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A Method for Recovering the Regeneration Heat in a Process for
Preparing Lower Olefins from Methanol 5 FIELD OF THE INVENTION
This invention relates to a method for recovering regeneration heat,
specifically, to a method for recovering the heat carried by the high-
temperature catalyst after regeneration in a process for preparing lower
olefins from methanol. 10 BACKGROUND Lower olefins such as ethylene,
propylene and the like are basic raw materials for chemical industry.
Conventionally, ethylene and propylene is mainly derived from the steam
cracking AOKpa&s a8 0k bRy B ReRdsiatlksnd ekt s NPRRBAIHIPSeNang
hydro-cracked tail oil and the like. Recently, with the substantial
increment of petroleum prit@V&HOLBaLEEEhMStB8eor obtaining ethylene
and propylene from the above raw materials is increasing continuously.
Meanwhile, the conventional methods for producing ethylene and

THE; a cracking process using high temperature
Lubulas fugnace; AN e, a0e By ronRRMRUor i RIaleb g BEsFrcanly, o «
factors urge the development of new processes for the production of
orefins! 20 Tt sougebedisotepaida b Yohedri ghefimpfrofmrnientapetraieurseeagyation in
ryatggiasllssfgra\ég (ajlrl%wpo mu%ﬁgtei%trix?n r&%gnfly, wherein a conversion
fotite from coar or matura gas Into methanol via synthesis gas, and then
from methanol into lower olefins, has been of broad interest. The process
fgr fopming r (C2-C4) olefins selectively on a molecular sieve catalyst
rom methanol (or the dimethyl ether formed by the dehydration of
methapatfirgdyhisscomineyleds, eieyrddaas Tk pracassicRacentyerals for
fluid bed MTO process employing a continuous reaction-regeneratjion has

SBER S ARG GO RarRI B FHENS 2B BAREHIE FoPaRy Ve gom the steam
REeGEsS jrRssielowsyaMethangbeagaedatack, ispnixe dissbii R Galalystidked tail

a reactor to make the latter fluidized, and then it converts into a product )
okttt R TS S antia iRerems Ml e 50 Bettishh the production
temPRIAE IR catRlShis I RActiNBie RN QY 1Rl Y iGRMIPOMcreasing
%gggri[outsly. Meanwhile, the conventional methods for producing ethylene and propylene
mainly employ a cracking process using high temperature tubular furnace and the energy
consumption is relatively high. These factors urge the development of new processes for the '
production of olefins.

The routes of preparing lower olefins from non-petroleum raw materials have drawn
much attention recently, wherein a conversion route from coal or natural gas into methanol
via synthesis gas, and then from methanol into lower olefins, has been of broad interest. The
process for forming lower (C;-C4) olefins selectively on a molecular sieve catalyst from
methanol (or the dimethyl ether formed by the dehydration of methanol firstly) is commonly
referred to as MTO process.

Recently, a fluid bed MTO process employing a continuous reaction-regeneration has
been attracting much attention. The basic principle for this fluid bed process is as follows:
Methanol, as feedstock, is mixed with a catalyst in a reactor to make the latter fluidized, and
then it converts into a product mixture containing ethylene, propylene and the like at a

certain temperature, while the catalyst is deactivated partly or totally by carbon deposit
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thereon after the reaction. The gaseous reaction product flows out of the
reactor and enters into a fractionation plant, and the deactivated catalyst
flows continuously out of the reactor, and enters into a regenerator to be
regenerated, that is, removing the deposited carbon by combustion in an
oxygen-containing atmosphere, and then returns to the reactor to contact
5 with the reaction feedstock again. In the above fluid bed process for
continuous reaction-regeneration, the carbon deposited on the surface of

thereiemefivatedrezatéppstliscrerprsvedoirr domanedestdtnig o uterhihsrester and enters

GamBYSHoR. AERSIAllY o Hhaade w%%w&%{aﬁzﬁ SRMOLSHARSEIFURR I8 the reactor,
above 600 'C and can be up to 700C or higher. If the loss of heat is not

teikbrrinnte atrountethetiede tr precedojhtticscorntoustibiofighesited carbon by
%%&%ﬁgﬁ&qgfgo%w Q;P‘éo%ﬂﬁﬁ%fé%go‘gﬂﬁe%}@ﬁd IGYE Hﬂ%ﬁ&? EdNHWRactor to contact

manners: a part of the heat will'be taken away by a high temperature
regenisrationdiLfecdetsclanghthe other part of the heat will be taken away by
the high t}}g%%%atﬂa?dr%%gnerated ggrta(l%s%. On the one hand., th heaghe carbon

. PI‘OCCSS ninueus I‘CaCtL()n-i ehera IOI}
carried by the high'temperature regeneration flue gas'is generally

régoyeeedobytthesmeihrods dfeprisatttingdsiasiyorigeneratidgielectnaiheon! high
the like, For example, US Pgteg# S20050238543 Albdiﬁclosedta metrhod 600
AR R VEH I R Mo T A P e e FARBR HUES G CmBHEIRG R atieg the'e
tEmper atirecafithe Tegenerafigiveflueigasn byo Sk raldinaseafii@aiccount, the heat
exchan%e and using the extracted heat for producing.steam and the like

BireHeBetfer Hantd theshgat %%r‘h%o‘*ﬁ@i’ﬁﬁtédhi‘@%bfét}nﬁéua?ﬁré‘"?%%ﬁ%‘?;gé‘é of the

Gatahwshis R0ofeusad fopsHrplyisgheatiiphecagtinnweoByentphakys@rature
fluid bed reaction process is generally used for the endothermic reactions

Jeieatife Hutakfic 2PdchIng BEhydrbCArHENRer HHl ket iR RIRA Purthe high

i ihereacionheatiscarayided by the high temperature catalyst
regenerated in the process for regeneration. That is, the deactivated

catalf¥t byegerenseticaiatniaarsd by dsnibelstifgnoiaiaepestreartarmBie g2 1s
D30 9%y ARR S RINAY AIMOSPOETR MIHD 2R SIRASLRIS i8R ity or the like.

returned to the reactor, and snmultaneousg, the heat is transferred from
ther formetad ih@dene S80S 4938Pdvidd diskiessda peathof fie reaetidre heat from a

methalntohintof blefiascisage and using the extracted heat for producing steam and the like.

On the other hand, the heat carried by the high temperature regenerated catalyst is
often used for supplying heat for reaction. Conventionally, a fluid bed reaction process is
generally used for the endothermic reactions such as the catalytic cracking of hydrocarbons
or the like wherein a part of the reaction heat is provided by the high temperature catalyst
regenerated in the process for regeneration. That is, the deactivated catalyst is regenerated
and heated by combusting the deposited carbon in an oxygen-containing atmosphere within
a regenerator, then returned to the reactor, and simultaneously, the heat is transferred from
the former to the latter so as to provide at least a part of the reaction heat.

However, such a manner of heat utilization is not applicable to the reaction for
converting methanol into olefins. Because the conversion of methanol into olefins is a

strongly exothermal reaction and the catalyst is heated in the reactor, the stabilization of the

reaction temperature can not be maintained unless the temperature of the catalyst entering
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strongly exothermal reaction and the catalyst is heated in the reactor, the
stabilization of the 30 reaction temperature can not be maintained unless
the temperature of the catalyst entering 2 into the reactor is lower than
that of the reaction bed. The preferable reaction temperature for the
conversion of methanol into lower olefins is 350-600'C which is lower than
the regeneration temperature for burning the carbon on the catalyst

(600-700'C), that is, the temperature of the rgn%enerated catalyst.
TrertRreadiiordems heethtieotidinaritiontheds Teasmifriblecsavirtingmperature

REthANQlIMRINET Alafins) theonighJeopRIailreseaRreralatn GRS} than the
has to release the heat obtained in the process for regeneration, and the
tengfperaiionelcthpaabf hAer tbubeine et sarbefore _%ﬁtéﬁﬁ@ﬁh(é%@_%‘é‘@tdhat is, the
Qéé\%&%%ﬁh@ Frew)%rm{'%M},?d\'q%‘éeéfar&blﬁc&%fe}ht% RUENHRN IS nd of the
provide a method for recovering the heat of a high temperature

regesimer dtedcoaralyist inmathrode sgdolopre pelriiigslotve rhodéfifesnfremature  regenerated

Tﬁ%ﬁ‘%&‘ﬁ'sﬂ‘%l‘é‘a‘ég%% %%'Q&E%E%%Qf?e'”%%Q%Of%rthe“oe%%?a@é‘n!%E?%’&Jé’ Tmperature
research. In'an aspect of the Invention, &'method {mgrecoverlng eat from
ttherbivg haetmpetatisred tefenenatededatalyisténczoprocess for preparing

lower olefins from methanol is provided, 15 which comprises the steps of:
leading the high temperature regenerated catalyst firstly into a heat
arsopteURBE aftiEaskimgeaction, and then into a methanol conversion
reactor, wherein hydrocarbons are introduced into, said heat absorption

zone Of CRAEKIRG MEIIGAAR dOMERIER Wit Batc PigHeRuisiiG Ahg Beal of = high

regpperated calabist teEEUN% GRREKINEG FPAGHEIAY dterZtne RIRPAEATMIE!.
of said high temperature %ﬁgenerated catalyst ranges from 500 to 800 'C.

In a prefeREBIe S ORRLTrIHAS HUEREER thiruetan e trbed fecarsh-

aluminogsilicale: zeqlitanifand a phasRhesiicate malecslabsiane atelsberature
and an element-modified product thereof, having a micropore diameter of

0°8°0%5th COBI Il dAGtHEPSsPE fETaBrEPdERE 4P WFt e Fth mAGRRltisx provided,
Waiara ARG GV & 90RiY MONRIPLACR AL PIRA A talyst firstly into a

heat absorption zone of cracking reaction, and then into a methanol conversion reactor,

wherein
hydrocarbons are introduced into said heat absorption zone of cracking reaction and
contacted with said high temperature regenerated catalyst to occur a cracking reaction; and

the temperature of said high temperature regenerated catalyst ranges from 500 to 800

In a preferable aspect of the invention, the catalyst used is an aluminosilicate zeolite
or/and a phosphosilicate molecular sieve catalyst and an element-modified product thereof,
having a micropore diameter of 0.3-0.6 nm.

In another preferable aspect of the invention, the matrix material of the catalyst is one
or more of silica, alumina or clay.

In a preferable aspect of the invention, the temperature of the heat absorption zone of
cracking reaction is 400-700°C.

In another preferable aspect of the invention, the difference in temperature of the

catalyst between the inlet and the outlet of the heat absorption zone of cracking reaction is
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In a preferable aspect of the invention, the temperature of the heat

absorption zone of cracking reaction is 400-700'C. In another preferable
aspect of the invention, the difference in temperature of the 30 catalyst
between the inlet and the outlet of the heat absorption zone of cracking
reaction is 3 50-300°C. In a preferable aspect of the invention, the
hydrocarbons introduced into the heat absorption zone of cracking

reaction are the C4 or higher products in the reaction of methanol to

ol&fitt¥ er/and other hydrocarbons of C4-C23. 5 In another preferable
aspeqhof {erROURR. JhErhYErarRMGRS AUrRAHEEAINNS IHFARAK into the heat
absorption zone of cracking reaction are naphtha, gasoline, gas
colideHsateotiecblimskihydragermton il 6il or/arderosding. in she reaction of
AefRIAbIS,2RRR5! Of e IneRlan. [he RIaguct produced in the heat

absorption zone of cracking réaction Is joined into the product obtained

from thepréparationtdf bopest of tholefingifrartharietharrobols anotheed into the heat
Pisferable aspect of the invention, spid heat,absorgtion zone oferacking i,
reaction Is an indepen &t reaction sec qgn In°tie methanol conversian
Unitrépeaqpiceferihblecaspeé tbristhe. invention, said heat absorption zone of
crackjng reaction is a riser. gf the methanol conversion reactor, 15 B .
g o PR BTGt e ITOBHIGH: & BAFE P LM oLbepgsortion
thenaegenckaigd-aaialy st jiniibe ipto cespriangrepaiiog taweihelftps: A6om of lower
methanol can be recovered, and the temperature of the regenerated
ARSI REI ARG sted to meet the temperature demand of the reaction

for prepaiingeplgingfiemspatinanok 20SR&C I MO It aABRRYINGacking
OUT THIS INVENTION In order to realize the above object, the method
proviad sy tRECprRLEn T AT ToR IRdeomeigatrorsgiainerstibn heat in

the pracessriosp apingriawaleleiinssramemetbanabhsohal theligheaction is
temperature regenerated catalyst is led into a heat absorption zone of
GEERIRY the OlFADMFEHAAEREAE carried by the catalyst is absorbed

throu@? %S@@é%ﬂéi(}n%@&gimmved in the invention, a part of the heat carried by the

regenerated catalyst in the process for preparing lower olefins from methanol can be

recovered, and the temperature of the regenerated catalyst can be adjusted to meet the

temperature demand of the reaction for preparing olefins from methanol.

SPECIFIC MODE OF CARRYING OUT THIS INVENTION

In order to realize the above object, the method provided by the present invention for
recovering the regeneration heat in the process for preparing lower olefins from methanol, is
that, the high temperature regenerated catalyst is led into a heat absorption zone of cracking
reaction, in which the heat carried by the catalyst is absorbed through a catalytic cracking
reaction of hydrocarbons, and then the catalyst is led into a methanol conversion reactor
when the temperature thereof is lowered.

In said method, the catalyst used is an aluminosilicate zeolite or/and a phosphosilicate
molecular sieve catalyst and an element-modified product thereof, having a micropore
diameter of 0.3-0.6 nm.

In said method, the matrix material of the catalyst is one or more of silica, alumina or
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25 reaction of hydrocarbons, and then the catalyst is led into a methanol
conversion reactor when the temperature thereof is lowered. In said
method, the catalyst used is an aluminosilicate zeolite or/and a
phosphosilicate molecular sieve catalyst and an element-modified
product thereof, having a micropore diameter of 0.3-0.6 rim. 30 In said
method, the matrix material of the catalyst is one or more of silica, alumina
or 4 clay. In said method, the temperature of the heat absorption zone of
ctacking reaction is 400-700C. In said method, the difference in

tempgrafure of the catalyst between the,inlet and the 5 outl toét{ue heat. .
h ture of t t
absorption zone of cr%c%ﬁﬁrﬁeggtl%n%g’ R Lo o thg Tooton i
H9thEEcbons introduced into the heat absorption zone of cracking

reactjon are th %4 or hjgher products in the reaction .of methano| to.
ol AaRE NG TSSO B 20, T SPGB P it and the
bydeocartois iatrochized tntocthebieat abksdmptie s 2e0&E®f cracking 10

reactjon are naphtha, gasoline, gas condensate, diesoline, hydrogenatjon . .
i ol PN R0 SR O e e TSGRt grecine

andipropiene reducadinibmbeat abserpiionFanaiohelackingireastian other
is joined into the product obtained from methanol conversion. 15

Sramgto e ihvention, a part of the regeneration heat in the process

for pigRaing.iauenelgfins amnmeathranal Camies aeavreehHSINEL & f cracking
endothermic hydrocarbon cracking reaction. The invention Is

Ervatiniretio aitihagaiAln e srticROEGEeralichl Midtyder proriys tgr oil or/and
pLeparing lower olefins from methanol with a feature of continuous
reaction, the high temperature regenerated catalyst, before being

contdeteddvitbirétifamplodyde gotikatnia kbl owe Hadt riprdgptiar odysedon the heat
S S LA 108 eI SBIE ASCAE Betr
conriedity the

According to the invention, a part of the regeneration heat in the process for preparing
lower olefins from methanol can be recovered using the endothermic hydrocarbon cracking
reaction. The invention is characterized by that, in a reaction-regeneration fluid bed process
for preparing lower olefins from methanol with a feature of continuous reaction, the high
temperature regenerated catalyst, before being contacted with methanol, is led firstly into a
heat absorption zone of cracking reaction, in which the high temperature regenerated
catalyst is contacted with the introduced C4-Cyg hydrocarbons so that the heat carried by the
catalyst is absorbed using the hydrocarbon cracking reaction, and then the catalyst is led into
a methanol conversion reactor when its temperature is lowered to meet the temperature
demand of methanol conversion. Simultaneously, the lower olefins produced by the cracking
reaction can be added into the olefin product formed from methanol.

The invention provides a method for recovering a part of the heat in the process for
preparing lower olefins from methanol as follows: in the process for preparing lower olefins
from methanol using a fluid bed process, methanol feedstock is mixed with a catalyst in a
reactor to fluidize the latter and converted into a product mixture containing ethylene,

propylene and other hydrocarbons at a certain temperature; the catalyst is deactivated partly
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catalyst is absorbed using the hydrocarbon cracking reaction, and then

the catalyst is led into a methanol conversion reactor when its

temperature is lowered to meet the temperature demand of methanol

conversion. Simultaneously, the lower olefins produced by the cracking

25 reaction can be added into the olefin product formed from methanol.

The invention provides a method for recovering a part of the heat in the

process for preparing lower olefins from methanol as follows: in the

proeegs/ foy pheparing |depesiokbfinenfediy nhethemobusing gafiefidsbeection product -

ﬁ{o(«) Cse %S of t a?e%LIeegr? Oe%keirg g]i)o(eegra ii(t>h % C%‘r:gé ss t\!vr}xﬁle Eﬁg' (gga';:{gzated catalyst
uidize "ne latter°and converted miopa’pro%ugfjmlx ure containing 4

ethylenas30frepyanefatd atheohydbeatbons aipaneataindempegtisreted; the

the catalyst is deactiyvated partly 5 or totally by the carbon depgsit thereon .

O e e B g e A e S e

€ reactor

APFhEAISS AcsRPArALaY dRpataiusiemaile thendeactivwiedhastalyShert gas such as
continuouslj/, flows out of the reactor and enters a regenerator. to be
1

Rgeherbsd thed dactiDuiRe LRt Betore Bt g SRR thessenerator to

LSRIBRE AL J3 NRFISH IR ATk A KIERRING HARRRERIISECHRRAYRENBeat wherein
hydrocarbons remained on the catalyst with an inert gas such as steam

8ritié fkéiamerthenabetieainby axyeRrRrRathing antbEprbte fhctheart is taken
IRASNGrakerLg.remey et depesiied, carband the eembustionief iR nerator, after

deposited carbon releases heat wherein a part of this heat is taken away
I8y asidjish raron fiersinasramited e vinet passishaiReiragnisyltfe is led into a

H%Q?Q@J %S%@Jé’%lfé éﬁ%ﬁﬁ?&&h@ﬁ%ﬂf&ﬁ%g@ﬁ%@% n Eﬁﬁef;%%ﬂﬁ "R phase

after 10 the residual oxygen'therein is removed by a inert gas such as
stectmroseieiiker, asried Witcltactieay absorptbit Zotecthsf mrlekingcraaetiopn reactor
%%ngﬂaﬁég 9;. qiiher ﬁlgaeQgseooe@&%n%%@%?agﬁgg% AGREON. SEEHRA O Feeastock
riser wnic onveyst e Ca'[ar@/S'[ into the metha OT conversion reactor
simtaltaneohishy. trpthisahdatatibgo rptions won erafkonackingore setion thgorb the heat

hydrocarbon feedstock contacts with the regenerated catalyst to .
CHRLTIG VBRSO T e (AL Ae RN TR LD By e e g e
tgrapaadueeyef Horeacsian Shd atie siatzbrerps OO Eaatich, afitetethgerature
catalyst is_flowed out of the apove heatrt%bs?rﬁgt@ zone of reaction

BA't

EEFRE e Bl oM S i AT HREOf B mpafeeeion o
ahsorpiiamzone Hijaackionserdhalitaltains thederopanatit en@Baisethiy olefins,

the reaction for converting methanol into olefins,

and then the catalyst is entered into a reactor for converting methanol into olefins. The
product containing ethylene and propylene produced in the above heat absorption zone of
cracking reaction can be joined into the product of the methanol conversion.

The catalyst described above contains a aluminosilicate zeolite or/and a
phosphosilicate molecular sieve catalyst with a micropore diameter of 0.3-0.6 nm, such as
ZSM-5, ZSM-11, SAPO-34, SAPO-11 or the like, and an element modified product thereof.
The catalyst described above also contains a matrix material which is one or more of silica,
alumina or clay. The hydrocarbons used in the above heat absorptionvzone of reaction have a
carbon number between 4-20, which can be either a C4 or higher product in the reaction for

producing olefins from methanol, or other hydrocarbons of C4-Cy, including naphtha,

gasoline, gas condensate, diesoline, hydrogenation tail oil and kerosene or the like.
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and then the catalyst is entered into a reactor for converting methanol into
olefins. The 20 product containing ethylene and propylene produced in the
above heat absorption zone of cracking reaction can be joined into the
product of the methanol conversion. The catalyst described above
contains a aluminosilicate zeolite or/and a phosphosilicate molecular
sieve catalyst with a micropore diameter of 0.3-0.6 nm, such as ZSM-5, |
ZSM-1 1, SAPO-34, SAPO-11 or the like, and an element modified product

tﬁ&&ﬂ%ﬁﬁ&&&ﬁt&@st described above also contains a matrix material
whichi3 gneofL MAr&-Qf-filisd RIHTIBR 5%y UreRydiecarhans MSeLih is not

the above heat absorption zone of reaction have a carbon number
béiwmeieh therdo.which can be either a C, or higher product in the reaction
for producing olefins from methanol, or other hydrocarbons of C4-C20,
including naphtha, gasoline, gas condensate, diesoline, hydrogenation
t&kai@nd: kerosene or the like. 30 6 SPECIFIC EXAMPLES The invention

is described jn detail below by w mples, but the invention.is not .
ol g £ 2l e R B 08 B B, Pheparaton
metectlafgieve eatBhistad he foteparafioPOfr o ¢Baido i thencatalySanvasbBhysics,

follows: SAPQ-34 (Daljan Institute of Chemical Physics, the ratio of
ST PES AT CR DAL, QR SO STl LT o (ol purhased

purehagedifignudhejirngcYiudabhenmioal Ergineerngi£ea.shttd peted into water
mixed and dispersed into water 10 to form a slurry, which was then | .
spradParied ot S BRR FaRtHe [t rniRteresdhéthB oy b5 diameter

201590 miskr20The miskasphresidessiipadialoved afiecateinationaabn at 600
600 C for 4 h, became the catalyst used in this example. The content of

SAPdRs4 ih thesamst st A BB LY Wiightarple: bt oA A heAbi it in the

in & duict bed faigrereagian with diamgtenopa@mruundaniieteaciafeactor with
conditions of: a catalyst charge of 10 g, a feeding 15 weight hourly space

velbernsi e 8V nfarupdst freraciastindibetsoth e ritdr t shapsisrity bt ¢, 2 feeding
98%2; NG ERHY QL1587 A0 AR B RG DRI FIRhd R etk thfco., purity of
reaction pressure of ’
98%, the ratio of cis- and frans-2-buytlene being 1) of 1.0 hr'' and a reaction pressure of
0.1 MPa. The reaction product was analyzed by using a Varian CP-3800 gas
chromatography with a Pona column and a FID. The sampling time was 2 min.

The reaction heat was obtained from a calculation based on the thermodynamic
constants of the raw material and the product, wherein the thermodynamic data of Cs was
the average value of 10 kinds of Cs hydrocarbons including paraffins, olefins, dialkenes and
naphthene isomers, and that of C¢ was the average value of 12 kinds of Cs hydrocarbons
including paraffins, olefins, dialkenes and naphthene isomers. Each substance was presumed
to be an ideal gas under the reaction condition.

The reaction result of the conversion of 2-butylene on the molecular sieve catalyst and
the reaction heat were shown in Table 1. The reaction temperature was 500°C. As shown by
the data of this condition in the table, the selectivify of ethylene and propylene in the
reaction product was 78.1%, and under the condition of this product distribution, the

reaction heat was 471 kJ/Kg.



10

15

20

0.1 MPa. The reaction product was analyzed by using a Varian CP-3800
gas chromatography with a Pona column and a FID. The sampling time
was 2 min. The reaction heat was obtained from a calculation based on
the thermodynamic 20 constants of the raw material and the product,
wherein the thermodynamic data of C5 was the average value of 10 kinds
of C5 hydrocarbons including paraffins, olefins, dialkenes and naphthene
|somers and that of C6 was the average value of 12 klnds of C6

g 3dpeiy b1 3 3 |
isomRKst Eachssuhsian cem\gas pesymed, o, be agﬁlgeatgg§ under the ¢,
reaction condition. 25 The reaction result of the conversion of 2-butylene
ortig¥holecular sieve catalyst and the reaction heat were shown in
Table 1. The reaction tegeraturg agas p0G'C. A showipbyy the glgia of 31

this-condition-in-the-table; the-sefectivity of ethytene-and-propytene-inthe——
reQeHPrdtiuct was 7821%.; Bhd under the condition of this product

distpibutign.thex reastion heafgwas 471 kJ/Kg 30 7 Table 1: Cracking
ronch I :ﬁfél I . on hoali 161 (500°C)

Prodggt @jstdbutiomCirdduéi g, G2h6ner31-16 C31-18 C5 C6+ (wt %)

0.62 18.40 0.25 59.70 10.70 10.01 0.31 AH(J/Kmol) 2.26*107 Reaction

heat (KJ/Kg) 4.71 * 10' C6+ represented the product of C6 or higher.

Exanpple 2: 5 Except that the reaction temperature was 550'C, the

procedure described in Example | was repeated. The reaction result of

the doHvarsishtbs RAstffdpRISH NG Hisiéeliar Sieveestars sesmidethia Example 1
gegqg?&gggat were shown in Table 2. As shown by the data of this

condition in the table, the selectivity of ethylene and propylene in the

reaciibn rﬁp@g%fwég cgg@mvgﬁ@g wédripelene on the molecular sieve catalyst and

the reaction heat were shown in Table 2. As shown by the data of this condition in the table,

the selectivity of ethylene and propylene in the reaction product was 82.21%, and under the

condition of this product distribution, the reaction heat was 704 kJ/Kg.

Table 2: Cracking reaction products of 2-butylene and reaction heat in Example 2 (550°C)
Product  distribution | CHy CHy, CHg CHg C3Hg Cs Ce"
(wt %)

1.01 2730 0.44 5491 7.8l 5.39 3.14

AH(I/Kmol) 3.38*107
Reaction heat (KJ/Kg) | 7.04*10°

Cs' represented the product of Cg or higher.

Example 3:

Except that the reaction temperature was 600°C, the procedure described in Example 1
was repeated. ;

The reaction result of the conversion of 2-butylene on the molecular sieve catalyst and
the reaction heat were shown in Table 3. As shown by the data of this condition in the table,

the selectivity of ethylene and propylene in the reaction product was 80.97%, and under the

8
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10 condition of this product distribution, the reaction heat was 704 kJ/Kg.
Table 2: Cracking reaction products of 2-butylene and reaction heat in
Example 2 (550C) Product distribution CH4 C2H4 C2H6 C3H6 C3Hg C5
C6+ (wt %) 1.01 27.30 0.44 54.91 7.81 5.39 3.14 AH(J/K.mol) 3.38* 10’
Reaction heat (KJ/Kg) 7.04* 10' C6' represented the product of C6 or
higher. 15 Example 3: Except that the reaction temperature was 600°C,
the procedure described in Example 1 was repeated. The reaction result
SPEHEEBRVErSiBI B Btihene oha kR HHetdiar aidee ikdyst and the
reaction heat were shown in Table 3. As shown by the data of this
condition in the table, 20 the selectivity of ethylene and propylene in the
f&&&ié‘nC:s%Haétrwaéogcnw«%?saﬁ&ﬁﬁa&%@%rwﬁenibwtifltﬁ@rmaéfd%;&00"C)
dispribuition, thereastan beat was,825 kdlikg. Taklg3: Gragkingdeactiop
products of 2-butylene and reaction heat in Example 3 (600"C) Product
distriblitlon CH4 CZH4 C2H6 C3H6 C3H8 C5 C6+ (Wt %) 4.16 44.03 1.20
36.94 6.40 1.69 5.57 AH{JKmoky3P6*10 Reaction hegt 4<I/K go8.25% 57
craskiddoiderosene on Z8ML8'molecular sieve catalyst. The preparation

steps,of egta(tlg}yg ndgt@@ fgaction operation were the same as those
i ﬂf %E 18 ) . I herei
replaced by LSMBHI B AMQleculas: igye:.

Example 4:

The cracking of kerosene on ZSM-5 molecular sieve catalyst. The preparation steps of
the catalyst and the reaction operation were the same as those in Example 1 except that
SAPO-34 molecular sieve catalyst therein was replaced by ZSM-5 (The molecular sieve
plant of Nankai University, the ratio of silicon to aluminum was 50) and the reaction
feedstock was replaced by kerosene (No.3 aviation kerosene, Qilu Petrochemical Co.). The
calculating method of reaction heat was the same as that in Example 1 and the combustion
enthalpy of kerosene was taken as -7513 kJ'Kg™.

The reaction result of kerosene conversion on the molecular sieve catalyst and the
reaction heat were shown in Table 4. The reaction temperature was 550°C. Other
thermodynamic functions of the kerosene were in terms of n-dodecane. As shown by the
data of this condition in the table, the selectivity of ethylene and propylene in the reaction
product was 28.91%, and under the condition of this product distribution, the reaction heat

was 2238 kJ/Kg.

Table 4: Cracking reaction products of kerosene and reaction heat in Example 4 (550°C)
Product distribution | CHy CyHy CyHg C;Hg C3H;g Cq C§+
(wt %)

1.70 10.61  2.78 1830 11.22 2236 33.03

Reaction heat (KJ/Kg) | 22.38%10?
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10 plant of Nankai University, the ratio of silicon to aluminum was 50) and
the reaction feedstock was replaced by kerosene (No.3 aviation
kerosene, Qilu Petrochemical Co.). The calculating method of reaction
heat was the same as that in Example | and the combustion enthalpy of
kerosene was taken as -7513 kJ Kg". The reaction result of kerosene
conversion on the molecular sieve catalyst and the 15 reaction heat were
shown in Table 4, The reaction temperature was 550 C . Other
thernfodiaragsretid tetipied st tfCkerdighse were in terms of n-dodecane.
As shown by the data of this condition in the table, the selectivity of-
ethylene and propylene in the reaction product was 28.91%, and under
theawotdition of this product distribution, the reaction heat was 2238

kJ/ : i i fk d.| '
a4 (B Bl b P Lo COF ol

@3H8pee€5” (wt %) 1.70 10.61 2.78 18.30 11.22 22.36 33.03 Reaction

heat (KJ/K 2€22.38* 02 9 C5+ represented the product of C5 or higher. '
e SRS et 1 PR TR S v GOBE T SHOSRpad th

desdribédanviexashplendinSTatds fefhateth fikadeaatiniprestitcefdstosaneken as

C rsion on the moleculay sieve catalyst and the reaction heat were
TR e B Rl TR Ry D GBS A R A dodecane

ASI3 kdisohandaather shenmesly namicnatiors @itkeKOSEABYIVRERHA propylene
terms of n-dodecane. As shown by the data of this condition in the table,

{Re"earaetiony B Bthyishd i d prBpyrstie thd sAnE e aEHbh R Ou ik tion, the

26 Qicknandinden thekgondition of this product distribution, the reaction
heat was 2821 kJ/Kg. Table 5: Cracking reaction products of kerosene

and reaction heat in Example 5 (600C)

Table 5: Cracking reaction products of kerosene and reaction heat in Example 5 (600°C)
Product distribution | CHy C,Hy C,yHg C3Hg C;Hg Cq Cs+
(wt %)

536 1480 512 2217 461 1516 3278
Reaction heat (KJ/Kg) | 2821107

Cs" represented the product of Cs or higher.

Example 6:

The reaction result of gasoline conversion on ZSM-5 sieve catalyst and the reaction
heat were shown in Table 6. The preparation steps of the catalyst and reaction operation
were the same as those in Example 4 except that the reaction feedstock was replaced by
gasoline (a catalytic gasoline of Fushun Petrochemical Co., the olefin content was 40%).
The reaction temperature was 640°C. The thermodynamic functions of gasoline were in
terms of the average value of various amylenes. As shown by the data of this condition in
the table, the yield of ethylene and propylene in the reaction product was 44.01%, and under

the condition of this product distribution, the reaction heat was 361 kJ/Kg.

Table 6: Cracking reaction products of gasoline and reaction heat in Example 6 (640°C)

10
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Product distribution CH4 021-14 C2H6 C3116 C3Hs C4 C5+ (wt %) 15.36
14.80 5.12 22.17 4.61 15.16 32.78 Reaction heat (KJ/Kg 228.21 * 102
C5+ represented the product of C5 or higher. 15 Example 6: The reaction
result of gasoline conversion on ZSM-5 sieve catalyst and the reaction
heat were shown in Table 6. The preparation steps of the catalyst and
reaction operation were the same as those in Example 4 except that the

By sltiSeneical coShe ol H“confé}i{ﬁmasqﬁ’d%). reaction Cs’

temperature was 640C. Thesthermadygnanigdunctigns of gasolinejwege irsg.34

-terms-of- the-average-val 1 .
fiiacHoRAROANH K table & Yfeld of ethylene and propylene in the

reaction product was 44.01%, and under the condition of this product
distributfSReHa e A e a Ao jl?ﬁ/Kg. 25 Table 6: Cracﬁ)(ing

reaction products of gasoline and reaction heat in Example 6 (640'C) to
Product yield (wt %) CH4 C2H4 C21-16 C3H6 C3H8 C4 C5+ 2.52 17.22
Fx8p%8.79 2.18 10.99 38.34 Reaction heat (KJ/Kg) 3.61 * 102 C5+
represeaied, thenpresdiichal b QRNRE! s 1 BXaNRI b kaxeeRl dhal 1B Example 6
reaction temperature was 610C, the procedure described in Example 6 5
Wasreepieted. The reaction result of the conversion of gasoline on sieve

CatalYﬁE ?é&@'tx‘i@lﬁé@é%?ﬁa@@&{vé/%ﬁ §h9a\§@ﬂ{& Takle cItQS/st and the reaction heat

thermodynamic functions of gasoline were in terms of the average value

sfevasiouenaimylebles - Adebsumdsy rsiel deaciorisof aaeilion iermeraias of the

m/%rage value of various amylenes. As shown by the data of this condition in the table, the

yield of ethylene and propylene in the reaction product was 39.68%, and under the condition

of this product distribution, the reaction heat was 367 kJ/Kg.

Table 7: Cracking reaction products of gasoline and reaction heat in Example 7 (610°C)

Product yleld (Wt %) CH4 C2H4 C2H6 C3H5 C3Hg C4 C5+

2.28 16.63 1.98 23.05 285 9.45 43.76

Reaction heat (KJ/Kg) 3.67%10

Cs" represented the product of Cs or higher.

Example 8:

In terms of 300 days ordinary operation on average per year, a unit for producing
olefins from methanol with a methanol conversion capacity of 600 thousand tons/year has a -
methanol treating capacity of 2000 tons per day. This unit applies a reaction-regeneration
fluid bed process, mainly comprising a methanol conversion reactor, a catalyst regenerator
and a heat absorption cracking reactor, wherein a manner of fluid bed was adopted, on a
route conveying catalyst from the generator to the methanol conversion reactor. The high
temperature regenerated catalyst was passed through the above heat absorption cracking
reactor and then led into the methanol conversion reactor.

SAPO-34 fluid catalyst (the preparation steps of the catalyst were the same as that in

11
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yield of ethylene and propylene in the reaction product was 39,68%, and
tinder the condition 10 of this product distribution, the reaction heat was
367 kJ/Kg. Table 7: Cracking reaction products of gasoline and reaction
heat in Example 7 (610C) Product yield (wt %) CH4 C2H4 C2H6 C3H6
C3H8 C4 C5+ 2.28 16.63 1.98 23.05 2.85 9.45 43.76 Reaction heat
(KJ/Kg) 3.67* 102 C5+ represented the product of C5 or higher 15
Example 8; In terms of 300 days ordinary operation on avera er year,

Frinitsr provschse’ retinkerisAYHisetmasnl witkha ﬁ@é&wahafaé dpsyday. The
Gepaciy.pf %&éh@gﬁ@%&%&yﬁ@qm aippeibrogl estind.LeACRAR: before

200 tons per day. This unit applies a reaction-regeneration fluid bed
droeesetersiniyte dheprsimgral nietvarEIc 6PRrTsi B Y aaatdeda teabslysgtuced to a

r&g&gg@}g L29s@id a heat absorption cracking reactor, wherein a manner
of fluid bed was adopted, on a route conveying catalyst from the

geneiatdretd)weabwmaﬂmlqcmmgmtreatﬁmnmldeah@q témperdtiipecracking of

rf%ep err% OF %Eg Vc\%rw f? Sedl!jhro%gehl hv%a%%?‘l’xzegqg ta s%sgccpl“%eat carried by
crac actor a Il’ltO e methanol conversion reactor.
%I?Qeadrﬂmdjcmtmysmwmmrmpammms’aelpszaﬁdhe £an&lydthwbeet theacity of the

eastha I as used and the recycle amount,of
B A T e B S Gt Bgpratue
(@étefastﬁlg)mmg)l\r&s 8500 /and the: oaﬁalyst bafoteyvagingentered irto teorption

methanol conversion reactor was required to be re%%cedt a teé‘%lg%rature )

ST HSPE IS TP BRI BPRDHON CPAKiry FRbERSY Helthinat ARGV, Ry ersion

GalalytiGieragiinegnat R-hutylenre (fos.eaanapleydesivied topaEixammie: bhe and the
Was utilized to absorb the heat cargied by the regenerated catalyst and

rskelibadispdinerebiTeds @s&%ﬂ&w@ RESE Laps) drehertdigagygpn loss
wasSARJ/ K ealtly Aretheineahialaasedibyithe calplyst AINgGItaGate insulation.

temperature decreasing was 1,68x10$ KJ/day. The catalyst was flowed

out ofthhdat aPReFptieh TLHRRKIRY ¥adoM Bkt BEY Aovatshép 200°C for
%@&J%W%@F&t&fiﬁﬁ @%@ﬁt@%@@%@@vﬁfﬁjgﬂe has a heat capacity of Cp=1456

J/ (Kg'K). According to Example 2, the reaction heat for the catalytic cracking of 2-butylene
was taken as 704 KJ/Kg. The heat absorption of 2-butylene per ton from feeding to
completing the reaction was 12.14x105 KJ/Kg and the single-pass conversion of 2-butylene
was 75%, a feeding amount of 184 tons/day for 2-butylene can make the catalyst
temperature reduced from 650°C to 550°C.

In the reaction process described above, the heat recoverable by the catalytic cracking
of 2-butylene comprises 45% of the heat carried by the regenerated catalyst, and by applying
the recovered heat to the catalytic cracking of 2-butylene, the productions of ethylene and

propylene can be increased by 37.8 tons/day and 76.0 tons/day, respectively.

Comparative example 1:

In terms of 300 days ordinary operation on average per year, a unit for producing
olefins from methanol with a methanol conversion capacity of 600 thousand tons/year has a
methanol treating capacity of 2000 tons per day. A reaction-regeneration fluid bed process

similar to that of Example 8, mainly included a methanol conversion reactor and a catalyst

12



reactor, its temperature was reduced to be 430'C by the heat dispersion of

the line and the loss of the heat dispersion was 2.02x 108 KJ/day. In

order to control the heat dispersion loss of the line, the catalyst conveying

line was needed to be subjected to an adequate insulation. In the heat
absorption cracking reactor, 2-butylene was pre-heated to 200'C for 15

feeding, and the reaction temperature was 550C. 2-butylene has a heat
capacity of Cp=1456 J/ (Kg'K). According to Example 2, the reaction heat

fSEtherdatalyaic Wratdd iy dhin-perytarien wais teiesntaba7 0w KK absphipregpne of
ANRRARIICN Rfop-BUNILPERELIRT QML 106 URI AR CATRRIEH g%%ﬁ%%gge{ém o

was 12.14x 105 KJ/Kg and the single-pass conversion of 2-butylene “was
wme@wemagvmmmammmwmmene can make the

catalgg %le g%%f i eﬁmuced fzrlcr)eg1 o(rslss cCst% Ch Ind h%e%:rggnas those in
process descri ed above heat recover e catalytlc cracking
&Zntnltyleneaeommhsee #s%eof the érwatncaﬁlelmb bgﬁtktiestegwém{edons/day. The
eatal [, an X lying, he reco S eatt the c&tﬁjé(tlc %rackln dtobe
b y?ene he p uct?ons oreth ))I/ e “BP b ene canheé neréa ulrcef obe
byd B Bttorssrdayod BaA} mmamaiyimelmeenmem cBEV@@M}D&YaﬂNﬁ

example 1: In ter s of 300 days ordinar eratjon Qn average per year

it T RO Sl TH i GHHAF ST ottt COHDor N he heat
e@paeﬁtm@ff@mmeﬁagdlﬁemaéyeerrhaeoapmeﬂta:n@é Tealyegvea ROty @y K), the
2000 tons per day. A reaction-regeneration fluid bed process 30 similar to

%ﬂ%ﬁ%@%ﬁﬁbﬁeenrﬁ%@t}ﬁéﬁm@%ﬂfﬁéﬂﬁaﬁa rEotivetsiBh! feddidiand a
catalyst 12 regenerator, was utilized by this conversion unit, except that

no heat absorption zone of cracking reaction was disposed and the

catalyst was flowed directly from the regenerator to the methanol

conversion reactor through a conveying route. SAPO-34 fluid catalyst, the
preparation steps of which was the same as those in 5 Example 1, was

used and the recycle amount of the catalyst was 2000 tons/day. The

temperature of the regenerated catalyst (after stripping) was 650C and

was required to be reduced to 430C before being entered into the

methanol conversion reactor.
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When the catalyst temperature was reduced to be 430C totally through

the heat dispersion of the conveying line and the heat capacity of the MCSLLP

catalyst was 840 J/(Kg K), the 10 loss of heat dispersion during the

temperature decreasing was 3.70X 108KJ/day. 13 MCSLI.P We claim: 1.
w&gthod for recovering heat from the high temperature regenerated

catalyst in a process for preparing lower olefins from methanol,

comprising the steps of: leading the high 5 temperature regenerated

catplystfissidy into mdeatabserptiom zone phcraspinguieacionrand chamst in a

into a methanol conversion reactor, wherein hydrocarbons are introduced
Proptes JafcPFieat b LOTpioI FonBW relbRING reattbIN ANk EGRtRitdgdiftn the high

SId (igh Semperature regsneratad, cafalystio 0eeur A ragkINgIRACiON o, and

e W%eartg% t geenhettatet ca%r%@%g by %1%—:- lﬁ%hatémperaot%ré regé‘ﬁerated cla?alryst fgn’ o

thaalisorbed ithroughh tes icatebdicrorheking 10 reaction of hydrocarbons, and
wherein 1 kg of the hydrocarbons absorbs 361-2821 KJ of the heat; and

the EFATER ARt & O f Y sish it fifatisre PEY RIS A&t eathIgecigegetion and
cotk @M PO IR 162 EREPOIRAL AS LLAMEAILELHT Ja MAETEHIIEL wherein the

catalyst used is an aluminosilicate 15 zeolite or/and a phosphosilicate
hemaletdlby sievelcatahesinanc ancelexhenttynosfled-prdduoetglthreatlytic cracking
havin%a micropore diameter of 0.3-0.6 nm. 3. The method as claimed in

eRSRAR P AFRSPETAThaYha R Atk 1BF tRETecy &t 185618 HH Alfardde! the heat

angilica, alumina or clay. 20 4. The method as claimed in claim 1, wherein
the temperature of the heat absorption zone of cracking reaction is
400:7 BO@erBluThel mathath ssnplaimedrdgeokaitadicamhet eim b igiff oM C.
temperature of the 25 catalyst between the inlet and the outlet of the heat
absorption zone of cracking reaction is 50-300"C, 6. The method as

claime&beirnelaith & GiHarIntHdHy drobarstRsiftFatlcE dSfto'tfe aluminosilicate

zeolite or/and a phosphosilicate molecular sieve catalyst, and an element-modified product

thereof, having a micropore diameter of 0.3-0.6 nm.

3. The method as claimed in claim 1, wherein the matrix material of the catalyst is one or

more of silica, alumina or clay.

4. The method as claimed in claim 1, wherein the temperature of the heat absorption

zone of cracking reaction is 400-700°C.

5. The method as claimed in claim 1, wherein the difference in temperature of the
catalyst between the inlet and the outlet of the heat absorption zone of cracking reaction is

50-300°C.

6. The method as claimed in claim 1, wherein the hydrocarbons introduced into the
heat absorption zone of cracking reaction are the C, or higher products in the reaction of

methanol to olefins, or/and other hydrocarbons of C4-Cyy.

7. The method as claimed in claim 1, wherein the hydrocarbons introduced into the

14
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heat absorption zone of cracking reaction are the C4 or higher products in

the reaction of 30 methanol to olefins, or/and other hydrocarbons of

Cs-C20. 7. The method as claimed in claim 1, wherein the hydrocarbons MCSLLP

introduced into the 14 MCSLLP heat absorption zone of cracking

reaction are naphtha, gasoline, gas condensate, diesoline, hydrogenation

tail oil or/and kerosene. 8. The method as claimed in claim 1, wherein the

product produced in the heat 5 absorption zone of cyacking reactionis .. .

jesipleth Bttt RS CRICTBHRIR ST TS H5e PPBPArioN Bt 16 e BishFEFriF oline:
el 9 Zhe msthetkas.edaémed in claim 1, wherein said heat

absorption zone of cracking reaction is an independent reaction section in

the methanol conversion unit 10. The method as claimed in claim 1,

whergingsaid, heat ahserption 20n.0f crackiBgifeaetipniva Heeneting: the heat

methanol conversion reactor. 15

absorption zone of cracking reaction is joined into the product obtained from the preparation

of lower olefins from methanol.

9. The method as claimed in claim 1, wherein said heat absorption zone of cracking

reaction is an independent reaction section in the methano! conversion unit.

10. The method as claimed in claim 1, wherein said heat absorption zone of cracking

reaction is a riser of the methanol conversion reactor.





