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Rel ated Applications 5 This application is a continuation-in-part
co-pending application U S. Serial No. 09/069, 403, filed April 29, 1998,
now al | owaglo2/ddsed d of the Invention The present inventionpCeEhmbasshe a
process for increasing the efficiency of heat recovery and i nproving heat
integration with direct product quenching in the 10 selective conversion
of oxygenates to ol efins. Background of the Invention Light olefins
(defined herein as ethylene, propylene, butenes and m xtures thereof)
serve as feeds for the production of nugerous inportant chem cals and
polymers. Light olefins traditionally are produced by cracking petrol eum
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f eedst ocks have i ncreased. An i nportant- type of alternative feedstocks for

t he production of light 20 ol efins are oxygenates, such as al cohol s,
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li quids, car BerdaRn09/068468, filed Apnit 9,01998, seahllowetycl ed plastics,
muni ci pal wast es, agricultural products, or nobst organic rraterials. 25
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generalli hi gher than about 250C, preferably hi gher than about 30 300C.
Because ifie &electiviesionversienof pyyeensieatanlpfivsi ¢, the effluent typically has a

Background of the Invention
Light olefins (defined herein as ethylene, propylene, butenes and mixtures

thereof) serve as feeds for the production of numerous important chemicals and
polymers. Light olefins traditionally are produced by cracking petroleum feeds.

15 Because of the limited supply and escalating cost of petroleum feeds, the cost of
producing olefins from petroleum sources has increased steadily. Efforts to
develop and improve olefin production technologies, particularly light olefins
production technologies, based on alternative feedstocks have increased.

An important type of alternative feedstocks for the production of light

20 olefins are oxygenates, such as alcohols, particularly methanol and ethanol,
dimethyl ether, methyl ethyl ether, methyl formate, and dimethyl carbonate.
Alcohols may be produced by fermentation, or from synthesis gas derived from
natural gas, petroleum liquids, carbonaceous materials including coal, recycled
plastics, municipal wastes, agricultural products, or most organic materials.

25 Because of the wide variety of raw material sources, alcohol, alcohol derivatives,
and other oxygenates have promise as an economical, non-petroleum feedstock
source for olefin production.

The conversion of oxygenates to olefins takes place at a relatively high
temperature, generally higher than about 250°C, preferably higher than about

30 300°C. Because the conversion reaction is exothermic, the effluent typically has a
higher temperature than the initial temperature in the reactor. Many methods



hi gher tenperature than the initial tenperature in the reactor.

methods 1 7 NOV 2004 WD 02/ 00579 PCT/ USO1/ 14896 -2 and/ or process LhAVAL 2008
have been proposed to nenage the heat of reaction generated fron1the
oxygenat @ r@Rysfesi on reaction inside of the reactor in orgefu§n 4860 d
tenperature surges and hot spots, and thereby to reduce the rate of

catal yst deactivation and reduce the production of undesirable products,
such as nethane, 5 ethane, carbon nonoxi de and carbonaceous deposits or
coke. It would be very wuseful to have a process that effectively utilizes
the beat of reaction contained in the_products exiting the oxygenate
conversion reactor, optimzes heat recoVery, and reduces overall utility
consunption in the conversion of oxygenates to olefins. Such a process is
envi r onment Anfipr peecssbieheres havehean Bropaseddp ananggebe heatofseactigrt i ve. In t he
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usually liquid at ambient conditions. This requires supplying substantial heat to

the process to boil the oxygenate feedstock prior to introducing it to the reactor,

15 conventionally supplied by steam heat exchange or furnaces. Loss of energy is
incurred in these indirect heat exchange methods, and substantial equipment is
required. For steam, boilers must be built in addition to a steam/feed exchanger,
and construction of a furnace is more expensive and complicated than a traditional
heat exchanger. Methods are needed to improve the energy efficiency of the

20  oxygenate conversion process and reduce the cost of providing vaporized
oxygenate feedstock to an oxygenate conversion reactor.

Energy efficiency and cost of providing vaporized oxygenate feed is
further complicated if utilization of a diluent is desired. The most commonly
noted diluent, water/steam as disclosed in U.S. Pat. No. 5,714,662, requires

25  substantial energy and equipment cost to generate, but has the advantage of being
easily able to separate from desired light olefins (especially ethylene and
propylene). Other very commonly noted diluents such as inert gases, including
nitrogen, helium and even methane (see U.S. Pat. No. 5,744,680) require no
energy or equipment to vaporize, but require extensive energy and equipment to

30 separate from the desired light olefin product. Further, use of diluents can allow
high total pressures while providing low oxygenate partial pressures, which can be



energy or equi pnent to vaporize, but require extensive energy and equi pnent
to 30 separate fromthe desired Iight olefin product. Further, use ¢f7 NOV 2004
diluents can allow high total pressures while providing | ow oxygenate

partial wessoeses, which can be 1 7 NOV 2004 WD 02/ 00579 REMiSHAURIA896 - 3
advant ageous i n reduci ng conpressi on energy needed in the overal

(including olefin separation and recovery) oxygenate conversi on process,

but this benefit nay be outweighed by the energy costs of boiling and
separating of the diluent just noted. Proper selection of diluent
conposition is also needed to inprove the 5 energy efficiency in the

overal |l process and reduce the cost of providing vaporized oxygenate
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effective to produce a deactivated catalyst having carbonaceous deposits and a

15  product comprising said olefins, wherein said molecular sieve comprises pores
having a pore diameter smaller than about 10 Angstroms and said product has a
third temperature which is higher than said second temperature; quenching said
product with a mediwm at an initial temperature and in an amount sufficient for
forming a light product fraction and a heavy product fraction wherein said light

20  product fraction comprises light olefins and said heavy product fraction has a final
temperature which is higher than said first temperature by at least about 5°C;
using said heavy product fraction to provide heat at one or more of said stages to
achieve said higher heat contents.

In another preferred embodiment, the process for converting an oxygenate

25  to olefins comprises providing a feedstock comprising the oxygenate, transferring
heat from at least a portion of an effluent of an oxygenate conversion reactor to
the feedstock to cause at least a portion of the feedstock to vaporize and form a
vaporized feedstock, and contacting the vaporized feedstock at a temperature from

about 200 to about 750°C and a pressure from 1 kPa to 100 MPa with a catalyst

30  comprising a molecular sieve having a pore diameter smaller than 10 Angstroms,

wherein the feedstock has a boiling range of no greater than about 30°C, the



the feedstock to cause at |east a portion of the feedstock to vaporize and
forma vaporized feedstock, and contacting the vapori zed feedstocq PENGY 2604
tenperature from about 200 to about 750C and a pressure from1 kPa to 100
MPa wi t hW 8H904T/ st 30 conprising a nol ecul ar si eve havi n§CA/USO 4886 anet er
smal | er than 10 Angstrons, wherein the feedstock has a boiling range of no
greater than about 30C, the 1 7 NOV 2004 WO 02/00579 PCT/USCOL/ 14896 -4
oxygenat e conversion reactor converts at |east a portion of the feedstock
into the effluent, and the effluent conprises the olefins. In another
preferred embodi ment, the process for e#nverting an oxygenate to olefins
conprises providing a feedstock conprising the oxygenate and a 5 dil uent,
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conversion reactor to the feedstock to cause at |east a portion of the
f eedst ock t cflyentomdAbe gifluenteompriseatheolefing. f eedst ock, and separating the
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f eedst ock,, contacting the vaporized feedsto tenperature from about
200 t o about efflsént, wherein the deslstock hasarbdilik@Prarige of A6 grddia than aboun30%3,al yst

conprising a,nol ecul ar sieve having a pore . dianeter snaller than 10
AngSt r o, ol OXUERERPIR SORYETSID TERTCIdMRVITISGHHlgasa Berkion o tne lepdsteskintone
f eedst ocjq h&%eﬁlﬁ&it,ldnﬂghé@ﬂﬁ@nt%qﬁﬁs&rtﬁéblﬁﬁnﬁ.han about 30C, the oxygenate

conversion 20 reactor converts at [east a portion of the feedstock into the
ef fluent, and t heln axfothenpreferrechembadiment,) thegireédsnfor cBnverting an okygenaten of t he

drawi ng Fi gure s a flow diagram.of, a .preferred. enbodi nent of increasing
heat T ecoveldPIFRS ¢ARRS}ses Braviding & frepgck comprisiag the oxygenate and’a

diluent, transferring heat from at least a portion of an effluent of an oxygenate

conversion reactor to the feedstock to cause at least a portion of the feedstock to
15  vaporize and form a vaporized feedstock, contacting the vaporized feedstock at a
temperature from about 200 to about 750°C and a pressure from 1 kPa to 100 MPa
with a catalyst comprising a molecular sieve having a pore diameter smaller than
10 Angstroms, and separating the diluent from the effluent, wherein the feedstock
has a boiling range of no greater than about 30°C, the oxygenate conversion
20  reactor converts at least a portion of the feedstock into the effluent, and the
effluent comprises the olefins. ‘
Brief description of the drawing
Figure 1 is a flow diagram of a preferred embodiment of increasing heat
recovery in the present invention.
25  Detailed Description of the Invention
The present invention provides a process for increasing heat recovery and
decreasing energy and utility requirements during the conversion of oxygenates to
olefins. The process involves taking the product mixture, including any unreacted
oxygenate feed, from an oxygenate conversion reactor and, without fractionating
30  the products, directly quenching the product mixture with a suitable medium,
preferably water. This type of quenching hereinafter will be referred to as “direct



25 Detail ed Description of the Invention The present invention provides a
process for increasing heat recovery and decreasing energy and uti1l 'Zt QV 2604
requi renents during the conversion of oxygenates to olefins. The process
i nvol ves Walo2/0eF79 he product m xture, including any unrea®Cradisonidsgenat e
feed, from an oxygenate conversion reactor and, w thout fractionating 30
the products, directly quenching the product m xture with a suitable
medium preferably water. This type of quenching hereinafter will be
referred to as "direct 1 7 NOV 2604 WD 02/00579 PCT/ US01/ 14896 -5 product
guench." The direct product quench remsdes heat fromthe product m xture,
causi ng hi gher boiling conponents, such as water and unreacted oxygenate
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hydr ocar bon orixtore) emisingshigherdeilingalompoherits,sach anwatenmed urekdvtele, propane,
and butanes. The he% product fraction may be divided further into
several fracPxygsgate fqe(h to\eondenseagd form a heavypredem fraghomnlhe hsava| | of the

several fraction %@‘% ?m% - Mar | i . Or t hods to
separate the que?itc rrggﬁsu romcﬁo %&%@%@#@%ﬁ%@%@ﬁ?gﬁe@%ct
fraction, 5or hadicarbon sbmpedents wck &y Bgietloléfths] iatiah€)uthade, fFbpLeEndor oduced
from quench nedi um separations thereof, may be used to supply at |east
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that are usedthencomperants. clhedeewr ploductdrastion.cranyoonall ofghe seyertul ar  si eves,
both zeolhti .zeolites) and n zeolitic types. Th resen I nvention
shoul d ad ie rc#reﬁ%pla)ggf Lo M%ﬁf"éﬁa@ ogﬁﬁ’ﬂe&hﬁ@i S any
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M xtures of zeolitic and non-zeolitic nol ecul ar sieves al so may be used.
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contacting the oXygenate conversion catalyst. These stages give the oxygenate

15 feedstock successively higher heat content.

Most catalysts that are used in oxygenate conversion processes comprise
molecular sieves, both zeolitic (zeolites) and non-zeolitic types. The present
invention should achieve many of the desired improvements using substantially
any molecular sieve catalyst, regardless of the structure type or pore size,

20  Mixtures of zeolitic and non-zeolitic molecular sieves also may be used.-
Preferred molecular sieve catalysts for use according to the present invention
comprise “small” and “medium” pore molecular sieve catalysts. “Small pore”
molecular sieve catalysts are defined as catalysts with pores having a pore
diameter of less than about 5.0 Angstroms. “Medium pore” molecular sieve

25  catalysts are defined as catalysts with pores having a pore diameter in the range of
from about 5.0 to about 10.0 Angstroms. “Large pore” molecular sieve catalysts
are catalysts with pores having a pore diameter larger than about 10.0 Angstroms.
Generally, large pore molecular sieve catalysts, without additional appropriate
modifications and/or treatments, are not preferred catalysts for converting

30  oxygenates to light olefins.



nol ecul ar sieve catal ysts are defined as catal ysts with pores havi ng a rgore
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catal ysts, w thout additional appropriate nodifications and/or treatnents,
are not preferred catalysts for converting 30 oxygenates to |ight ol efins.
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catalysts suitable for the use in the present invention with varying
degree of effecti Zeoksmotechladsievbedtalgstesuitiblefor dreameiid the préseht ed to AEl,
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i tion. Suit SAP f 15 in.the i tion i de, hut
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preferred SAPO’i s SAPO 34, whic E e synthesized according to
US- A- 4, 440, 8 AMOG{,dJI gL Engelhatde AddrichThemi¢al iGomopany afohnsoteMattheys, Vol . 17,
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molecular sieves that are useful in the present invention. Suitable SAPO’s for use

15  inthe invention include, but are not necessarily limited to SAPO-17, SAPO-18,
SAPO-34, SAPO-44, and mixtures thereof. Small pore SAPO’s are preferred for
producing light olefins. A preferred SAPO is SAPO-34, which may be
synthesized according to US-A-4,440,871, incorporated herein by reference, and
Zeolites, Vol. 17, pp. 212-222 (1996), incorporated herein by reference. SAPO-18

20  may be synthesized according to J. Chen et al. Studies in Surface Sciences and
Catalysis, Proceedings of the Tenth International Catalysis Society, Volume 84,
pp 17-31 (1994).

Substituted silicoaluminophosphates (substituted SAPO’s) form another

class of non-zeolitic molecular sieves known as “MeAPSQ’s,” that are suitable for

25  use as catalysts in the present invention. MeAPSO’s are described in US-A-
4,567,029 and US-A-5,126,308, incorporated herein by reference. SAPO’s with
substituents incorporated after synthesis, also may be suitable for use in the
present invention. Suitable substituents, “Me,” include, but are not necessarily
limited to nickel, cobalt, manganese, chromium, iron, zinc, strontium, magnesium,

30 barium, and calcium. Preferred MeAPSQO’s include, but are not necessarily
limited to NiSAPO-17, NiSAPO-34, Co-SAPO-17, Co-SAPO-34, Sr modified



pp 17-31 (1994). Substituted silicoal um nophosphates (substituted §A5C&O<,@
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that are suitable for 25 use as catalysts in the present invention.
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reaction conditions. A catalyst may be subjected further to a variety of treatments

15 to achieve the desired physical, mechanical, and catalytic characteristics. Such
treatments include, but are not necessarily limited to calcination, milling, bali
milling, grinding, spray drying, hydrothermal treatment with steam at elevated
temperatures — from about 400°C to about 800°C, acid treatment, base treatment,
and combinations thereof.

20 The oxygenate feedstock of this invention comprises at least one organic
compound which contains at least one oxygen atom, such as aliphatic alcohols,
ethers, carbonyl compounds (aldehydes, ketones, carboxylic acids, carbonates,
esters and the like). When the oxygenate is an alcohol, the alcohol can include an
aliphatic moiety having from 1 to 10 carbon atoms, more preferably from 1 to 4

25  carbon atoms. Representative alcohols include but are not necessarily limited to
lower straight and branched chain aliphatic alcobols and their unsaturated
counterparts. Examples of suitable oxygenate compounds inciude, but are not
limited to: methanol; ethanol; n-propanol; isopropanol; C4 - C39 alcohols; methyl
ethyl ether; dimethyl ether; diethyl ether; di-isopropyl ether; formaldehyde;

30 dimethyl carbonate; dimethyl ketone; acetic acid; and mixtures thereof. Preferred
oxygenate compounds are methanol, dimethyl ether, or a mixture thereof,
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15  essentially non-reactive paraffins (especially the alkanes such as methane, ethane,
and propane), essentially non-reactive alkylenes, essentially non-reactive aromatic
compounds, and mixtures thereof. The preferred diluents are water and nitrogen.
Water can be injected in either liquid or vapor form.

Hydrocarbons can also be included as part of the feedstock, i.e., as co-

20 feed. As defined herein, hydrocarbons included with the feedstock are
hydrocarbon compositions which are converted to another chemical arrangement
when contacted with molecular sieve catalyst. These hydrocarbons can include
olefins, reactive paraffins, reactive alkylaromatics, reactive aromatics or mixtures
thereof. Preferred hydrocarbon co-feeds include, propylene, butylene, pentylene,

25  C4 hydrocarbon mixtures, Cs™ hydrocarbon mixtures, and mixtures thereof, More
preferred as co-feeds are a C4* hydrocarbon mixtures, with the most preferred
being C4" hydrocarbon mixtures which are obtained from separation and recycle
of reactor product.

Preferably, the oxygenate feedstock should be at least partially vaporized

30 and contacted in a suitable oxygenate conversion reactor with the selected
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oxygenate conversion catalyst. It is preferable to increase the heat content and/or
the temperature of the feedstock through from one to about three intermediate
15  stages, with each stage having a successively higher heat content. Many different
streams in the oxygenate conversion process may be suitable sources for
providing the necessary heat to increase heat contents. These streams, including
those derived from the heavy product fraction from the quench tower and the
streams from the fractionator separating quench medium from other components,
20  are described in more detail below. It should be pointed out that a stream may
have a higher heat content after a heat exchange even though it has a lower
temperature, primarily resulting from pressure changes and/or phase changes,
such as vaporization of a liquid. The pressure and/or phase changes are needed
for the oxygenate conversion process.
25 Light olefin products will form -- although not necessarily in optimum
amounts --at a wide range of pressures, including but not necessarily limited to
sub- and super-atmospheric pressures and autogeneous pressures, -- in the range
of from about 1 kPa to about 100 MPa. A preferred pressure is in the range of
from about 5 kPa to about 50 MPa, most preferably in the range of from about 50
30 kPato about 500 kPa. The foregoing pressures are exclusive of diluent, if any is
present, and refer to the partial pressure of the feedstock as it relates to oxygenate
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should be in the range of from about 0.01 hr™ to about 1000 hr”, preferably in the
15  range of from about 0.1 hr* to about 500 hr!, and most preferably in the range of
from about 0.5 hr to about 200 hr™’. Since the catalyst may contain other
materials which act as inerts, fillers, or binders; the WHSYV is calculated only on
the weight basis of oxygenate and molecular sieve part of the catalyst.
One or more diluents may be fed to the reaction zone with the oxygenates,
20  such that the total feed mixture comprises diluent in a range of from about 1 mol%
and about 99 mol%. Diluents which may be employed in the process include, but
are not necessarily limited to, helium, argon, nitrogen, carbon monoxide, carbon
dioxide, hydrogen, water, paraffins, other saturated hydrocarbons (such as
methane, ethane, propane, and mixtures thereof), aromatic compounds, and
25  mixtures thereof. Preferred diluents include, but are not necessarily limited to
water and nitrogen.
Oxygenate conversion should be maintained sufficiently high to avoid the
need for commercially unacceptable levels of recycling. 100% oxygenate
conversion is preferred for the purpose of avoiding feedstock recycle completely.
30 However, a reduction in unwanted by-products is observed frequently when the

oxygenate, particularly methanol, conversion level is about 98% or less.
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15 After contacting the oxygenate feed, the catalyst becomes fully or partially

~ deactivated due to accumulation of carbonaceous deposits (also called coke) on

the catalyst surface and/or inside the pores. Fully deactivated catalyst The
deactivated catalyst having carbonaceous deposits is separated from the other
oxygenate conversion products. Preferably at least a portion of the deactivated

20  catalyst is separated and withdrawn from the oxygenate conversion reactor
intermittently, semi-continuously, continuously, or in batch. Before the
deactivated catalyst is recycled back to the oxygenate conversion and used again,
a suitable regeneration is carried out on at least a portion of the withdrawn
deactivated catalyst to remove at least a portion of the carbonaceous deposits, in

25  the range of from about 0.1 wt% to about 99.9 wt%, preferably at least about 1.0
wt% of the carbonaceous deposits should be removed. Complete regeneration -
removing 100 wt% of the original carbonaceous deposits on all of the deactivated
catalyst -- also may be carried out, but it is found that complete regeneration has a
tendency of leading to production of large amounts of undesirable byproducts

30  such as methane and/or hydrogen.
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15 Because the oxygenate conversion reaction is highly exothermic, the
oxygenate conversion reaction product effluent generally has a higher temperature
than the feedstock temperature just before contacting the catalyst. In one
embodiment of the present invention, the feedstock from the storage tank at a first
temperature and having a first heat content is heated through several intermediate

20  stages in heat exchangers to a second desired temperature prior to contacting the
oxygenate conversion catalyst. It is preferable to have from one to about three
stages of heat exchange to provide streams with successively higher heat contents.
Various streams from the oxygenate conversion process at different temperatures
and external sources of heat, such as that from steam, may be used as heat

25  exchanger fluids to increase either the heat content, the temperature, or both, of
the feedstock oxygenate.

After contacting the oxygenate feedstock with the oxygenate conversion

catalyst, the oxygenate conversion reaction product effluent comprising olefin

products is quenched directly by contacting a suitable quench medium in a quench
30  tower without first going through a product fractionation step. Alternatively, the

product effluent may be used to provide heat directly to the oxygenate feedstock.
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conditions), a small portion of the oxygenate conversion byproducts, particularly

15 heavy hydrocarbons (C5+), and usually the bulk of the quench medium.

Preferably, a quench medium is selected from a composition which
remains substantially as a liquid under the quenching conditions, thus minimizing
the amount of the quench medium present in the light gaseous product fraction
which must undergo more expensive gaseous product processing steps to recover

20  commercially acceptable grades of light olefin products. A preferred quench
medium is selected from the group consisting of water and streams that are
substantially water. More preferably, the quench medium is a stream which is
substantially water and is selected from the several fractions of the heavy product
fraction from the quench tower.

25 The amount of quench medium circulated in the quench tower at a
particular temperature for product quenching should be not more than what is
needed to produce a heavy product fraction exiting the quench tower having a
temperature at least about 5°C higher than the first temperature of the oxygenate
feedstock from the storage tank. In another embodiment, as already discussed, the

30 oxygenate conversion reactor effluent stream is used directly as a heat exchanger
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15 Preferably, the heavy product fraction effluent (heavy product fraction)
from the quench tower is pressurized and used for providing heat to other streams.
In one embodiment, the heavy product fraction, or any, or all of the several
fractions into which the heavy product fraction is divided, or streams from guench
medium separations thereof, are used directly as a heat exchanger fluid to increase

20  the heat content and/or temperature of the oxygenate feedstock at one or more of
the stages with successively higher heat contents, Further, any of the several
fractions or streams produced from the quench medium separations thereof may
be used to increase the heat contents of other streams within the overall oxygenate
conversion reaction and product recovery process. The cooled quench medium

25  recovered from such fractions and streams may be returned back to the quench
tower.

In a preferred embodiment, particularly when the oxygenate conversion is
not complete and the quench medium consists essentially of water, the heavy
product fraction is divided into two fractions, a first fraction and a second fraction.

30  Therelative quantities of the first fraction and the second fraction depend on the
overall amount of heat that needs to be removed from the product effluent stream
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oxygenate conversion reaction when the feedstock oxygenate has at least one

oxygen - from other compounds, such as unreacted oxygenates or certain heavier

15  hydrocarbons from the oxygenate conversion reaction, present in the fraction. If
other streams having compositions similar to or compatible with the second
fraction exist within the oxygenate conversion and the associated product recovery
process, such other streams are combined with the second fraction first and the
combined stream is sent to the fractionator.

20 Generally it is desirable to fractionate a mixture into components as
sharply as possible. In the present invention, it is preferable for the overhead
oxygenate fraction and/or the heavies-containing fraction from the fractionator to
have a composition of water as introduced in the second fraction of the heavy
product fraction in the range of from about 15 mol% to about 99.5 mol%,

25  preferably from about 25 mol% to about 90 mol%. An increase in the water
composition of the overhead fraction tends to increase the condensation
temperature, and more heat can be recovered economically from the overhead
fraction of the fractionator to improve heat integration for the entire process.
Preferably, the recovered overhead oxygenate fraction contains at least about 90

30 mol% of the oxygenate contained in the second fraction of the heavy fraction.
More preferably, the recovered overhead oxygenate fraction contains at least
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heavy pressurized and used to heat the oxygenate feedstock at one of the stages, from
one to about three, where the oxygenate feedstock is given successively higher
15  heat contents prior to entering the oxygenate conversion reactor. The fractionator
is operated such that the temperature of the bottoms fraction is at least about 5°C,
preferably at least about 25°C, higher than the first temperature of the oxygenate
feed from storage. The operating temperature inside of the fractionator is
determined by a number of parameters, including, but not necessarily limited to
20  the fractionator overhead pressure and the overall pressure drop inside of the
fractionator.

Figure 1 shows one embodiment of a process flow diagram according to

the invention to increase heat recovery and to improve heat integration. Liquid
oxygenate féed 1, such as methanol, having a first heat content, at a first

25  temperature and a first pressure, is heated by stream 35 in heat exchanger 2.
Stream 35 is fractionator bottoms stream 33 from fractionator 24, which is
pressurized by pump 34. The result is a first heated oxygenate feed stream 3 with
a bigher heat content than that of liquid oxygenate feed stream 1. First heated
oxygenate feed stream 3 then is heated in another heat exchanger 4 by overhead

30  fraction 26 from fractionator 24 to form a second heated oxygenate feed stream 5
with a higher heat content than that of stream 3. Heat exchanger 4 is a condensor
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fixed bed, fluidized bed, riser, moving bed, or a combination thereof, with or

without continuous catalyst regeneration. A fixed bed reactor normally is not
favored due to the difficulty of withdrawing deactivated catalyst for regeneration
and returning the regenerated catalyst back to the reactor. The oxygenate feed is
converted to a product comprising light olefins and the catalyst becomes
deactivated or partially deactivated by accumulating carbonaceous deposits which
are formed as byproducts of the oxygenate conversion reaction.

Oxygenate conversion product effluent 11 flows through heat exchanger 8
and becomes cooled oxygenate conversion product effluent stream 12 which is
sent to quench tower 13. Alternately, heat exchanger 8 may be eliminated and
oxygenate conversion product effluent 11 is sent directly to quench tower 13
without intermediate cooling. In quench tower 13 oxygenate conversion product
stream 12 contacts directly with a quench medium consisting essentially of water
at an initial temperature over a series of suitable contacting devices. The amount
of the quench medium needed in quench tower 13 is dictated by a number of
factors, including, but not necessarily limited to the composition of the quench
medium, the temperature of quench medium recycle introduced to quench tower

13, and desired temperature differences and pressure differences between various
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various 15  product fraction is divided may be processed to separate the quench medium from
byproduct water. For example, if the quench medium is a high boiling
hydrocarbon such as diesel fuel or similar streams, it is immiscible with byproduct
water. Such a quench medium can be separated by a properly designed weir
system in the bottom of quench tower 13, or in an API separator or other similar
20  devices at many different points of the process in the present invention. Further, if
any heavy hydrocarbons (C5+) are formed in the oxygenate conversion reaction,
they also may be removed from byproduct water in stream 15 or other points in
the process in substantially the same manner as or along with the removal of the
quench medium. If the quench medium is a relatively light material which is
25  substantially gaseous under the quenching conditions, and hence being present in
substantial quantities in the light product fraction, such a quench medium can be
separated in downstream olefin recovery processes encompassing the entire
oxygenate conversion and olefin recovery and purification process.
Regardless, the exiting pressure of heavy product fraction stream 15
30 should be less than about 345x10° pascals (345 kPa) below the pressure of liquid
oxygenate feed 1. Preferably, the exiting temperature of heavy product fraction
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stream 15 or other .points N, t.he process i ubstantially..the.same manner
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quenchi ng condi tions, and hence being present in substantial quantities in
the |ight prdmgten 18,acmueneh welgrrecycly soeamn, insorledrincenchinger 318 pad seaydledn
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exiting presgg8re 2ofmi;aa:vsf1ipﬁediéﬁinté s@@tdl fctdéseadtide Fchdiithay B¢ | ess than
about 345x103 pascal s (345 kPa) bel ow the pressure of Liquid
cooled to different temperatures in different heat exchangers. These fractions, or
15 some of them, at different temperatures may be introduced into quench tower 13
at different points to better integrate heat recovery and minimize utility
consumption. The beat content of fraction 18 may be used to provide heat to the
oxygenate feedstock in the heat exchanger 2, 4, and/or 6, or at different locations
of the entire oxygenate conversion and olefin recovery and purification process to
20  provide heat and to increase heat recovery.

Fractionator feed fraction 21, optionally mixed with other water containing
streams 22, is sent to fractionator 24. At least two streams, fractionator overhead
stream 26 and fractionator bottoms stream 33, are fractionated from fractionator
feed fraction 21. Fractionator overhead stream 26 should contain at least about 15

25  mol%, preferably at least about 25 mol%, of water from the oxyéeqate conversion
reaction. Conjunctively with or alternatively to this composition preference, the
temperature of fractionator overhead stream 26 should be at least about 10°C
higher than the boiling temperature of the oxygenate feed under the conditions of
heat exchanger 4.

30 Sufficient heat is added to fractionator 24 via reboiler 25, which when
coupled with a sufficient number of trays in fractionator 24 results in producing
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Fractionator feed fraction 21, optionally m xed wth other water containing
streans 22, Separgiedifrany bypreductorateroin bottoms strearn 33 ortleger inthe grasessfasact i onat or

over hea st 6 ractian r batt.ons ,Str 33, care .f.rgctionated
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water fromthe -oxi/a%enat e conversion reaction. Conjunctively with or
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Fractionator bottoms stream 33, before ieaving fractionator 24, is ata
15 temperature which is at least about 5°C, preferably at least about 25°C, higher than
the first temperature of the oxygenate feed introduced from storage 1 to heat
exchanger 2. The pressure at the top of fractionator 24 should be at least 69 kPa
higher than the pressure in heat exchanger 4 to increase heat recovery. Stream 35
is used to heat up liquid oxygenate feedstock 1 in heat exchanger 2. For better
20  beat recovery, exiting stream 36 from heat exchanger 2 preferably has a
temperature equal to or less than about the temperature of stream 21.

One way to further improve heat integration and to increase heat recovery

is to use fractionator overhead stream 26 as the heat source for heat exchanger 4,
The cooled fractionator overhead stream 27 may be fractionated further in

25  separator 28 into vapor discharge stream 29 and liquid reflux 30 which is sent
back to fractionator 24 after pressure adjustment with pump 31, It is important to
maintain cooled fractionator overhead stream 27 at a temperature above the
boiling point of the first heated oxygenate feed 3 to provide favorable heat
transfer.

30 Another embodiment of this invention relates to converting oxygenates to
olefins with high energy and capital efficiency. In this preferred embodiment, an
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separ ate byproduct water fromthe queneBlredium If the quench nediumis a
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hydrocarbon components. Typically, the feedstock will have more than one

15 component, and have a boiling point range of at least 2°C.

In a preferred embodiment, the boiling range is not greater than about
30°C, 25°C, 20°C, 15°C, 10°C and most preferably not greater than about 5 to
6°C. The oxygenate conversion reactor converts at least a portion of the feedstock
into the effluent, and the effluent comprises the olefins.

20 Desirably, the temperature of the reactor effluent is at least 300°C, more
preferably at least 350°C, and most preferably at least 400°C. The temperature of
the reactor effluent preferably is below about 700°C to achieve attractive yields in
the oxygenate conversion reaction.

In another embodiment, a portion of the heat in the reactor efftuent

25 emanating from the indirect heat transfer device vaporizing the feedstock is used
to increase the sensible heat of the feedstock prior to vaporization of the
feedstock. This heat is particularly useful for adding sensible heat (which is
increasing the heat content to a liquid without vaporizing it, so the feedstock must
be below its bubble point) to the feedstock.

30 In another embodiment, the sensible heat is provided in a separate indirect
heat transfer device from that used for vaporization. Preferably, the sensible heat



boiling point of the first heated oxygenate feed 3 to provide favor1ali‘.)lr_. Y
heat transfer. 30 Another enbodinent of this invention relates to oY LU
converti nates to olefins with high energy and capital efficiency.
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I ndirect heat transfer device for transferring heat fromat |east a portion
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exiting the exchanger, separate the liquid and vapor, and return the liquid to the
entrance of the exchanger. Fresh liquid or partially liquid feedstock can also be

15  semtto the seperate vessel, rather than directly to the heat exchanger.

The thermosiphon-beoiler is a particularly useful embodiment for
vaporization of feedstock. Tubular exchangers include a shell-and-tube-type heat
exchanger, a U-tube heat exchanger, a packed-lantem-ring exchanger, a outside-
packed floating-head exchanger, an internal floating-head exchanger, a bent-tube

20 fixed-tube-sheet exchanger, a bayonet-tube exchanger, a spiral-tube exchanger, a
falling-film exchanger and Teflon-head exchanger.

The temperature of cooled reactor effluent is preferably not less than 30°C
below the water dewpoint. In the methed of this invention, determining the
boiling range of a feedstock and the water dewpoint of a cooled reactor effluent,

25  and many other useful thermodynamic properties of the materials utilized, is
desireably determined by the Soave Modified Redlich-Kwong (SMRK) equation
of state. The SMRK equation is readily available in SimSci PRO/II, which is a
computer program for chemical process simulation.
In another embodiment, the reactor effluent stream can be split, using one
30  part to vaporize feedstock in one device. Other parts may be used to provide heat
to other materials in other devices. In a preferred embodiment, one part of the
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15  aliphatic and olefinic hydrocarbons and C¢-Cs aromatics. Most preferably, the

diluent is iso- or normal hexane.

It is particutarly beneficial for the diluent to have a relatively low normal
boiling point, i.c., bubble point at one atmosphere pressure, to allow it to be
vaporized at a temperature under the operating conditions of the vaporizer that is

20 low enough to provide high temperature differentials with the reactor effluent. It
should not, however, be so low that it cannot remain a liquid at the operating
pressures of vaporizer and reactor. Especially useful is when the diluent has a
normal boiling point close to that of the oxygenate feed, so that it can be mixed
with the oxygenate in large proportion, if desired, and still maintain a low boiling

25 range. This may make it possible to perform as much of the heating of the
feedstock, both sensible heat and vaporization of both oxygenate and diluent, in as
few exchangers as possible.

The preferred diluents have desirable boiling ranges and normal boiling
points. An added attractive feature is they have relatively low heats of

30  vaporization (compared to oxygenates and water/steam). This would allow the

heat from the reactor effluent to be most effectively utilized in vaporizing the



25 and many ot her useful thernodynam c properties of the materials

utilized, is desireably determ ned by the Soave Mdified Redlich- Iﬁw?r}‘(‘}.v 2004
(SMRK) equation of state. The SMRK equation is readily available i'n Lt
Si nSci  WROAAA057T9hi ch is a conputer program for chem cal POTAISeE 4896

simul ati on. I n another enbodi nent, the reactor effluent stream can be

split, using one 30 part to vaporize feedstock in one device. O her parts
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PCT/ USO01/ 14896 -23 reactor effluent may2ée used to vapori ze oxygenate and
anot her part nay be used to vaporize diluent (or a mx of diluent and

oxygenate) i ' ' : ﬂ]ﬂla AR [ h streans
to the react%ﬁ n an%{taﬁgége?ﬁ%og’ma?r.écrﬁaia %%r pﬁggpﬁﬁg%ﬁe}%ﬁaﬁ ef fl uent
may be used ¢ondensingthedeatercmnt bbtheapaotorzeffident) €8t chdsehh&vo- bidénd@dt or

effluent fromthat device |s sent_ to another device to vaporize oxygenate
(or a nix of hexanearepagkulasly wsefil dilpents when dhepxygenae ismagbanolat i on may  be

reversed, in a sei r : PBEQ ! ] | .ned based
upon the sel ectio#%ﬁmg%%gcgﬁg?é’péﬁgdgﬁ%%n em@?%%!CL%lg?}l’%g’? conom ¢
and  pr ocgessfeeditbel isdn adiqaid agte dhsbthetveiationy, i foeditedkcooulibe stdedst al return
requirenents, 10 usig&/en i neeri ng desi %"and econom ¢ principles well

known to t hos@eskQ%) 3o 40%; HBeHA%.aHo, 7 and B0%sn@ liguidywatai | here. In

ot her enbodi t t dilu C, aV, nor nal _ boi |4 o] bet ween
-20C and 130%%?@%%%6?‘9?9’%@”&@%%@0%65 WE??SSS%%"? gd&\}e’%@ d 90C.
The dil uent bgbilepbinel tie maﬁbﬂ,rahahhﬁceaﬂ%e;pﬁm&é Gt ie¥itroaeasdRNBe héat to CS
15 aliphatic and "ol efinic hydrocarbons an Ch- C8 aromatics. Most

preferably, ekehangs deyice injwhitk if-willbevepomzed,moneprefarably sopless thamPeiq y
beneficigl for the. diluent.tq.h | atdvely | . i || int,
P! bultbi e MpsrEpo Rt A i B o er B P AReb B HnSthapor | 2

at a tenper athpheeQre®er.t he operating conditions of the vaporizer that is 20
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15 EXAMPLEI

A liquid methanol feed 1 at about 386.1 kPa pressure and 38°C absorbs

heat to increase its heat content in heat exchanger 2 from stream 35, at 158°C and
1,276 kPa pressure, from methanol/water fractionator 24 to form the first heated
methanol feed stream 3 at a temperature of about 100°C and a pressure of 351.6

20 kPa. The first heated methanol feed stream 3 with 4,722 kJ/mole heat content
absorbs heat from the fractionator overhead stream 26 in the heat exchanger 4 to
form the second heated methanol feed stream 5 with a heat content of 6,521
kJ/mole. Stream 5 is heated further by steam in heat exchanger 6 to form the third
heated methanol feed stream 7 which has even higher heat content than the third

25  heated methanol feed stream 7 ~- 7,390 kJ/mole. The third heated methanol feed
‘stream 7 is heated in heat exchanger 8 to form the fourth heated methanol feed
stream 9 with the methanol conversion product effluent 11 from the oxygenate
conversion reactor 10. The fourth heated methanol feed stream 9, having a much
higher heat content of 17,102 kJ/mole, is suitable for contacting a catalyst in the

30  oxygenate conversion reactor 10 to form a deactivated oxygenate conversion

catalyst having carbonaceous deposits and a product 11 comprising olefins,
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of both oxygenate and diluent, in as few exchangers as possible. The
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poi nts. An added attractive feature is they have relatively | ow heats of 30
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absorbs hea O Increase itS heat conten nger rom stream
35, at 1P@C duaring fegerndratidna Theesgenemted catalyst isxebypoled bavktint the egyigenatat or 24

to formthe first  heated t hanol . feed stream 3 at t rature of about
100C and a pFewRsTHien wactonil for seotpeling EXYgenle Taech HBWh REShe) feed stream
3 wth 4, 722&&4% rﬁ’éﬁe? rrga}t t Lhenfdfaty or
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exiting in the stream 11.
The cooled methanol conversion product stream 12 exiting the heat

15  exchanger 8 is sent to the quench tower 13, contacting directly a quench medium

consisting essentially of water. The quench tower 13 is equipped with suitable
contacting devices inside. Most hydrocarbon products are separated as a gaseous
product stream 14. Heavier products, water, and unreacted methano} are
discharge from the quench tower 13 as the quench tower bottoms stream 15ata
20  temperature of about 116°C and a pressure of about 262 kPa. The quench tower
bottoms stream 15 is pressurized by the pump 16 to form the pressurized quench
tower bottoms stream 17 at about 689.5 kPa. About 83 mol% of the pressurized
quench tower bottoms stream 17 forms the recycle fraction 18 and is sent through
the cooling exchanger 19 to form the quenching stream 20 at a lower temperature.
25  The quenching stream 20 is returned to the quench tower 13.
The rest of the pressurized quench tower bottoms stream 17, about 17
mol% becomes the fractionator feed fraction 21. The fractionator feed fraction 21
is combined with another methanol/water stream 22, a small stream recovered
from other sources within the overall oxygenate conversion and product recovery
30 process. The combined stream 23 is sent to the fractionator 24. The fractionator
overhead stream 26 containing about 89 mol% water and about 10.5 mol% of
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15 utilizing the Modified Panagiotopoulos-Reid modifications to the Soave-edlich-
Kwong equation of state.
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Propylene 40.90 9.60
Propane 0.21 0.05
Butenes 8.89 1.56
Butanes 0.09 0.02
Pentenes 3.95 0.56
Pentanes 0.04 0.01
Coke 2.89 -
Total 100.00 27.84
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Table 2 T Heat Stream Rate Methanol Water
Pressure
-28 -
Table 2
Stream | Rate | Methanol | Water | Pressure | Temperature Heat
No. | (molh) | (mol%) | mol%) | (Pa) CC) Content
. : (kJ/mol)
1 10,000.0 | 98.23 .77 386.1 35.2 582
3 10,0000 | 9823 1.77 351.6 100.1 4,722
5 10,000.0 | 98.23 1.77 3309 98.2 6,521
7 10,0000 | 98.23 1.77 3172 96.9 7,390
9 10,0000 | 9823 1.77 3172 96.9 17,102
11 13,918.9 0.14 72.02 275.8 407.9 25,424
12 13,918.9 0.14 72.02 262.0 124.9 18,475
14 3,946.7 0.04 1.78 2413 37.8 6,841
15 92,909.4 0.18 99.82 262.0 115.6 3,856
21 9,972.2 0.18 99.82 689.5 115.6 3,859
22 863.8 0.21 99.78 689.5 43.4 1,394
26 1,118.0 10.54 89.42 551.6 151.9 21,740
27 1,118.0 10.54 89.42 517.1 138.8 5,566
29 53.9 36.42 62.75 517.1 138.8 886
33 10,782.2 trace 100.00 585.4 1579 5,302
35 10,782.2 trace 100.00 | 1,274.8 158.1 5,310
36 10,782.2 trace 100.00 861.2 46.1 1,476

L




N

| Tenperature No. (nol/h) (nmol % (ol % (kPa) Content (C) (kJIlnol) n
110, 000. 098. 231. 77386. 135. 2 582 310, 000. 098. 231. 77351. 6100. 1 4, 7221 1 NCV 7G04
510, 000. 098. 231. 77330. 998. 2 6, 521 710, 000. 098. 231. 77317. 296. 9 7, 390
910, 000. BEBO2MS7977317. 296. 9 17,102 1113, 918. 90. 1472. 0227PEUB194396 424
1213, 918. 90. 1472. 02262. 0124. 9 18, 475 143, 946. 70. 041. 78241. 337. 8 6, 841
1592, 909. 40. 1899. 82262. 0115. 6 3, 856 219, 972. 20. 1899. 82689. 5115. 6 3, 859
22863. 80. 2199. 78689. 543. 4 1,394 261, 118. 010. 5489. 42551. 6151. 9 21, 740
271, 118. 010. 5489. 42517. 1138. 8 5,566 2953. 936. 4262. 75517. 1138. 8 886
3310, 782. 2t race100. 00585. 4157. 9 5, 302 -2910, 782. 2t r ace100. 001, 274. 8158. 1
5,310 3610, 782. 2t racel00. 00861. 246. 11, 476 17 nov 2004 WD 02/ 00579 PCT/ USO1

/14896 -29 Table 3 Exchanger No.Duty Tasle3zkJ/ h) 241.4 418.9 68.6 897.1
19191.7 2538.1

Exchanger No. Daty (105 kd/h)
2 414
4 : 18.9
6 8.6
8 97.1
19 191.7
25 38.1

' These results show that in the oxyg'enate conversion process, the external
heat needed to bring the oxygenate feedstock to conditions desirable for
5  contacting the catalyst, represented in the preferred embodiment by heat
exchanger 6, is reduced as a result of increased heat recovery and improved heat
integration of the process.
Persons of ordinary skill in the art will recognize that many modifications
may be made to the present invention without departing from the spirit and scope
10  of the present invention. The embodiment described herein is meant to be
illustrative only and should not be taken as limiting the invention, which is
defined by the following claims.




These results show that in the oxygenate conversion process, the ext?rggll snn)
heat needed to bring the oxygenate feedstock to conditions desirablgif oV 5Lu0h
contacting the catal yst, represented in the preferred enbodi nent by heat
exchanger 6, is reduced as a result of increased heat recovery and i nproved
heat integration of the process. Persons of ordinary skill in the art wll
recogni ze that many nodifications may-3Be nade to the present invention

wi t hout departing fromthe spirit and scope 10 of the present invention.
The enbodi néAIMSscri bed herein is meant to be illustrative only and shoul d
not be taken as limting the invention, which is defined by the follow ng
claims. 1 7 nov 2004 -30 CLAIMs: 1. A process for convening an.oxygenate to
ol efins, the. prodemscessfprdonveing ap psygenatado aleﬁﬁiad@qléf{?kcséﬁ%ﬁl’?@grg nor e

t han one conponent i ncl udj the 5.0x n : ' at from
at |east a porti ®F m&ﬁ?ﬁefrbg}"ﬁgﬁ?mwmﬁg%g% engﬁg%%dn%eg@?lggﬁ?ggftor to

the feedsto i | at a first tenperature to cause at |east a portion
of the fied;&?g%%‘afegmj\l/apori ze and form a vaporized feedstock, wherein the

f eedst ock has a lmnbferring featfromfat k@st:apoatien ef aoxiluen of MoXyErHUfiat e
conversi on reactaor convert ast .a ryl LAt 0 sai d
ef f | uent, ar?&n%ﬂﬁn&?Méﬁﬁlciaféecli&é’ﬁ&%%ﬂgﬁgi gg%%grmzﬁe ghgm'ifeﬁgﬁfgeﬂqgﬁ fraction
whi ch Conpraipso?ﬁo@ﬁf e%éaégo Et@%oﬁz@wﬁnﬂ&aﬁ?ﬁ}w feddswckenper at ure at

er an r

| east 5C hig sal Irst "tenperature, from which péﬁg i's
transferred to t hehdreindh¢ fredstotk has ahodlingsangent 286119 abeut 3§ @it®xygenate t o

ol efins, the process conprising; 15 pr.qvid] a_f L'3i ng nore
t han ondOcorf¥ygenale meeﬁmmﬁa?‘ﬂﬁ°°f&¥§'§§%‘ﬁ%‘tsg# B%Pgﬁ g ? gl(rlff%% cgg%{l? élgm at

| east a port} f t: mhed2ndgepahed it alightsframioneditlor to the
f eedst ock mhélfgﬁer?’suglt%gi %@Fgrt& l% gﬁrreper at ur eg{ﬁ

0 cause at |eas a portion of
t he feedst ocdoniipriseapaid iotefina aud # beavydragtipwrat 2 taqopesaines ) dqast g;ﬁ,‘duglgercom acting
= br bosur ¢ { FeRSAORIES FBPTBBTHARR T hondt B o i ogoout 70 and
2 A process for converting an oxygenate (o olefins, the process comprising;
15 providing a feedstock comprising more than one component including the
oxygenate,
transferring heat from at least a portion of an effluent of an oxygenate
conversion reactor to the feedstock which is at a first temperature to cause at least
a portion of the feedstock to vaporize and form a vaporized feedstock, and
20 contacting the vaporized feedstock at a temperature from about 200 to
about 750°C and a pressure from 1 kPa to 100 MPa with a catalyst comprising
molecular sieve having a pore diameter smaller than 10 Angstroms,
wherein the feedstock has a boiling range of 2°C to about 30°C, the
oXygenate conversion reactor converts at least; a portion of the feedstock into said
75  effluent, and said effluent is quenched and separated into a light fraction Which
comprises said olefins and a heavy fraction, at a temperature at least 5°C higher
than said first temperature, from which heat is transferred to the feedstock.
3. A process for converting an oxygenate to olefins, the process comprising:
providing a feedstock comprising more than one component including the

30  oxygenate and a diluent,



nol ecul ar sieve having a pore dianeter smaller that 10 Angstrons, wherein
the feedstock has a boiling range of 2C to about 30C, the oxygenat197 Moy 2304
conversion reactor converts at |least a portion of the feedstock into said
25 effluent, and said effluent is quenched and separated into a |ight
fraction which conprises said olefins and a heavy fraction, at a
tenperature at |east 5C higher than sald first tenperature, from which
heat is transferred to the feedstock. 3. A process for converting an
oxygenate to ol efg : SRIPLA RIS l.dien f eedst ock
conprising nore tﬁf%ﬁ%ﬁpﬂgﬁﬁg mc?%@?ﬁgfsf%éeﬁlﬂ%%g@awﬁteand a

di | uent, 17 converidf4eactir vittietnisfaes firsi Gerhseritufe 1o MeNeedstirkito BaRe ki fed Of an
effluent of an o;%gfnate conversion reactor which is at a first

t enper at ur e ARPTH Be deadstork tvapanseand form agaporized deadstonk,aindt he f eedst ock

to vaporize and fs\%ﬁ%@%ﬁ?%@%@%ﬁg@i%ﬁ@gﬁ%wd separating the diluent from

said effluent, 5 boiling range of 2C to about

30C, thes oxygenatigereianiiefealnsck iR Al lingaang df2°Blko kst Bod RRL ti on of the
feedstock into said effluent, and said effluent is quenched and separated

into a | i ghtoXYEHRS enVaRiATTcagengony etsatdedstih portion nfthafiebdatoble inty sdid act i on,

at a tenper algh I all t sai.d. first it erature, from
whi ch heat is térié’?l%l esrgi?lzegﬂ?%tlti%@lﬁ éhec s"??cgﬁ?ﬁfff“&‘. %E‘BP‘%EQH f”g?ciconverti ng
an oxygenat eotmpristedaidislefihdigndos RO Fra6 Qi at SHlehiperatitt aviedstﬁgc%i%ﬁ?dst ock
conprising nore than one conponent including the oxygenate and a dil uent,

t r ansf er ri ngh#nesgd firsh famaperatuees from whick heat iotanaferned to therfeedsfockn oxygenat e

conver sign rgacto f tock which is at.a first tenperature to

cause atlel ea4$?t é%&&{@r S‘E“%%f“ﬂ%ﬁé‘ W@ﬁ‘?ﬂ%@@‘i@%‘&‘ﬁ&ﬂ% r'g’I)F\‘H’r'lslfl’rgm a

vapori zed feedst qabvidigd Redstétlt doRBrisHRGhré ﬁﬁnfo%‘éléﬁ.ggﬁ%n?hcwr ature
a to

from about 200 to about 750C and a pressure from a wth a
cat al yst corf¥VEenatgyand a dgusdbul ar si eve having a pore dianmeter snaller than

Fecdstock has a DEFILGE AR bR adtast E o AP A Ries] ofah Suionaee "conver si on
reactor conwenhtasioh réaebstito thepfeedstodk which e b Gie EoRseratifdits cadedt least
15 aportion of the feedstock to vaporize and form a vaporized feedstock,
contacting the vaporized feedstock at a terperature from about 200 to
about 750°C and a pressure from 1 kPa to 100 MP3 with a catalyst comprising a
molecular sieve having a pore diameter smaller than 10 Angstroms, and
separating the diluent from said effluent,
20 wherein the feedstock has a boiling range of 2°C to about 30°C, the

oxygenate conversion reactor converts at least a portion of the feedstock into said
cffluent, and said effluent is quenched and separated into a light fraction which
comprises said olefins and a heavy fraction, at a temperature at least 5°C higher
than sajd first temperature, from which heat is transferred to the feedstock.

25 s The process of claims 1-2, wherein the feedstock further comprises a
diluent,

6. The process of claims 1-4, wherein the feedstock is selected from tht;,
group consisting of an impure methanol having & boiling range and a mixture of
methanol and dimethy} ether.

3o 7. The process of claims 1-4, wherein the oxygenate is selected from the
group consisting of methanol, dimethyl ether, ethanol, methy! ethyl ether,



effluent, and said effluent is quenched and separated into a |ight fraq;honw
which conprises said olefins and a heavy fraction, at a tenperaturb?aﬁgv AT,
| east 5C higher than said first tenperature, framwhich heat is

transferred to the feedstock. 25 5. The process of clainms 1-2, wherein the
feedstock further conprises a diluent,,,6. The process of clains 1-4,

wherein the feedstock is selected fromthe group consisting of an inpure

met hanol havipng a boiling range and a m xture of nethanol and di nethyl
ether. 30 7. dmehyplcashongieomethyhformate, methyhecetite, didibylexegemdsixiugessel ect ed
fromthe gra%g§ﬁonsisting of met hanol, dinethyl ether, ethanol, nethyl

et hyl ether, ov 2004 -32 dinethyl carbonate, nethyl formate, nethyl

acetate, dieghyl %B?Soccmmiﬁ{sq&ﬁ%w}e}&ﬁ”ﬁ%tﬂgﬁtisE@Ec&ﬁ%%&?@ﬁg;%ﬁ' ains 1

-4, wherein the catalyst is selected fromthe group CconNsi a

zeolite, a sronsetgefazeplitespiiticaluniBapiDsphite SARD), bihbRinged

si | i coal um ngs.phgsphat ubstjtute | um nophosphate, and m xtures

t her eof . ugng. Sﬁgﬁﬁwé@goﬁﬁa aaﬁ“hftﬁ‘}t pPhasphate g BisurestharegipO

sel ected from t he ThehRitRsCE iRt Rehehd; : APQ: 34, SAPO- 44,
and m xtures thereq;P.. 10. The pr’ocgssmgg%%%%sﬁ‘%égﬁlaégg\%ﬁé%i n the
di luent is agwpprcepsistingof JAPOST1BAPOHL 3, SARO-34, SARD Aper@onikhigbd Ng. of C4
to-C8-ol efin -(%dbto -C8 aliphatic, C6-C8 aronmatic and m xtures thereof.
11. The procg?g c§f claims 3, 4 and 6, wherein the diluent is a hydrocarbon

sel ected fronmpt he The QbiRes BTk 3 ' : gﬁﬁne nd m xtures
thereof. 15 12. The gr ocess of cl g, %ﬂsd gsﬂacr@%ﬂja{'@d%tgg YA®Gi | uent has
a nor mal lboi selegged fomthe grouplvonsistiigd @4 WO8IbleBATS TS Tghatit, TEES Of
clains 1-4, rein the goi I * n ange is no greater than about 20C 14.
The process g@’%ﬁ% iaﬁé =4, %‘%@ﬁ[ n the boiling range is no greater than 20
about 10C. 11.  The process of claims 3, 4 and 6, wherein the diluent is a hydrocarbon
selected from the group consisting of iso- and normal hexane and mixtures
thereof.
15 12. The process of claims 3, 4, and 6, wherein the diluent has a normal boiling
point of about 35°C to about 90°C.
13.  The process of claims 1-4, wherein the boiling range is no greater than
about 20°C,
14.  The process of claims 1-4, wherein the boiling range is no greater than
20 about 10°C.
15.  The process of claims 1-4, wherein a temperature of the effluent before
transferring heat from the effluent to the feedstock is at least about 350°C.
16.  The process of claims 1-4, wherein a temperature of the effluent before
transferring heat from the effluent to the feedstock is at least about 300°C.
25 17.  The process of claims 1-4, wherein 0.1-100% of the feedstock is in 2 liquid
state,
18.  The process of claims 1-4, wherein at least about 80% of the feedstock is
in a liquid state.

19.  The process of claims 1-4, wherein at least about 20% of the feedstock is
30 inaliquid state. '



15. The process of claims 1-4, wherein a tenperature of the effluent7beforgs,
transferring heat fromthe effluent to the feedstock is at |east about

350C. 16. The process of clainms 1-4, wherein a tenperature of the effl uent
before transferring heat fromthe effluent to the feedstock is at | east
about 300C. 25 17. The process of clai 1-4, wherein 0.1-100% of the
feedstock is in a liquid state. 18. The process of clains 1-4, wherein at

| east about 80% of the feedstock is in a liquid state. 19. The process of

cIt aitms ig %erg'ghﬁmoctsg?ﬁ?ﬁbbhﬂ, ﬁrﬁ%chfa%tehﬁpefaﬁ&dgf%ﬂfem%d&tocﬁﬁdoﬂ aliquid
st at e. v s . rocess of clains 1-4, erein a

t enper at ur enf(%?s {ﬁﬁ%é? égg’&%&?ni lge ﬁ‘&]’?b?e paRtofithe fredsiork at e pnatiomwheretike bubbl e
poi nt of thefegmmcti_@%@qlc@d ﬂo‘?aqﬁ:taét%}m %ﬁc%ﬁﬁt gggé‘%ﬁﬂl S,.i ntroduced to

a heat transfer device that transfers heat from B0 the

f eedst ock. GeffuentThthefeedstmk. of clainms 1-4, wherein at |least a portion of

the heat drapsferyed  from.tne eLfI ugnt,to the feedstock provides sensible
heat. 22, The" pr oteSRIOBFss Of glafas h-44whegsiny atilepsta pastipe pithe heatdtansfemedf f | uent

after tramﬁ@t&%@ﬂfﬂ*&@ﬁ’ﬂt&t&%@ﬁ%&ﬁ%%@%&h blaq | ess than 300C bel ow wat er

dewpoint, 23. The process o erele‘ﬁt‘a tenperature of the

ef fluent af?Zr |, The processof el ir4hehéreinos &ﬁ@&m@gf&@lﬂ‘ﬂ@n{]ﬁ -less
t han- 30c -bel ow_.wat efxmttj‘g%/\h/%gént as. determ ned by the Soave c(Ei fied

Redl i ch- KworAsERg edstock jsmot Joss thanFORE below watei devpbint, wher ei n
t he beat trgp_sfeméaﬁim 2 f4f t the feedstack is done in an
i ndi rect heat transf ereéfg\r/slf%gﬁnig.‘t’ #ﬁ%ﬁ%@@gﬁfoﬁﬁaie&ﬁ?m Wferein the,
i ndi r ectlOhewranstmmifigheat e thededdstock & ot 6 tiad IPOBelMOWSELHRORRSE St i Ng of a
shel | - and-tué)e-ér}zlge ex&hanger and. a_ thernosi phon-boil er
cte ed by the Soave Modified Redlich-Kwong equation of state.

24.  The process of claims 1-4, wherein the heat transferred from the effluent to

the feedstock is done in an indirect heat transfer device,

25.  The process of claim 24, wherein the indirect heat transfer devic cls

15  selected from the group consisting of a shell-and-tube-type exchanger and a
thermosiphon-boiler



