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(54) Title: HYDROCARBON CONVERSION TO PROPYLENE
(57) Abstract

The invention provides a method for converting an olefinic hydrocarbon feedstock to propylene comprising: contacting a hydrocarbon
feedstock under catalytic cracking conditions with a catalyst comprising a catalyst selected from the group consisting of SAPO catalysts.
MeAPO catalysts, MeASPO catalysts, ELAPO catalysts, ELASPO catalysts, rare earth exchanged catalysts from any of the preceding
groups, and mixtures thereof, under cracking conditions to selectively produce propylene. The invention further provides a method for
stabilizing a catalyst to steam from the foregoing group by ion exchange with a rare earth metal. A catalyst has enhanced stability as used
herein when treated with a rare earth metal or metals in a concentration effective to provide a catalyst which exhibits a higher conversion
of a hydrocarbon feedstock to propylene than does an equal quantity of an untreated sample of the same catalyst under the same conditions
following exposure of each catalyst to steam for a period of at least 10 hours.
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structures. The synthesis and catalytic activity of the SAPO catal ysts are
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important industrial process producing millions of pounds of olefins each year.

15  Because of the large volume of production, small improvements in operating
efficiency translate into significant profits. Catalysts play an important role in

more selective conversion of hydrocarbons to olefins.

While important catalysts are found among the natural and synthgtic
zeolites, it has also been recognized that non-zeolitic molecular sieves such as
20 silicoaluminophosphates (SAPO) including those described in U. S. Patent
4.440,871 also provide excellent catalysts for cracking to selectively produce light
hydrocarbons and olefins. The SAPO molecular sieve has a network of AlO,
SiO, and PO, tetrahedra linked by oxygen atoms. The negative charge in the
network is balanced by the inclusion of exchangeable protons or cations such as

25  alkali or alkaline earth metal ions. The interstitial spaces or channels formed by
the crystalline network enables SAPOs to be used as molecular sieves in

separation processes and in catalysis. There are a large number of known SAPO



earth treate z&ol |$]e catal ysts useful in catal ytic cracking are discl osed
inU S WOPREts 5 380, 690, 5,358,918, 5,326,465, 5232, 67RCKHEP09740°

4,980; 053. The use of SAPO cat al ysts hor cracking crude oil feed or—
"car bon- hydrogen fragnentati on conmpounds” (materials with 5 or |ess
carbons) is disclosed in U S. Patent WD.99157087

PCTI US99/ 097 4dtructures. The synthesis and catalytic activity of the SAPO catalysts ar8 disclosed
4,666,875 and 4,842, 714 (SAPO-37 preferred for cracking gas oils). Al though
these pat ent sindV 3 Ratent 40894 of rare earth exchanged SAPO catal ysts, they
state: "At present the presence of rare earth cations with the SAPO
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converting an o] efi ni cg%dr,ocar bon 15 feedstock- to propyl ene conprising:

contacting a MplacigatbOi) matina mstyl, espgeially 2 divalentimetal suchaszing agcobalt,

conditio W I . I, S enl.l t . ected
From t he 1Or ouly® SBaERAR obtin Bt elpheR WPt MEAPOLFhere Me is Wi 20
catal ysts, ElABRI,eteletst combthibpiheseaivaltypdssof sibstitutéa, e Sracdiialgstidained
catal ysts from any of thet&rece in%dgrou s, and m xtures thereof, under
cracki ng 20 being denqted by ithe aerpaymi QA;?S& ot gzeuppelopichanaterizls ds desenibyd t he

met hod is carJri produce propylene in a propylene to ethylene
ratio of at I'®a 'fg‘j}:%enéétwg’o%& propyl ene to butylene ration of at |east

2:1. The invention further provides an
In the International Application WO 91/18851 the exchange of cations to

15  provide Lewis acid sites in zeolite and SAPO catalytic structures in isomerization
catalysts is disclosed. SAPO-11 is disclosed as being particularly effective in this
system. The application focuses on skeletal isomerization of n-oléﬁns. There is
no teaching of enhanced selectivity or stabﬂity under catalytic cracking
conditions. Nor is there any discussion of increased stability in rare earth

20  exchanged SAPO.

" SAPO catalysts mixed with zeolites (including rare earth exchanged

zeolités) are known to be useful in cracking of gasoils (U. S. Patent 5,318,696).

U. S. Patents 5,456,821 and 5,366,948 describe cracking catalysts with enhanced
propylene selectivity which are mixtures of phosphorus treated zeolites with a

25  second catalyst which may be a SAPO or a rare earth exchanged zeolite. Rare
earth treated zeolite catalysts useful in catalytic cracking are disclosed in U. S.
Patents 5,380,690, 5,358,918, 5,326,465, 5232,675 and 4,980,053. The use of
SAPO catalysts for cracking crude oil feed or “carbon-hydrogen fragmentation

compounds® (materials with 5 or less carbons) is disclosed in U. S. Patent
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si | i coal udi nohydrecithbs, dspaddlly napththia/feedstocksitalpropyletecprometeshby SAPO and .

i nvention have a three-di nensional njicrQporqus crystal franmework structure

of [ er rielatedicatakystsmor I&Fe‘mpciﬂ sé?"‘ﬁ iq%é?m%f{lﬁy m&“‘%%‘ﬁﬁwgﬁ such

enpirical cheq %t conposition on an anhydrous basis is: m

R (Si[x]A [y]%@? &2 ] wherein "R'" 15 represents at |east one organic

tenpl ati ng agent present in the intracrystalline pore system "ni

represents t hSUMMASRYOF THEINMENTION nol e of (Si[x]Al[y]P[z])02

and has a value of fromzero to 0.3, the maxi mumvalue in each case

dependi ng UP Qe tiiPentiohgsibvides 8im@nsd EiScaiiveiting arebRffiaid hydragebén and

the avail able void vol ume of the pore systemof the particular

si | i coal i nofeedstptiatie ppylens comprisingo cortdctinga, hydyocashben feedstogk undent t he

nmol e fractions of .siligon, alym num.and phospher us, r [

present as tet3talytg rc:if‘&%@ C?QQ‘,'{W‘P% P’E@'e fit ‘f%ystth%on?ﬁﬁl%anﬁm%%gﬁ&é cHflyke
selected from the group consisting of SAPO catalysts, MeAPO catalysts,

MeASPO catalysts, EIAPO catalysts, EIASPO catalysts, rare earth exchanged

he

catalysts from any of the preceding groups, and mixtures thereof, under cracking

20 conditions to selectively produce propyléne. Preferably the method is carried out
| to produce propylene in a propylene to ethylene ratio of at least 4:1 and a
propylene to butylene ration of at least 2:1. The invention further provides an

~ method for stabilizing a catalyst from the foregoing group by ion exchange with a

rare earth metal. A cafalyst has enhanced stability as used herein when treated

25  with a rare earth metal or metals in a concentration effective to provide a catalyst
which exhibits a higher conversion of a hydrocarbon feedstock to propylene than

does an equal quantity of an untreated sample of the same catalyst under the same
conditions following exposure of each catalyst to steam for a period of at least 10

hours. The invention also provides an improvement in methods for catalytic



;g;yggggfgg 8’99/5¥os7a”d z WO 99/ 57087 & PCT/US99/09740
Mol € "Fraction X 4 y Z T
0.01 0. 47 0.52 0.94 0.01 0.05 5
0.98 0.01 0 01 0. 39 0. 60 0.01
0.01 0. 6@racking offar38lefinic hydrocarbon f¥ilstock yo piveace & dightolefiawodtaitiag wi t h
the process disclosed in U, S  Patent 4,440, 871, the mnjnmum value of

"t in the rodich whesein it ds desied ‘anéPrBV%ﬂéf’r prpylene coptsnt (ofshe grodugt SAPOs
For il & abova aPES hHeCrbyiestE obbres miking gl cardti¥ sefecrdt Npne s B

PCT/ US99/ 0974 litic catalyst group consisting of SAPO catalysts, MeAPO cata.ly@ts MeASPO
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while decreasing either ethylene or butylene when the product composition
obtained with the mixed catalyst is compared to the product composition obtained

with the second catalyst alone under the same reaction conditions.

10 DETAILED DESCRIPTION OF THE INVENTION -

The silicoaluminophosphate (SAPO) catalysts useful in the present

invention have a three-dimensional microporous crystal framework structure of

PO," , AlO, and SiO, tetrahedral units, and whose essential empirical chemical
composition on an anhydrous basis is: m R:(Si[x]JAl[y]P[z)O[2 ] wherein "R"

15  represents at least one organic templating agent present in the intracrystalline pore
system: "m" répresents the moles of "R" present per mole of (Sifx]Al[y]P[z])O2

and has a value of from zero to 0.3, the maiimum value in each case depending

upon the molecular dimensions of the templating agent and the available void
volume of the pore system of the particular silicoaluminophosphate species

" 20 involved, "x", "y" and "z" represent the mole fractions of silicon, aluminum and
phosphorus, respectively, present as tetrahedral oxides, representing the following

values for "x", "y" and "z’



Preferred SARg6@dé7asysts include SAPO 11, SAPO-17, SAPO- 31, SAEP‘é-ﬁfsg?mﬂgg

SAPCO- 35, SAPO-41, and SAPO-44. 10 The catal ysts suita

in the present invention include, in additibn to the SAPO catal ysts,
the netal integrated al um nophosphates (MeAPO and ELAPO and net al

i ntegrated silicoal um nophosphates (MeAPSO and ElI APSO) . The MeAPQ,
MeAPSO, ElI APO, and El APSO f ani | Mele Fragiomddi ti onal el ement's i ncl uded
in their framework. For ex | e, represgnts the el enents Co, Fe, 15

My, Mh, or Zn, and El repreSents the elenents Li, Be, G, Ce, As, or Ti.
Preferred catal ysts incluqeoiVeAPO-g47 MAP@.$3L, MAPO 41, MeAPSO- 11,
MeAPSO 31, and MeAPSO 41, MeAPSO 46, EI APO 11, ElI APOC 31, EIAPO 41,

El APSO- 11, EI APSO- 31, and E4PSO- 401 0.05 The non-zeolitic SAPQ
MeAPO, MeAPSO, EI APO and ?A#DSO cl@@zes 20 ff m croporus materials are
further dé&scribed in the "AlTas of™ oIiteOSQ ucture Types" by W M
Meier, D. H Oson and C @gerlochgge (4th qhgy Butterworths/Intl.
Zeolite Assoc. (1996) and "Introduction to Zeolite Science and

Practice", H Van Bekkum &M Fl dhé@en and.39 C. Jansen Eds., Elsevier, New

York, (1991).). 25 The sel ected catal ysts may al so include
cations selected frgmthe, gr.oup. consi sting of cations, of 0, 1A,
Group T1TA G oups MiensyRibesjPsbia asprdancecwith the hrgpash dissioseshn Uobobhert 17 om

the group conpysd k) (i nfifihitlvahid NENAR e formufl ABFOMADH Ty J15SHELM

pronet hi um sdmarium europl um gadol I ni um

PCT/ US99/109 7 4éub-class of the SAPOs useful in this invention, the values of "x", "y" and’"z" in -
terbium dysprosium, hol mum erbjum thulium ytterbium Ilutetium and
m Xt ures the frmaa above are set out in the foligvapg &1 of i ni ¢ hydr ocar bon

f eedst ocks are nathphas in the boiling range



of 18[err] t r]C (65[err]F to 430[err]F). The napht has ' '
thermal |y cr&é@%ﬁ{g napht has or catalytically cracked napht%&?ﬁogﬂfoeed
should contain from at | east 10 % te about 70 wt % ol efi ns, o
preferably 20 ww%to 70 wt% and may al so i ncl ude napht henes and
aromatics. The naphthas may contain paraffins in the range of 5w %
to 35 w% preferably 10 w % t oM8le Fwactign nost preferably 10 w%to 25
wt % For exanple, the naphtha may be derived fromfluid catalytic 10
cracking ("FCC') of gas oils and resids, or fromdelayed or fluid coking of

resids. The preferred®napht ha¥streans a e derived from FCC gas oils
or resids which are g.upical lyggich i rb'gefi ns and di ol efins and
relatively lean in paraffins. ) talytic cracking conditions

means a catal yst contacti ng2s enper@3Tire in 0.38 t he range of about
400[err]C to 750[err]C, nore preferably in the range of 450[err]C to 15
700[ err] C5 nost preferabl Y025 the ®4hge of B¥D[err]C to 650[err]C. The

catal yst contacting cess 4 snprefer y carried out at a weight
hourly space velocity (V\Hé@ié)i n thde'éo r%e of about 0.1 Hr[err] to

about 300 Herr] , nore prgherabl yp.gm the rggge of about 1.0 Hr[err]
to about 250 Hr[err], and nost preferably in the range of about 10 Hr[err]
to about 100 Hr[err]. Pressure in the contact zone may be fromO0.1 to

30 atm absol Preferred0 SARG entalysty jncludeo SAPRA-H, 8ALE-LT.eSARESE1.pPAPE b v
about 1 atm I tal yst may be contacted in any reaction
zone such as QR?&R%%&%&%&W‘%& d, a slurry, a transfer line, a
riser reactor or a fluidized bed. Test Conditions A

series ofigruns in Fhé oialyshenithble foctey inhe g%eﬂngaﬂioﬁrinaaa@,qﬁ additidn25
nmodel conpound. Conparison runs with a ZSM5 zeolite catalyst commercially

avai | abl e froim thet SAP&: catalysts, thd nidal ibtegratedialnminophgsphates (MedRR tand over
a fixed f gatalyst. _The. effluent_ stream al
on-line gas Efg‘gogﬁpgrﬂ?a%%\ngeﬁﬁwﬂh%?ﬂwwgwmﬁﬁ q\%tsgp B?Xégggrgfééc ked
with fused siTheRfeso, MeAPSES EIAPO, ahd FIAPBDY Sirdlics e GRItIRAPSRMEAsAPN
was a dual flane 1onization detector WO 99/ 57087
PCT/ US9910974iicluded in their framework. For example, Me represents the elgments Co, Fe,
15 Mg, Mn, or Zn, and El represents the elements Li, Be, Ga, Ge, As, or Ti.
Préferred catalysts include MeAPO-11, MeAPO-31, MeAPO-41, MeAPSO-11,
MeAPSO-31, and MeAPSO-41, MeAPS0-46, EIAPO-11, EIAPO-31, EIAPO-41,

EIAPSO-11, EIAPSO-31, and EIAPSO-41.

The non-zeolitic SAPO, MeAPO, MeAPSO, EIAPO and EIAPSO classes

20 of microporus materials are further described in the "Atlas of Zeolite Structure

Types" by W. M. Meier, D. H. Olson and C. Baerlocher (4th ed.,

Butterworths/Intl. Zeolite Assoc. (1996) and “Introduction to Zeolite Science and

Practice”, H. Van Bekkum, EM. Flanigen and J.C. Jansen Eds., Elsevier, New
York, (1991).).

25 The selected catalysts may also include cations selected from the group
consisting of cations of Group IIA, Group IIIA, Groups IIIB to VIIBB and rare
earth cations selected from the group consisting of cerium, lanthanum,

praseodymium, neodymium, promethium, samarium, europium, gadolinium,



equi pped Heygddis7bgckard Model 5880. All tabul ated data is in mergbiogesn

cent unl ess ot herw se indi cated. Exampl e 1 Constant Reactor —--
Condi ti ons The hexene nodel cohmpound was cracked over ZSM 5,
SAPCG- 11 and 5 SAPO- 34 catal ysts at 650[err]C, 12 hr' WHSV, 1.6 nitrogen
dilution, 12 psiag. . . ] . ) \ Tab&e_l
Cat al yst terbium, dyspypsjum, holmium, erbium, thulium, ytterbiumJufstiugy and mgixiares 1
Conver si on 95.4 63. 6 88.8
Key Results thereof. ¢ py)ene ' 24.5
11.0 8.4 Propyl ene 35.8
30.3 54. 8 Preferred BléfivicRttocarbon feedstocks at@ndthphas in the boiling range
11.2 11.8 Aromati cs 12.8
2.7 af 38° to 220°C ¢63°FSta ¥387Bs The naphthps may be thermally cracked

ik o :
2557 5 géplinthas or cata?}%ie tyl c\{'licf}(%g naphthgs@ ?’B&; %% Vs%%ﬁfdoc%}%aﬁg Ifré)rll% affed¥ ene
37.5 0 wie B0/wt% to 70 RHY8/|@demay also
13 2 10 wt% to about 70 wt% él%ﬁgs, preferabl?3.03wt A P? opgﬁene/ may a0 e
1.5 include naphthenes and ar@matics. The naphthas may Poutein parefiinst in thee

2.8

LT 4, 7
Table 1, t hefaSBP@fﬁlWéé'{f’@)}étW‘gsp@f"rrWﬂw Voo A% ng‘ﬁtsrﬂgﬁnprg%réﬁﬁgof e

conpari son ZSM,5, i ATSE f r - tehat fdd s Nas
nore sel ectiv % % tc‘))rfsp&%ig'iil ecsr%ee oV Fge?h&gggég%$%8tt%h2%% as ZSM ga t%gy#g
SAPO 34 4 crkkiag(HPOE”poDgds dilsandl rysids) of fame delayatiocfliidreokingpefapyidene
over both et [B/‘I ene and butyl ene. . ) ]

e preferred naphtha streams are derived from FCC gas oils or resids which are

typically rich in olefins and diolefins and relatively lean in paraffins.

Catalytic cracking conditions means a catalyst contacting temperature in

the range of about 400°C to 750°C, more preferably in the range of 450°C to

16  700°C, most preferably in the range of 500°C to 650°C. The catalyst contacting
process is preferably carried out at a weight hourly space velocity (WHSV) in the
range of about 0.1 Hr! to about 300 Hr"1, more preferably in the range of about

1.0 Hr'! to about 250 Hr'l, and most preferably in the range of about 10 Hrl to

about 100 Hrl. Pressure in the contact zone may be from 0.1 to 30 atm. absolute,

20 preferably 1 to 3 atm. absolute, most preferably about 1 atm. absolute. The
catalyst may be contacted in any reaction zone such as a fixed bed, a moving bed,

a slurry, a transfer line, a riser reactor or a fluidized bed.

Test Conditions

A series of runs in a small bench reactor was conducted on hexene as a

25 model compound. Comparison runs with a ZSM-5 zeolite catalyst commercially
available from Intercat. Inc., of Sea Girt, New Jersey were conducted over a fixed

bed of catalystt The effluent stream was analyzed by  on-line gas
chromatography. A column having a length of 60 m packed with fused silica was

used for the analysis. The gas chromatograph was a dual flame ionization detector
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Constrant Conversi on In this exangple the conditions are the sa.rfé
as in Exanple | except the wei ght hourly space velocity was adj usted
to make conversion equal for the control ZSM5 and SAPC 11.

Tabl e 2 ipgedHewlett-Packard Model 5880. All tabuliftd Hata is in weight per cent SAPQ
11 VHSV, [er ﬂ].‘ 40 12
Conversi on  unless otherwise indicated. 89. 0 88. 8 Key
Resul ts Et hyl ene 13.1

gﬁfyl ene Pr OBXalng?e 1 Constant Reactor g?ngltmns 47.6 11. 8 4.8
'g‘;?g?;'t gz The hexene mgdsl compound was cracked over gSM-S, %‘A%’Qe-llé a0 cf\; : tgf;t

Et hyl ene o Ry . N e
Pr opyl ene5 SAPO-34 catalysts at 650°C, 1%§: SWHSV, 1.6 nitrogen dllutlon,GI% p?ng.

Butyl ene
Propyl ene/ Effjpyl ene Ratio
Propyl ene/ B

Table 1

3.6

SAPO-34  SAPO-11

Catalyst

Conversion 95.4 ' 63.6 88.8
Key Results
Ethylene 24.5 11.0 84
Propylene 358 30.3 54.8
Butylenes 12.8 11.2 11.8
Aromatics 12.8 2.7 8.5
Light Saturates 9.5 8.5 54
| |
Selectivity
(% of Conversion)
Ethylene 25.7 17.3 9.5 "
Propylene 37.5 47.6 61.7
Butylene 134 17.6 13.3
Propylene/ethylene 1.5 ' 2.8 6.5
Propylene/butylene 2.8 ' 2.7 4.7

As can be seen from Table 1, the SAPO-11 catalyst was slightly less active than
the comparison ZSM-5 in terms of conversion. The data show that SAPO-11 was
more selective for propylene over ethylene and butylene as ZSM-5, and SAPO-34
10  also shows significantly increased production of propylene over both ethylene and

butylene.



5 AS CaRygSesReR from Table 2, SAPO- 11 produced signifi capétassosnionso

propyl ene and | ess ethylene and butyl enes than ZSM5 cat al yst. _—
Exanpl e 3 Effect of Tenperature and ThroughPut WO 99/ S57087
PCr/ US99/ 09740 10

In this exanple SAPO-| 1 extrudate catalyst was tested with the hexene
nodel conpoufxampleRCengtantConversion anpl e 1 under the conditions indicated

in Tabl e 3. Table 3
Tenperature, [err]I@ this example the 6&filitions are the same@®8@n Example 1 excepttie
\égﬁ?,/ér SH ,r E)ﬁr r ]weight hourly space veloc&lzvgas adjusted to mqnlse.léonversion equagfqrgééhe
5 Result Spr"SB‘i?leZn%wy bE#8APO-11. 54. 8 o4 0.6
$947 romatics - Tabie 3 _ 2.7
gﬁ 8 HCaealysti Ly, % ZSM-5 SAPO-11
WHSYV, Hr' 40 12 i
Conversion 89.0 88.8
Key Results
Ethylene 13.1 84
Propylene _ 47.6 54.8
Butylene 14.9 11.8
Aromatics 7.4 8.5
Light Saturates 6.1 54
i Selectivity
. Ethylene . 14.7 9.5
Propylene 533 61.7
Butylene 16.7 13.3
Propylene/Ethylene Ratio - 3.6 6.5
Propylene/Butylene Ratio . . 4.7

As can be seen from Table 2, SAPO-11 produced significantly more propylene
and less ethylene and butylenes than ZSM-5 catalyst.

Example 3 Effect of Temperature and Throughput



Et hyl ene 9.5 | 4.7 “47"3 '
Pr opyl ene WO 99/57087 61.7 79.8 P §9§199742__

Butyf ene 13.3 10 9.4
Propyl ene/ Et hyl ene Rati o 6.5 16.8 17.9
Propyl ene/ Butyl ene Ratio 4.7 8.5 : 9.4 5
As the data aboveIhnﬁiscaiamplsslm-in'dmuasteimmyszmhsbgesueédmhrnge hbxeene
t enperature and by mai ntaining hi conver5| on, by decreasi cg
t hroughput t muslel pompe@ndig thﬁ@pparatusalf lg | paderithe cerditpnt indicated in
contact wt ha{apggat al yst. The propyl ene/ et hyl ene rati o approachi ng
18:1 i s exce as is the propylene/butylene ratio at 9.4:1. Wth
ZSM5 catalysts lowering the tenperature typically resul ts in increasing 10
butyl ene se[fETFvrty, Wi Te te SO Cabdyyses UT SPTay OpPpPO
which is unexpected. It has been foU RE That the sel ect|V|ty of the
gg;%bgggiog cmperature, °C 650 00, 600
mai nt ai ned ‘WHS"V wee range of convergpon |evels sqal ong as cracli ng
condi tions are mai nt ai ned. Example 4 Selectivity in Cracking pf
a Typical RHfinery Feedstock A typical refinery feedstock,
Bat on Rougelligdgiversion . Naphtha, (LCN) 888 5 contzcged with frgzho and
steaned SAP|p- 11 at 600[err]C, 6 H[err] WHSV, 1.6 N2 di lution, andj12
psig. The rfjsults are listed in Table 4.
Table 4 KdyaR esujtst ZSM 5 SAPO- 11
SAPC- | 1 Prest eam ng Condit i ons 16[ err] C 40 ) Fresh
Propylene 54.8 60.6 69.7
. Butylene ' 11.8 7.1 7.4
Aromatics 8.5 2.7 5.0
Light Saturates 54 1.8 2.0
Selectivity, % _
Ethylene 9.5 4.7 4.4
Propylene 61.7 79.8 79.3
Butylene 13.3 9.4 | 84
Propylene/Ethylene Ratio 6.5 16.8 17.9
| Propylene/Butylene Ratio 4.7 8.5 9.4

5  As the data above indicate, selectivity is improved by reducing the temperature
and by maintaining high conversion by decreasing throughput thus increasing the
average time the feedstock is in contact with the catalyst. The propylene/ethylene
ratio approaching 18:1 is exceptional as is the propylene/butylene ratio at 9.4:1.
With ZSM-5 catalysts lowering the temperature typically results in increasing

10  butylene selectivity, while the SAPO catalysts display the opposite tread which is

unexpected. It has been found that the selectivity of the catalysts can be



Conver si on Wo 99/57087 40.7 33.9 PCT/ﬁ§939%29740

Key Results Et hyl ene 5.1 -

2.6 Pr opyl ene ' 2417 24.9

25.3 Butyl ene 9 5 4 2

3.8 Aromati cs

4.4 Limgintaimed AVveE ggmde range of converswll lqyels so long as crackglgg:ondltmns
1.5 Sel ect lnéaxt é(d Et hyl ene 12.5
9.4 are mal Propyl ene 60. 7

73.5 76. 2 But yl enes 23.3

12. 4 Examplé 4Selectivi iﬁ’@m&kﬁ?@ TypieaER Elié FeedstéelS

7.8 9l;l ‘gropyl ene/ Butyl ene Rati ory

gbrgrpound is mai nt a F?'epdcal ref;]ner% feeds{gbfrﬁé%#ﬁgoyg% stock Nﬁ%tWégﬂtjlcw%ﬁDdel

appears t§ i phRvrRdwiih frésh anl steymed iSAPOeH 5.0608%(38&&&' WHSV, 1.6 ‘Q\Q
99/ 57087
PCT/ US99/ 097 4lilution, and 12 psig. The results are listed in Table 4. 12

Exanpl e 5 Performance of Cal Ci um exchanged SAPG 11 _ To 10 g

lornicos oo ananid coliid bl O BNnd S S0 i

gil ggS[ err]{ Cﬁlhlysprocedure 5 was ZSM}ét ed twi SAPerbbt ain SAEQ-iHu sh bd
catal yst. ri’ereé:t%lzl(x:mlljgnbonﬁnlong 816°C/40 Hr. Fresh 593°C/16 Hr.
| Conversion 40.7 33.9 33.2
{l Key Results
Ethylene 5.1 3.2 2.6
Propylene 24.7 24.9 253
Butylene 9.5 4.2 ' 3.8
Aromatics : 4.5 55 4.4
“ Light Saturates 14 1.6 1.5 LH
Selectivity, %o
Ethylene 12.5 94 7.8
Propylene 60.7 -73.5 76.2
Butylenes 233 12.4 114 il
Propylene/Ethylene Ratio 48 7.8 9.7.
Propylene/Butylene Ratio 2.6 59 6.6

The selectivity observed with the model compound is maintained with the

refinery feedstock. Selectivity appears to improve when the catalyst is pre-

10 steamed



SAPG 11 v'vas“&p&%sz&g,ed wi th the hexene nodel conpound at 600[

Hlerr] e nitrogen diluent to hydrocarbon ratio was

results are shown in Table 5. [ 12

Table 5 Cat al yst ZSM 5

SAPO- 11 Conver si on 99. 3

89.8 KeExkmpid § Performancetoff {Ialciom exchanged SAPO-11 20. 4
4.3 Propyl ene - 22.6

Butyl enes To 10 g SAPO-11 was added31000 ml of a 10 wt% Ca(NG,}, Solution.
Aromatics 25. : 1.4

Sel ectivity, Whissolutionfwasstisted for 16 hrs at 65°C. After washihg, the sggpfs was dried

4.8
But yl enes
Propyl ene/gtt

Pr opyl ene/ But

Rati o

As denonst r at SAPOY11 has dehtactat with the HsASe mbdelvasnound dit 600ME, andrd Hr™.

sel ective for_propylene with a propyl ene selectivity of 64% and | ow
product i on of The nitfoger dilagnt o Bydrogarhomtatip wase; 1. Ahe wsults agshowadndrble i s

the | ow aromagi cS

l Table 5 _

SAPO-11

10

Catalyst

I Conversion

Key Results
Ethylene
Propylene
Butylenes

Aromatics

| Selectivity, %
Ethylene
Propylene
Butylenes

” Propylene/Ethylene Ratio

Propylene/Butylene Ratio

production of only 1.4%

99.3

20.4
22.6
8.3
25.0

20.5
22.8
8.4

2.7

89.8

43
57.5
11.8

14

4.8
64.0
13.1

134
2.9

As demonstrated by the data above Ca SAPO-11 was found to be very

selective for propylene with a propylene selectivity of 64% and low production of

both ethylene and butylenes.
production of only 1.4%

An additional benefit is the low aromatics

57.

etbsyiis

5_

P 8\93&1’%3? at 90°C, followed by air galgination forzl%'héi's at 525°C. Thg procedure 64.0
r}gpe%fgdi fvice to obtain_thelfiished catalyst. The calciutill?’e:f’chan%ed
ylen 2.7 2.9 0
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Exanple 6 Inproved Stability with Rare Eartl3 Treated Nonzeolitic Catal yst
SAPO 11 treated with a rare earth (lanthanum resists |loss of activity when
subj ect ed tocﬁrol onged exposure'to steam Mst zeolite_and other nol ecul ar
si eve xample & Improved Stabiligy with Rare Earth Treated Noazeoliti Catadyst -
exposed to steamover a 5 prol onged period. As the data bel ow
denonstrate rare eSAPD-1t treatedwithaf rarecgasthy(kanthanum) résinloss of agtivitjuehen a
catalyst with 60-70% i nprovepent in catal yst activity relative to
non-treated Swbiscted taiprolenged exnosws te sieany, Mestzaplils aad athsrimelegular,sieve
propyl ene ove . [ e ve. A
ool ¢ o SaRaifi, dinby) £ afaRBabt: Yook a? SRR} iien Gt R SRBCVAETS: 0
10 10 gsanspfonpélPperdd.i As 1ROd4s belewodenvetisttitearart darlyr @@btntdnt b ChthBist | . 6
Herr]O were added. The m xture was refluxed at 100[err]C for 4 hrs,
then dried anGARQ-dilhetoduces a catalyst with16(=7@%cimprgeementt Wl patelyrhgctévifit act ed

wi t h Bat on Rouge. Li ght t t at .500[ err 1,1 steamio

hydr ocar bon WiSfYE tgaqqnc-c;&ea&tﬁd §%ﬂ§?«gpr‘]}ﬁlel?t'ﬂg‘}“§ ﬁ?lﬁ Ju%tami‘ﬂ% sgﬁegﬁ‘yfgx 8 of
Exanple 1. T oE&l%ﬁé’%Qeﬁﬁétﬁ'é(ﬁ}léné"&i@bﬁt&&%%s&%& 69 s éi&xiﬂe& Rbdve. A100%
steam for 16 'hours prior to the cracking test. The results are shown in
Tabl e csangiloof SAPO-11 wa@i@sexchasged with a lanthanum solution by suspending

PCTI US99/ Q9740 . 1

Table 6 10 ¥gmmsef SAPO-11 in 100 grams of waterand S sr@%%%aé'g)xééizo ¥erned

'ﬂ‘SAPO added. The mixture was refluxed at 100%CHGF tﬁlrs, then dried and talcined.

The exchanged catalyst was contacted with Baton Rouge Light Cat

Naphtha, at 500°C, 1/1 steam to hydrocarbon weight ratio, at 5 Hr”, 12 psig in

the apparatus of Example 1. The steamed catalysts were treated at 760°C with

156 100% steam for 16 hours prior to the cracking test. The results are shown in Table
6 below.



Conver si on 27.5 12.0 %F%gs%/wuo

Key Results WO9S7¥ 1y ene 1.5 i .
0.9 ° Propyl ene 23.1 14 10.0
17.0 Butyl ene 2.7 1.5
2.1 Aromat I cs 2.9 2.1
2.7 Li [fF Fes . OCT BCLT VT Lo, 11 ' -
5.5
84.0
9.8 n : ﬁm Or nyPeamed LaRAPO; 4|
25. 2 19.1 Propgj\p(yaiﬁut yleneggRatio 8.5 11
6.6 8.1 The preceding data show a positive
result of rgfje earth treatnment of a SAPO cat al yst. The i nproved
resi stance tjpCbhasérsivn activity on exphkfire to stdam all ows 204 onged
use of the dptalyst. The foregoing results are provided to 5 i1l ustratd
t he operati q of the invention in sonme of its enbodi nents. The
exanpl es ar d| KepResults by way of illustration and not as limtations on the
scope or p i'ce of the invention, . which is fined and Ii ed by tjphe
fol I owi ng cl if—@’ytlene WO 99157087 05 "85
PCT1US991097k0 23.1 10.0 1370
CLAI VB foryiee,, :
: Butylene 2.7 1.5 2.1
Aromatics ' 2.9 2.1 2.7 )
Light Saturates I
Selectivity, % .
Ethylene 55 3.3 4.4
Propylene - 84.0 83.1 84.0
Butylene 938 12.5 10.4
Propylene/Ethylene Ratio 15.2 25.2 19.1
Propylene/Butylenes Ratio 8.5 6.6 8.1

The preceding data show a positive result of rare earth treatment of a

SAPO catalyst. The improved resistance to loss of activity on exposure to steam
allows prolonged use of the catalyst. The foregoing results are provided to
5 illustrate the operation of the invention in some of its embodiments. The
examples are provided by way of illustration and not as limitations on the scope or

practice of the invention, which is defined and limited by the following claims.



: A et nverting an ol efinic hydrocarbon feedstock
propyl ene cgﬁag%mﬁ?oduct conprising: contacting a hydrocarbon &‘%&’P’Bw@"
under catal ytic cracking conditions with a catalyst conprising a catal yst

sel ected fromthe group consisting of SAPOI&at al ysts, MeAPO cat al yst s,
MeASPO cat al ysts, EI APO catal ysts and ElI ASPO cat al ystﬂsmunder _C"I'HC"I(i—ﬂg"—

conditions to selectlvely produce propyl ene.

catal ytic cr &lABMSof an ol efinic hydrocar bon feed to ]H"l“”"m“ﬂ“ﬂ me
| ight ol efin containing product, the inpro

conprises mi W g a catal yst sel ect ed from t he non zeol itic cat aI yst gr oup
consi sting of % cat al ysts, MAPO cat al ysts, MASPO cat al yst s,

El APO cat al ysts and ElI ASPO catal ysts with a second cr acki ng cat al yst in a -
quantity suffji ci erd hethodCoe BdAvEHIMP YanC BRASRNh caraomeedst@m 16| £High
product 15 whi | e decreasing either ethylene or butylene when the
product conpositi qopylene content prodist somprising: WMMnmaMrmbqry%pdstgck

catalyst Bl one. undirer ReeBERCTPUARE opdiioppithoh o83t Boinpliing & GSpREH00¢
for enhancing the gfealidl frbth mé g% bbﬁ‘s%hgrBf”S’RﬁQS & qate@;m&ath@sts

propyl ene production whic onpri ses 1on €xchangl ng e catalyst wth a 20
sol ution which coreASE® Gatalysts; ElAPOfnahzdysls and ElASPO A:atalystsAunﬁrmwkling
produci ng propylene in a cr a(ikl,n ess vvh| | e -mi nim zing

production of but yOBREIORAIQFF y,pg CeFFRM®Meng an ol efi ni ¢ hydr ocar bon

feed with a non-zeolitic silicoal um nophosphate containing catalyst under

Ki t 5
cracking congi tiong é%éﬁxgt?%? &Eal;}tﬁaé%crl% Lg S 5n SlefifiE hyBf QAW R feed Sto?

but yl enes. 57087 99/ 09740

16 10 5. pfodmtehad light qﬂeﬁrdumntgnqngo;pydxhne ithe ainpravémeny whictess
while mnimzing qUCI tht¥lleneWnch cairprlses
contacting an ol efCPH}PEISFﬁ/H\”SE&rab‘E?FPYSt selected e non zeolitic catalyst group

consisting of SAPO catalysts, MeAPO catalysts, MeASPO catalysts,
EIAPO catalysts and EIASPO catalysts with a second cracking catalyst in a
quantity sufficient to increase propylene content in the light olefin product
15 while decreasing either ethylene or butylene when the product composition
obtained with the mixed catalyst is compared to the product composition

obtained with the second catalyst alone under the same reaction conditions.

3. A method for enhancing the stability of a silicoaluminophosphate catalyst in
propylene production which comprises ion exchanging the catalyst with a

20 “solution which comprises a rare earth metal.
4, A method for producing propylene in a cracking process while minimizing

production of butylene which comprises contacting an olefinic hydrocarbon
feed with a non-zeolitic silicoaluminophosphate containing catalyst under
cracking conditions to produce at least 2 times as much propylene as

25 butylenes.



feed with-a It osphat e contai ni ng cat

cracki ng con‘gle?l éﬁ@btolmﬂuuua'mmmumrz times as nmuch propyl g%eﬁfggﬂmgﬂi“
et hyl ene. 6. The ‘metho¥ of c¢laim 1 wherein the selectivity
produces a propylene to butylléne ratio of at least 2:1 or a
- propyl ene to ethylene of at |east 4:1. 7. The nethod of claim1

or 2 wherein the ol efi hydr gcar bon fgedst ock consi sts
essentially & hydhdRst E‘Hﬁﬁ%’ M ‘I“?“i'ﬂgpwpb’ﬁ’!’ﬁ in g grackingprapess syhile minjrgizing, 1o
C (65[err]F to 438& cltﬂmof flene Which corwﬁse@"%ﬂﬁgtlﬁ%mf;&%ﬁﬁb% fo °%f erein
t he ol efinic hydroca on fe ock consi sts ess 'y of

hydr ocar bons: boi | lfBéﬁ wtht hexoh&l&gﬁud)éllx&&{lminbph&pﬂ&w [contajring catalyst under
(65[err]F to 300[err]F). The nethod of claim1 or 2 wherein

the ol efi n| ¢ hydr sEagking, OPE@BQBQ)&‘R prgduce at least 2 {Hnef p% &auch; BFAPYISNG(3% t 0 70
wt % ol ef| ec‘égﬂe The nethod of claim1 or 2 wherein the olefinic
hydr ocar bon f eedst 3h conprises from20 wt%to 70 wt % ol efi ns.
11. The nethod of claim1 or 2 wherein the ol efinic hydrocarbon feedstock
conprises fregm5 WS inethdll ¥f cRéar ahkieis the 8dectivity produdes arpidpyieneftoc! ai m
1 or 2 wherein the ol efinic hydrocarbon feedstock conpri ses
from 10 wt % to 25 twtylenqratigrofahleast 2:1 or a propylene toethyleneiofiatdeast Bak-m 1 or 2
wherein the catalyst is contacted |n t he range of 400C to

rooferr]. Owegrgged' Sl 19 ory t\gﬂégneia tﬁF q%e M hydrdcidSn FRIAtoER! 1S

contacted at a

consists essentially of hydrocarbons boiling within the range of 18° to 220° -
10 C (65°F to 430°F).

8. The method of claim 1 or 2 wherein the olefinic hydrocarbon feedstock
consists essentially of hydrocarbons boiling in the range of 18° to 148°C

(65°F to 300°F),

9. The method of claim 1 or 2 wherein the olefinic hydrocarbon feedstock

15 comprises from 10 wt% to 70 wt% olefins.

10.  The method of claim 1 or 2 wherein the olefinic hydrocarbon feedstock

comprises from 20 wt% to 70 wt% olefins.

11.  The method of claim 1 or 2 wherein the olefinic hydrocarbon feedstock

_comprises from 5 wt% to 35 wt % paraffins.

20 12.  The method of claim 1 or 2 wherein the olefinic hydrocarbon feedstock
comprises from 10 wt% to 25 wt % paraffins.

13.  The method of claim 1 or 2 wherein the catalyst is contacted in the range of

400°C to 700°.

14.  The method of claim 1 or 2 wherein the catalyst is contacted at a WHSV of
25 1 to 300 hr-1. |



\1/\0039;5\7m02r7evi‘vr? grgﬁgosgat a' l"ml HIEUIHH‘WHmEat a presiﬁre The ”ELE?HJSQ%,?QJ{‘E“

to 30 atm absol ute. thod of claim1 or 2 wherein the

catal yst conprises a cat aI eI ected fromthe group.

consi sting of SAPO 11, SAPO 17 SAPO- 31, SAPO- Bﬁ/EAgéCP}OlES
SAP041, SAPO- P ARO- NeAPO- 41,

MEASPO- 31, MeéSPONEQ 'ﬂ%é’ﬂérfge‘ﬂ £t 2 wherein the @tﬂﬁ&‘& gontactab @t § PreSpiRpO. 41,
EI APSO 11, El APSO-&o, phs135 S Bsolute. 17.  The nethod
of claim 1 wherein the cat ap§ ?s prepared by a met hod which 10 :

conprises ion exchanging the catalyst with a solution conprising an
al kal i ne ear t16. mretHie imnlhaﬁ ofl daimel ear2 hvlmzeinlthbcnatalyst comprik€s a cathigstet hod

f cl 2 wherein I ected cat al s pare
r)ret ﬁogl \Thr ch conpr¥® Le\‘-? “'ei%mn ‘ISFF@n&a‘? O-4. t%ﬁ@‘b’bu@éﬁ@'ﬂ

15 " 10! §7he motarOarh o PARGIS" A ‘li‘i%%‘ér@% AFELFSIHEPR3L,

exchanged agai nst MeAPO-41, MeAPSOlut,I MKSP(DJSIISINEAEPMP NeABPORAG! i on

sel ected fromthe grou consi sting of cerium |anthanum
praseodyni um neoréﬁriP LEARQA 1. BIAPO-41, ElAgSO-léaﬁmSQﬁl@dcﬁiASrPD

gadol i ni um terbi Yy dysprosium hol mium erbium thul ium
ytterbium lutetiumand m xtures thereof 20 20. The net hod of claim 19
wherein the rare earth netal ion conprises | ant hanum 21.

The net hod i n7¢cl aiThelmethod oﬂ&ﬁﬂrﬁﬂﬁwhéi&nhhdé&@l@ﬁtﬁ@?r&gﬁﬁ&d Byba SlefitdPWhiRKE
t he cat ala/st at reactor tenperatures of from 400 rr]C, pressures of
from eompas%spheqxeh&nsmsoﬂm setelyste véth abs@luuore ccemmsm @ht

hourly space 25 apaline eartifhidfil Iont a¥fard dalfh maerat inh - 1 10 100 hr-1

18.  The method of claim 2 wherein the selected catalyst is prepared by a
| method which comprises jon exchanging the catalyst with an aqueous

solution comprising an alkaline earth metal ion or a rare earth metal ion.

16 19.  The method of claim 3, 17, or 18 wherein the catalyst is exchanged against
a solution comprising a rare earth metal ion selected from the group
consisting of cerium, lanthanum, praseodymium, neodymium, promethium,
samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium,

thulium, ytterbium, lutetium and mixtures thereof

20 20. .The method of claim 19 wherein the rare earth metal ion comprises

lanthanum.

21.  The method in claim 1 or 2 wherein the hydrocarbon feed is cracked over
the catalyst at reactor temperatures of from 400-700°C, pressures of from

0.1 atmosphere to 30 atmospheres absolute, and weight hourly space
25 velocities of from 0.1 hr-1 to 100 hr-1.



WD 99/ 57087 The met hod qf Y 4,
or 5 wherei W???é”B% I |l Mﬂ!ﬂrom t he gro ETZ@g@%ﬂng
of SAPO cat al yst s, SPO cat al yst s, ) El APO ~
catal ysts and El ASPO cat al yst s and m xt ur e¥8t her eof 23. A et hod

according to claim4 or 5 wherein the process produces at least 4 5

times as much pro&heene as ethyl ene. A net hod accor di n%
clai m 22 whe22in methed pf claing 33 45AP0 B\Q‘P@m the catalyst is selected dfemtibe gr oup

consisting of SAPO-11, SAPO 1 AR AP:

SAPO 41, SAPO- 44, 8roup consigting S5 RO Gt M‘%ﬁé caiglysts, MASTR SPaIVES,

| east 2.5 tines aElﬂP@Qaﬂa@stsandElASP@&!ﬂWaxﬂﬁmM%ﬁﬁié?ébf' s produced.

26. A met hod according to claim4 or Wherein at least 3 tinmes as nuch
propyl ene as butyl enes i s produced. 27. A nmet hod according to claim
5 herein at RE®ast Aomethodacenrdingdn claimgydrdnwhersin the process produges|abteast 4 s

produced. 5 times as much propylene as ethylene.

24. A method according to claim 22 wherein the catalyst is a SAPO selected
from the group consisting of SAP0O-11, SAPO-17, SAPO-31, SAPO-34,
SAPOQO-35, SAPO-41, SAPO-44. )

25. A method accordiné to claim 4 wherein at least 2.5 times as much

10 propylene as butylenes is produced.

26. A method according to claim 4 or 5 wherein at least 3 times as much

propylene as butylenes is produced.

27. A method according to claim 5 herein at least 2 times as much propylene as

butylenes is produced.



