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The need for low-emissions fuels has created an increased demand for
light olefins used in alkylation, oligomerization, MTBE, and ETBE synthesis
15 processes. In addition, a low cost supply of light olefins, particularly propylene,
continues to be in demand to serve as feed for polyolefins production, particularly

polypropylene production.
Fixed bed processes for light paraffin dehydrogenation have recently
attracted renewed interest for increasing olefins pfoduction. However, these types
20 of processes typically require relatively large capital investments as well as high
operating costs. It is therefore advantageous to increase olefins yield using
processes, which requiré relatively small capital investment. It would be
particularly advantageous to increase olefins yield in catalytic cracking processes.
A problem inherent in producing olefins products using FCC units is that
25 the process depends on a specific catalyst balance to maximize production of light
olefins while also achieving high conversion of the 650° F + (~340°C +) feed
components. In addition, even if a specific catalyst balance can be maintained to
maximize overall olefins production, olefins selectivity is generally low because
of undesirable side reactions, such as extensive cracking, isomerization,
30 aromatization and hydrogen transfer reactions. Light saturated gases produced
from undesirable side reactions result in increased costs to recover the desirable

light olefins. Therefore, it is desirable to maximize olefins production in a process
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such as pol yp%ﬁs%%@é)ﬁgm%%tgt y é%g&%s@gwlﬁﬁgnl nvention An
enbodi ment of pblgethylenssent i nvention conprises a process for producing

propyl ene conprising the steps of (a) contacting a naphtha feed containing
bet ween about 10 and about 30 wt.% paraffins and between about 15 and
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product, the catalyst conprising about, 10 to about 50 w.% of a crystalline
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including a temperature from about 500° to 650° C, a hydrocarbon partial pressure
of 10 to 40 psia (70-280 kPa), a hydrocarbon residence time of 1 to 10 seconds,
and a catalyst to feed ratio, by weight, of about 4 to 10, wherein no more than
15 about 20 wt.% of paraffins are converted to olefins and wherein propylene
comprises at least 90 mol.% of the total C; products.
In another preferred embodiment of the present invention the catalyst is a
ZSM-5 type catalyst.
In still another preferred embodiment of the present invention the feed
20 contains about 10 to 30 wt.% paraffins, and from about 20 to 70 wt.% olefins.
In yet another preferred embodiment of the present invention the reaction
zone is operated at a temperature from about 525° C to about 600° C.

Detailed Description Of The Invention

25 Suitable hydrocarbons feeds for producing the relatively high C;, Cs, and
C4 olefins yields are those streams boiling in the naphtha range and containing
from about 5 wt.% to about 35 wt.%, preferably from about 10 wt.% to about 30
wt.%, and more preferably from about 10 to 25 wt.% paraffins, and from about 15
wt.%, preferably from about 20 wt.% to about 70 wt.% olefins. The feed may also

30 contain naphthenes and aromatics. Naphtha boiling range streams are typically
those having a boiling range from about 65° F to about 430° F (18-225° C),
preferably from about 65° F to about 300° F (18-150° C).



20 contains about 10 to 30 w. % paraffins, and from about 20 to 70 wt. %
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aromatics and disproportionation reactions to other olefins are minimized. The

15 addition of a separate aromatic stream alsb minimizes hydrogen transfer reactions
that convert propylene to propane. To improve selectivity to propylene, an
additional streatn of aromatics are added to the foedstock to reduce the olefin
partial pressure and to retard aromatization of olefins to aromatics, thereby
improving selecﬁvity to propylene. The additional stream of aromatics preferably

20 comprises single-ring aromatics in an amount greater than about 50 wt.%, more
preferably greater than about 75 wi.%. As used herein, single-ring aromatics
includes single-ring aromatic species that may or may not have one or more
substituents or functional groups.

The process of the present invention is performed in a process unit

25 comprising a reaction zone, a stripping zone, a catalyst regeneration zone, and a
fractionation zone. The naphtha feed is fed into the reaction zone where it
contacts a source of hot, regenerated catalyst. The hot catalyst vaporizes and
cracks the feed at a temperature from about 500° C to 650° C, preferably from
about 525° C to 600° C. The cracking reaction deposits coke on the catalyst,

30 thereby deactivating the catalyst. The cracked products are separated from the
coked catalyst and sent to a fractionator. The coked catalyst is passed through the
stripping zone where volatiles are stripped from the catalyst particles with steam.




versus propane and propyl ene versus ethyl ene can be increased by reducing
olefin partial pressures. At |ow.olefin partial pressures, secondary
reactions to generate aromatics and di Sproportionation reactjons to other
ol efi ns arWOMMZ zed. The 15 addition of a separate ar ot E5{¥34%Em al so
m nim zes hydrogen transfer reactions  that convert propylene to propane.
To inprove selectivity to propylene, an additional streamof aromatics are
added to the i be. pnder dow sevieritynonditions tp retainggseatetd to retard

aromat i zat i ong.0f ' . L 85 hehilaf AV .eativity to
propyl ene. The agﬁkﬁdgﬁ%ﬁ&&tﬁ'ﬁeam 0 ?%rhgﬁat | C@ﬁg@p&ﬁ%@gﬁ%i ses
si ngl e-ri ng apasseditp the regenemtiemazone wheredtiis aegentrated b buming®oke ongbenor e

preferably greater.t ) o . ' .Si «ring
aromatics i ncﬁ%ﬁg@?%ﬁ?ﬁ’%% o%%%n@?xgﬂpég%é@gfeﬁﬂg@ aﬁ?ﬁyﬁgéro not have
one or Bore estorekicatalysitastivity dnd simhilaneduslyrheatp the cafalystiobetwecen abouthe present
I nvention is for i rQces 1t .25 conpr.i si a reaction zone, a
stri pping zon® f@%ﬁ?ﬁ??&‘gg@w@}%ﬁ%“%ﬁ@f geimr}ﬁqgﬁqogﬁgpqﬁn zone.
Tpehn?pht ha fﬁﬁdvﬁgaﬁﬁﬂnf\ﬂliﬂ?,fe@rtﬁ mﬁ@%dslfaltmeacvy?umﬁg@keinme fBr 8 SOUT ce
of hot; regenerajed ca st . e hot cata]yst vaporizes and cracks e
feed at & i origay b¢ Peed 5{@% pagbigulates gnd gonvetsignof RN ORISR,  about
525 C to 600 Fhe criked pRAIGHS fromAAEichtiondBROME bént Sk Bactidnatith oaé al yst, 30

t hereby deactivating the catalyst. The cracked (gr oducts are separated from

the cdRed cawheryyerigusgprogduets aregecovered nartinylarlye Cifrpstiondndn Coffagtipnt | s

dth h th Malell : i . [ h
atalyst par i1l oovaie pditd e B8 HRGHE LB IR BIRA SyiSt WBERCE P LTS
can be, pref optoeess unitiisself Swprasties ofithe prosent inventionmeesrits oainrdistingt eat er
fraction of agaorDee Y 0fall Abribay, WAReliNed Hihmma Wiin 3 iR C2t 2l Vst

I's then
source in the refinery. The reaction zone is operated at process conditions that

15 - will maximize C; to C4 olefins, particularly propylene, selectivity with relatively
high conversion of Cs+ olefins. Catalysts suitable for use in the practice of the
present invention are those which are comprising a crystalline zeolite having an
average pore diameter less than about 0.7 nanometers (nm), said crystalline zeolite
comprising from about 10 wt.% to about 50 wt.% of the total fluidized catalyst

20 composition. It is preferred that the crystalline zeolite be selected from the family
of medium-pore-size (< 0.7 nm) crystalline aluminosilicates, otherwise referred to
as zeolites. Of particular interest are the medium-pore zeolites with a silica to
alumina molar ratio of less than about 75:1, preferably less than about 50:1, and
more preferably less than about 40:1, although some embodiments incorporate

25 silica-to-alumina ratios greater than 40:1. The pore diameter, also referred to as
effective pore diameter, is measured using standard adsorption techniques and
hydrocarbonaceous compounds of known minimum kinetic diameters. See Breck,
Zeolite Molecular Sieves, 1974 and Anderson et al., J. Catalysis 58, 114 (1979),
both of which are incorporated herein by reference.

30 Medium-pore-size zeolites that can be used in the practice of the present
invention are described in “Atlas of Zeolite Structure Types,” eds. W.H. Meier
and D.H. Olson, Butterworth-Heineman, Third Edition, 1992, which is hereby



passed to the regeneration zone where it is regenerated by bur ni ng coke on
the catalyst in the presence of an oxygen containing gas,’ preferably air.

Decoking 5 restores catalyst activity and sinultaneously heats the catal yst
to bet weeWOMHM?® 650 C and about 750 C. The hot cat al yPCIUSOVIOH recycl ed’
to the reaction zone to react with fresh naphtha feed. Flue gas formed by
burning coke in the regenerator may be treated for renoval of particul ates
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as TASO-45 descnb_e_d in EP-A No. 229,295; boron silicates, described in U.S.
Patent No. 4,254,297 , titanium aluminophosphates (TAPO), such as TAPO-11
described in U.S. Patel_lt No. 4,500,651; and iron aluminosilicates.
The medium—poi‘e—size-'zeolite’s can include “crystalline admixtures™ which
20 are thought to be the result of faults occurring within the crystal or crystalline area
during the synthesis of the zeolites. Examples of crystalline admixtures of ZSM-5
and ZSM-11 are disclosed in U.S. Patent No. 4,229,424, which is mcorporated
herein by reference. The crystalline admixtures are themselves med1um-pore-s1ze
zeolites and are not to be confused with physical admixtures of zeolites in which
25 distinct crystals of crystallites of different zeolites are physncally present in the
same catalyst compos1te or hydrothermal reaction mixtures.
The catalysts of the present invention are held together with an inorganic
oxide matrix material component. The inorganic oxide matrix component binds the
catalyst components together so that the catalyst product is hard enough to survive
30 interparticle and reactor wall collisions. The inorganic oxide matrix can be made
from an inorganic oxide sol or gel which is dried to “bind” the catalyst components
together. Preferably, the inorganic oxide matrix is not catalytically active and will be
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Meier and D.H dson, Butterworth Herneman, Third Edition, 1992, which is
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as SAPO-4 and | 440, 871;
CSpRfrdbly ﬁ'&ﬁaﬁbuﬂﬁsd@%&mob@dh&&#rc % éﬁﬁiaf@tem Fos tbm
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4,500, 651 an rdsérily ArddtH 18 Ahdubreitly Hitroduced with the naphtha stream into the
reaction zone and comprises up to about 50 wt.% of the hydrocarbon feed. Also,
15 it is preferred that the feed residence time in the reaction zone be less than about
10 seconds, for example from about 1 to 10 seconds. These conditions will be
such that at least about 60 wt.% of the Cs+ olefins in the naphtha stream are
converted to C4- products and less than about 25 wt.%, preferably less than about
20 wt.% of the paraffins are converted to C4- products, and that propylene
20 comprises at least about 90 mol.%, preferably greater than about 95 mol.% of the
total C; reaction products with the weight ratio of propylene/total C,- products
greater than about 3.5.
Preferably, ethylene comprises at least about 90 mol.% of the C; products,
w1th the weight ratio of propylene:ethylene being greater than about 4, and that
25 the “full range” Cs+ naphtha product is enhanced in both motor and research
octanes relative to the naphtha feed. It is within the scope of this invention to pre-
coke the catalysts before introducing the feed to further improve the selectivity to
propylene.
The following examples are presented for illustrative purposes only and
30 are not to be taken as limiting the present invention in any way.
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10 about 10 to 40 psia (70-280 kPa), preferably fromabout 20 to 35 psia
(140- 245 kPa); and a catalyst to naphtha (wt/w) ratio fromabout 3 to 12,
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conditions for maintaining chem cal grade propylene purity with sanples of
cat naphtha cracked over ZCAT-40 (a catal yst that contains ZSM5) which
had been 5 steanmed at 15000 F (815C) for 16 his to sinmulate commercial
equi | i bri WR0E8Bari son of Exanples 1 and 2 show that i RGTEHVINY3Cat / O |
ratio i nproves propylene yield, but ?sacri fi ces propyl ene purity.
Conparison of Exanples 3 and 4 and 5 and 6 shows reducing oil partial
pressure greatly inproves propylene purity w thout conprom sing propyl ene’
yi el d. Conparison of Exanples 7 and 8 and 9 10 and 10 shows increasing
tenperature inproves both propylene yield and purity. Conparison of
Exanpl es 11 and 12 shows decreasing cat residence tinme inproves propylene
yield and purity. Exanple 13 shows an exanple where both high propyl ene
yield and .purity are obtained at a reactor tenperature and cat/oil ratio

t hat can be achieved using a conventional FCC reactor/regenerator design
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can be achieved by selection of suitable reactor conditions.

Bxamples 14 -17 )

5 The cracking of olefins and paraffins contained in naphtha streams (e.g.,
FCC naphtha, coker naphtha) over small or medium-pore zeolites such as ZSM-5
can produce significant amounts of ethylene and propylene. The selectivity to
ethylene or propylene and selectivity of propylene to propane varies as a function
of catalyst and process operating conditions. It has been found that propylene

10 yield can be increased by co-feeding steam along with cat naphtha to the reactor.
The catalyst may be ZSM-5 or other small or medium-pore zeolites. Table 2
below illustrates the increase in propylene yield when 5 wt.% steam is co-fed with
an FCC naphtha containing 38.8 wit% olefins. Although propylene yield
increased, the propylene purity is diminished. Thus, other operating conditions

15 may need to be adjusted to maintain the targeted propylene selectivity.



The above exanples (1,2,7 and 8) show that C37/¢ > 4 and C3/C? > 3.5 can
be achi eved by selection of suitable reactor conditions. Exanples 14 -17 5
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It has been found that propylene 10 yield n be increased by co-feeding
steamalong with cat naphtha to the reactor. The catalyst may be ZSM5 or
other small or nediumpore zeolites. Table 2 belowillustrates the
increase in propylene yield when 5 wt. % steamis co-fed with an FCC
napht ha containing 38.8 w% oleliiins. Al though propylene yield

i ncreased, the gpyl ene purity is dimnished. Thus, other operating
conditions 15 Fhegdeto be adjusted to maintain the targeted propyl ene
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Cl1

r.r .~ .ter

Wt%
Propane
0.3
0.6
0.4
0.8

11.7
13.9
13.6
14.6

80
6.0
7.8
6.1

ble 2

QOilRes. CatRes, Wt%

Cat/Qil Oilpsia Time, sec Time sec Propylene
0.8 .
1.2
0.8
1.1

Ta
18
22
18
22

8.7
8.8

8.7
84

Temp.
c
630
631
631
632

No
Yes
No
Yes

Steam
Co-feed

Example
14
15
16
17

of catal yst I d process operating conditions!




O nootOv 00 ad od ad illi WD 01/90279 PCT/USCL/ 16037 12 Exanples 18-21
The followi ng exanples illustrate the effect of changing oil partial

pressure. A full range cat naphtha was cracked at two di LI parti al
pressur es WREAHI7SM 5 catal yst. Qpegating conditions i n%{:ﬁﬁ@qé“%rrper ature

of 5 575C and a 4.5 cat/oil ratio. AS shown in Table 3, the exanples at
| ower oil partial pressure provided significantly higher ratios of
propyl ene to somewhat hi gher ratios of propylene to ethylene.

d

Tabl e 3 Exanpl e 18&ywdSoiifvi Bfistrhid e Ve oot cRal s dil pugtid 39- 3 32.7 34.5
G7 (W% 3.45 3. N Nﬂazh.’é%e"a%ie(svw% §.03 8,21 O 3@%317‘%{ ',”csiii (W% 1.71
1.43 0. 76 0. Qress@eydsfull mangsicyt mplthg was aracked appwe diffgemtpilpatiaht ) 2.6 2.6 3.1
2.9 10 Examles, 225 | C?'ﬂlh‘ﬁﬁ Siddds§ Q%%Eéé y cat
napht ha hadng(lrportig%‘?negggsﬁtgg%l?g{ﬁa I CS ggm)ve‘%s y %da?rde antgl%gjgr vapor ati on
to provisde tviy5%CGand £4.5eat/¢il ratio. As shown in Table 3, the examples at lower oil

partial pressure provided significantly higher ratios of propylene to propane and

somewhat higher ratios of propylene to ethylene.

Table3
Example 18 19 20 21
Oil partial pressure (psig) 39.2 393 327 345
Gy (Wt%) 345 3.20 3.02 2.97
Cs (Wt%) 3.93 821 938 8.7
Cs (Wt%) 171 143 0.76 0.84
C3 /C; (wt/wb) 52 5.7 123 104
C; /G, (witwt) 26 26 31 29

10
.

A sample of intermediate cat naphtha/heavy cat naphtha had a portion of
its aromatics removed by a membrane pervaporation to provide two samples with
different aromatics concentrations but similar ratios of olefins to saturates. The

15 samples were cracked in a small bench cracking unit over a ZSM-5 catalyst at
594°C. As shown in Table 4, the feed with the higher aromatics content provided
the higher ratio of propylene to propane and a somewhat higher ratio of propylene
to ethylene. '



different aromatics concentrations but simlar ratios of olefins to
saturates. The 15 sanples were cracked in a small bench cracking unit over
a ZSM5 catalyst at 594C. As shown in Table 4, the feed with the higher_ .
aromat i cs WOMWM® provided the higher ratio of propyl eFCHBHIYPane and a
sonmewhat hi gher ratio of propyl ene % et hyl ene. WD 01/90279 PCT/ US01/ 16037
13 Table 4 Exanple 22 23 Aromatics in feed (% 49.9 34.3 C.j (W% ,
7.18 9.36 pi" (wt% 15.93 20 02 CSIM 0.73 1.17 C3'/C3 (wt/w) 21.8 °

17. 1 C3 /Q%LL 214 JI_TUIIL otefrms TE3 th Lzlzng |%|‘L—l|e pFEfEFFEd
process may ﬁeds—t-eu—p#ec-esse-s—eud S—ol-gogprizati on,
pol yner i zat i APy SR Gl i zation. ter 5 polyneliz 9 onl AHH del at ed
processes (hé‘#éﬂtﬁhfter ‘pol yneri zation") to forin AderohoP¥ulles. Such _
| i ght ol ef i n€s~aw) be pol ynerized both al one and]i n15S8onpi #42i ¢n wit h ot her
speci es, |n[EaopHdance wrn “pOTyTETT zation nethpdseKnopn 1in ghe art. In
some cases |‘tc_’-m—ucal rabte—to—separater—contentyate l-’JIUT1 fy, upgrade,
or ot herw sé QFQPDC" the | Iﬂhf olefins jcrlnr'fn neJ_unlr'er zatiaoh. 10

Propyl ene ai &G M 8Bne are Dr eferred polyneriza %2% ee jf“ ollypr opyl ene
and polyethylene are preferred pol ymer i zation products made therefrom WO

01/90279 PCTI USOlf,fg%Q §lZﬁns resulting from the preferred process may be used as feeds for
| processes such as oligomerization, polymerization, co-polymerization, ter-

s polymerization, and related processes (hereinafter "polymerization") to form
macromolecules. Such light olefins may be polyinerized both alone and in
combination with other species, in accordance w1th polymerization methods
known in the art. In some cases it may be desirable to separate, concentrate,
purify, upgi:ade, or otherwise process the light olefins prior to polymerization.

10 Propylene and ethylene are preferred polymerization feeds. Polypropylene and
polyethylene are preferred polymerization products made therefrom.
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14 CLAIMS: 1. A process for producing propyl ene conprising contacting a
feed with a catalyst to forma cracked product, said feed 5 conprising:

(a). a- naphtha stream containing (i) between 10 and 30 w29 ins, (ii)
bet ween 1¥WEHEYF8 wt . % ol efins; and, ,(b) a separate ar or%ﬁ'g&gglgﬁggm

conprising aromati cs whereby the pa? lal pressure of the olefins in the
naphtha streamis | owered, 10 the catalyst conprising a crystalline zeolite
havi ng an avElddMSsore di ameter |ess than about. 0.7 nm the reaction
conditions including a tenperature from500 C to 650 C, a hydrocarbon
partial pressure of 10 to 40 psia, a hydrocarbon residence tine of 1 to 10
seconds, and a caflal ysA process forproducingpropylenesiogiprisingf 4 to 10, wherein no

nore than 20 wt. % f f.] I [ d wherein
propyl ene conpri S%Mﬁ%&‘é@%ﬁﬁ%{lﬁ%ﬁ@ﬁﬁﬁ%@@gﬁg ucts. 2. The
processs of clemprisingtherein the crystalline zeolite is selected fromthe
ZSM series. 20 3. The ocess claim?2 whereln the l.line zeolite is
ZSM5. 4. The process&éf ct 4P ‘é‘fnﬁf’%@f’%ﬁg"%@@@é@%t |l east 95
mol . % of the t ot aparfaffins) @ bétween 3oand. 70 Wi blefifig 2id,0f cl ai m 3 wherein the
reaction tenperature ig.from 500 C to, 600 C. .. \
?b) a separate aromatic stream comprising aromatics whereby
the partial pressure of the olefins in the naphtha stream is lowered,
10 the catalyst comprising a crystalline zeolite having an average pore
diameter less than about 0.7 nm, the reaction conditions including a
temperature from 500° C to 650° C, a hydrocarbon partial pressure of 10 to
40 psia, a hydrocarbon residence time of 1 to 10 seconds, and a catalyst to
feed ratio, by weight, of 4 to 10, wherein no more than 20 wt.% of
15 paraffins are converted to olefins and wherein propylene comprises at least

90 mol.% of the total C; products.

2. The process of claim 1 wherein the crystalline zeolite is selected

from the ZSM series.
20
3. The process of claim 2 wherein the crystalline zeolite is ZSM-5.
4. The process of claim 3 wherein propylene comprises at least 95
mol.% of the total C; products.
25

5. The process of claim 3 wherein the reaction temperature is from
500° C to 600° C.

6.  The process of claim 3 wherein at least 60 wt.% of the Cs * olefins
30 in the feed are converted to Cs- products and less than 25 wt.% of the paraffins are
converted to C;- products.

—



6. The process of claim3 wherein at |east 60 wt.%of the C5 + olefins 30
in the feed are converted to C4- products and | ess than 25 w % of the :
paraffins are converted to C4- products. 11111111111 1111111 || '01 M S WD
01/ 90279 WOMOLYEX®/ 16037 15 7. The process of clai m 6 wWHETASH/I¥py| ene
conprises at least 90 noL% of the tBtal c3 products. 8. The process of _
claim?7 wherein the weight ratio of propylene to 5 total C2- products is ,
greater than 3.5 7prefﬂle@tdcyssmlﬁelamﬁgﬂnrenapmmlmecpmpp§ds@hbaﬁt@0 total C2-

products is gr . The process of claiml further conprising
’g %Zr&i ﬁ’eprg%wc%p

the step of yl ene fromthe cracked product and
pol yneri zi ng the propyl ene to form 10 pol ypropyl ene. 10. The process of

claim1l wherein s rratlcs S CcO i ses
single-ring aro | cs QSF%?W%?&S\B’SW?% ﬁﬁﬁ@ﬂ% r| ng
aromat iscs. | iotdl CbJ proddubdslis greattd thar 3.5) grefetablyl thé weight ratio of propylene to

total Cp- products is greater than 4.0.

9. The process of claim 1 further comprising the step of separating the
propylene from the cracked product and polymerizing the propylene to form
10 polypropylene.

10.  The process of claim 1 wherein said aromatics stream comprises at
least 50 wt.% single-ring aromatics, preferably at least about 75 wt.% single-ring

aromatics.

* [~ L M s *

e



