1deg
[59] Scattering slit: 1deg
[60] Receiving slit: 0.15 mm
[61]
[62] Table 1
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2012/ 011659PCT/ KR2011/ 003861 [ 87]

Equation 2 [ 83]
reacted n - butene [84]
but adi ene noles of fed n -

[ 85] Equation 3 [86]

Conmposition of C4 M xture used as Reactant Conposition Ml ecul ar

mol es of praoduced 1,3 - butadiene Selectivity

Yield (%

butPr€em&KRB2OLIOD38611 WO
[88] Table 2 [Table 2] [Table ]

For mul a

Vi ght % i - ByTtane1CAFl 10 O n-But ane

[71]
[72]
[73]

[Table |
X-ray Diffraction Results of Mixed Manganese Ferrite Catalyst

2-Theta

18.8 MnFeO, 55.26 MnFeO;
24.2 a-Fe,O; 57.94 MnFe,0,
33.22 MnFeO;, 62.58 MnFe,0O,
35.66 MnFe,O, 64.06 MnFeO;
40.92 MnFeO; 66.04 a-Fe,O;
45.24 MnFeO; 72.18 MnFe,0,
49.58 MnFeO;, 75.8 MnFe,0O,
54.24 a-Fe,O;

Preparative Example 2

Preparation of Extruded Mixed Manganese Ferrite Catalyst

Before the heat treatment was performed in Preparative Example 1, 5 g of dried
mixed manganese ferrite, 50 g of boehmite, 30 g of distilled water, and 3 g of nitric
acid (60%) were mixed at room temperature. This mixture was placed into an extruder
and extruded into a cylindrical form (diameter: 1 mm, length: 10 cm). The extruded
mixed manganese ferrite catalyst was placed in an electric furnace, dried at 120°C for 2
hours, and then heat treated at 650°C for 3 hours, thus completing a catalyst. The

completed catalyst was milled to a size of 0.9 ~ 1.2 mm as in Preparative Example 1.

Preparative Example 3

Preparation of Mixed Manganese Ferrite Coated Silicon Carbide Catalyst

Before the heat treatment was performed in Preparative Example 1, 5 g of dried
mixed manganese ferrite, 5 g of boehmite, 50 g of distilled water, and 3 g of nitric acid
(60%) were mixed at room temperature. This mixture was added with 50 g of spherical
silicon carbide having a diameter of 1 mm, and blended using a roll mixer and dried at
60°C. The dried mixed manganese ferrite coated silicon carbide catalyst was placed in
an electric furnace, and then heat treated at 650°C for 3 hours, thus completing a

catalyst.

Example 1
Oxidative Dehydrogenation of C4 Raffinate-3 or C4 Mixture using Mixed



CAFl 10 26.8 Methyl Cycl opropane CAl-18,0.1 trans-2-Butene CAl-18 44.1
Butene-1 C41-18 6.6 |Isobutylene C41-18 cis-2-Butene C41-18 21.9
Cycl obut ame 20011690. 5 i - Pentane C51112 0 Tot al PCT/KR2011/003861

[74]

[75]

[76]

(77}

[78]
[79]
180]

[81]
[82]
[83]

[84]
[85]
[86]

Manganese Ferrite Coated Silicon Carbide Catalyst

Using the mixed manganese ferrite coated silicon carbide catalyst of Preparative
Example 3, oxidative dehydrogenation of n-butene was carried out. The specific
reaction conditions are described below.

The reactant used for the oxidative dehydrogenation of n-butene was a C4 mixture.
The composition thereof is shown in Table 2 below. The C4 mixture was supplied in the
form of a gas mixture along with air and steam, and a straight type fixed-bed reactor
made of stainless steel was used.

The ratio of reactants was set based on n-butene in the C4 mixture, so that the ratio of
n-butene: air: steam was 1: 3: 20. The steam was obtained by gasifying water in a liquid
phase at 350C, mixed with the other reactants including C4 mixture and air, and then fed
into the reactor. The amount of C4 mixture was controlled using a pump, and the
amounts of air and steam were regulated using a mass flow rate regulator.

The amount of the catalyst was set so that the WHSV as the flow rate of the reactants
was 2.5 h' based on n-butene in the C4 mixture. The reaction temperature was
maintained so that the temperature of the catalyst bed of the fixed-bed reactor was 400TC.
The reaction product was composed of, in addition to the desired 1,3-butadiene, carbon
dioxide which is a byproduct of complete oxidation, a cracking byproduct, and an
isomerization byproduct, and n-butane contained in the reactant, and was separated and
analyzed using gas chromatography. When using the mixed manganese ferrite catalyst
for oxidative dehydrogenation of n-butene, the conversion of n-butene, and the selectivity
and yield of 1,3-butadiene were calculated according to Equations 1, 2 and 3 below.

Equation 1
: moles of reacted n—butene
Conversion(%) = f x 100
molesof fed n—butene

Equation 2

Selectivity (%) = moles of produced 1,3 — butadiene « 100
moles of reacted n— butene

Equation 3

moles of produced 1,3 — butadiene

Yield (%) = x 100

moles of fed n — butene

SUBSTITUTE SHEET (RULE 26)



100 [89] [90] Test exanple 1 [91] Reagtion Activities of M xed Manganese
Ferrite Coated Silicon Carbide Catal yst, Extruded M xed Manganese Ferrite
Cat al yst woadoRabi@®t ed M xed Manganese Ferrite Catal yst PCIAR2VNIg0088 al yst s
of Preparative Exanples 1 - 3 were applied to the oxidative dehydrogenation
of a C4 mxture according to the reaction of Exanple 1. The results are
shown |[8r7 Table 3 below and FIG 1. The case where the m xed manganese
ferrlt oat ed];?%!-)& con carbide catal yst was used could result in an 80%
conver n of ene, a 95.5% selectivity for 1,3-butadiene, a 76.4%
yield of 1,3-[5&]11@6] ene, and al so changes in tenperature of the catal yst bed
were 10C or Tgﬁ fromwhich the generation of heat was eval uated to have
been efficient %ontrol led. [93] 11941Table 3 12 WO
2012/o11659P@nnmwm/oéjﬁéé‘éww&mdeasﬁeawabl e 1 PreparativeExa nple

n- But eneConver—stom (% 1, 3-ButgdreneSe tectivity (f§ 1, 3;ButadieneYi gl d
(% AT(O 1 {Compagition g4 1 100 aMdleyular Formula \%’elgh /3
i-Butane C.Hi 0
n-Butane C.H 26.8
Methyl Cyclopropane C,Hg 0.1
trans-2-Butene C.H; 44.1
Butene- 1 C.Hs 6.6
Isobutylene C.H; 0
cis-2-Butene C.H; 21.9
Cyclobutane C.Hs 0.5
i-Pentane CsH,, 0
Total 100
[89]
[90] Test example 1
[91] Reaction Activities of Mixed Manganese Ferrite Coated Silicon Carbide Catalyst,
Extruded Mixed Manganese Ferrite Catalyst and Tabletted Mixed Manganese Ferrite
Catalyst
[92] The catalysts of Preparative Examples 1 ~ 3 were applied to the oxidative dehydro-

genation of a C4 mixture according to the reaction of Example 1. The results are
shown in Table 3 below and FIG. 1. The case where the mixed manganese ferrite
coated silicon carbide catalyst was used could result in an 80% conversion of n-butene,
a 95.5% selectivity for 1,3-butadiene, a 76.4% yield of 1,3-butadiene, and also changes
in temperature of the catalyst bed were 10°C or less, from which the generation of heat
was evaluated to have been efficiently controlled.

[93]

[94] Table 3



92.8 54.8 11 3 80 95.5 76.4 7 [95] *Cepparative Preparative Exanple [96]
[97] As is apparent from Table 3, the extruded m xed nmanganese ferrite

cat al yst waaol2omiehanges in tenperature, but exhibited ®ompeR2atioossey | ow
conversion and yield because of the small nunber of active sites of the

m xed manganese ferrite exposed so as to function efficiently as an actual
catal yst. [98Tadl®3f he case of the m xed nanganese ferrite coated silicon
car bi de cat al St;[ bt ai ned by coating silicon carbide having a small
specific suri{'g%éegrea and a small pore volune with m xed manganese ferrite,
the m xed mapganese terrfite th S Cl.LV rial 1s.lentjrely exposed
near the sur{AcerERa. [espupttioniiigl SRS Buldisns v LTS, 2" he
active sites|mplet he cat gllsmt(%)\/\hereabpti‘ﬁty the cpde(6h the extruded
cat al yst, actj ' combi med |W LT atum ng_taving a t[@arge Specific
surface arealldnd a I ar ge7 ore vol unrl&ia%id are pr deht not onll! 8on t he
surface of the catalyst lggt also in §f§ por es a“sqlghus are g?t exposed |and
cannot act as active sities. Even when ‘extrusion|1§ perfor usi ng
manganese feryite of theggame anountgstshe activiteysis not exhibited as|in

t he coat ed catalyst—Fherefore—thelmxedrangaheseferrite eoatedsiHcon
car bi deggjat al ysCoaparaime Ptgstatine Ghempeonver si on or sel ectivity and can very
ef fici ia@l y control the generation of heat, conpared to the m xed nanganese
ferrit at al ysts of conparative preparative exanples. [99] Although the
enbodi n8At s ofAtikepparesdrnim iFable 3t iherexiradeel hixed ndingaiess talrifeantalysk et loat | ve
pur poses, th L i 1AM i ; L

Gt Foront modifar et it Bl forfRRRRELALE BBt I bR o
departing fr ehfhetenadlonipibenatiaciye sites fthe mexednnangenesa fesitakxperadsedsit t he
acconpanyi ng fel@oAR iGN diaRAbtval Gugysehodi fications, additions and
substitutions should al sO he understood as falli. wi thin the scope of the
pr esent[blé]nventlpgiﬁcasﬂg# Bomsabmaness ;tkﬁ&m%@%@s@ibléf a%t%]lgst[%taﬁm 1A
met hod of pr epaingnglicnrdartedt hmnganassl §petifictsarfacedredacbd ahylbport adluuse i n
preparing 1, g ”&%%h%‘a%gar?e%’mg&ﬁ?é' B mix8d nBRede et #d A0  BERSHER RN s
aqueous sol utl on conprisrng a nahganese precursor and an iron precursor

whi | e bei ng ettty éxposedomni thesotfage dithe ¢dtalgstfaod thusgamexdugpyeady ipictian esl
solution; b 1l L i Q- ol I - Jant
obtaining a é%éll\iﬁglb% glgesﬁg%v\%aclt; 1§S{t's@ﬁltgﬁgé$ ?lg a %%t?h%né%ﬁ%isétg %tgfygfr):agadeg gti% P d
sanpl e, a bi ﬁff‘e’%onﬁﬂﬁlemw%]@ plumier Dayiieg a lesge Recifieisufage ageamidgriargeoro of 1
0.5 - 2 6 - vdRimdand are Prefer®hof GTLA EENREALAI6Ethe LA AlsDiiN theofsXhdr €;
and d) addi rglg}sa sugport tdo 5he m xture obtain inhc% and.t hen %erfodrrri ng
bl endi ng and yairq]a_texpose and cannot act as active sites. Even wheh extrusion 1s performe

using manganese ferrite of the same amount, the activity is not exhibited as in the

coated catalyst. Therefore, the mixed manganese ferrite coated silicon carbide catalyst
can manifest higher conversion or selectivity and can very efficiently control the
generation of heat, compared to the mixed manganese ferrite catalysts of comparative
preparative examples.

[99] Although the embodiments of the present invention have been disclosed for il-
lustrative purposes, those skilled in the art will appreciate that a variety of different
modifications, additions and substitutions are possible, without departing from the
scope and spirit of the invention as disclosed in the accompanying claims. Ac-
cordingly, such modifications, additions and substitutions should also be understood as

falling within the scope of the present invention.



[Claim 21The nethod of claim1, whereigzanounts of the manganese precursor
and the iron precursor are adjusted so that an atomratio of iron/
manganesewp=202/016592. 5. [ C ai m 31The net hod of clai m 1, PaARION/MBES1
precursor aqueous solution is co- precipitated while being mxed ina 1.5 -
4.0 Mbasic solution at 10 - 40C. [C aim41The nmethod of claim1, wherein
the drying in b) is perforned at 70 E'Q\&B%) [ aim51The nethod of claiml1,
wherein the drying in d) is perforrrgnl - 80C. [Caim61The met hod of

cl ai m Ycifmrigher conpr i ginghdeetprdgagiab hixtdgag@lnetk fat@lystd Qa[thl??f fop d) at
350 - 800C. ECI aim 71The net hod, of gl aim1l, wherein the dried solid sanple,
the binder, the distil %8 BRI DHERILOP LORRFEINE wei ght ratio of 1. 1 -
1.5: 8 - 10: 0.4 -0.6. J)Cbarevifilafing apeéduadr afuedbiasdtutlon sdneprBing 4 he support
is selected fromthe group consisti ng r(I)C[asli | i con car bfligeebe'al lrt%lrr)i(e a aand
silica. [Caim91lThe met hod of PEYANT 87 RhePePYRe Y por“tlgl i con
carbi de. [C ai m 101The hwsiclsolitiofi, thhsaforming ayepretipitatad sslupport is a
spherical or cylindric naor AV ize. - j: 11The
met hod of claim1, mhe?igiﬁég?@g aé%%g%_r ?g}hg C_éspg%ulg Eat%dnsoé&r}gﬁlg%ﬂugbga%{éﬁ%%nes
the wei ght of the dri edobgsaaplsarittels then djedi 121 The net hod of claim 1,

wherein the binder is adglﬁﬁkiﬁ thedidDsofidSP@lel 4 6inder {IGRstAl88yr afd an 250

n2/g. 14 V0 2012/ 01165210%6;1';/31 \&Bczlgl:ll’[]iéggngPJOS ~2:6~12:0.3 ~0.8 atroom tem-
perature, thus obtaining a mixture; and
d) adding a support to the mixture obtained in ¢) and then performing
blending and drying.

[Claim 2] The method of claim 1, wherein amounts of the manganese precursor
and the iron precursor are adjusted so that an atom ratio of iron/
manganese is 2.0 ~ 2.5.

[Claim 3] The method of claim 1, wherein the precursor aqueous solution is co-

precipitated while being mixed in a 1.5 ~ 4.0 M basic solution at 10 ~

40°C.

[Claim 4] The method of claim 1, wherein the drying in b) is performed at 70 ~
200°C.

[Claim 5] The method of claim 1, wherein the drying in d) is performed at 50 ~
80°C.

[Claim 6] The method of claim 1, further comprising heat treating the solid
catalyst dried in d) at 350 ~ 800°C.

[Claim 7] The method of claim 1, wherein the dried solid sample, the binder, the
distilled water and the acid have a weight ratioof 1: 1 ~ 1.5: 8 ~ 10: 0.4
~ 0.6.

[Claim 8] The method of claim 1, wherein the support is selected from the group

consisting of silicon carbide, alumina, and silica.

[Claim 9] The method of claim 8, wherein the support is silicon carbide.

[Claim 10] The method of claim 1, wherein the support is a spherical or cylindrical
support having a size of 1 ~ 10 mm.

[Claim 11] The method of claim 1, wherein the support is used in an amount 5 ~
15 times the weight of the dried solid sample.

[Claim 12] The method of claim 1, wherein the binder is alumina having a specific

surface area of 70 ~ 250 m'/g.



[C aim 131The nmethod of claim 12, whergin the alumna is boehmte or
alumna sol. [Claim141The nethod of claim1l, wherein the acid is sel ected
from t he WyoaoR/aoesei sting of nitric acid, sulfuric acidpChgdReotinosssic aci d,
phosphoric acid, and acetic acid. [C aim151A m xed nmanganese ferrite
coated catalyst to be used in preparing 1, 3-butadi ene, obtained using the
met hod [Ofaiany] one of clHiemgethod of didim [ Llvatiemeid GieThembatiabysimiteforalwhinm 15,
wherein the catalyst has,an X-ray diffraction peak in a 2-theta range of
18.78 - 18.82, 24.18 - 22.22, 33.2 - 33.24, 35.64 - 35.68, 40.9 - 40.94,
45. 22 {Clsn28] 49. 56 - AR BethédoPdaim bavixdeinFhe RAd is sBEc@8 frofythe Z2reups7. 96,
62.56 - 62.6, 64.04 - : .02 - 12 -

75 82. [ aim 171A met Rl ar g e s i Rudrodfiofie sl bR
manganese ferrite coat e§ikar@psesic acidonpri sing: a) supplying, as a

react antlai@ 19fS M Xt Ur es eARR inghdBe@ EAiELSde EatalMtlio BOHscatif PBpash b)
conti nuously passing tgle%%ga ant _t hrough a. cat bed to ich e

t h | yst . h

catal yst prepared usin taﬁr’@?ﬁdﬁ’t%‘?edaqg}n%tﬁ%nﬁfah%ﬁ 2 O P]E)‘\:IWT 5501 % e,
so t hat{Ctxidali ve dehydrtegendyst oficlaisn ¢arwheeeln ot catdlus a0t Himy dfffraction
L, 3-butadiene. [Qaim 134 he, eihod, of of &I 1T enberein the 108 mxdpre is
sel ected fromthe group consisting o - but ene, 22 but ene, "an
raffinates-1, 2, 2.5, 35.64~35.68,40.9 ~40.94,45.22 ~ 45.26, 49.56 ~ 49.6, 54.22 ~

54.26, 55.24 ~ 55.28, 57.92 ~ 57.96, 62.56 ~ 62.6, 64.04 ~ 64.08, 66.02

~ 66.06, 72.16 ~ 72.2, and 75.78 ~ 75.82.

[Claim 17] A method of preparing 1,3-butadiene using a mixed manganese ferrite

coated catalyst, comprising:
a) supplying, as a reactant, a gas mixture comprising a C4 mixture, air
and steam; and
b) continuously passing the reactant through a catalyst bed to which the
catalyst prepared using the method of any one of claims 1 to 14 is
fixed, so that oxidative dehydrogenation is carried out, thus obtaining
1,3-butadiene.

[Claim 18] The method of claim 17, wherein the C4 mixture is selected from the

group consisting of 1-butene, 2-butene, and C4 raffinates-1, 2, 2.5, 3.



