Prem xer, radially fixed bed reactor, and reaction systemfor oxidative
dehydrogenati on of butene 5 Technical Field The present disclosure relates
to a prem xer for gases, a radially fixed bed reactor conprising said

prem xer, a reaction systemfor oxidative dehydrogenation of butene 10
conprising said radially fixed bed reactor, and a process for preparing
but adi ene using said system Technical Background 15 As an inportant
nmononer in synthetic rubber and synthetic resin, butadiene is mainly used
for synthesizing butadi ene rubber, styrene butadi ene rubber, nitrile
rubber, ABS resin, etc. Besides, butadiene also serves as a feed stock in
the preparation of coati ng®remiger, nadighefixeddwdireactdremdal reactions. 20

Oxi dati ve dehydrogen Q ive process in
produci ng but adi ene, %vﬁ%g{r%eng s@%%ﬁ?’é‘ﬁgt"&% ﬁ&ﬂ{ogé’naq?ﬁ ?Bgfekelgst ructures are
obtai ned By the conbi nati on of oxygen and hydrogen in butene nol ecules in
t he presence,Pf|va?Er[ Oxi dative dehydrogenation of butene is substantially
irreversi bl e, mai n reaction equation as follows: 252C4H8 +02 ->
2CAH6 + 2H20 + 127 .9kJ | nol And the follow ng reaction equations reflect
the side reactions in_oxidative dehydrogenati on of butene: -->
400 + 4H 20 Cheppresent geposuss wgtesptoad MEPEEen dorTgecsmai rAdiplhe mdsbetdhraﬁct%m d

i nfluence oxigatiiviRe 4 yAnLR0S! no@fe'a&fbn(%gfst% FENGidiVO HMR df R %AbR BE butene
t enper at ures, reactlon pressures, the'ratio of water to butene, the ratio
of 10  comprising said rad1a11y fixed bed reactor, and a process for preparing buiadiene using

said system.

Technical Background

15  As an important monomer in synthetic rubber and synthetic resin, butadiene is mainly
used for synthesizing butadiene rubber, styrene butadiene rubber, nitrile rubber, ABS
“resin, etc. Besides, butadiene also serves as a feed stock in the preparation of coatings

and in some organic chemical reactions.

20  Oxidative dehydrogenation of butene is currently a competitive process in producing
butadiene, wherein butadiene and water of stable structures are obtained by the
combination of oxygen and hydrogen in butene molecules in the presence of vapor. .
Oxidative dehydrogenation of butene is substantially irreversible, with the main

reaction equation as follows:

2C,Hy,+ 0, > 2C,H, +2H,0+127.9k] /mol

25
And the following reaction equations reflect the side reactions in oxidative
dehydrogenation of butene:
C,H; +40, - 4CO + 4H ,0
C,H, +60, > 4C0O, + 4H,0
30

The main factors that would influence oxidative dehydrogenation of butene involve
reaction temperatures, reaction pressures, the ratio of water to butene, the ratio of

oxygen to butene, etc. In the reaction process, it is necessary to introduce a great deal
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oxygen to butene, etc. In the reaction process, it is necessary to
introduce a great deal of vapor to facilitate protection of catalysts and
control of the reaction tenperature. Cenerally, the nolar ratio of vapor to
the feed stock of butene reaches 8:1 to 16:1 or even higher. As to oxygen,
since it participates in both the main reaction and side reactions, the

addi ng anount t her eof nft only -influences the conversion of butene, but 5
al so det er mi n&svappetodaghiete prgtegiianey qabysiend conioll dle eagiiontgpReTEkR pl ace.
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preparing but agicgir oveal beRatierdhjdiagendh ologls per year. nce, four or
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30 CNZ626604Y e R TR of Dalleip by 2.
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30
CN2626604Y discloses a radial reactor with a fluid substantially distributed in a
homogeneous manner. However, this radial reactor fails to achieve homogeneous
mixing of fluids entering a passage, and is of complicated structures and large

pressure drop, CN102675027A, for example, discloses a process for preparing
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15 reactor for oxidative dehydrogenation of butene. According to a first
aspect of the present disclosure, it provides a prem xer for at |east two

' gases, conprising: a tabular body having a closed end and an opposite, open
end; a first flow passage for receiving a first gas, the first fl ow passage
axially extending 20 through the closed end into the tabular body in a

seal abl e manner:..a coni.gal tube arranged.in the tabul ar body, wherein a
smal | end of r}fuﬁdéhe@Sﬁ?' 8’@1‘?‘%"5 Bigg%?ﬁ?ﬂ?ﬁog‘aﬁé’gteﬁf tHng ?13‘%?5}?1? é%‘egg?ﬁm“@ﬁ%eé%ge, and
a large end ahe hffaraenh@alf if sbeorodngtidsed SNREEes e mgeﬁremd: &b, ndns edge

t hereof being.fixed to ap inner wall of the tabul ar body, thereby defining

a seal ed di st¥FHUST 8reBh ARG SEe df - teBogesarsamiERg v defd 1ok gaspseal

tube; 25 and gnhe@s0Me ifduWaPBRSH0SK&iiva MRAIrORn&icdl et ik Qnficahie

t abul ar body for receiving a second gas, wherein the second f1ow passage
comuni cat%s MWitdd- t he di stribution chanber, so that the second gas can be
introduced into said conical tube via the distribution chanber in a
substantially radial manner 30 In one enbodi nent, the first flow passage is
in the form cfunemarablithafnvemsmage, whi ch extends into the conical tube by
seal ably passing through the small end thereof Preferably, an end of the
first flow passage extending into the conical tube conprises a perforated
di stribution THeagresentdidctdiulesimn® id p@viderarpréhixar e FhRHRAich ca i6 ParicAlar 2
plate, 3 thebperforatiqgs_thgrein having a dianmeter in the rapnge fromb5 to
100 nm pref eFabrs fF oM dYive oty dingenation [¢f Bigne nifodt renechieye nift apdne

angl e of the Ktgeoud MBEngd SF felll §tBEs'ARBERNd, VaPRrDarldQir? B toavBiaghewialky from
8 to 16. In one enbodi nent, a nozzle is provided in a side portion of the
coni cal tube Wel acembontdspesits. shaw (cptalysiregameraiion cYdy. efcn Tho ehvesnhdistlhsurs econd
gas into the i ] i : GO | As a

gui di ng conefﬁgﬁgﬁg%gtﬁggr¥h£$gg§§ﬁ%85%ﬁ%??gg@%%%%%ﬁ%gFlty ?%qgﬁgﬁgg of

gui di ng conesdehpdpganetionedfybutane samdedrenstion sestein dempositg eaid ofdidllydizedbedal t ube

at differgnt b 4t&%éoxicﬁg%‘de%ﬁ8§8%rgaﬁggBl‘é&t&% a plurality of guiding cones

circunferentially "arranged | eneous’ manner, wherein it is preferred
t hat correspondi ng guiding cones in every two adjacent groups are staggered
from each other i ciycunferential direction. 15 .1n one enbodi nent, the

or o xer | comieEREl At REect Sty BresibSgRr Tt ReV By R BGERE FOReS!

but ene vi a t hevoges, @ﬁ@ribih@:raeﬁﬁulaﬁmlwﬂaﬁn%BQlofsécTéhH 28a%9n bfpRitéopblémi; Of

vapor and an oxygen-contai ni ng gas, and the second gas is butene.
a fitst flow passage for receiving a first gas, the first flow passage axially extending

20  through the closed end into the tabular body in a sealable manner; a conical tube
arranged in the tabular body, wherein a small end of the conical tube communicates
with the first flow passage, and a large end of the conical tube extends toward the
open end with an edge thereof being fixed to an inner wall of the tabular body, thereby
defining a sealed distribution chamber between the tabular body and the conical tube;

25 and a second flow passage arranged on a side portion of the tabular body for receiving
a second gas, wherein the second flow passage communicates with the distribution
chamber, so that the second gas can be introduced into said conical tube via the

distribution chamber in a substantially radial manner.

30  In one embodiment, the first flow passage is in the form of a tabular passage, which

extends into the conical tube by sealably passing through the small end thereof.

Preferably, an end of the first flow passage extending into the conical tube comprises

a perforated distribution plate, which is in the form of a hemisphere, a cone or a plate,
3



20 According to a second aspect of the present disclosure, it provides a
radially fixed bed reactor for oxidative dehydrogenation of butene,
conprising; a prem xer according to the first aspect of the present

di sclosure; a cylindrical housing with a top end comunicating with the
open end of the tabular body of the prem xer; a catal yst bed assenbly

arranged in the hausin t he catal yst bed assenbly ipcluding a plyrality of
25 sector tube® (I.?Frg?r?tf%‘g ghsrean fiing2 g‘ra@em 8’\/&8 &9ep OH‘ng % rm’%al’rle%&}? W¥he
housi ng, a pofi@d20webd minube which is provided in the center of the housing

and extends outside fromthe housing, and a catal yst bed di sposed between
the sector tube distributors and the porous wall tube, wherein a sealing

menber is arrgngedmdbdiABntUPRA! cRBInAE of (i€ SAtA RS Rakk ra}égbi £ 3lkb oys m xed
gases fromthe prem xer to be introduced into the sector tube 30

di stribut ot s aAgrablieirem@ teli€char ged from the housing after passing through
the catal yst bed and porous wall tube; and a gas distributor which connects
to the open end of the tabular body of the prem xer and extends into the
housi ng, a | olmemeembodifnetthe ngak: id pivided int Dsidb eontign pf thy icatéchl wibk adjacent

From the. prentxdF SBREGR dhaefdBE My dGring 4 Seopbrskimiuaroysl) oo, e 9705

nozzle being preferably configured as a guiding cone. Preferably, the nozzle

10  comprises a plurality of groups of guiding cones respectively arranged in the side
portion.of the conical tube at different heights, each group comprising a plurality of
guiding cones circumferentially arranged in a homogeneous manner, wherein it is
preferred that corresponding guiding cones in every two adjacent groups are staggered
from each other in a circumferential direction.

15
In one embodiment, the premixer communicates with a reactor for oxidative
dehydrogenation of butene via the open end thereof, wherein the first gas is a mixture

of vapor and an oxygen-containing gas, and the second gas is butene.

20 According to a second aspect of the present disclosure, it provides a radially fixed bed
reactor for oxidative dehydrogenation of butene, comprising: a premixer according to
the first aspect of the present disclosure; a cylindrical housing with a top end
communicating with the open end of the tabular body of the premixer; a catalyst bed
assembly arranged in the housing, the catalyst bed assembly including a plurality of

25  sector tube distributors which are provided on an inner wall of the housing, a porous
wall tube which is provided in the center of the housing and extends outside from the
housing, and a catalyst bed disposed between the sector tube distributors and the
porous wall tube, wherein a sealing member is arranged at an upper end of the catalyst
bed, which allows mixed gases from the premixer to be introduced into the sector tube

30  distributors and then be discharged from the housing after passing through the catalyét
bed and porous wall tube; and a gas distributor which connects to the open end of the
tabular body of the premixer and extends into the housing, a lower end of the gas
distributor being provided with a cone-shaped baffle tapered toward the tabular body,

whereby premixed gases from the premixer enter the housing via a lateral annular gap
4



formed between the cone-shaped baffle and the housing. In one enbodi nent,
the gas distributor further conprises a plurality of webs circunferentially
arranged in a honobgeneous manner for connecting the cone-shaped 5 baffle to
t he open end of the tabular body of the prem xer. A cone angle of the
cone-shaped baffle ranges from90 to 135, preferably from 120 to 135.
Furthernore, the |lateral annular gap is arranged in such a size that the

m xed gasses #’T"b‘“\ﬂlbﬁ'@"eﬁ% Br sonr q%?’gierﬁnélﬂf?shoéﬁn&verage speed in the range
from10 to 40 ms, preferably from20 to 35 mis. 10 In one enbodi ment, the
sector tube d| stributors conprise at |east 6 sector tubes which are

ci rcunferentilal 98¢ anbedimenit &y ees disrdisgefesbers coraprires Bamhll‘@ljbsﬁtfaﬁ’bbsal ly

constitute a yh r d rtion
of the sector caRRrEUHRATARENG S Aot pMRE (N B RE S P00 Brd BB0B0,
porosity of tbﬂ&lediosﬁlclobut ieh of Bheo rabfillac bedyr aﬁgESprf:mom m%)ma)aﬁ'gbé’/mf phef er abl y
from20%to 40% ne, enbodien poro b sSes a porous
cyli nder0 posiTr (:)ne (fl?la%% 128 4oy %0 e Qs Prefial ?%?’5‘[ IQ%HB a%e%W?Wg

agai nst the pbe d)ajﬁﬁlcaﬂnul@ﬂ%ap mgdmﬂgeacmes?aa @rm%r 1h|h‘d that mad Qdbes {15

t hereof, wherein the screen and the orated plate are connected 20to
each ot her villSTEHoHEh Mapiayss anggverage Sgﬁ"efilmﬂﬁb@f’%e e 4P 4PHYspEriesbaY ed

pl ate. Accor digi920 @ B /i rd aspect of the present disclosure, it provides a
system for preparing butadi ene by oxidative dehydrogenati on of butene, '
conprisiny a first stage reactor and a second stage reactor in series

connection W, an @rﬁiéb the VMRS Gl dﬁ%‘.&fi Ese St f%g?g 6'sEAGE Qbes 1!:1111 the

formof an axi al bed react or e second stage reac is a
radially fi xeede bfél&um&emtl@hly a&bﬁnblctﬂchgnt ) h¢mogemsndmasrwecandofsubstwup]ﬂgesent

di scl osure; &ftﬂ?%%héle cﬁrhl?mf‘edé'n%& a%t eFlﬁ%eg"l% aﬁ? %Ii%e opa;og%al l Ls%g:(t\%ﬁl lb:dt he

reactor accor |ng aspec
second st age tneabdtbbeing pmwdeklemﬂodmrxbﬁtmnmaﬁ(aeal The pdrdesy diabe disgibuton 30

Pr ef b| i all t | tt [
friegrged reaéﬁ'ﬁ%?s(rla‘g%ﬁﬁgg‘t@dd o e/‘été’ éfmﬂ%g&se@l/a cast two axially

In one embodiment, the porous wall tube comprises a porous cylinder positioned in a
center thereof, a perforated plate abutting against the porous cylinder, and a screen or
grill at an outer side thereof, wherein the screen and the perforated plate are connected

20 '~ to each other via support ribs, or the grill abuts against the perforated plate.

According to a third aspect of the present disclosure, it provides a system for
preparing butadiene by oxidative dehydrogenation of butene, comprising a first stage
reactor and a second stage reactor in series connection with each other, wherein the
25  first stage reactor is in the form of an axially fixed bed reactor, while the second stage
reactor is a radially fixed bed reactor according to the second aspect of the present
disclosure; alternately, the first stage reactor is a radially fixed bed reactor according
to the second aspect of the present disclosure, while the second stage reactor is in the
form of an axially fixed bed reactor.
30
Preferably, the axially fixed bed reactor comprises at least two axially fixed bed

reactors connected to each other in parallel.

According to a fourth aspect of the present disclosure, it provides a process for
5




preparing butadi ene by a systemas set forth in the third aspect of the
present disclosure, conprising the follow ng steps: a) feeding vapor into
the first stage reactor, and feeding a butene-containing gas and an
oxygen-containing gas into both the first stage reactor and the second
stage reactor, wherein the rml ar ratio of butene to 5 oxygen to vapor fed

into the first sta reac ranges fro ); aIIovmng
mat eri al s o' Pﬁ‘ t*he ?§¥St djesct g‘%@ué e ﬂ?ﬁ%%‘*é ho’tz\(i1 Pre

but ene- cont adlmdagreg@)mpallﬁkg@heyﬁﬂ@wﬁ@@eas R) RYJIBATaRe 6 heeRitehabdBatfog Second
stage reactor, wherein the nolar ratio of butene to oxygen to vapor fed
into the secHfdedinggebytenscosiaining gnsand pp AxyEencontainpesps intg batb ghe Tigghd )

‘al I owi ng mat gk kg @UiUthe f QI §5:SREQRT vHASE (LRSI ratf o Blele 2o
downstream separati on stage for recovering butadi ene; wherein the reaction
t enper-at Ur esoxygen ieevapoy ol inledthe dich 3thge reagier rames fom Hr@4i Ind)t Fe2®abge from
300 to 600 t C SsHre h f i g romo0.0
to 2.0 MPa G%Hfgghcén %ﬁ%ﬁ%ﬁb@éﬁ %{?n s%glgd%tr)%t gt%ggcroeﬁ{tgli n@ngmgaéﬁ@oﬁpél ses at
| east one sebheak-ednthinmm gdsemgmxgrgem@mmnmmg pas bdéfork- émtﬁrmgethe edcend stagtene, and
trans-2-butene. In one enbadinent, the nolar ratio ene tq oxygen to
Vapor entar | M RbSE 4EIRTS' PR phlutet 0 Bvien i aroy e 8 egseont stheds
preferably fregorlranged fond1800.4-(.8y 12)-20)aReH A04aFsengdmateanlabhpuf from the
(0.5-0.7): (6-10). The gaseous hourly space velocity of butene entering

each stade rrydsiaee 6‘??10'[2‘0(-? ?rﬁerﬁﬁ@wlnﬁ?eam sepRIAtigfheags FHSHRS butpeRssact i on

tenperat ure Rer8AGH fhaEf APSERds 19%@%%6&1%%@&11@ ste{gé%a%fo@@hﬁé ifhr @@ 310 to
380 C, and the reaction pressure in each stage ran from25 0.05 to 0.5

MPaG. Brief megeclramBibie o0 °6s vl thyteaction pressurgy tjwreg? we fretardngafion GAows t he

structure of,,a pgxer according to the present 30di scl osure; Fig. 2
schenmat i caIIy shows the structure of a radially fixed bed reactor according
to the present d| scl osure; Fig. 3 indicates a gas distributor arranged
at a gas.inl h al. Ly fixe reactor in i ew,

e, 20t et Raki bRyt KFLaREE st POLREyt B PSR BB R

oXi dat| ve 5 meggodpogetsahg ofl -bifitediy tier2ebumene panditiags-Ldutehe present di scl osure,
respectively; and Fig. 7 schematically shows the reaction system of

oxi dative dehydrogenation of butene according to a conparative exanple. 10
Det ai | ed Desgyrdnetein®bdiffent-FRAE1NENRALS of butene to oxygen to vapor entering each stage

is in the range from 1: (0.45-0.9): (6-16), preferably from 1: (0.5-0.8): (6-12), and
20 more preferably from 1: (0.5-0.7): (6-10). The gaseous hourly space velocity of
butene entering each stage ranges from 200 to 450 h™’.

In one embodiment, the reaction temperature in each stage ranges from 310 to 480 °C,
preferably from 310 to 380 °C, and the reaction pressure in each stage ranges from

25  0.05to 0.5 MPaG.

Brief Description of Drawings

Fig. 1 schematically shows the structure of a premixer according to the present

30 disclosure;

Fig. 2 schematically shows the structure of a radially fixed bed reactor according

to the present disclosure;




The present disclosure will be explained in detail wth reference to the
appended drawi ngs. 15 Fig. 1 schematically shows the structure of a

prem xer for at |east two gases according to the present disclosure. As
indicated in the Figure, a prem xer 10 according to the present disclosure
conprises a tabular body 11 which has a closed end 12 and an opposite, open
end 13. 20 Afirst end I4a of a first flow passage 14 in the formof a tube
connects to a suPigl yingicaigs figpsdistghuton agicedhati seasorletstfchmradisllriiged bed whil e a
second end 14@mﬁﬁﬁﬁgﬁéﬂéﬁg gp the closed end 12 of the tabular body 11
into the tabular body 117al ong an axial direction thereof in a seal able
manner. Hence, the first flow passage 14 can introduce the first gas 1 into

t he tabul ar body..11. dijrent as illustrated jin Fig. t he
second end 145 SPitd0B bl BOY ARCb ATl et UGBV ES Sl o jaaive ' "
di stri buti®nn dehpdregehationdfibotent sccorliMg g thiegdeschtalischrsa@Plegpectivelyt bed f orm of a

hem sphere, a cone or a plate. The perforated distribution plate 15 is
provided with a plurality of perforations for introducing the first gas 1

into the tabul ar F307 keatchily WRAIEIhD réBorP8kiear St xabsive aghdhamttion dranet er
that can be selected in the range from5 to 100. mm preferably from 20 to

60 nm Howeveutenepceaingle acauPpPRtivhe@rPlcood that in one enbodi nent not
shown, the second end 14b of the first flow passage 14 can be provided with
no distribution plates 15. That is, the second end 14b can be configured as
bei ng opei? scoDetailadddseriptionotBmbédimenisst gas 1 into the tabular body 7 11
directly. According to the present disclosure, the tabular body 11 is
further provided with a ,

The present disclosure will be explained in detail with reference to the appended

drawings.

15 Fig. 1 schematically shows the structure of a premixer for at least two gases according
to the present disclosure. As indicated in the Figure, a premixer 10 according to the
present disclosure comprises a tabular body 11 which has a closed end 12 and an

opposite, open end 13.

20  Afirst end 14a of a first flow passage 14 in the form of a tube connects to a supply of
a first gas 1 which is not shown in Fig. 1, while a second end 14b extends through the
closed end 12 of the tabular body 11 into the tabular body 11 along an axial direction
thereof in a sealable manner. Hence, the first flow passage 14 can introduce the first
gas 1 into the tabular body 11.

25
In the embodiment as illustrated in Fig. 1, the second end 14b of the first flow passage
14 comprises a perforated distribution plate 15, which is configured, for example, in
the form of a hemisphere, a cone or a i)iate. The perforated distribution plate 15 is
provided with a plurality of perforations for introducing the first gas 1 into the tabular

30 bogy 11, wherein the perforations each have a diameter that can be selected in the
range from 5 to 100 mm, preferably from 20 to 60 mm. However, it can be easily
understood that in one embodiment not shown, the second end 14b of the first flow
passage 14 can be provided with no distribution plates 15. That is, the second end 14b

can be configured as being open so as to introduce the first gas 1 into the tabular body
: 7



coni cal tube 16 therein. The conical tube 16 has a closed, small end 16a,
wherein the 5 second end 14b of the first flow passage 14 extends through
the small end 16a of the comical tube 16 into the conical tube 16 al ong an
axial direction in a sealable manner. In this way, the first flow passage
14 can introduce the first gas 1 into a m xing chanber 16c¢c of the conica

t ube 16. Furh@gfna&g, a large end 16b (which is an open end) of the conical
tube 16 extends™8Ward the open end 13 of the tabular body 11, and 10 is
fixed on an inner wall of the tabular body 11 at an edge 13a thereof
Therefore, a sealed distribution chanber 17-is defined between the tabul ar
body 11 and th&oEEH dhe prrsent fclopue, he tahyler ibedy bt i Rtherpoyided pobya 11 i s

further provigdedsWibdn AnsREOTH: EdR RBSIAUEs 4o, E&,fn &R MR hecond
gas 2. The second flow passage 18 is, for exanple, also in the formof a

t ube whi chb coneandicodt &t ofbe firgt llewdiassagé blieitends diravdhethe 3Mall end e of ghal | ow
the second g L i,nt i.strik.bution c r 17, and
further int Oa(;[% ecagnﬂl;)?ﬁ%ﬁ C%%%t()%gl(rﬁg%é%b%olg a{l(ﬁg a%g%a{%?e%ﬁurblen alsgﬁ?fﬁgén anner. ~
subst anti al | yinrtadivedy, thenfiet flowepasdage d# bt iidtrdducs thehfmbgdas 11 into 20mixing he

enbodi nent as_sh in.EFig. 1 raljty of nozzle 9 are .nounted in a
oo T of RBbEer o Medopiai BoE 1 Thuhinhol piate el |t chdn s gpen

i ntroduci ng tdng) SABOMIGESHR16 Biténds ivaeOmE 6pdn dndl18 of fhefaany b&B di shai bution
chanmber 17 al,or}gﬁf substantially radial direction, nozzl es 19, which

Th
can be. di 1 dod ied o8 Bhneo vl ghihe A oG 1 haten wiee d3eRERL IHESTI0 Bf t hem

are pref er abl g, 16@ Bk BHE G MDA 7 18 diiiRd hOkEE Othe Ratik BbAY01 1GRAFhe afeénﬁéa};]each
group being arraln&ed at different axial positions, 1.e.”, different heights

as shown in Fpbe In sone preferred enbodi nents, the nozzles 19 can be
divided into 2 to 4 groups, each group having 2 to 3 nozzles. It is easily
under st ood that the nunber of the above nozzles can be readily sel ected
accor di ng t o Asidaabrtionmdilte taindar 80y Thér fafthereproadaiowith mgedond flve ppssagent

di scl osur the.first. gas 1 i.s intfroduced jnto the m.Xi chapber 16c¢ of
the conical tubg" ieégl&llng%tsﬁcéonfi igra%? ' @Feo C‘f{gs@oﬁgasf%ei lgll% gﬂwgﬁﬁlﬁ?l% axi al
manner . Meanwhe f@m bdfhe tubeodiich gasmznieasdsewish tHeedisiibihttonbihbinba IThasherno 17 vi a

the second fl ow ssage. 18, and .is jntroduced.ip a substantj al radial 8
manner to thea?lﬁnwp%ﬁﬁéecg%%e?rml dn%‘f‘{uf etk Fg&?‘%‘ﬂ%‘ég}?@bﬁgﬂé‘? HeThus,
the first gasnd BOehitine cBRERRd60a5the cBhiXal%Eéﬂ@ﬁﬁi"sﬁsﬁﬁﬁallzr}adiﬁ'lemﬁﬂﬁékng
chanber 16c before being output fromthe open end 13 of the tabul ar body

11, so as to ‘HethgdisgituHonchambenbl-e react or arranged downstream (not shown).
Since the,first gas 1 and the 5 second gas 2 enter the m xing chanber 16¢
in a substantially axial and radial manner respectively, effective

col i si on betladerembodieent woshyarwas Figah, bpluraiibi evwdzlest ars moontbddi 4 sitlat e f ast

and hormgeneo‘yeﬁl 5@ tﬁ: Qhical tube 16 adjacent to the small end 16a for introducing the second
gas 2 into the conical tube 16 from the distribution chamber 17 along a substantially
radial direction. The nozzles 19, which can be divided into one to eight groups with
25  altogether 2 to 20 of them, are preferably configured to be in the form of a guiding
cone, with each group being arranged at different axial positions, i.e., different heights
as shown in Fig. 1. In some preferred embodiments, the nozzles 19 can be divided
into 2 to 4 groups, each group having 2 to 3 nozzles. It is casily understood that the
number of the above nozzles can be readily selected according to actual conditions.
30
Therefore, according to the present disclosure, the first gas 1 is introduced into the
mixing chamber 16c of the conical tube 16 via the first flow passage 14 in a
substantially axial manner. Meanwhile, the second gas 2 enters the distribution

chamber 17 via the second flow passage 18, and is introduced in a substantially radial
- 8§



The prem xer 10 according to the present disclosure can especially be used
in a systemfor preparing butadi ene by oxidative dehydrogenati on of butene.
Under this circunstance, the first gas 1 is a m xture of vapor and an
oxygen-containing gas (e.g. air), while the second gas 2 is butene (or a
but ene-containing gas). In-one exenplary enbodi nent, the nolar ratio of
butene to oxygen to vapor, can he selected gs within the range from 1:
(0.4-1.5): (203" toptﬁ%fwa%r-w HApLof %.cgmia:léslbe {Gthgsiroma Fepsnif dirst
15preferably dikamnliithd GochRt Bas?) mif NithZheh HBBCH: tht MikiRe cRIne¥ X6 bdiBrised in
t he preparation of butadiene by oxidative dehydrogenati on of butene, a
preferably oveingedted fran ther epepfenddgort thedebaiar body ilht scoeiLiochs wed intee fir st
end 14a of thg:fi fﬁ?eﬁs i : fir atop
end of the ta J%%é%aggb%‘fé n %S%%Fﬂm?%o?mgo‘gﬁ gngjﬁtiﬁ%bfggegagnld%eﬁntﬁger t he

m Xi ng chanberecd@gant enterthe ankiogichdmbize 146indi substartially exialvind redi@ npantor at ed
di stribution r%é %tt?vefwéfecgivt réellis%rrlr%eg iergg bu&ene ent er§ tlf}g didstri b%lti on
chanmber 17 vi'a T he“se&ond fI 8wspassa € }%es? OmERTT “8F d8& 20T ot B 't he
tabul ar body fhdilitatefesn asdhhenicpchdvas Mixnhgg chanber 16c¢ via the nozzles 19
arranged on the conical tube 16, and therefore m xes 25 with the overheated
m xture of vapor and air in the m xing chanber 16c¢. The pressure drop of

butene enterimg pRMLE ><1io%c@rhﬁgh@rthé%s@r@mi%s{@w@he&ﬁ&ymw% nRdzhes 19.
Furthernore, the density_ of butene is three tinmes as |%h‘{eas that of the
C)

m xt ure of0 vajysiemaien PEpRring pieadiang by pwidpivel dptyidragepation pé bytepe dndabthis
collide wth ¢t gk, XdeU r WFod I ] | nozzl es
19, and there I{}ﬁgchl eil{élg f?% %@g%&l I%O r%hf)\éd né%ﬁﬁm@gﬁgéﬁﬁlﬂhgg%%qgﬁbt her
with a | ow pranswhige de sgrondheas Xisdutene farn buterconvieinig gant & encdremplaream
reactor in th I [ I i ti of
butene. o DU e YRS Fily diiHychP o BXJuERY Y P B B SRENR Hafh)
facilitate hotegagedusn i 0.44.5): @-20heprefetrbi}i fremt 1:n015-sHiowh15)t hed more

circunferenti al itions, of e Nozzles in every 5 two adj acent groups are
di fferent %ro‘??f’%%@ﬁ’ %qnﬁir(,o'd’éfoteg; (5é@§'h nozzle is staggered fromthe
correspondi ng nozzle in an adjacent group in a circunferential direction.

In this way,. fi8ReS&f N pEARx&aT0 RBed H RIYFERBA oft BRaBORI 6/ oxiddlge 16 In a
nmor e honobgeneous manner, which ensures honogeneous m xi ng between t%e
second and t héehyinogenatiers e butkge,| f preferalilp| dvevieatgd raixpuagdiofilvegorfdudedr hed
reactor 50 fo i A I ! ng - I e_present
di scl osure wi ]F"Fg@ecg(gi%?ﬁgﬁ t%gtg% gmlfﬂ?%gﬂg% Eei%g%g‘& p? %5%1 %slgﬁ%qég%g%&g%%r%i cated
in the Fipurestoptdnd of duoti tabulay Hoiyx édl ilbéhed formaof ostr&ghtaolsep andaserahe ylistinglr i cal

housi ng 20, ich is provided w.t ; er_.head .a.lawer. head 22 15
respecti vel y%ﬂ %ﬁﬁéﬁ"eéﬂl&"%}ﬁ@eg G%éffgﬁﬂaﬁﬁﬁéé?a?#%g%ﬁ”gﬂ? R@F’ lPg

accordi ng to Aheepiaetithe, diitdnk Gatard theek§tabaifont dHambeh 17 Re BBRefonbeBy 21 i nto
the housing 20 in a seal abl e, manner, for supplying the m xed stream of the

first gas 1 abfgseerdSsEamrhe gids portign of thedabdershody blo. theppenigrs dhedmirgng o t he

present di scl gauhé 1R ViR hYlesDRARRSRNN the 46hitad nite"1BNERGNBRAGIEDE
housing 20 of the radially fixed bed Feactor 50. The catal yst bed assenbly

40 includds awith theanerhgatest mizte of vapabanddirsin thepnixingshamberrl farige gressuran i nner
wal | of the h&Hg'o?gutgﬁ’e n?n-e[%’}g%tetlhg Fxﬁ%llﬁé é:ﬁ#;?ogﬁ %g h‘é{ Pﬁo‘%&e?ed“b]y fRE ﬁg%‘i’és ently

arranged al ong circu C orma circunterentrally
i ntegral str utitrtheenord the dewmsity tof bafeneid threeedmesaPhighras alg efl tHeahixtire ofi t op

wal | and an i \?arﬁgrr an%ilagr,ew erlelly flﬁigl‘?—%gngit? Lut%geesh%gr%tv\?orul& &b ?de%ﬁlt t érl?ﬁl:;[n?r%%f 4L

vapor and air in high momentum via the nozzles 19, and thereby achieves fast and

30 homogencous mixing with one another with a low pressure drop. A mixed stream is
conveyed into a downstream reactor in the reaction system, for the oxidative

dehydrogenation of butene.

In one embodiment, a half cone angle o of the conical tube 16 is in the range from 5
9



The catal yst bed assenbly 40 further conprises a porous wall tube 45, which
is disposed at the center of the housing 20, and extends through the | ower
head 22 in a 30 seal able manner to the outside of the housing 20. A side
wal | of the porous wall tube 45 is provided with a plurality of orifices
(not shown). Besides, the catal yst bed assenbly 40 further conprises a

catal yst bed 42, di spos et ween .t ct.or e trLbu rs 41 and the
porous wal | t‘iﬂé@ ﬁggﬁﬁgﬁ%ﬁe@ﬁé ’(I}ge Pﬁ%ﬂl?,‘élog CA?”F@“@PE%{WQBH with a
seal i ng nenbemixdng. which, for exanple conprises a cer amc ball and a cover
plate. In one enbodi nent, the catal yst bed 42 contains an iron-based
conposite oxide catal yst which has a spinel structure for the preparation
of but adi ene Ryordnbalitiéat RotdabWE R BIRRHIFQBnR p&fﬁ&l@%f tdfzhiey fudvarpf the
cat al yst based on the chemi cal conposition thereof being

Fe203. MyO. ZnOwWeomiBieRm grouph arcedifierptifonneach ethst, 1@neao;haioe@1@ éscstdggeml fitven f our t h

& Fo, h, ke Ry WPl R WS ghoufiin o PEAFARR Selon B b i

Fig. 2, a m xwdy sthe emrnn@ gasorad e preduceédrint0 tlwoubrdcaénmm l&nin Ianmoraassage
of the sector, tube dIStrIbUtOé 41 viﬁgthe orifices in the t op W@ of the
sector tube. IPRRITD ML, VEi SEHES TORPEF Ve AR aE PTG A { e
orifices on tihefirso@ees.si de wall thereof Afterwards, the m xed streamenters
the porous wall tube 45 via the orifices arranged on the side wall thereof,
and flows!d5 downward out of the housi ng 20 via a discharging outlet 48.
‘The spent cat gl #stfollcwifl, S& harUeableg Heaq@aca)rmrfor HQidati &éﬁ?dﬂf)?éﬂa A)bff' xed
bed reactor 50, when the m xed stream 3 fromthe prem xer ers the

housi ng 20 f rb}ﬁﬁ:@rﬁcwd@g tegthe presgry disslosyre ikl h@ﬁﬁammdnw@ jedarence feFigswe | | be a
sudden 20 expafst 0 e

[ nhormgeneousﬁioelh %t)rg? %@%%ateﬁwg%ggég%%r g%brr%dlllaﬁ? Xg(ggtécgtr%r@to? él% C%gﬂwl% Butors
41. As a res u¢yt11nd1acabb¢usm@r200whtches wavidéd/with ins uppee htad 20 exid aneiveat dead Qﬁat ed
too early,.th I G ea t he ..cat al yst,
and occurrenc%§ﬁ§% %l.?&’ g r%ac ?%ﬁ%ggﬁ%qggpm ‘ﬁqgf¥“%¢ngﬁ
product qual i thy .prévearephiidagon Eintendsahtouglat}alwér hed &l st the hedsfr@cl0 itea

sealable manner, for supplying the mixed stream of the first gas 1 and the second gas

2 into the housing 20.

20 According to the present disclosure, a catalyst bed assembly 40 is arranged inside the
housing 20 of the radially fixed bed reactor 50. The catalyst bed assembly 40 includes
a plurality of sector tube distributors 41 arranged in an inner wall of the housing 20.
These sector tube distributors 41 are adjacently arranged along a circumferential
direction, and form a circumferentially integral structure. A plurality of orifices is
25  arranged both in a top wall and an inner side wall of cach of the sector tube

distributors 41.

The catalyst Bed assembly 40 further comprises a porous wall tube 45, which is
disposed at the center of the housing 20, and extends through the lower head 22 in a

30  sealable manner to the outside of the housing 20. A side wall of the porous wall tube
45 is provided with a plurality of orifices (not shown). Besides, the catalyst bed
assembly 40 further comprises a catalyst bed 42 disposed between the sector tube

- distributors 41 and the porous wall tube 45. An upper end of the catalyst bed 42 is

~arranged with a sealing member 47, which, for example comprises a ceramic ball and
10



25 To solve the above technical problens, according to the present

di scl osure, the open end of the tabular body 11 of the prem xer 10 is
provided with a gas distributor 30, a | ower end of which is arranged with a
~cone-shaped baffle 31 tapered toward the tabul ar body 11. The cone-shaped-
baffl e 31 extends into the housing 20 adjacent to 30 the upper head 21

t hereof Such being the case, a lateral annular gap 35 is defined between
the cone- shapedvB¥¥-e 31 and the inner wall of the housing 20. Wth the
arrangenent of the cone-shaped baffle 31, the mxed streamfromthe

prem xer 10 is introduced radially outward into a region in the housing 20
adj acent to tiherermmodiant thhepalyst bed 42 renaims Anairobased Sompsite xddareans,

the m xed strg stgwﬁﬁﬁql%g ?%Iﬁlgp cRre £5rURE gép%f& dblp% gﬁtﬁdé&ﬁ 1)32“ ?1]%151"1‘\% al

out si de of the ousi ng onogeneousl vant ageousl v, e gas
di stribut & 3@hgdregenstany ek btiend, utht hiermwta xofbﬂrbemysalhasedanm thapbcmichbr eover :

t he arrangenment of..th ope-.sh hpAthe i.st tor
all ows the mcfrélgosi?reglﬁ] P%emg i%ge?/v %@aét%ﬁ) %)éll\g‘ﬁ)ﬁu el&al\g 1§§{ Ilea'tlet O%ease so
as to snoot hlsglettedh frotoma i@l miiodth ée Blanae PedddicabTatld) e el ipedlerh@@sioR1l. I n
this case, VO e 0 d w energy | oss would be prevented in a
regi on aroundk%tb%xgpg EﬁeégﬁﬁbZR$P&L§1 of the gas distributor 30 and in a
region adjacent to the inner wall of the upper head 21 of the housing,
thereby | owerin es op_int |.0 f nd enabl i ng the
i wed ot rBam g BANBREET P e S Prropi B artivhea o Forb AEFETAE of 't he
housing in a foast@d eaBdane FAeARE 6N e USctHRBE Histritaidees 1 tnhehetﬂriﬂcbmtl on
rati o of the catalyé %P d 42 is Inproved, m@ﬁ%@ the height of th
homogeni zed sSpat® V&l ifgﬁﬁ?cf%é‘ﬂﬁel fﬂp strbpE dd %egrertth%ce%lps%@?@% via
utilization qfie bHfeds RAGKS ines si@ORANGRYeof]l A fterwards, the mixed stream enters the
porous wall tube 45 via the orifices arranged on the side wall thereof, and flows
15  downward out of the housing 20 via a discharging outlet 48. The spent catalyst is

dischargeable from a port 49.

~ In the radially fixed bed reactor 50, when the mixed stream 3 from the premixer entere
the housing 20 from an inlet at a top portion thereof in a jet, there will be a sudden
20  expansion of flow area, thereby leading to an extremely inhomogeneous distribution
of gas streams in the sector tube distributors 41. As a result, a portion of the catalyst is
overloaded and deactivated too early, thus significantly increasing carbon deposits of
the catalyst, and occurrence probability of side reactions, which would affect the
product quality. Meanwhile, the rest catalyst is almost ineffective,
25
To solve the above technical problems, according to the present disclosure, the open
end of the tabular body 11 of the premixer 10 is provided with a gas distributor 30, a
lower end of which is arranged with a cone-~shaped baffle 31 tapered toward the
tabular body 11. The cone-shaped baffle 31 extends into the housing 20 adjacent to
30 the upper head 21 thereof. Such being the case, a lateral annular gap 35 is defined
between the cone-shaped baffle 31 and the inner wall of the housing 20. With the
arrangement of the cone-shaped baffle 31, the mixed stream from the premixer 10 is
introduced radially outward into a region in the housing 20 adjacent to the inner wall

thereof via the annular gap 35. By this means, the mixed stream 3 enters the sector
11



Fig. 3 nore clearly shows that the cone-shaped baffle 31 of the gas
distributor 30 is connected to the open end 13 of the tabul ar body 11 of
the prem xer 10 through a plurality of webs 32 circunferentially arranged
in a honogeneous manner. Preferably, at |east three webs 32 are
circunferentially arranged in a honogeneous manner. This 20 structure is
sinple with reliable conpection anﬂﬁ? m nj i nfluences qn the flow of
gasses. |n orfé’ Bmt?f“é m aara@amﬂ% qgﬁﬁ@uépgaﬂ]@oé%l%@%ﬁ%égy‘baffle 31 can
be in the range from90 to 135, which can ensure honobgeneous distribution
of the m xed stream 3. 25 Preferably, the lateral annular gap 35 forned
bet ween t he cohavtageapdy Bampy distibutn POt e pavesi tagiutiler Bixghensgaid a9d such a
size that the,giXelaliCalatald AW IGF thd €6l Ab MR 1N Ahd SasAfis ANRHAIE
speed in the ra1 nge %ror]rii 10 to éA?O ms, prelfeeraigeﬁy ?rom %O t%aSBéS '@@30 In
one pr ef ersr edB0eatiowd itheemixed streamsk st Bow thrbeghdths tnrubartgap §5 4vdthesase, a0 pabged
along the in f, 1 oysi ng 20, | ..e. .. .each ctar tubpe distributor
41 extends fgrg{ogirg@aﬁ%‘?ed og?%@%_aﬁnrg %n%’flﬁre‘?valg%éhéi HERt ,ea%l%é'ninyt?nsse% Brét ube
di stri but ors viteapnamesnged fhvoaigrdyness wodd baatdvernéd inerepipstougd 2Re Each
of the sector tube djstyibutors 41 is.providedq wth. a plurality of orifices
on the top wlPE SRS TIAF TbPOER g (sTHBIEa0 FFhdt agelif Ried! toate fanet pe
hormogeneous| ywddi it thé bpied Bedd2 MBOIhE hosing) ARREHIBREEHgythe ipfdssir® iopdnithe
different sections, wth the porosity thereof being . in the range from 10%
to 50% plef dloanpl easeombenblieg heopixyhgican ¢ 1p de disiiindeadhe reforgabes can
smoot hl'y f1 ow;difibiRors B8 of %tlﬁhsiiéél gga fsit ﬁﬁ@ﬁbw%ﬁggnﬁﬂﬁm&%ﬂ HenB 1Q&!t

. 0

therefrominto the catalyst be 5 1In one e iment, the porous wall

t ube 45 conprutidigaion pEe ovis they catplaielr besb <2t isofreproved, avhilenther heipltr ebfthe a
perforated pl td aqgal o] i . 9 Scr or

Gri 11 ot an AopopaAd R S38ehd) RalBliCl ek MR EURABR T,
wher ei n t he sexctns eohehcethe perforated plate are connected to each other via
support ri;w, or the 10grill abuts against the perforated plate. The
structure~of the perforated wall tube is rather sinple. In one enbodi nent,

t he porous cyigrid@nreaoiehripahdos tibethe Rbad-chapéd bdTRe POOOLIR gambistributee 38rie bot h

provi ded with circular, hol es qr _el ongate ircul ar _holes, The open porosity
of 15 the porgB&e P dopPepcends] rofetﬁgﬁih“@f%oﬂy Thet PEgemPFL Y 18984702 509
the open por gsihity @F webe3 ParhRrRsRANPhakfell h 4 REnSRMRS nlAYRIPrERRBES from
20% to 50% preferably from?20%to 40% and the voidage of the screen or

grill ranges a iosp tsooHebs Bbor chpentrabply mragedons kunogeneoup giampes. This
arrangermept af.afQne Eﬁﬁﬁﬁé Qﬁi‘l?ijeligﬁte %ﬂ@&ﬁﬁ%@ﬁ&%&ﬁ%ﬁ%@ Bs ﬁ{egn&\b at the
eneously

m xed streamis honog istributed in an upper portion and a | ower
portion of thégssetor tube distributors 41 before entering the catal yst bed
42 in a honpbgeneous and snoot h manner. Thereby, the catalyst in the
catal yst bed 42 can be sufficiently used. Furthernore, the sector tube
di stri but or s I4bnaembedimsnipkeneSdnplech uf 88, cohaslgpebaile Bf bacbetin@hsranged smal |
pressure drop rch is favorable faqr gasses to enter e catal yst bed 42
qui ckl'y and ﬁm%@@ﬁ%@! vk Rd s : °8§%F§§%leﬁ“|%8‘i}\?“r S FIAPAFERR Jont er | ng
the catalst meRbRNEUNASE STkt ghp 9NRthedibetRos Sl BhONBBed baneatl ahyst bed
42 and small pressure drop therein, which facilitates inprovenent of
conversi on aribe basiagiZP s arianged in such a size that the mixed stream 3 flowing therethrough

maintains an average speed in the range from 10 to 40 m/s, preferably from 20 to 35

m/s.

30  In one preferred embodiment, six sector tube distributors 41 are arranged along the
inner wall of the housing 20, i.e., each sector tube distributor 41 extends for an angle
of 60°. In another embodiment, twenty sector tube distributors 41 are arranged along
the inner wall of the housing 20. Each of the sector tube distributors 41 is provided

with a plurality of orifices on the top wall and inner side wall thereof. Theses orifices
12



30 The use of the radially fixed bed reactor according to the present

di scl osure will be explained through Exanples 1 to 8 and Conparative
Exanple 1 below. Exanple 1 The reactor as shown in Fig. 2 is adopted by a
100, 000 t/year plant for producing butadi ene by oxidative dehydrogenati on
of butene. Vapor and air are introduced into the reactor via the first flow
passage 14 at the top end of the prem xer 10, and enter 5 the m xing
chanber 16c imbe hemeuendoysiadstiigiedtin wholei arhoplogeneoudy disbutedglifersnk but ene
is introduced.| he.di stri I ] f S passage
18 nount ed a? e‘%tﬁégs‘%lglethg ?{qs%ﬁﬂ%ke%? ﬁgqgiﬁg?n{exrélrzgel%&mafg%e?nﬁ@y ?f%JgB Xi ng
chanber 16c¢ \freem £0P@ ton &%) Bsis,1i9is guaranfeed thakgasep ahanbethlyl®oy inteithe sectar xes

wi th vapor and_ ai.r.. The m x styeam ent ers .t he, housi i of the reactor
50 vi o tne gatetiiints el HRAT FFhE hBT SRR {1 o 37 " and
flows intg the sector tube distributors 41. The reactant streamthen fl ows
into the catal yst bed 42 via the distyibution orifices of the, sector tube
di st ri but or s 1B 9D RBPAAY, thepgoysEalligpotrscopprises 4 ppsoupsylipler Bos#iongd it ng out
of the react of cenfdr tHRAT, rﬁfa%éaf}ﬁﬁtg'aﬂﬁtiﬁ%l%éaﬁ{st 8 pofoaPeylifier, bRea kGa&E i ON,

the feed rates of air and the feed stock butene are respectively 36, 000
kg/ h and 20, co@ritlgatan offivs Sdeetiergnti (i¢i, Aditaeny do proesdsd dedrid).cdrerdiedhout at a

pressure of Qule, M?@thegﬁgfgfaﬁeggﬂgty Ebdhnted @”%g%%ﬁmﬁéf %%H%EP% 93§,3 o3l 480 C.

The second fl ow passag I ameter o Irameter of
the firstiof | gnillpastsogminitthe ped@tedmlatdHEhecstmitved off b epedforated swadl také fis cone
angl e a of 15r t%ndsir% 1hei ght 20 of 2,000 mm The perforated distribution
plate 15 is iAEHE"PSr m of a heni sphere, which is provided with 600
orifices each having a dianmeter of 32 mm The housing 20 of the reactor 50

has a diameter of 3,200 mm, The catal yst bed,42 has a_hei ght and thi ckness
of respectivipfﬂeﬁﬁb@doﬂﬁﬁ%% PEYS (HhdRh a1 REFOR ate&ﬁ}ﬂzf s Fallfube at al yst

whi ch has a spé p&h pfividds With Qirt SarSiiis QY edngdtdieci kOR8], TEO BR@SIotdsAR of her eof
25 bei ng Fe203. MgO. ZnQ. P205. CuO. 20 sector tube distributors 41 are

homogeneotfs| yheipeeys gylinds infesryample. infherangifromd0% Re i dhg ongn ramesitare
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25% The porosity of the porous cylinder arranged in the inner Si t he
porous wal | t3%e @307 mdd tthatvoishge hé thee piresnacedrilh| rangss i frpm HEYc tn66Ys, ar e

respectivel yﬁ%i’éeﬁg@%{gp%%@g%%pi dage of the 30 screen or grill in the
0

outer side i e cone-shaped baffle has a cone angle of 135. The
m xed gasses flow through the annular gap 35 at an average speed of 25 m's.

?gt rergﬁt Ih:20t8 g%ﬁj‘gt %E%ﬁto}gégr@%ggd gg{%lys%nlgedt aggemcbe};[r qlloycsath é[nglk(rg%ha% th riod of
mixed stream is homogeneously distributed in an upper portion and a lower portion of
the sector tube distributors 41 before entering the catalyst bed 42 in a hom;)geneous
and smooth manner. Thereby, the catalyst in the catalyst bed 42 can be sufficiently
used. Furthermore, the sector tube distributors 41 are of simple structures,.large

25  orifice areas, and small pressure drop, which is favorable for gasses to enter the
| catalyst bed 42 quickly and homogeneously. The reactant gasses flow radially after
entering the catalyst bed, ensuring short flowing distance through the catalyst bed 42
and small pressure drop therein, which facilitates improvement of conversion and
selectivity.
30
The use of the radially fixed bed reactor according to the present disclosure will be

explained through Examples 1 to 8 and Comparative Example 1 below.

Example 1



5 Exanple 2. involves a 100,000 t/year plant for producing butadi ene by

oxi dati ve dehydrogenation of butene. The reactor structures and reaction
paranmeters in Exanple 2 are substantially the sanme as those recited in
Exanpl e 1, except that the half cone angle a of the conical tube 16 is 100
and the height thereof is 2,400mm the catalyst 10 has a chem cal

conposi tion of Fe203. MjJO. ZnO. P205. Cr 203; and the cone angle of the
cone-shaped baffle is 120. Tests have shown that the pressure drop of the
reactor is 2 RiacadifieasCGABWASIFR 20k JAbiens Iasma}_o@"wyeérhﬁmﬁ%e?;bwdﬁg 95%
and the catal yst takes a period of 12 rmnt%s to i sbé regenerat ed. anple 3

Exanpl e 3 i nvoradiase by pagiatiodehy dregmatiompt butesie. Wenseaed pig atsintfuesseingy .
oxi dative 20 ﬂ@béé%{)%igﬁé ﬁﬁpﬂ% 9&&5@!‘% 108 1dpSRE P the lﬁlﬁ&&uf@%n@@ﬂt feaction
e ugtanla?ythg 1 d

paraneters in Exanp are s sanme a 0se recited in
Exanpl e 1,5 extbepixinhettambbrel qorventh perfat@ted disibnidgmygdale Wb .t Theditedatopke bfienat ed

distribution pl.ate, i.e.. . the second end 1 f the first. flow passage 14
is confi guredlgtuér(f)dém%lpglﬁq t}gn Sttslifi%}‘lté%% F%n?%ﬁf ﬂgdﬁ stﬁ%lis?coﬁ dtlo\‘/vaBﬁsg en?% t he

m xi ng chanbenodbel att%%idé@?ﬁioﬁ%ftﬂ&@ﬁelﬁx&ﬂ@w f nﬁ@@maﬁﬁiih% amdfarb ﬂ?f‘iia _
Fe203. MgO nO. P205. Vh02; ~a the cone angle of the conge-shape a eis
120. Tests ha{® PSHHN"t fd %W&llﬁﬁ@?ﬁhﬁé?%&%&? mikes Vit vRROF apd 2. dhgpa; the

conver si on_of yfdl @ SiBSMe HolkenSH) SGhé Maltr 56vid B gaaBlnibhe: Sehalinst takes
a period of 10 nonths to be regenerated. 30 Exanple 4 Exa i nvol ves a

le 4
100, 000 t}Yeathe qur&r?&laﬂeérbaﬁleoﬁuen%%ow@orh@ﬁ@twuh@)éi%hm%H_ﬁéﬂwmg@ﬁat i on
of butene. TherehRafliOfiowd fF il cafIAN Bed £RAGH! RO JRATMIGE 6iffeek Br BEATRIE 15

tube distributors 41, and then into the porous wall tube 45, before running out of the

reactor 50 from the discharging outlet 48.

15 During the reaction, the feed rates of air and the feed stock butene are respectively
36,000 kg/h and 20,000 kg/h. The feed and discharge processes are carried out at a
pressure of 0.12 MPa, and respectively at temperatures of 320 °C and 480 °C. The
second flow passage 18 has a diameter of 400 mm, and the diameter of the first flow
passage 14 is 800 mm. The conical tube 16 has a half cone angle a of 15° and a height

20 of 2,000 mm. The perforated distribution plate 15 is in the form of a hemisphere,
which is provided with 600 orifices each having a diameter of 32 mm. The housing 20
of the reactor 50 has a diameter of 3,200 mm. The catalyst bed 42 has a height and
thickness of respectively 6,000 mm and 650 mm. An iron-based composite oxide
catalyst which has a spinel structure is employed, the chemical composition thereof

25  being Fe;0::MgO-ZnO-P,05-CuO. 20 sector tube distributors 41 are homogeneously
distributed along the inner wall of the housing, and are homogeneously perforated
from top to botiom with the porosity thereof being 25%. The porosity of the porous
cylinder arranged in the inner side of the porous wall tube 45, and that of the
perforated plate in the center are respectively 30% aﬁd 50%. The voidage of the

30 screen or grill in the outer side is 23%. The cone-shaped baffle has a cone angle of
135° The mixed gasses flow through the annular gap 35 at an average speed of 25
m/s.

Tests have shown that the pressure drop of the reactor is 2 kpa; the conversion of
14



4 are substantially the sane as those recited in Exanple 1, except that the
housing 20 of the reactor 50 has a dianeter of 3,600 mm the catalyst bed
42 adopts a height of 5,500 nmand a thickness of 600 nm and the chem cal
conposition of the catalyst is Fe203. MJOgnO. P205. Co0. S Tests have shown
that the pressure drop of the reactor is 1.6 kpa; the conversion of butene

is 83% the sel ectlv is 96% .and the catal yst takes a _period of 14
months to best}"%?@% él%F Se@%‘f’r%ll%%s%x%h%caﬁg{Y%%Fsvae@“&d Pbb woths 13 ear

pl ant for pr qﬁu@geﬂgra@ggt adi ene by oxidative dehydrogenation of butene. The
reactor structures and reaction paraneters in Exanple 5 are substantially
the sanme as those recited in Exanple 1, except that the half cone 15 angle
a of the coniggﬂnﬁgé@e 16 i's 10 and the height thereof is 2,400mm the

catal yst has a chem cal conposition of Fe203. MyjO ZnO P205. Ni 0; and 23
sector tulfe distributors 41 are honogeneously distributed along the inner

wal | of the are into three sections fromtop.to bottom
and hom)geneoulééfrI rp%%r or at edllﬁldﬁe{(ﬁe(gg/ﬁeaéé)i |(§9F p’ioﬁlécnﬂfe:b?%ﬁlg?ei g%é)xﬁﬁt”f%e t hree
sections res pﬁhydru@nyudimﬂbugna The r&esiok ytnmfurét(hn%@émc&ﬁﬁérar@d‘lds #%amigst s have
shown t hat th?g;a}p drop of the reactor js 118 g t he cggversmn of

butene i s 83 ye SPPE 95 fhosopsicdnxamelechexsapsthat thg dalf oper i od of

14 nmonths to zﬁﬂglerﬁgﬂh@éﬁ‘i@dﬂtub%iﬁééw@éﬁ e Eéiglﬂﬂhé%e@f ik DMOb MRS R chfaBisPO00
t/year plant for producing butadi ene by oxidative dehydrogenation “of

but ene. THe rhegae mlgﬁtlrca@pw@ Ak eQ:eR el Falr Ghbrieing theropsangl €'tho 6 are

substanti al | yshhens, istipgse recited in Exanple 1, except that the
catal yst has a chem cal conposition of Fe203. MyO ZnO. P205. Cr203; and the
porosity of the porous cylinder in the inner wall of the porous wall tube

45 i's 40% angdhat. gﬁo%h%apﬁgprésﬂrg%% gftﬁleirga&orﬂ%s ﬁ%tae J[’heig%nvégl/%n of

butene is 82.5%; the selectivity 95%; and the catalyst takes a period of 12 months to.

15 be regenerated.
Example 3

Example 3 involves a 100,000 t/year plant for producing butadiene by oxidative
20  dehydrogenation of butene. The reactor structures and reaction parameters in Example

3 are substantially the same as those recited in Example 1, except that the premixer 10

is arranged without a perforated distribution plate, i.e., the second end 14b of the first

flow passage 14 is configured to be open, and directly introduces air and vapor into

the mixing chamber 16c; the cataiyst has a chemical composition of
25  FeyO3MgO ZnO-P,05-MnO;; and the cone angle of the cone-shaped baffle is 120°,

Tests have shown that the pressure drop of the reactor is 1.8 kpa; the conversion of
butene is 83%; the selectivity is 95%; and the catalyst takes a period of 10 months to
be regencrated.

30

Example 4

Example 4 involves a 100,000 t/year plant for producing butadiene by oxidative

dehydrogenation of butene. The reactor structures and reaction parameters in Example
15




Tests have shown that the pressure drop of the reactor is 1.9 kpa; the
conversion of butene is 82.5% the selectivity is 95% and the catal yst
takes a period of 10 nonths to be regenerated. 5 Exanple 7 Exanple 7

i nvol ves a 100, 000 t/year plant for producing butadi ene by oxidative
dehydr ogenati on of butene. The reactor structures and reaction paraneters

i n Exanpl e 7 are substantially the sang, those recited ip Exanple 1,
except that tH&° E“gi‘;tﬁ’ll b thy Séh(l?ﬁéfiﬁtgi naFE"(?fPﬁgesLte?‘%th %‘Ft the housing 0 -
Fe203. MJO. ZnQfig0%acdtsr2ias altiarh i@ 0713000 1S HE 2atklyeVbddinadehs b heighnapl ar gap
35 at an aver a&l% speed of 35 nmls Tests have shown that the pressure drop

of the react obU0dmD and g ticknessof 680 ek end fhe shemigaleiqmprgtigpofthe ¢rgaled iect i vi t v

is 94% and tﬁg@ﬁ%@lg{l@pzbg@@.a period of 9 nonths to be 15regenerated.
Exanpl e 8 anple 8 involves a 100,000 t/year plant for producing

but adi ene Sy oxi dative 20 dehydrogenati on of butene. The reactor structures

and reacti on ARkAE! S5 FRHANRLE: BBl 8 BORAYULAIY oot e SRS of OSE

recited in Exanple 1, except rates "of alr eed stock
but ene are rdapmeis 838h;th3&l@00itky/%%annd 48,000 skigkds;a gehied bEBdmantls d» schar ge
processes are carried.out at a pressure of 0.15 MPa, and respectively at

t enper at ur es SFEEHEdand 510 C the second flow passage 18 has a di anet er
of 450 25 mm and the dianeter of the first flow passage 14 is 900 nm the
conical tube 16 has a half cone angle a of 12'; the perforated distribution
plate 15 Has Exe@Plreter of 38 nm the catal yst adopt an iron-based
conposite oxide having a spinel structure, the chem cal conposition thereof
bei ng Fe203. MyjO ZnO._P205. Cu0; twenty sector tube distributors 41 are
honmogeneous| yEx@Pter § butdersad dAYOhEvsanmbant (gl progacing dutadigrd Ay oxilative0o are

honogeneousl yypefh Qﬁo%g)ffb‘h 198 rdaioP SRy *}écP 5fGd ¥ E;%S{ f being
25% and the c?oﬁg-%l%]lape ba%ﬁ%’éﬁhésa & cone asngPeeo &i% %‘erstns a\}ggshown
that the pressucsubbtanpalhf the seme estioss recisedZinkfxampltent excapt thatihe halffcobeit ene i s
84% the | ectivi s 94% .and the, catal yst, takes..a i od.,of nont hs
% e 3L SaHlrL vl e AT AL Mg i 8 AARS i

has a chemical composition of Fe;01-MgO-ZnQO-P,05NiO; and 23 sector tube

distributors 41 are homogeneously distributed along the inner wall of the housing, and

are divided into three sections from top to bottom and homogeneously perforated in

each section, the perforations in the three sections respectively having a porosity of

20 22%, 24%, and 26%.

Tests have shown that the pressure drop of the reactor is 1.8 kpa; the conversion of
butene is 83.5%,; the selectivity is 96%; and the catalyst takes a period of 14 months to
| be regenerated.
25
Example 6

Example 6 involves a 100,000 t/year plant for producing butadiene by oxidative
dehydrogenation of butene. The reactor structures and reaction parameters in Example

30 6 are substantially the same as those recited in Example 1, except that the catalyst has
a chemical compositidn of Fe203-MgO-ZnO-ong-Crzog; and the porosity of the

| porous cylinder in the inner wall of the porous wall tube 45 is 40%, and that of the

perforated plate in the center is 45%.

16



5 Conparative Exanple 1 involves a 100,000 t/year plant for producing

but adi ene by oxi dati ve dehydrogenati on of butene. The plant adopts an
axially fixed bed reactor, wherein four reactors are operated in parallel,
each having a dianmeter of 3,200 nm and a catal yst bed thickness of 600 mm-
The feed rates of air and the feed stock butene are respectively 36, 000
kg/ h and 20,000 kg/ h, The feed and dj scharge processes are carried out at a
pressure of Geats hipgszshown dhaf geduesswigeligp aﬂth?é?ﬁﬁara% P édagihe sonyesioanef 480 C.

The aX' al 1y folepdiskedof: @RGERE IS 1@%%%@%&&@4@% ial@estaf}%n@& 811 048bntAS tshown i n
Fig. 1, or the gas distributor as shown in Fig. 2. Tests have shown that

t he pressurekﬁFﬁﬁn%ﬂﬁdhe reactor is 20 kpa; the conversion of 15 butene is
75% the selectivity is 88% and the catalyst takes a period of 3 nonths to
be regenerated. The results of Exanples 1 to 8, and Conparative Exanple |
are indi cat edExamplEdbl e 1 bel ow. 20 Table 1 Pressure drop (kPa) Conversion
of butene (% Selectivity of butadiene (% F@generatlon period of catalyst
(nmonth) Exanple 1 2 83 95.5

Example 7 involves a 100,000 t/year plant for producing butadiene by oxidative
dehydrogenation of butene. The reactor structures and reaction parameters in Example
7 are substantially the same as those recited in Example 1, except that the catalyst has

10  a chemical composition of Fe;03-MgO-ZnO-P205-Cr,03; and the mixed gasses flow
through the annular gap 35 at an average speed of 35 m/s.

Tests have shown that the pressure drop of the reactor is 2.5 kpa; the conversion of
butene is 82%; the selectivity is 94%; and the catalyst takes a period of 9 months to be

15 regenerated.
Example 8

Example 8 involves a 100,000 t/year plant for producing butadiene by oxidative
20 dehydrogenation of butene. The reactor structures and reaction parameters in Example
8 are substantially the same as those recited in Example 1, except that the feed rates of
air and the feed stock butene are respectively 34,000 kg/h and 19,000 kg/h; the feed
and discharge processes are carried out at a pressure of 0.15 MPa, and respectively at
temperatures of 360 °C and 510 °C; the second flow passage 18 has a diameter of 450
25 mm, and the diameter of the first flow passage 14 is 900 mm,; the conical tube 16 has
a half cone angle o of 12° the perforated distribution plate 15 has a diameter of 38
mm; the catalyst adopt an iron-based composite oxide having a spinel structure, the
chemical composition thereof being Fe,O3-Mg(O-ZnO-P20s-CuO; twenty sector tube
distributors 41 are homogeneously distributed along the inner wall of the housing, and
30 are homogeneously perforated from top to bottom with the pérosity thereof being

25%; and the cone-shaped baffle has a cone angle of 120°.

Tests have shown that the pressure drop of the reactor is 2 kpa, the conversion of

butene is 84%; the selectivity is 94%; and the catalyst takes a period of 10 months to
17



12 Exanple 2 2 82.5 95 12 Exanple 3 1.8 83 95 10 Exanple 4 1.6 83 96 14
Exanple 5

be regenerated.
| Comparative Example 1

5 Comparative Example 1 involves a 100,000 t/year plant for producing butadiene by
oxidative dehydrogenation of butene. The plant adopts an axially fixed bed reactor,
wherein four reactors are operated in parallel, each having a diameter of 3,200 mm,
and a catalyst bed thickness of 600 mm. The feed rates of air and the feed stock
butene are respectively 36,000 kg/h and 20,000 kg/h. The féed and discharge-

10  processes are carried out at a pressure of 0.12 MPa, and respectively at temperatures
of 320 °C and 480 °C. The axially fixed bed reactor is not provided with the premixer

as shown in Fig. 1, or the gas distributor as shown in Fig. 2.
Tests have shown that the pressure drop of the reactor is 20 kpa; the conversion of
15 . butene is 75%; the selectivity is 88%; and the catalyst takes a period of 3 months to be

regenerated.

The results of Examples 1 to 8, and Comparative Example 1 are indicated in Table 1

below.
20
Table 1
Pressure | Conversionof | Selectivity of | Regeneration period
drop (kPa) butene (%) butadiene (%) of catalyst (month)
Example 1 2 83 95.5 12
Example 2 D 825 95 P
Example 3 1.8 83 95 10
Example 4 1.6 83 96 14
Example 5 1.8 83.5 96 ' 14
Example 6 1.9 82.5 95 10
Example 7 2.5 82 94 9
| Example 8 o2 84 . 94 10
Comparative
Example 1 20 75 38 3
_

18



1.8 83.5 96 14 Exanple 6 1.9 82.5 95 10 Exanple 7 2.5 82 94 9 Exanple 8 2
84

As shown in Table 1, the unique premixer and gas distributor adopted by the radially
fixed bed reactor according to the present disclosure ensures fast and homogeneous
mixing of the feed stocks of butene, and vapor and air, which allows gas flow that

5 enters the reactor to be homogeneously distributed. Under the same production scale,
- the pressure drop in the radially fixed bed reactor is reduced by 50% to 90%
compared with that of the axially fixed bed reactor having the same diameter, the
utilization ratio of catalyst thereof improved by 30%, the conversion improved by 5%

to 10%, and the selectivity improved by 3% to 10%. Hence, the radially fixed bed

10  reactor according to the present disclosure is capable of obtaining excellent technical

effects.

The present disclosure further relates to a system used in the preparation of butadiene
by oxidative dehydrogenation of butene. This system is to be described in detail with

15 reference to Figs. 4 to 6.

Fig. 4 shows a reaction system 100 for oxidative dehydrogenation of butene according
to one embodiment of the present disclosure. As indicated in the Figure, the system
100 comprises an upstream, axially fixed bed reactor 101, and a downstream, radially
20 fixed bed reactor 102 in series connection with each other. The upstream reactor can
also be referred to as the first stage reactor, and the downstream reactor as the second
stage reactor. The axially fixed bed reactor 101 employs a conventional structure, with
the specific design thereof being well known in the art, and therefore will not be
explained here in detail. The radially fixed bed reactor 102 of the system 100 adopts
25  the structure as indicated in Fig. 2. Preferably, a heat exchanger 103 can be disposed

between the axially fixed bed reactor 101 and the radially fixed bed reactor 102.

According to the present disclosure, a butene feed stream 110 is divided into a stream
111 and a stream 112, which are respectively fed into the axially fixed bed reactor 101,
30  and the radially fixed bed reactor 102. The feed stock butene can comprise at least one
from the group consisting of 1-butene, cis-2-butene, and trans-2-butene. An
oxygen-containing stream 120 is also divided into two streams, i.e., a stream 121 and
a stream 122, which are respectively fed into the axially fixed bed reactor 101, and the

radially fixed bed reactor 102. The oxygen-containing stream can, for example, be air
19



94 10 Conparative Exanple 1 20 75 88 3 As shown in Table 1, the unique
prem xer and gas distributor adopted by the radially fixed bed reactor
according to the present disclosure ensures fast and honogeneous m xi ng of
the feed stocks of butene, and vapor and air, which allows gas flow that 5
enters the reactor to be honpgeneously distributed. Under the sanme
roduction scale, the pressure drop in,the radially fix bed.reacior is
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I nproved by 30% the conversion inproved by 5%to 10% and the selectivity
| nproved by 3% to 10% Hence, the radially fixed bed reactor according to

the present dinSlsasdy Be bites@RRBEL 10 th0 BkAIcRiBRtaRNE AR 21, 280 MeClpoef f ect s.
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reaction syst g%ﬁ%%:égﬁé&é%@ggkﬁ} g Q,glgﬁ;t/%} g‘léj[g‘ﬁ%‘? ?%%%oﬁxegﬁeg Fleeaétg?: g@\rl\@cﬁn ng to

one enbodi nmenfor ekanifie berie demangdi fsmh ds(frdel.SAL226) ipodigretedy ifront (0BS5S, t he
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produce a first output stream 140. The butene in the axially fixed bed reactor 101 can

10 have an hourly space velocity ranging from 200 to 450 h™.,

The first output stream 140, after passing through the heat exchanger 103, is fed into
the radially fixed bed reactor 102 together with the butene stream 112, and the
oxygen-containing stream 122. The ratio of butene to the oxygen-containing gas to

15  vapor that enter the radially fixed bed reactor 102 can, for example, range from 1:
(0.4-1.5): (2-20), preferably from 1: (0.45-0.9): (6-16). These gasses react with one
another in the radially fixed bed reactor 102, and produce a second output stream 150.
The butene in the radially fixed bed reactor 102 has an hourly space velocity ranging
from 200 to 450 b,

20
The second output stream 150 enters a downstream separation stage (not shown) for
recovering butadiene. Since the separation stage is well known by one skilled in the
art, it will not be described here in detail. One skilled in the art also knows well about
the process of recovering butadiene, such as condensation, washing, and oil

25  absorption of the reactant streams, and extractive distillation of butadiene.

In both the axially fixed bed reactor 101 and the radially fixed bed reactor 102, the
reaction temperature ranges from 300 to 600 °C, preferably from 310 to 480 °C, and
more preferably from 310 to 380 °C; and the reaction pressure ranges from 0.0 to 2.0

30 MPaG, preferably from 0.05 to 0.5 MPaG. The ratio of butene to oxygen-containing
gas to vapor at each reactor inlet is preferably in the range from 1: (0.5-0.8): (6-12),
more preferaﬁly from 1: (0.5-0.7): (6-10), and still more preferably from 1: (0.5-0.6):
(8-10).

20



20 fixed bed reactor 102 in series connection with each other. The upstream
reactor can also be referred to as the first stage reactor, and the
downstream reactor as the second stage reactor. The axially fixed bed
reactor 101 enpl oys a conventional structure, with the specific design
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respectively entering these two reactors can be adjusted with flexibility. Furthermore,
the reaction pressure drop is decreased, and the conversion of butene is increased
without large investment in apparatuses. Meanwhile, since vapor enters the upstream
fixed bed reactors completely (the radially fixed bed reactor 101 in the embodiment as

20  indicated in Fig. 4), a high ratio of water to butene is obtainable in each reactor with a
comparatively low total ratio of water to butene in the whole apparatus, which
facilitates control of heat insulation rise, and prevention of catalyst coking. In addition,
decrease in the total ratio of watér to butene means effective decrease in energy
consumption.

25
Fig. 5 shows a reaction system 200 for oxidative dehydrogenation of butene according
‘to another embodiment of the present disclosure. As illustrated in the Figure, the
reaction system 200 includes an upstream, radially fixed bed reactor 201, and a
downstream, axially fixed bed reactor 202 in series connection with each other. The

30 axially fixed bed reactor 202 employs a conventional structure, and the radially fixed
bed reactor 201 adopts the structure as indicated in Fig. 2. Preferably, a heat
exchanger 203 can be disposed between the radially fixed bed reactor 201 and the
axially fixed bed reactor 202. |
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oxygen-contai ning stream 122. The ratio of butene to the oxygen-containing
gas to 15 vapor that enter the radially fixed bed reactor 102 can, for
exanple, range from1l: (0.4-1.5): (2-20), preferably from1l: (0.45-0.9):
(6-16). These gasses react with one another in the radially fixed bed
reactor 102, and produce a second output stream 150. The butene in the
radially fixed bed reactor 102.has an hourl pace velacity,rangi from
200 to 450 WA B BT ot Teg Bt 05 iRTRRL
separation stagemg,nal, & kesnm) 21106nd @Y 20 BhicRdke R8pecBivélg ded o IRPar ati on
stage is well known_by one skill inthe art, it wll not be described

her e in.detaiWEI. eﬁﬁﬂiggﬁdﬁgﬁﬁtﬁghaﬁWié%%d“ﬁﬂ%méxﬁbﬁﬁdaﬁﬁﬂW'@H% fMecess of
recovering bupagdieBfiaiShE Rreafm DONGRBS afvidel int¥Asd itRems AN aQlkard 28P5RG Pt i ON
of the reactant streans, and extractive distillation of butadiene. In both

the axial |y f#e@mdd, phish ey reawetivohx fedteio rthairadially fixed berl tseciorr 2iecend 102,
the reaction fi : 10 to
480 . and" ot & REAPARCl AAG6ZadY Bk 90 et RAPHERABIN AEITLE
ranges from Ore@etora22. 0 30 MPaG preferably from0.05 to 0.5 MPaG The ratio
of butene to oxygen-containing gas to vapor at each reactor inlet is
preferably in the range from1:. (0.5-0.8): (6-12), nore preferably from 1:
(0.5-0.7): (6mlthj)s,wanie dhichd streae? 10) it ekgtthicohtamimglstredr 251 (n ke (4po0) .
According to the present  disclosyre, t eact or_system of oxidative

dehydr ogeh&t i ﬁ‘f‘?a‘ﬂ?fng’ﬁﬁfeé%‘ém&% F?CE‘QS’ ﬂa’_fegﬁ’é‘;geﬁmf’&émh’é&"tth‘?rn P84S 'f4%ed bed
reactors. In e oashechdEntth@ Sads9Wikedelfi ractdt: 20 Nend RN ﬁ§s_‘{~°0h§5{}t 100
i ncl udes the aX|aIué fixed bed reactor 101, and the radially fixed bed

reactor 102 i frea@r4isThediustontmubsireami240ctienhrassing fhrouphdhebgapedchanger 303 d bed
reactor is of i Shdkehs bk} Hk& beAQBMRR 260 o RRES Rl aﬁ%ut&eguéamjbz, d
i nvestment. However, pressure drop control “in an axially fixed egnreactor
is difficult teoxygcasonriaingetrsine 292 Thesecgassn scastphih ane anoitgain the axially
dehydr ogepat i 15SI. Ve I i rein. i:S therefore
nr el  gabt e, S o R oo HRRRL (e B Rl 3 250 S Rebri R
favorably smafticam Mileasers @ dovoptréan segration pppatang (haashbivon$or moabeting f o
sane scal e apg%nﬁtus t hereof covers a smaller floor area than an axially
fixed bed reattdr¥foes. Nevertheless, a radially fixed bed reactor is of
conpl ex structures, and is highly demandi ng i n desi gn of honpbgeneous

di stribution oféﬂﬁsses and apparatus inyestnent. Therefore, the reaction

syspen1accprdfﬁ BwiﬁgmﬁF€§gﬁPn&pgé?%@%k%v%ﬁﬁﬁﬁméﬁﬁﬁ%%P%WF%@a@%W@ng and
radially by xeg Rgfler &BMRICT thdhreRhd GscisAR. WahiugitedFMEE PRuld Ge keackigRPECT | VE
advant ages of both of the two reactors..Theregg, the anounts of butene
respectivel y oitcar 3A¢ inelades aworpsteaset opdallyafixee bedj tgacterd uait t 115 l1aadi bi | i ty.
Fur t her nor e, j ' : si on of
but ene 15+ holSasaERE AR REMA RedlB0) B (AR BAREdon R SR pBOTIES T

si nce vapor emtiglysied dedipmtioeant $0kednhbes Mmeaaiadly fixed bipd shaby 301 Aandadi al | y

fi xed bed rea 1 in the enboedi nent as 20 indic din Fig...4),.a high
rati o of mateﬁhﬁgwégqg¥@°¥§08ﬁ$aﬁ F%Pq$Fg%gﬂeP%g%ﬁ%fcﬂf?ﬂxﬂqggﬁ%ﬁ?ativer
| ow t ot al 25 at btheroThavatlRly tixed bé® Facton 30D edophiothe saihat ak slicawldiis IFig. 2.
facilitates contr of . heat insulgtion yise, and prevention of catal yst
coking. In adgﬁe%‘ir%:l{’ aqhsat gxdengs fbﬁe"ﬁ“o S fispesest d’eg?fee e axiplly l@@f?‘iﬁ)éd means
effective decigasQuitB0afd B¥ r&PNSYTRY b&ireacd® Fo2g. 5 shows a reaction system
200 for oxidative dehydrogenation of butene according to anot her enbodi nent
of the present disclosure. As illustrated in the Figure, the reaction
system 200 in | al i tar. ] a
downst r eam a%ég) H?/g ?dlq t)?ggﬁ %%%ﬁ%%%%gér’ a‘12}%) en{enf)ég(gﬁ?%gl %gﬁ%e@hd%gﬁlvt\? ?ﬂgeach

ot her. Tha0 streams, i.e., a stream 311 and a stream 312, which are respectively fed into the

axially fixed bed reactor unit 301, and the axially fixed bed reactor 302. An
oxygen-containing stream 320 is also divided into two streams, i.e., a stream 321 and
a stream 322, which are respectively fed into the axially fixed bed reactor unit 301,

and the radially fixed bed reactor 302. A vapor stream 330 is fed into the radially fixed
n



30 axially fixed bed reactor 202 enpl oys a conventional structure, and the
radially fixed bed reactor 201 adopts the structure as indicated in Fig. 2.
Preferably, a heat exchanger 203 can be di sposed between the radially fixed
bed reactor 201 and the axially fixed bed reactor 202. According to the
present disclosure, a butene feed stream 210 is divided into two streans,
i.e., a stre nh21lta§g!a stream 212, which are respectively fed into the
radial ly fixed“b&d°&4ct or 201, and the axially fixed bed reactor 202.  An
oxygen- cont ai ni ng strean1220 is also divided into two streans, i.e., a

stream 221 and . 5 a s am 222, which are respectively f d into the
radial |y fixée8 Hedayd % WFRTIEAm i, i @XupRn-APINIE ST A4l 2ad eorapon 2. A

vapor streamg3fnizs) hedod e'iﬁe@ fddBtorAdaahl Yo T BXEhOLchIyaREH BEd RAdor hiidt t hi s

way, the butene stream 2 t he oxygen-contai ni ng stfeam 221, and the vapor
stream 230 ar¥1f Ebesp gasges lﬁéﬁr"ﬁ@l eie] apotpsiadhe sdalhefizaddied zeactars 3dard These

gasses react N fiiRo ROk RS offlulsEedh 380 Ahk sk b6 ek BARSHO 0200y and

produce a first output stream rst outp t stream’240,
passi ng t hr ougtouglhthe hegttexehaopai@dris KQiG3ntoitlse fadully ﬁKﬁi hedecariir aD? yogetheed bed

reactor 202 togefh ” wth t but,ene strea 212, and n-.cont ai ni ng
stream 222. g%%‘ HlEUSTS zl}gg a\ﬂadt e%§en' T ?g ?t’f?a"'f‘ﬁéaew %I%S‘*i’%e I xed bed
reactor 202, wifidops a@dtee irtths esdialt; ﬁxﬁdputi reetctcﬁanﬂ 24md .prddvee aseond oatpuput

stream 250 enters 3 dﬁ}\gnstr am se ar at arat us érgot shown) for
recoveri n buleend. The ood s t351‘*% %(j‘%‘f”éﬁ’ﬁe GRG0 RPREIE Y e
dehydrogenat|(g3ts%wg}%pf¢@0@gﬁg5ﬂhmgmzo to anot her exanpl e of the present
di scl osure. illustrated in the Figure, the reaction system 300 incl udes

an upstream aX|aIIy fixed bed reactor unit 301, and a downstream radially
fixed bed re ikal |
fi xed bed reg@%@%eégﬁmr&mﬁségﬁ%?fgggﬁg&g@g¢%g&ﬁg&?§§%gﬁ@g%mﬁggg?g 5@30{A
and 301B whi cthe emmrmdlsalowwekhfw crplhingd fueighrixamples Qrte 1drang diozipaestive
onnectloP5 other. The radially fixed bed reactor 302 adopts
the structure as |nd|cated in Fig. 2. Preferably, a heat exchanger 303 can
be di sposed between the axially fixed bed reactor unit 301 and the radially
fixed bed reagtorlsgz According to the present disclosure, a butene feed
stream 310 i s"HiA%ed into two 30 streans, i.e., a stream 311 and a stream
312, which are respectively fed into the aX|aIIy fixed bed reactor unit
301, and -the axially fixed bed reactor 302._ An oxygen caontai ni ng, stream 320

i s also divi dedmiig 3 invRlvest ¢ dARR00 {t'yvear plant fpr gridpadg byjudiene dy rxidative

whi ch areyq esmyalbg&woﬂ @pbdtalteosélénﬁiaﬁ&cﬁbdsﬂlé feé&ﬁml%gﬁerﬁ%%ﬁdwn HHig. 401, and
the radially fiXxed reactor 302. A vapor stream into the

radial ly fi xeﬁlwlallblé'ﬂ(ed é‘a‘tt‘?@?'fOBW haspg 41?!111@61\/6&% 5 mhthetygtabiyebedtthergefii811, t he
oxygen- cont ai a fed
P 505 and SO EikE A Hena AP kB AR bt SHERANBT i fe 1ARRY i O

gasses react hadteacterel 02rims iaediarhenelt die3. 2xi; ahd yatﬁlystéadd teedeaf s 6@omsn BOAA and
301B, and pro a .first am 340. T t ou ut st m 340,
after passing” Wr&ﬁ‘glﬂ el If’r’éd ﬁ?aﬂﬁa{@?tersr@téo ]{1@ flé({ié? Pi?‘g tRECEHC §YI y
fixed bedzgeaﬁmamnaﬁaonggether mnth t he butene stream 312, and the

-oxygen-cont ai ni ng stream 322. These gasses react wth one another in the
radially fixed bed reactor 302, and produce a second out put

The feed rates of the feed stock butene, air, and vapor are respectively 20,000 kg/h
and 36,000 kg/h, and 66,000 kg/h. The feed stock butene is divided into two parts.
The butene stream 111, at a flow rate of 7,000 kg/h, is mixed with oxygen and vapor,
30  with the molar ratio of butene to oxygen to vapor as 1: -0.55: 15. Afterwards, the
resulting mixed stream enters the axially fixed bed reactor 101 at a temperature of
320 °C and a pressure of (.15 MPaG. The first output stream 140 with a temperature
of 480 °C at the material outlet, after passing through the heat exchanger 103, is

mixed with the butene stream 112, and air stream 122, before subsequently entering
23



to stream 350. The second output stream 350 enters a downstream separation
apparatus (not shown) for recovering butadi ene. The use of the reaction
system for oxidative dehydrogenati on of butene according to the present

di sclosure will be explained through Exanples 9 to 14 and Conparative 15
Exanpl e 2 bel ow. Exanple 9 Exanple 9 involves a 100,000 t/year plant for

pr oduci ng but.adi i i e r ation o ai d. pl ant
Bdopts the reaeiriat Shef 'R e ReitiEh 195004 8 Qe 115 BAF e b
reactor 101 has batesh, argdeny andf vagorSentgr thhrendimdly dixyd bed edetbh&iZewfth asnd@d mMm

hi gh; and the hourl ace yeloci of butene is 4Q0 JI1., The.radjally
fixed bed reéé{?%#hei%’ﬁﬁﬁ% hggkjﬁeﬁé? I genﬁﬁer B 13&{1%|r lyb%’&%t h%‘]r eof is
600 nm t hi ck, re&:t&Q9330MAidghresaind thiasf s NEVIAG,; bl Hé sveiEsutpatir@nPisd0; and
t he hourly space velocity_ 250f butene is 300 ICl. The feed rates of the

feed stock® butasadempsraiure ghilNapor are respectively 20,000 kg/h and 36, 000
kg/ h, and 66, 000 kg/h. The feed stock butene is divided into two parts. The
butene stream 111, at a flow rate of 7,000 kg/h, is m xed with oxygen and
vapor, 30 wi thheamastipmbsyateny Hi0ihes ar awaldniéadiene progdyesionicapagipeol 108600 torg, 55:  15.

Af t erwards, t 2eS4bt | j t ter pal ]y fi react or
101 at at errp\ggeé%lﬁ?gﬁo’f’ P%fone oéfgeﬁa %&%pﬂélgésh& r lé%on%cggs.e ‘?Eh ﬁk;aéﬁll%gg?frﬁgq out put
stream 140 wirehcter 10éngnerthe rasetBh i9B0cESsatin ttheradiatl e fiked balutdotdr, 10af The

passi ng through the heat, exc 103, is mxed with the but stream
257 an B 7 vain 25 teefs B oRRHS e it friifin g 2% BARG aF )

fi xed bed 102stanfiad dipeena of bitedenel A2d & kaamsndintif RMB 20hillidn RGvd@lhn and

t he butene, oxygen, and vapor enter the radially fixed bed reactor 102 with
a nol ar rati dPEFEFEGf being 1:0.65:16. The reaction tenperature in the

radially fixed bed reactor is 330 C, the pressure thereof is 0.1 MPaG and

t he second out put stream 150
Example 10

15
Example 10 involves a 100,000 t/year plant for producing butadiene by oxidative
dehydrogenation of butene. Said plant adopts the reaction system as shown in Fig. 5.
The radially fixed bed reactor 201 has a diameter of 3.5 m; the catalyst bed thereof is
600 mm thick, 6,000 mm high, and has a height to diameter ratio of 10; and the hourly
20  space velocity of butene is 350 h™!, The axially fixed bed reactor 202 has a diametet of
5 m; the catalyst bed thereof is 550 mm high; and the hourly space velocity of butene
is 400 h™'. The feed rates of the feed stock butene, air, and vapor are respectively
20,000 kg/h and 36,000 kg/h, and 66,000 kg/h. The feed stock buténe is divided into
two parts. The butene stream 211, at a flow rate of 14,000 kg/h is mixed with oxygen
25  and vapor, with the molar ratio of butene to oxygen to vapor as 1: 0.6: 10. Afterwards,
the resulting mixed stream enters the radially fixed bed reactor 201 at a temperature of
320 °C and a pressure of 0.15 MPaG. The first output stream 240 with a temperature
of 500 °C, after passing through the heat exchanger 203, is mixed with the butene
stream 212, and air stream 222, before subsequently entering the axially fixed bed 202.
30 The butene stream 212 flows at a rate of 6,000 kg/h, and the butene, oxygen, and
vapor enter the axially fixed bed reactor 202 with a molar ratio thereof being 1:0.6:16.
The reaction temperature in the axially fixed bed reactor is 330 °C and the pressure

thereof is 0.12 MPaG. The second output stream 250 has a temperature of 500 °C.
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5 has a tenperature of 510C. The reaction system 100 has an annual

but adi ene production capacity of 100,000 tons, wherein 35% of the total
feed stock butene is processed in the axially fixed bed reactor 101, and
the rest 65%is processed in the radially fixed bed reactor 102. The 10
conversion of butene is 80% The energy consunption of the plant is 1,200
kg of standard oil per ton of butadiene. And a total anpunt of RMVB 20
mllion is i Eh@@a@idnbystem%o(ﬂ@aeneml Eijdmﬂe@rdﬂﬁcticﬁl cﬁnaa:ﬁtpbélmmnm ves a

100, 000 t/yea fs n d iene b i e nation
of “butene. > Srsie uit OB shPRY I e Sl S Pt & oottty B BOE ™ e
radially fi chtbleﬂ)ll; ex&btheI’res?Gfl%hawc&esdbcaﬁ‘EﬂleI’axﬁfly $ix5d bed ieh@orcHRallyst bed

t hereof is 600 nmthi.ck [ and has a ight to diapeter ratio
of 10; and tﬁ‘BWﬁré’&Pl‘&?%? ng Q@Uﬁl E‘:‘%E%f WHS‘HBI?*&%O% s %OT %xi al I 'y
fixed bedsreaghdafd A0Rr hﬂﬁ)f@u‘idﬂ@ﬁ@%ﬂ a@cﬁtal%mumt&mgtzélmiﬁfonbﬁﬂvésﬂeﬁﬁof i's
550 mm hi gh; and the hourly space velocity of butene is 400 fil. The feed
rates of thetPE@Eiost ock but ene, air, and vapor are respectively 20,000 kg/h
and 36,000 kg/h, and 66, 000 kg/h. The feed stock butene is divided into two
parts. The butene stream 211, at a flowrate of 14,000 kg/h is mxed wth
oxygen 25 anﬁxvﬁﬁeﬂ with the nolar ratio of butene to oxygen to vapor as
1: 0.6: 10. Afterwards, the resulting m xed streamenters the radially

fixed bed reactor 201 at a tenperature of 320 C and a pressure of 0.15
MPaG. Theofi Esam;de:tlbunvcé‘mseamozm Wieah plant Gmgeedicingebuddice by Gxidtiver

passing thro at cha, r dvmthth bute ream
212, and ai rH%iy ﬁgnaggré()f don o'rggg E)s%e)adl?gnt erea&{oe‘rs’lyﬂantaﬁé El |%/4I xed bed
202. 30 The bwb exiellsfivedde thatostMAaad 361 B mtparalikl 4 @@ﬁlgk@fnhhe aﬁdeaxhe

but ene, oxyg and .vapaor .enter the fixe ed r r 2 Wth a
nol ar ratio f’vﬁ%rpé‘oeﬁdblggﬁar hps g démﬂeéer én’rtggﬁtiﬂﬁﬁq’tﬂgﬁlﬁé‘?o ﬁéog q‘t‘%he axially
fixed bed reaetms hbﬁly%%@ce@reﬁftﬁy tol ButhHicSis 100 & ltherle@fauy $ix&l Hed riRefp303he
second out put stream 250 has a tenperature of The reaction system

200 has &n a “?'?L?a‘ihafﬁ‘?}?ra‘tfl%Wemﬁﬁéféh’é%l?eéﬁheé%ﬁdﬁ:ﬁq(&mm ﬂ%oﬁ Befomingigh. apfer ei n
70% of the tHﬁsadhef%ﬁéy SRGY B SN, hi RE ﬁeﬁ@ssegcml&cmaomﬁe@hé yodixed bed

reactor 201, and the rest 30%i s processed i'n"the axially fixed bed reactor
202. The conV¥be &eémat?ﬁfOfbfh@&@SF@kM%ﬁemaehw@y agsoreseatahoa0.890 kik pl ant

is 1,200 kg ofy § ooﬁ%rg/ht e ?éedtﬁ%ch%g%%?e @%@é@}%ﬁ@l’ unt of

RI\/BZZ mII|on i 1n es’te f eactors I’nvol ves
a 100, 000 t/ yveaﬁmghahmtema)xtrepmoﬂucﬁdvq ab ut rack efnl@, 109 ke, dad i:heefeeibﬂa;ed rafgenat i on

of buten t reacti Sys s _sh i 6. Two
o al 1y 79 xonugshinr 6 ePRE e R iRt B0 SR Bre il Bf SbE T ¢ e
upstream whepgir mueaﬁbute@@mmygdmas vapa iaIeL 5 19f T teipdrit@reGatialaxsllybed
thereof is 6 0 g %&@g rIy space vel OCItI&gOf butene is 400 I11.
The radially 1“? rBE@EPrrleé & Shey prepsyte thergphisdt by MBpG3The firstQutputt o) yst
bed thereof itfaRO0nonl RitGhper@uRQF 48001 Gher IQQQn%]ﬁﬁo@hnﬁé gbk e&&aﬁ%ﬁ‘mt er

ratio of 10; and the hourly space vel ocity of ene 1s 300 |1 he feed
rates of the34%dumbied ckithire dwiene siream AR apd pirstigem 1235 prferei subdequendy000 kg/ h
and 35, 000 kgfBineARd Lk Q08 o ' ' into two
parts, w%er efg{n t %ute 12 stegglggnBQ%hﬂ}llgﬁm%ezng%ﬁﬁg 3%353,"%5# %ﬁﬁ and

t he feed rat bgh,ox’nd the butene, oxygen, and vapor enter the radially ﬁxed bed reactor 302 w1tha

molar ratio thereof being 1:0.65:12. The reaction temperature in the radially fixed bed
reactor 302 is 330 °C and the pressure thereof is 0.1 MPaG. The second output stream
350 has a temperature of 500 °C.

30
The reaction system has an annular butadiene production capacity of 106,000 tons,
wherein 60% of the total feed stock butene is processed in the axially fixed bed
reactor 301, and the rest 40% is processed in the radially fixed bed reactor 302. The

conversion of butene is 84%. The energy consumption of the plant is 1,150 kg of
25




20 butene in the axially fixed bed reactors 301A and 301B are both 6, 000
kg/h. The nolar ratio of butene to oxygen to vapor is 1. 0.55: 15. The
tenperature in the axially fixed bed reactor is 320 C, and the pressure
thereof is 0.14 MPaG The first output stream 340 with a tenperature of 480
C, after passing through the heat exchanger 303, is mxed with the butene

Cadially {1 el sRhods ST Boland e sahraia b s A b8k Lo

kg/ h, and t hehdadicgsie, oxygen, and vapor enter the radially fixed bed
reactor 302 with a nolar ratio thereof being 1:0.65:12. The reaction
tenperature in the radially fixed bed reactor 302 is 330 C and the pressure
thereof is OpkaMPR@2 The second output stream 350 has a tenperature of 500
C. 30 The reaction system has an annul ar but adi ene production capacity of
106, 000 tdns, wherein 60% of the total feed stock butene is processed in

the axially fhxedi bpd; r hESoaflQie bitaMERCES S8latifk t he
radially fi xeléé(é%glg fracej131115:]t8%§&I g(}é)@@%_(?]é@%g \}F!eh?s{;oﬁ o? ggut eralle [ s§%4%aTY1e ener gy
consunpt i on alchyduegepationt ofi buttnel Saidk glaof is sutwtadtaily diel sapwr as e Rantbit adi ene.
And a total unt  of 20 million..is Hn ed jn_th rs. anpl e
12 5 Exanpl eE}‘iir‘ng%3 dle\’/igelv?z'iha gt‘f Iﬁﬁlﬁr faflﬁeoéfrbu%eﬁg&] %%%gl"enﬁ(r) gééogﬁﬁgl%bul%lg?ene by
oxi dati ve delixdd bgeradtorad]df 1:0156 Snwith Srirchcpb@ptessuse therbsf teivgi 00| MPAGe sane

To vapor T cha UErRp Ptk g e e roteorr 105 BaSarP T e 7o

reaction pressure thereof being 0.20 MPaG 10 and the reaction pressure in
the radially fixed bed reactor 102 is 0.15 MPaG .The re_act%on @i/stem has an
annual but adi§eetion sriteahas Apanes) Riadimme queluchers Caripiby 8f 728804, t he

total feed StapkiPUEONSE e BI:P FRASEK! Ehtén'%ells FrdRbdel ih e ekiRfdrkeaBEPr 101,

and the rest 65%1s processed in the radially fixed bed reactor 102. The 15

conver si on ofredstardé, and trgmst GHe icprerayseddo tkaumapiallp fixes bedysagird 8. The 1, 300
kg of st ar il f t-adi t al 0
w1t on T GaRiioP BEojdil B e B Sy difhuulo) nd BRI SlooELEC

100, 000 t/ yeastandérdnt! pboton pf bdadienegAbdia &dal emeulryof BNIE 26 midion shydsted@nat i on
of butene. Sat'hd gltant is substantially the same as the plant in Exanple 9,
except that tHe™87SNeter of the axially fixed bed reactor 101 is 4.0 m the
radially fixed bed reactor 102 has a dianmeter of 2.8 m the oxygen flows at
a rate of
Example 13
20
Example 13 involves a 100,000 t/year plant for producing butadiene by oxidative -
dehydrogenation of butene. Said plant is substantially the same as the plant in
Example 9, except that the diameter of the axially fixed bed reactor 101 is 4.0 m; the
radially fixed bed reactor 102 has a diameter of 2.8 m; the oxygen flows at a rate of
25 7,500 kg/h; and the molar ratio of butene to oxygen to vapor in the axially fixed bed

reactor 101 is 1:0.55:6.

The reaction system has an annual butadiene production capacity of 102,000 tons,
wherein 35% of the total feed stock of butene is processed in the axially fixed bed
30 reactor 101, and the rest 65% is processed in the radially fixed bed reactor 102. The
conversion of butene is 83%. The energy consumption of the plant is 1,000 kg of
standard oil per ton of butadiene. And a total amount of RMB 18 million is invested in

the reactors.
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25 7,500 kg/h; and the nolar ratio of butene to oxygen to vapor in the
axially fixed bed reactor 101 is 1:0.55:6. The reaction system has an
annual but adi ene production capacity of 102,000 tons, wherein 35% of the
total feed stock of butene is processed in the axially fixed bed 30 reactor
101, and the rest 65%is processed in the radially fixed bed reactor 102.
The conversion of butene is 83% The energy consunption of the plant is
1,000 kg of sEwzawde t# oi| per ton of butadiene. And a total anmount of RMVB 18
mllion is invested in the reactors. Exanple 14 Exanple 14 invol ves a

100, 000 t/year plant for producing butadi ene by oxidative dehydrogenation
of butene. SaEzxamplant inwleslst@niilalepr phet foameodusing Hertaplieantbyi oxidatieanpl e

11, except th i,n the axi.ally fixed bed. reactaor 1A and 1B, each of
the catalyst Dedretnbed S uiehen SAT pfis BT RyR: ot 808 o g p'o6F But ene
L her eof hi Si SOExaﬂ;ﬂ{?lé 11, exédpe theidi thd %’Maﬁ}i‘ foad Hé@ﬁeabt@ﬂ:ciogh aﬁﬂggm,fblﬁc}ﬁ@ﬁ feyst bed
as a thickness of 650 a hejght of 6,500 mm and the hourly_ space

vel ocity of bEARIKE bf"%?e‘ﬁggé mr%nwiaoﬂnwt?e hoalyrsppes, velostty 61 Bptens iferaef 8 308xygen

to vapor in thé idMeahdidtly Axe8 PedRAHLAR! He3adRdbea e SiRntsS of 65 mh, 30, and
the reaction pressure thereof is 0.15 MPaG_ the first output strear 340 has

a t enper at ur en@ght45%,360 ramdansiithe hevrlnsaage Meloaydotayrne thayeadris ﬂ%h"r?;aﬂieal ly

fixed bed rea j : : . The. I system
has an annual ﬁ)tk())gatgéﬁggor?gu%rgg&gﬁg%t(gg%dggfrfgle(j)af&ilggf%%}}ec} %ﬁgg)ﬁ%@“\%hq%fiei n 55%
of the totial  Béldisst:a6k16fandubemacion pesoestbedofi in & HeMPrGathe\firfti waputbed

reactor unit 301 d. the rest. 45%.i.5, BLOCE dinthe radially fixed bed
react or 302. ﬁtegmc%@v}éarss% toeﬁlpglfa%%f%ﬁgoi ’@Tgﬁg‘%ﬁlﬁem&%{‘g@}%&&?% tFrighﬁ of the
pl ant is 1, 156diadly difkedbeaineaicd 302 with@mdlanatd ofoud.esli@ne. And a total anount
of RMB 20 mllion is invested in the reactors. 20 Conparative Exanple 2
Conparative Exanple 2 involves a 100,000 t/year plant for producing

but adi ene by oxé datfioresydRhyMsOGeRRuAIOBtAT e WrediRtioSifciB) 8N1000IPLons,t he
reacti on systemas shown 25 i A conventionally used, single,

: n Fig. 7. ) .
axi al |y fitkedVAFEIThaSe of theupial Ead iiagk of dutens Isapacessed dn di exdellyHaed tedock
but ene 410, ajd;.iAL0nit aid I ol i '
22,700kg/ h: 34,000 Iéb_)?(ﬂ,’ ag%g@f%%%géoﬁi’g% ﬁ&bd/rﬁie%ﬁ%ﬁa\rﬁﬁxteﬁgg R E
oxygen to vapdhe fanvarsion @f bpeneTin @St dbe frereyt conpunption o€ thepl®B8H 10, 50dwoft he

reaction pr es?t%cﬁr&)oifl‘ger M AP oufalie QY AL 9Pt R it Qm FoSHRERAL HEstQ in520 C

- 30

the reactors.
20

Comparative Example 2

Comparative Example 2 involves a 100,000 t/year plant for producing butadiene by
oxidative dehydrogenation of butene. Said plant adopts the reaction system as shown
25 in Fig. 7. A conventionally used, single, axially fixed and heat insulated bed reactor
401 is adopted. Feed stock butene 410, air 420, and vapor 430 respectively flow at a
rate of 22,700kg/h; 34,000 kg/h, and 160,500 kg/h. The molar ratio of butene to
oxygen to vapor is 1:0.6:22. The reaction temperature is 330 °C, and the reaction
pressure 0.12 MPaG. An output gas 450 has a temperature of 520 °C.
30 |
The consumption of vapor in the reaction stages is 131,330 kg/h, the energy
consumption of the plant is 1,600 kg of standard oil per ton of butadiene. And the

conversion of butene is 65%.
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The consunption of vapor in the reaction stages is 131,330 kg/h, the energy
consunption of the plant is 1,600 kg of standard oil per ton of butadiene.
And the conversion of butene is 65% The statistics obtained in the above
Exanpl es and Conparative Exanple indicate that with the reaction system
according to the present disclosure, the conversion of butene can be

i nproved by %tao 20% the. investnent anount at the sane scal,e as in a
conventi onal rESEIFYH © f}%“?i H taabpE peeand,yonprsstvs E?Gﬁﬂé’leé‘?%aﬁémbl ant

can save 5 Nafigh thB AR %y HEmeOET Sivg to me?@%@m RiscR¥EE| theBnvéSehBE Batknef f ect s
are obtai nable through the reaction systemaccording to the present
di scl osure. ApRpedgACrekbyAB%etnt208h: <be Byertaenmnayee he SEUS Sl 4 itha

reference to I i n pLfi.cally

i scl osed emton menPRBeRIPRELATEhIe b RIb 10T IR i BERBARERHEE oY (e
di scl osur & amdorothan30% ofedérgy. dhtietims earetiemdeshuinhledfiiests alrabapfableBaotglcul arl y,
as long as tr{ﬁélee A8 DL LG iurtalthé:%nsfehﬂ(cﬁt S ll}ehe techni cal features

di scl osed in ‘each anayevery enodi Nent Or i he pt esent discl osure can be
conbined with one another in any way. The scope of the present disclosure

herei n di scl osed shoul d no e.limied by the rti.cul.ar disclose

erbodi ment s 20TPREh i Pree BRI by BBl e &P RE R ca

sol utions folehlﬁjt\)ﬂf i m@nw% ’ﬁthi:ﬂertdsGae?ﬁmpﬁleoipebilﬁealfyoHilsﬂm&eﬂgetﬁblboiﬁiﬂmgs chﬂoﬁleﬁB

1. Apremxer for at |east two gases, .conprising: a tabular, body having a
cl osed entf aﬁ&e@ﬁtlwp%%%tﬂé?n’% Tt of %E%C?%Wﬂnéwbwag%%@ﬁ%wn? éiving a
first gas, thguivklest théreyy. PaRRABAY,aX BInbYasethbRNsE NG tlicArahcdnhficl@sed end
into the tabular body in a sealabre manner ; a coni cal tube arranged in

the tabul ar Berhpicalfgaipes dlisglogerain eagh @nd pvery embeshmeri| oftthhpreseshfiselPeees with
the first fl I n .Cal ] t owar d
U BRLBRBed %ﬁth&le A fi Qly%% gﬁ% SO0pe A thd &nfplfsgpagﬁ |

the open end wth an edge thereo el ngfi n I nner wa e

t abul ar body,herdie displpsedeshionidnapt dedlémiteddbyd ibst pairtbwdar giiscisederobodireetean t he

t abul ar bady . ' ’ econd. . . af r anged
on a si deggoriﬁg%rlfte‘?)?n Ot% %26 lﬁg}%c@%ng’rgggsb%@%gﬁl ! rt%glg’f? %1?,3%t1éﬁs§f‘é"lé@ﬁ§§ ggtgl,nat\ﬁ/\j/ﬁer ein

t he second f |sovpegdslsdgkowinprianhcat es with the distribution chanber, so that
t he second gas can be introduced into said conical tube 15 via the

di stribution chanber in a substantially radial manner.
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2. The prem xer according to claim1, wherein the first flow passage is in
the formof a tabular passage, which extends into the conical tube by

seal ably passing through the small end thereof -~ 3. The prem xer
according to claim2, wherein an end of the first flow passage extendi ng
into the conical tube conprises a perforated distribution plate, which is
in the formof a hem sphere, a cone or a plate, the perforations therein
having a dian€laemsin the range from5 to 100 mm preferably from20 to 60
nm 4. The prem xer according to any one of clainms 1 to 3, wherein a
hal f cone angle of the conical tube is in the range from5 to 200,
preferably from & 4 premger for at least twihgases egAuBingaccor ding to any one of
claims 1 to 3, 1 - i i iy i.gde portion of the
coni cal tube adrggéﬁ%pygw?ﬁéﬁéﬁﬁPﬁaen89%£é$%%gmkg?&?ﬁ?&bducing t he second
gas into the conidabt Hlobeassape fomoxzdivinpei figt pasfthe dbbtyflowbisger edialiy a
gui di ng cone. rou of, gui di ones respectively arranged in the side
portion of th%“%@ﬁ%@%?ﬂ@ﬁ ECQF%%Png?gﬁgﬁﬁ@Féﬂ®@Pa§gﬁﬁﬂ%P uﬁnconprising a
plurality of gui dicogcat autesarehgaUnfibs ebtleabddy, ahérdingesndlnend dfaRDgRNENUS
manner. 57. The prem xer accordiﬁﬁ ho cl ai m 6, erein c?rres ondi n

gui di ng cones™PH CEVBIHCAG VY MRt TGV Rapeeaaad &laggsre aT fEdreachibst her i n

a ci rcunf er engxt@lds @waee tHepen end with an 8dge th@ANRMY@Ied 36 &PIAbMNGall OF BRY one
of claims 1 to 7, wherein the prem xer 10 conmmunicates with a reactor for

oxi dat i ve1l¥ehinlagedstthaspbrodelinig arfealed distibutigpdamberdetyrep dsftabilasdodyr st gas
bei ng a m xt uge ff aRPLLANREJ AN oxygen-contai ning gas, and the second gas .
bei ng but ene. 9. Aradially fixed bed reactor for oxidative

dehydr ogenat i on efsepudeflesy phSwegeariegedgon a pdeppition cfchortahulag balyafor one of

clains Ito 8; .. CY| i ical LIS N0 W t §%9[£HH hng W th

t he open end (4] e1}[n?|1% ¥%éﬁﬁfﬂ%gg%g&3%g¢k%hsee\éﬁ£%g‘ge& ?Sagggg a ys%we%g@i{haglgenbl y
arranged i n t dietribotisi echgmbéheo that ihk gedond @k emsienibirydu2€d inkrcdaiteonipahtybleur al ity
of sector tube distributor ich are pravid on _an inner wall of the
housi ng, éé poYIBSl?%AﬁTI%%‘tOHBg”%W? s t@@?’&%ﬁﬁinﬁn{lﬁe center of the housing
and extends outside fromthe housing, and a catal yst bed di sposed between
the sector tube distributors and the porous_wall tube, wherein_ a sealing
menber is arrangéd’ Bt PERTHFEIOTERY (b Flaithe. eherainy8t Tsd dlowpistase &t ioils ni xed
gases from t hgRremd %eilat Bas%e?@hi!cﬁte&féﬁa’scﬁ% {Hat@nicheuBE 6} QLaldbPBassin
distributors and then be di scharged fromthe housing after passing tghrough

t he catal yst teerghifie potlend theegof. t ube; and

20
3. The premixer according to claim 2, wherein an end of the first flow passage
extending into thé conical tube comprises a perforated distribution plate, which is in
the form of a hemisphere, a cone or a plate, the perforations therein having a diameter
in the range from 5 to 100 mm, preferably from 20 to 60 mm.
25

4. The premixer according to any one of claims 1 to 3, wherein a half cone angle

of the conical tube is in the range from 5 to 20°, preferably from 8 to 16°.

5. The premixer according to any one of claims 1 to 3, wherein a nozzle is
30 provided in a side portion of the conical tube adjacent to the small end thereof for
introducing the second gas into the conical tube, the nozzle being preferably

configured as a guiding cone.

6. The premixer according to claim 5, wherein the nozzle comprises a plurality of
29



a gas distributor which connects to the open end of the tabular body of the
prem xer and extends into the housing, a |lower end of the gas distributor
bei ng provided with a cone-shaped baffle tapered toward the tabul ar body,
whereby 30 prem xed gases fromthe prem xer enter the housing via a | ateral
annul ar gap fornmed between the cone-shaped baffle and the housi ng. 10.

The radially fixed.bed reactor accaqrdin o claim9,. wherein.the. gas

ihetr butor i EREr Bn FREL Bonlhrdh Bt B o Shdbarpt b et Gpfat

" arranged in ajifféenthoighgendogeupraningisidgarplaaines kuidthglcbesenenfakapsidy baf f | e
to the open end of .the tabul ar body of the prem xer. 11. The

radial |y fixctraped P aienegensdis i@y to claim 9 or 10, wherein a cone 5
angl e of the cone-shaped baffle ranges from90 to 135, preferably from 120
to 135. 12. The radially fjxed bed reactor according to any one of
clains 9 tho 11, Widedrsnikpeaccediedp clwmn @, aheybpedrsspandimg gaiflingncopggina si ze
that the m x ] i h i i n o av, din
t he range frﬁ1e Oﬁff;%%%&(%yms@&ﬁ%e%é?%%%?g& ro‘%]tc 0&1'?%81 59&@9%&&%?3- The
radi al |y fi xedirebémh. r eact or according to any one of clains 9 to 12, wherein
the sector tube distributors conprise at |east 6 sector tubes which are
circunferentially distributed in a honogeneous nmanner and substantially
constitute a 15 $tifHeepranixetiafcerdzc®, angone rofaiaimb detoSynftretn drcpremi>ap
portion of the sector tube both hein rovided with distribution orifices.
Do The i ORI O FESCE OF GLleDvaing s the it Peenonir B £PERe
porosity of tdugd thbir&dfrthdHtst 08 Wirigld £B88urt dNYARHr hrdM 3B8%ed-BoreMng pischagabl y
from20%to 40% 20 .15, The radially fixed bed reactor according to
any one of clt fRsowl gag being biRRS: ei n t he porous wal | tube conprises a porous
cylinder positioned in a center thereof, a perforated plate abutting

agai nst the porous cylinder, and a screen or grill at an outer side

t her eof , wher ei n%-t Aeragialls efixesn ded treactuar fasr exidativp| eehedmeenation é chwend, o
25each other yvi.a.support ribs, or the grill abuts against the perforated
pl at e. fe lcél.rrq)ﬁggg'st em for preparing butadi ene by oxidative

dehydr ogenat i on ®@preipireemeprdognp ang omegpfaladims to &t age reactor and a second

t t [ [ ti. i th h oth in the first st
eactor e in (RS BRRBAORT A Priaa e th b PSP AR S B socond

st age react ortabwardot vl taé pi¢mfitesed bed reactor according to any one of
clains 9 to 15; alterna%eely, tﬂg first stage reactor is a radially fixed
bed reactor acco? GFAYSY rdapiperBily Prangsdithdieghqusingg thepatalyst ihed aseddly st age

reactor ig i Nnéihi@ng @pMBhy ettt bt HisfribuRek VB bR3#ERed on an inner wall of
the housing, a porous wall tube which is provided in the center of the housing and
extends outside from the housing, and a catalyst bed disposed between the sector tube
distributors and the porous wall tube, wherein a sealing member is arranged at an
upper end of the catalyst bed, which allows mixed gases from the premixer to be
25  introduced into the sector tube distributors and then be discharged from the housing
after passing through the catalyst bed and porous wall tube; and
 a gas distributor which connects fo the open end of the tabular body of the
premixer and extends into the housing, a lower end of the gas distributor being
provided with a cone-shaped baffle tapered toward the tabular body, whereby
30 premixed gases from the premixer enter the housing via a lateral annular gap formed

between the cone-shaped baffle and the housing.

10. The radially fixed bed reactor according to claim 9, wherein the gas

distributor further comprises a plurality of webs circumferentially arranged in a
30



17. The system according to claim 16, wherein the axially fixed bed reactor
conprises at least two axially fixed bed reactors connected to each other
in parallel. 18. A process for preparing butadi ene by a system as
set forth in claim16 or 17, 5conprising the follow ng steps: a)
feeding vapor into the first stage reactor, and feedi ng a butene-containing
gas and an o ygen-containin% gas into both the first stage reactor_ and the
second st age HOBREERSPUS MRS (oRBecHBE dhe oueishanst baffledndhs epsarded the vapor
fed into the fifigthod} 808 pRAGLLr ranges from1: (0.4-1.5): (2-20); 10b)
allowing materials output fromthe first stage reactor to mx with the

but ene- cont ai ni ng gas and oxygen-contai ni ng gas before entering the second
st age reactor, erHel . r.ati . y : fed
into the secondm@f ggjgr}?%gié’t ggdf%%g%%&ﬁr%%@ﬁgﬁg%%&@%)?r ﬁﬁ?ﬂ*"%&)‘%’ggﬁﬁa

c) allow rg negkrdf dlesonersipped fatibamanixe foacdhe 1863 gefarddy from 120 tehi®r a
downst ream 15separati on stage for recovering butadi ene; wherein the
reaction tenperatures in the first and second stage reactors are in the
range ;rom 800 tnz.gtﬂgreﬁiau%rfﬁl;% b%i réﬂﬁ(ﬁtabmdiﬁgﬁﬁﬁyrcﬁs glgélﬁfn@@fto lfliI,_Q?vHe?-eBihhe
range fromO0.0 to MPa 019. The, process according to claim 18,
wherein said tgﬁtI%tFFéI- EYHHAL; §3P g FAResdoptich s sige tapdhs mord wetea g om t he

group consi stmagihefugh viEiteNean Géedage-prddeinahe fde HoANRY % AUMAN Breferably 20.
The process accordi nég to claim18 or 19, wherein the nolar ratio of butene

to 25oxyg&h tiomapér3emiseri ng each stage is in the range from 1:

(0.45-0.9): (6-16), preferably from1l: (0.5-0.8): (6-12), and nore
preferably from1: (0.5-0.7): (6-10). 21. The process according to any
one of clains 181% ollz0radisherfeied tel acaptremwsrdinguiol snyspacef vlelnmcPtty I, but ene

accor i ng- o TgaE nnb SPUGT itk COR ARG Osomet i 5P o sorton b Bl @Fat ur e
in each st agecircamgeantiallpdisBibitetion 430mGgerpoef mamst inBskBsthmialBQofstitand the
reaction B CSFR0IE clrluns er%plce§t2:11€1:1 Tt a4 gus'i"chcre P g't(?pSp(grgonobfs th'é/l:s)gc%r tube both

being provided with distribution orifices.

14. The radially fixed bed reactolr according to claim 13, wherein the porosity of
the distribution orifices ranges from 10% to 50%, preferably from 20% to 40%.
20
15. The radially fixed bed reactor according to any one of claims 9 to 14,
wherein the porous wall tube comprises a porous cylinder positioned in a center
thereof, a perforated plate abutting against the porous cylinder, and a screen or grill at
an outer side thereof, wherein the screen and the perforated plate are connected to

25  each other via support ribs, or the grill abuts against the perforated plate.

16. A system for preparing butadiene by oxidative dehydrogenation of butene,
comprising a first stage reactor and a second stage reactor in series connection with
each other, wherein the first stage reactor is in the form of an axially fixed bed reactor,

30  while the second stage reactor is a radially fixed bed reactor according to any one of
claims 9 to 15; alternately, the first stage reactor is a radially fixed bed reactor
according to any one of claims 9 to 15, while the second stage reactor is in the form of

an axially fixed bed reactor.
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17. The system according to claim 16, wherein the axially fixed bed reactor

comprises at least two axially fixed bed reactors connected to each other in parallel.

18. A process for preparing butadiene by a system as set forth in claim 16-or 17,
comprising the following steps:

a) feeding vapor into the first stage reactor, and feeding a butene-containing gas
and an oxygen-containing gas into both the first stage reactor and the second stage
reactor, wherein the molar ratio of butene to oxygen to vapor fed into the first stage
reactor ranges from 1: (0.4-1.5). (2-20);

b) alloWing materials output from the first stage reactor to mix with the
butene-containing gas and oxygen-containing gas before entering the second stage
reactor, wherein the molar ratio of butene to oxygen to vapor fed into the second stage
reactor ranges from 1: (0.4-1.5) : (2-20); and

c) allowing materials output from the second stage reactor to enter a downstream

.separation stage for recovering butadiene;

wherein the reaction temperatures in the first and second stage reactors are in the
range from 300 to 600 °C, and the reaction pressures thereof are in the range from 0.0
to 2.0 MPaG.

19. The process according to claim 18, wherein said butene-containing gas
comprises at least one selected from the group consisting of 1-butene, cis-2-butene,

and trans-2-butene.

20. The process according to claim 18 or 19, wherein the molar ratio of butene to
oxygen to vapor entering each stage is in the range from 1: (0.45-0.9): (6-16),
preferably from 1: (0.5-0.8): {6-12), and more preferably from 1: (0.5-0.7): (6-10).

21. The process according to any one of claims 18 to 20, wherein the gaseous

hourly space velocity of butene entering each stage ranges from 200 to 450 h'’.

22. The process according to any one of claims 18 to 21, wherein the reaction
temperature in each stage ranges from 310 to 480 °C, preferably 310 to 380 °C, and

the reaction pressure in each stage ranges from 0.05 to 0.5 MPaG.
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