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Framework
Zeolite Void volume density
_ Ferrierite ~+ 0.28cc/ce 1.76 g/cc
. 50 _ Mordenite .28 1.7
ZSM-5, -11 o 29 1.79
Dachiardite 32 1.72
L 32 1.61
Clinoptilolite - 34 1.71
55 Laumontite 34 ' 1.77
: : ZSM-4{Omega) - .38 1.85
Heulandite .39 1.69
P 41 1.57
: ' Offretite 40 - 1.55
60 Levynite : 40 1.54
Erionite .35 . 1.51
Gmelinite _ 44 1.46
Chabazite .47 : 145
. A ' B 1.3
&5 Y . .48 1.27




528,060 fil ed Novenber' 29, 1974. The specific zeolites described, when
preparéd in the presence of organic gébl ona are 5 substantially

cal al ytically inactive, possibly bec 26 é intracrystalline free space |.\
occupi ed by orgmﬂntmamtubmrrs uf rhemagmmﬁs)bmlvsgs Sl (el mreparetinia\warniaug vosys. The two

1974. The 3ubject of 'ZSM‘38 Is described in U S. Application Serial No. @

acti vat ed mn@&ms vlhq s, pmchbs; forre ohqata]s@m[rmlqs]sﬂr asasljeeerqr]e)trqdetes 1
hour For ou ?}AT g§ %gn:g’ed foruse%n
by carti natueaep saﬂoawm e '§§'§ﬁ geaq? afort O, (1S
in the for rﬁvﬂ@o:ﬁﬁﬁnﬂﬁt& @y B&kﬁn@@is torRed/inRpeMdid ord trJtheI élﬁmhtaﬁﬁhgo
this speci dloth sqpwonets Intabstmwiwme redtﬁred maetﬁmseelo&ers bheb as Blimirst zicnsia dwtes.
:not appear tltas‘wf;a\;s °3t°het°i Ptﬂﬁ° cgfa're ¢ insga'tmmsv'?aés co
general | y, TRIER il L‘Je WES i .En %ﬁ, 5?%
Wi t h anmoni gélhrasen §of ibﬂg dr'ﬁle@t’r le % f eollte '
(538[ err]) d‘fdépofsittmabﬁutfroirﬁthmvﬁhdr ﬁBas‘é O/aitb@sLido tidhs lof the NB:B\MI’ phdpasativil méthcds

procedur gg 247/ ‘?PPH' v“t'ﬁke} %’e‘hé ﬁ'&ﬁfé‘a'"@‘! aumingsflicata uni

extractlon andp,gl;}E ,}ﬁé sf%%‘g 1.Q id pﬁ'%f é’fu ra?ﬁ.?ﬂ%ﬁﬁi%

Whi ch may hﬁheﬁQ;oﬁJg&ﬁq erri e, brewsterite,
‘dachi ardite, efigee BlniJa areph dhewinaadohnaﬂambewvem@ptenbed lahd ealcuTElma qafaaé &ﬁ’dldﬁdatlon
icrystal i n@'?ﬂuatmad'ob'i tefornates are ZSM 5, ZSMl 1, ZSMl 2 ZSM 35 and

i
'ZSM' 38, \ﬂt h st |llgon o ﬁﬂw %g%ﬁﬂ%&% c?;l?pgozgér pgegg in 3,%?:, i 6573
in this i nvgaj hidfprbilen uldt&h ni nGatid (1! %? ob%%% ed
,Or i mpr egnahews ﬁrOTmhabﬂoﬁrﬁTBdiBstbﬂ”tlﬂrshﬂt WEtérh po@i’ﬁbm Qﬁd kap dHAg Npoints. L Thie Ssame
desi r abl e tcomp@nepts|are present: butzshifted sebstantialy ubmeem&dm@owéfha'bwemmmcammmns

t hat may ?besphewrj the tgblqbrloviny of the cations of the netals of Groups |
through Vil of the Periodic Table. I—b\A/es‘zgéLEin the case of Goup |A netals,
'the cation content should in no case be so large as to substantially
‘elimnate the activi ty of the zeObmpomedttredkbewicat @l+ysi s being enployed in
(the insta@t invention. For exanple, a conpl e_g}PF sodi)(#mge changed H ZSM 5
appears to be largely inactive for shape s \' P$ons required in
the present 26 inventjen. In a preferred aspegg of thisgsgnvention, the
zeolites useful as catglysts herein are select8d as those having a crystal
framewor B&density, inCéhe dry hydrogen form 188 not- sud®8antial ly bel ow
about 1.6 grans per c loCscentineter. It has en found-That zeolites which
satisfy all three of ,'f ®se criteria are nost si red. refore, the
preferred catal ysts qf;‘;.t his invention are thpse conprigseg zeolite havi ng a
:30 constwai nt i ndex aBycldef;i ned above of about .L to 12, asilica to alum-na
ratio of at |east aboufs 12 and a dried crysta@3densi ty'Qa? not substantially
| ess than about 1.6 Cams per cubjc centinet 5 The dr 0. ensity for known
structures may be cal,g,’Mqu ed fromthe number' 6f silico ‘pl.us al um num at ons
per 10-[asr] nB as gine, ®e.g., on page 19 ofgshe artiae on Zeolite
~Structure by W M MiseCy P-FDHBI,fM,peI’ t he ent49e contemos of which are
tincorporated herein efere ce, is include cg Proc Hi ngs of the 35
Conf erence on Ml ecul 'Spé’9é'g Neondon, April2%og7" bl i shed by the
Society @g§ Chem cal I,ggj‘@s_t,s.m.,,,@qndon 1968. \g‘@n t he cr1y§tal structure is
unknown, the crystal Unkaowainor K denS|ty may bes.4let er m neB by cl assical .
pycnoneter techniques. For exanple, it my be—seterm neg-by i mrersing the
dry hal ogen formof the zeolite In an organ!®Qbl vent @Pch i s not sorbed

by the crgyst aI [ i r
) e s AR
anionic fr &ﬁé"ﬂhkthdemmhgd wlﬁennﬁdicebsﬁﬂ&hé blefin fa&nmﬁerilthﬁmgliﬁlﬁ&sw cohdiliore In order

centi neter .0 m@ r mmm nmbf the tnv\seremstopmﬂmcbs vengion,ithrige different olefin

rel ativel Fear (fqzﬂ f{ere % %g‘ %F°“d!m{'§:ﬂ"‘?ﬁ 'QHP bqeﬁ:;
expect ed "t quEdiRl eie%’ sﬁ”Eﬂ@ME §,e.n d 56 fonlaln oraga me
seens to Qe.bdm@rereamerasm mmrdg n hed vwacaarolfwcwtact@f y:ﬁfo ma&mr
densi ti es @hd gosmpetapywe obdboaeA0°F ¢27,7 °Chnwittuah aclylicsZSve 6 stalﬁneazeehtaoatalystimagmhe

45 purvi ewhepriv spage qr%a?t(ww & the mpgeeh BP0 wiap temployed. The results Yotaiged are

may soneti el bbeb\cqsﬁ\r@mowswlbd t"hths my% atzlwlnretperati . \tzshouidibe castipnedt hmver to

vol une % Pryided i T belowt ¢ 0.28 cc/cc 1.76 g/cc 50
Mordenite 1.7 ZSM 5, -11 .29
1.79 Dachiardite .32 6 1.72 L .32

1.61 dinoptilolite .34 1.71
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55. o 7 " Launontite .34 1.77 ZSM 4

(Orega) ¢ .38 0 1. 65 Heul andite .39

1.69 Pgn | 41 002604757 Offretite .4
1.55 Levynite .40 - 1.54
Erionite .35 : 1TABLEGhel inite .44
1.46 Chabazite A7 Carb ar- 4 .5
13 65’ ¥ arbon number Jdls%‘%uf?bn 48 . 1 27 5

0026041 Ah AtosrhatiePrepsuras §/1H/HE630°FJ2TiRCL 08208l wrS® nay be prepared in
vari ous ways. The two con‘gaonents.rray be separately prepared in the form of
catal yst particles such & "H’éﬁ lets or exktrudates? for ex@nple, and sinply
m xed in the required proportions. The particre Size of —tire i ndi vi dual
conponent’®particles nmay kRargsli te SMal prop/ide eXAte from.ghbout 20 to 150
m crons, when intended fot—use—r—4uid- 5 hed operation; Or they may be as
“large as up to about 1/2"T°§:% (1.25 cm) for fixed bed operation. O, the
two conponents may be m ge‘* 1%"%omders< dfor@ into pdllets or

extrudat @5 each pellet Cg}wt ai ni ng bot h ,g§npone lin su{% antially the
required proportions. Biggers such as ab@m na, g4 coniaggilica, titania,
magnesi a, etc., may be pfesent. Base edABBange ofs.the cryggal line _
al um nosilicate conponenk?r may be used ildlsone sdlzcted ta¥es to effect the
i ntroduct®®on of part or | of a netal nponent’:0 Ct her 8® neans for
formng the intimte m'xcfgx.e may be use{g such . preciﬁogtation of the
met al conponent in the presence of the acidic crystalliné alumnosilicate,;
.or electrol essc“t Bﬁ.gﬁﬁeﬁﬁd gonrexeraination df e dat0bfi Tabla 20thatRe Bvdel dePitard freddB sty
from t he 2w gRgic. DERGE onm'i‘ rg WBFMHP‘#‘GH%C'W te quilipiom compesioamaiitires richeh 0Qds
Wi |1 be 0bVIRGGS profhuck HkNFe Biuh bix ool aéig%"%’f’ AL T F b St mreting
shoul d be cfefits erecsktian INEEs suntnahiél Bbiove i FUbLE S | | ReIoy"e BataBe 0% te Cs
crystall'inity of the acidic crystalline-alumnosilicate. 15 =~ Figure 1 is
a graph ghowing the effect -of olefin fetABLB& tial pressure on product
~conposition. Figure 2 |Is a graph shaw the |iquid product boiling:point
and the C5 plus octane rating obtai gé\gﬂ&%g'ﬁme'bt@erti ng propyl ene. Figure 3
is a graph showi ng a conparison between ghserved and cal cyl ated octane of
ol ef i nat ppn pr oductFa_Tght—reformrate—26 Figwre-4 .is a diagranmatic
sketch of the processfPgV81% angement Bentenss present i nviedexéren. A
distillation of the |igugdeproducts obtarned 1 rqam propyteneotefination

al one at 9Ex&mpPa ( 14.psalw)s and ghagpye) Ene d&fﬁﬂéﬁsmtmﬁﬁ dehgen rE&t'""-U'“"‘
(1.10) tg, jE0R% t ' 3" nsia) Showsin Tabf?e®i

bel ow a suﬁf,‘n_tial i

shi in cpn’ﬁdé)f’ﬁfi on and ghus boi [ i nge poi nts. The sane

conponent s;;mg::present , Hput shi ft< ubstanti8l Iy in cont®&ntrationam a
| ower car brmacaunber proggict, 26 agaganown in e tabl e be]dw TABLE 2
5 3.
* Conponent, 8iCeakdown of @err] 30<hopg]=Alone s 10/1 N2C3~ n-[err] 9
0.3 2M2Cq 2 | -[erbY 88.0% 62 1. 6 35
([)farlr] = (a) ijtaiﬁg f’é? r1T6 butenes and 2% I_1(:5'6. _9 - 36. 80%C| o [err] 0
i-[err] . Although the C, olefin distribution bf Pable 2 was not Jetd n[r?erdr;t i e to |
1 15.2 %0 isompep fogmation and the isomers to be at equilibrium, which is 6% 1r-b:.|ten'e, 3l7$%reza-;°u':::|ees,t:n:xggg6t

isobutene. This assumption is predictable in view of the work of F. D. Rossini, i

Petrolltj::\e r'tx:" V,d!’:rt 1, ?p. 153—1h81, Oxford University Press, 1950. seinl, “The Science of

. 1e conditions of operation herein defined, substantially any material inert to the olefinati
55 rehactuons desnreq to be promoted may be employed as the diluent material mixed with themoalg?i:

_charge. Some diluents suitable for the process include nitrogen, carbon monoxide, carbon dioxid
helounl'l, S‘arafﬁnz {component of the charge) and hydrogen. ’ >

n the combination process of this invention, an olefinic charge material availab

and economically recovered or a light olefinic naphtha pmdut:tg of thermal or caltealfyr:,i?:g‘(’::;;mi:
o0 contacted with the acidic form of the crystalline zeolite catalyst herein identified at a temperature in the
rabnge of frc:m abou: 400°F (204°C) to about 600°F {316°C), preferably from about 450°F (232°C) to
:Pcut4 55_0 F (288°C), at a pressure less than atmospheric pressure, olefin pressure preferably 27.6
-f_ a (4 psia) or less, and an pleﬂn feed at a weight hourly space velocity in the range of 0.2 to 5 for a
t;xed catalyst tged or the equivalent contact time if a fluidized catalyst system is used. The catalyst may
o5 Ie fyseq as a fixed bed of catalys:t,'a moving catalyst or a fluidized catalyst system may be used. The
olefination product stream comprising a mixture of olefinic hydrocarbons predominantly C, to C, olefins

7



.40, : Cyclo Gs .1 - n-[err] @
0.3 0.1 i-[err] 1.5 0.6

[err]w® . 14 © 20.3 D Me-[err]
- - 0.1 45 ) n-a[:gar? 41 0. w\
0.1 Isof elaPiPMN:&FNCS olefins comprising olefin jsomers with minor amquntsof and higher boiling ¥
0.7 compongnts, ngrvﬂy little, if any, aromatics are regovered as a pro ct1§0 H'lechl}crz]eolite catalyst

) olefination N _ ) o : T .
0.3 - Allor a portion of the zeolite [cﬁ’trafylt conversion product such as Zre%. and C; olefin plqadtl::tt

Unkneiwn s above identified is then converted in thd.pflesence of methakbl 3ndL&EbIid Acidic catalyst i Hdr high
The | ow pretaeq etbernpredictsaasi ereimdiseussedon of this invention provides a |arger
proportion ofSAMop@EEPles Rartinens |t theplefig psedysing stegrof thaipyaptien ea prqvidgd helow.
represent g Ay QCLRBRHEIBGAend Mehel@yer total product end point than

obt ai negh WNeNTHg r&WuRSSHtaIRkdILY Pasding lptdpylbefilond AREMixk DRI, BHAE 10 VEAGHSY & hydrogen
condi ti on.ovdrnacit HeASM-6 extytdate) (35% alutmbva bindbelr are prdliided i0fTabla o4, | (Brupyéres sattia

oper at i on pesssuresiof 10h3h: i BR and B kRalpela's 1 &7 28, &8i raspettiveiylvarsehtaines withthis o
cont act ed PHHBE PUtY-cul arly sel ected operating conditions. That is, to

better &0 pdMiebsinidhehbRpfiERVRkitsN Potential of conponents of a broad
ol ef i n char gerabRI® pigkentitthe FespR¥btRilRed ByXhbiing 52dhd 10 vollee BE nBFeh VAfFbEeRb Y
conver t ed (rrepyvteme @anialgréssnmesl .17 2nand e kRaolpbigwi2ifgareix hdipl es, the three separate
f eeds vvereé%(!j#r}'i e vviatag Qé’ rogen ina 10/1 [err] ratio for contact at
at mosphgy i< %é%ﬁtf%" Che Igg"pﬁ by Gnitho 85 % hnoi306 R4 S FSlbd with byl
aci di ¢ ZSyhSpyidnd Heial brisaure €613l 7.9 Hnd o) kHa: [pdlw 1VBIGUBT RGNS, YospBetoblyl) € OC! T Y
(WHSV) in the range of 0.5-0.9 was enployed. The results obtai ned are 65
_provi ded iExenRip [ e-Nitrdgeh/prepane/praryReenitylaaBnEtupesCar bon nunber distribution 5
Atmosphey i pREe s 0y x;%%z; ssyieh thp aboxy misyrqprovidnasiefin gaiploteeryan | e
1 2 The effect of olg ma S oa yie'kés rspgzga ﬂatawflronﬁét)he a@v@m? xamples is shown in

-] ct Cu

i
Propyl ene figuré A MarRed shﬂt teghtee ¢ at olefin presddres of below abdlit 1
0.1 [err] 20.7 kPa (3 psta). The result i9a pwer boiling rahige dnd a higher odtan® ndrBber product (Figure 2).

Terr] 26. 7 20.0 20.0 Cs 29.3
26.4 % 22.4 [err] | 13.3 15. 1 16.0 [err]
11.1 11.2 10.3 C 5.7 7.0 8.0 -
20 [err] . : 2.9 5.3 6.4
C10+ 1.5 4.9 7.5 1t will be observed upon

.exani nat on of the data of Table 2 that the three separate feeds vary
considerably in carbon nunber but each produces close to equilibrium
conversion mxtures rich in C4 25 and [err] olefins. Sonme [err] olefins are .
al so produced, with [err] carbon conpounds predom nating. The [err] product
m xt ure®f rom each feed was separately exanmned. It was found that about 80%
of the Cs olefins are tertiary olefins as summari zed below in Table 3.
TABLE 3 30 C5 Aefin distribution ' a

45
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Pent enes :
Prpduc% Equi |
[err] al ysi s
<1.0%

8. 0% 18
< 1.Q%

1. 0% u
<1.0% ~NO-
88. 0% g}z
but enes and 2%3|
not deternined” ¥t

isomers to be at €
i sobutene. This as
Rossini, "The Sci g
~University Press,

substantially any
pronoted may be &n
charge. Sone dil'usg
nonoxi de, carbon di
hydrogen. In the g
mat eri al - avai | abl ¢
- ol efi ni ¢ napht ha
t he aci dic form of
'tamaaunehntm
(316[err]), gremer
pressure | es§ thar
kPa (4 psia)Eor |¢
in the range@of O.
time if agflfidize
fi xed beayofgcat al
be used. he566 ol
hydr ocar bensgpr elq
[err] oIeflng conprad
hi gher boilifag cor
as a product of tf
portion of the zed
product 5 ahove i

" and a solid acidi¢

di scussed. Sone e
i nvention are pep\

The resul ts obt ai m@l_by [%s@!mg, Propyl ene al one and nifx
bn over acid H ZSM5 extrudate (35% al um na

vol unes of -hydr ogg
provi ded in Table
kPa [psia's 14.7,

hydr ogen dil ution].

2 . _ 3 35 Pr opyl ene
1- Hexene Product Product
i brium Exanpl e 0[26 D4anal ysi s Charge (a)
[err] analysis val ues charge 40 [err]
2 2 [err] 16
18 20 [err] 2
2. : 2 2 [err] - 10
oo 12 & 9 [err] 5
5 - 5 7 45 ferr] %’ 65
38_ 612 OO ntains al s@1% o
sm:@\l ramsu e erdfﬁaolafehﬁ?dt Jsl_tﬁlt |8)n of Tablgem&x&as

r§reaeona8l®mtoo expect "5 Tsofter”fdP it i @@and (BRI 5
qui librium which is 6% 1-butene, 37% 2-butenes, and 57%
sunption is predictable in view of the work of F. D
nce of Petroleunt, Vol. V, Part |, pp. 153-181, Oxford"
1950. Undé,u’“t he condl tions of operation herein defsl ned,
material iRt to the ol efi natlon reactions desired to be
pheyed as X8e dilu ig h' t he ol&¥in 85
n5§_ sed tatﬁ ern R
i oX7 d€, % he? PP paraffl ns (conponent f"tl‘fb"’éh‘érg'e oagd
onbi nati on process of this invention, an olefinic charge
fromany source and econom cal ly recovered or a light
roduct of rmal or catalytic cracking is contacted with
the crystigyline zeolite catal yst herein identifidd at a
Q_ range % from about 400F (2 err]i) to about BOOF_

"Qm.-aE@!ut 45 ,\ F (288C) —
3340%& &ssure, o‘I“ef‘l"n ‘ﬁré%gtg %r@gg(_abl))gétmg

ss, and an olefin feed at a weight hourly space ve C|ty
2 to 5 for a fixed catalyst bed or the equival ent :contact
d catal yst systemis used. The catal yst nmay be used as a
yst, a mo@W@g catalyst or a fluidized catal yst system may
efination ﬁ)goduct st ream conprising a mxture of ol efi ni c

quvermgn'd;:

aro |C's=°é(r‘e resovaf ed
e acidic zeolite catalyst olefination step. All or only a
lite catalyst conversion product such as the [err] olefin

lent.i fied is~then converted in the presence of nethanol
cat al yst (,; form hi gh. octane etherproducts as h& ei n
anpl es znent to the olefin producing-step of & he ,

|.c|db 0

Exarrpl ¢ I2RPCREE BopY

mxtures—g m
% n:d\lo
der"} are
4. (Propylene partial pressures of 101.3, 51, 17.2 and 9
7.4, 2.5, 1.3, respectively] were obtained with this
15. Exanpl e 3z Ni trogen/ propyl ene m xtures -Tabl g 5°

presents the remults;cﬁ)t ai ned by~mX| ng 5 and 10 volunes & nitrogergwi th
propyl-ene (prop =r&%rt| al’ preég,ures 17.2 and 9 kPa [psi®'s 2. S*ang
1.31). Exanmple & 3r¢(:)pe&1e/p-|'?"opyj_ € mixtures 20 Tabl e $ preseftdot hg
resul ts obtaineg pyz mgingg0. g Saggnd 10 vol umes of proparﬁ with 8 9 2ne
(propyl ene part|~a @r&ssuréﬁaﬁg =1 gl78 angd 9 kRa [psia's $.6, 2.BER&§. 3,
respectively]). 2|3 Zsog5%>°8,.8 5. E.,¢ § 8258z¢
s | 3 E"-“?,“E%Eg%%ﬁ I o2 psalde -+n.oz<:95t,‘::g$'§
F 8 & 2388555585 dES S S 5 358
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Exanpl e 7-Ni trogen/ propane/ propyl ene/ butyl ene m xtures Table 7 presents thg
results obtained with the above mi xtures providing olefin partial pressures
of 2530, 0.3 and 6.9 kPa (2.9, 1.5 gl?clgg 5sia, respectively). The
effect of olefin partial pressure on % 4 ing data fromthe above four ¢
exanples is shown in Figure 1. A marked shift to lighter carbon nunber
product occurs at olefin pressures of bel ow about 20.7 kPa (3 psla). The
result.is a | ower boiling range and a hi gher octane number product (Figure
2). 36 35 40 45 50 55 50 658 0026041 0026041 0026041 0026041
TIBLE 6. Propane/ propyl ene m xtures Mol e ratio, C3/C3= 0.1
ol 71/ 1 5/1 ﬁli?l Total pressure, (psia) o
(4. 7) (14.7 . @4.7) (14.7) kPa °— :
101. 3 101. 3 N3 ~<4}0d. 3 QA etid R fdal pressu-re gsi a .
4. 7 8.6 23E0¢ g8 kPfd ~o~I's
1p1. 3 59. 3 1#ec—o 9 Tenperature, e-rr]| lAvbra'gé |°
5p4(273[err]) 516(2690C) 520(2710C) 520(2710C) Maximum N
15R8(276[err]) 518(2alk0&) $28(274[err]) 523(2730C) WHVS (A efin) §
ol 56 0.80€ |g¥ @ 013!21 0.50 A efin conversion, w3 o
.99 97 - of @ NQINCGaR gl oy SIQ qjays s ¥ 8
U 10 Sntyas, |BoRSce12831E) §  2vv R85
(Propane free) (Propane fred)¥[PH NeROS
0.1 0.6 =20 C3's. total 2.0
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i-ca v Cooe 1.0 ‘ 1.0 3.0 | g.2f/I®
35 : S 7.3 12.7 14. 0 .
5.7 ntcs - ‘ . i |

O 3. 0.1
0.7 Cs's, total . _ 99‘.’86“‘ 16. 9 21.3 0
,270|[err] - 1.5 0.7 2.3 "
1 4 [err] . 17. 1 16. 2 18. 7
n-[err] - 0,4 - 0.3
% PErr]+ 70. 4 62. 7 55.4
2.9 100. 0 1100.0 100. 0 100.0 [err]+ corrposrtron w . %
5° p ' 1313 13 9 : o
0 : . =87 | 90 83. - 93N
1 ' <1 do l-—-:rhloll b;%%rxpl = o<
1 adt@iquid 9 = O[ rr] (SimgDi
73(1890C) - 368( 18700 369?1*87?6”] )grngLl qui d product 1 E—rlo > | Tg
3.4 93.5 93.6 . 96.7 [err] +O.N., R+0 L
3.0 93. % [mren 9¥6 96.6 Specific gravity %
. 7255 0.787N 53" {J7176 - 0.7035 45 50 55 60 65 11 ¥ 0026041
ABLE 7 Nitrogen/prdpane/pr%%e ne/ bfmyi@newm Nﬂ‘es |RatPo, [err] Smmg
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# 1d1. 3 ¥YO®®  101.3 101.73 "(%’s°
(14.7) (14.7) &5 (. 14.7) Aefin partral pressure psr a
2.9 1.5 &5 1.0 kPa 20
10. 3 6.9 Tenpgftature, [err Aver . ©
521 (27200) 522(272[ggb§) zf'lgﬁro@gﬁg&rgﬁ r\gxr nmm 203
525 (2740C) £ 530 (277RXERBe —~ 520N 278 r]Y S\Hsygx@sef g e
' 0. 40 x 0. 46 . 0.44 defin conversion, w% [err]
: 93 E 90 00 88 20 [err] s
| 50 g P &b 29 Total o 76
7 w 3 65 Catalgy, age, EW@nge- -« [1d = § 12
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[err]Tot al o 23. 1 30.0 30.5 é
2

i[err] ) , : ' 3.5° 2.9

30 gaferr] g OJZ%{ 26. 6

27.7.[err] 0 éfl _ . 0.5

0.1 [err]total . TAMESG ' 30.3

30.2 i-[err] P R - 2.8

2.0 [err] Moleratio, Cy/Cy= ’°%’2"5°’ﬁ "‘%”8 f7n1"/“1ure§ 547.3 10/1

28. Ln- [®ered Q.3 02 _

0.1 [err] Total pressure, 47.6 33.5 ' 31.8
100.0 (psia) 100 0 (14.7000. 0 Clekn] + conﬁ@s?i)tr on, wmBo P -
14 kPa 101. 39 0 101.3 _ 101.3 86

90 10 Oleglsr:apartral grfswe _ 47 8 6 < <1
<1 A - _ _ <301.3 7h| qui d pgoduct 90%
B.P., [err] Tt(r&eraturE)PSI ) _ 333( 167[ err])- L| qur d product

94. 9 15 axrmu Sp 9 7& r a 74 3(273°C
0.7119 :,‘{:,}:,scg?,'veﬁo,; 336°0. 7000g 8 ieffect o

- control i ngcahpstiage, fj@ﬁd parti al prgssure on moduct yi %ds is provided by
the data of viehie vabBove tabl es and descriptively shown bprobarifies) Mproaamrelspd
shift tggligh®efzcarbon number produgt is obse®ded to oc%@rr at ol eH

pressures b&tbHEbout 27.6 kPa (4 psi|e ). The r&8ult is ow boi | I%g range
product of r atrvely hi gh oct ane numRer, as shgwn by th pl ot of

~formng Fi gureto&J It is observed thaasbuteneswmcrease wih propytcoe as
the feedy buti-Gith a mxed [err] oleldn feed, $0me butyl®0e 55 al sh2

ol efi nates ®F hout |oss of product qgfdlity. Yi2fds of [&49] and [28-7] plus
pr oduct chag g ogﬂl y slightly as the Efl n parngl pressgrfg IS decg.}e@sed
from96.5 k & p5|a) to about 27. Pa (4 pgha). Howeyglr, betwegy 20.7
kPa (3 pagr a) epad 6.9 kPa (1 psia), @Ms and Csé.2 rrse regatively sharply at
't he expénse _of-C§ err] plus material. @WRether hygtogen, ni@Bogen or 3}20pane
is used as Ss7il uent does not appea?®fo be crPiical. A $%8s in [e? ? pI us
.yield due to an increase of [err] propyl as th arge ¢

of fset by i ogd ssipagtspwiigt yl enes |\rlrot69e ol ef |1§G§har ge. ??% Fi gure are

pl otted |qurml product 90% boiling1points an@ Cs plus RE0 oct ane7nunbers v.
olefin partid pressure. It wll é7observed99hat begi B3i ng. abou8327.6 kPa

(4 psia) and xﬂ)re particularly abo 1.20.7 kP (3 p5|a)1<6l efin pafiial

pressure, ttggu,gy,rby&tggggqbseptr ng tRe 90% boi I'i ng .poi nt “dr ops mor & rapidly
and the s - pl(gen.ostANE NURbeEr prodges (1eerge 368 (18786S Bed Neregharpl y

begi nni hg ahqﬂé’pﬁddnd?al\(,zﬁwS psi a) ©@B8d4m about 995 to 97, 98t h and 96.T hout
butyl ene in ﬂ;N cfred ge * 93.0 93.9 93.6 966
0026041 In T4 '89§V'£d Fi gure 3 ar 8@78PBsent e87RAL resuP?d?®r dat 781 ai ned
using a<4table liquid (stable at operating conditions) ‘as a diluent for the
ol ef i nati on conversion operation. In this exanple, the stable liquid is a
[err] to 200[err] (93[err]) reformate product which contains 60- 80%
paraffins and the remaining material conprises benzene and tol uene. A part
of theseswaromatics may be al kyl ated by the olefin, but that doesn't affect
their properties as a diluent. Therefore, paraffins, aromatics, and

napht henes can be considered stable liquid diluents under the partlcular

ol efination conditions. Note that the carbon nunber distribution of

ol efi ni cssproduct is simiar for the nitrogen and reformate diluents. Figure
3 illustrates the remarkably hi gh. oct ane val ues obtai ned by the conbination
of “the light ol efination conponent with Iight reformate. For exanple, a -
50/ 50 blend of light reformate 10 octane val ue.of about 76 R+O and '
oI ef i natggon product provr des a product mxture of 92 (R+O) oct ane nunber

65
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TABLE 8 15 Diluent * None N2 W

Ref or mat e [ferr] Diluent/C3=, nole o - 10/ 1

‘3/1 * 7 1.5/1 Tenp. max., [err]0po26041 = 530 (277[err]) 530
(2’77[ err]) 540(2820C) 540 (282[ er r]) O efin pressure, Atm (kPa) 1( .;)
101) 0.1 (10 0. 25(25) BILEMO 5) 20 A efin conversion, '
w . % 99 91 93 Yields, w.%

t ot ac‘:dl;\;:Ch arge CL+C2+Propane Nltrogen/propana/propyine/butylene mixtures- | <1

<1 5 - _ 29 3

5 [err]+ Ratio, N,/C,/C,=/C,= _ S5)66.6/1/0.7 %3/6.6/1/0.7 1'{{8.6/1/0.?

93 25 R+O [ e'lTbﬂal pressure . 93 98 84 (see

Fig. 3) 87 SinkPaDist., 90% OH at F 1013 375(19116r8r]) 240(hoiB[err])
230( 1 10[mrr]a|‘Ps'Eh5£|118Luerrr]) O efidl@?stributionlid[err]+ [eft4n -

17 partial pres 19 22 [err

15 - 24 3 22 30 ],'fgrr] = 10

17 Tefperature, °F, 25 20 [err] = )

15 16 A@rage 10 521 (272°CP [ err b22(272°C) 521 (272°C)

21 "““"‘ ' 525 (274°CB The 6$Q3(ﬂ771%ﬂ)| on pbRA(RTE°QF t he
~crystalline rw&ct ur| ng of&?%tion aboveOtBentified ald435
- specificall y usse I's”Upgraded tgy an even hi ghgr oct ane prgguct by

reacting gl efi O4=I soners therein partgecul arly conpgq si ng i sobut ggene and

i soanyl ene W_ t Fetplet hanol to form et & products tézreof and passicul arly

met hyl tertl ?swg%%he; MTBE) aldd tertiary aM/|l methyl ethds (TAVE).
~ The reaction i sobutyl ene and isoanyl enes at noderate

condi ti ong W t o, ﬁo{aem n catalyst is kggwn technol ogy, as provided;By R W

Reynol ds ‘et alCs=The G| andGas Journalk4 June 16, 4®.4975, and S. zpecci and

T. Floris, Hyd%ocar bon Processing, Dee- 1977. An ar+icle entltled- MIBE and

. TAME- a good oc? @3 00st i ng conbo” bﬁg D. Chase @0 al, The Cﬁ05and Gas
| Jour nal , _Apri Ic 1979, pages 149- 152,91 scusses t echnol ogy. ,

‘ pr ocessi ﬁ"g cormcpatl on of the presentgijnvention e ies the knogvlp -

{ technol ogy ofs$®tar ng hi gh octane etl2di9s by reactlaim met hanol wgd.p eit her
"l sobut yl ene or"‘?ssoarryl ene in the pres@ice of solid2®&idic catalyd0s in
r:conbi nation wi ﬁ the ol efination teckRdl ogy and pr ssi ng conbfhrati on of

.the pres#ht mug‘htlon The drawi ng, Rhgure 4, is g agrammaticgpketch In
leI evation of the processi ng conbi nati-on—of th| s iowvention conprlising the

formati on of an ol efinic groduct sudieog@s [err] teraoary isool efoms and the
conver si on tﬁ%‘"é’&Wi'W“hY"b er “octane gt hers. so. ‘Referring nowto the
draw ng,#Fi gurg 4, by way-of exanpl an olefin fged conprising,[err] and
I ower boiling @lefins such as proviggd by thernalpnd catalytigynaphthas
¢ and/ or ot her cdnbination ol efin refiqi ng product ﬁtreams are charged to the
! process by cbﬂ'ddmrpd@t&thPhéﬁce to reactor 4. A diluent material considered
. general |4 mgr?’ ess is ¢ 9@@3 By con 6. In reagtor 4, the

ol'efins are é&_@’ﬁ&ﬂmgp@sﬁ y olefin é on reactlo%éls herein d érlbed at a

“tenperature bﬁiclﬁWgﬁGG,{ err] * 5 (3 67[9egr]) and rgfgosusual |y thHhgooo
‘tenperature i s bel ow about 550F (288[err]). The reaction is effected at
‘ol efin saabat NOBpltfedtof poramiing elehry feéd pirtl ipresbdrd o froduih GieldSN¥ providel! B el datkof
zeolite tot Wvﬁ@b%ﬁm 'Pt'\MVGhowmb Eigurd 1<Aeankcdssfﬂmm ligitaqarteh ngmber product

i sobutylen g["?f S finp W abg t ? ?"!’e"‘e %t'lt ?@t'OV!) fingtronge
1IN 1eact or whebrold a&%ﬁe ﬁ% ‘ﬁﬁ 3‘?‘? '“L’F Ay ‘*?Zﬁene
enbodi megt alsb bleﬁrﬁteﬁﬁlﬂﬁdﬁmé u& Qi) | ieldd ﬁ:hé?l%@ §
60 reactor as,thermleﬁm naraaitprmm-husaeae}isedifrm Bl Btchat swstb asbom 2v eatai lmnay\/l-lb\hev’éﬂ

al cohol to “f .ﬁ‘ tpaﬁ?%né%%% %% hﬁa)aﬁmdfnsﬁl Esemwatwdnbham Wgw c',
catal yst ol oeg ReAARPga tohecrities
primarilgy [ﬁ‘g@tﬂ cn g\" n rgasgr?g part) ReRvare ?/“E?@fgﬁ cf’%?) &t by jincjudiog
from ot her ol dhlﬁmreamdremmtdddiqhial’dn)ﬂuﬁfm% béilifg poiitsl afti A§iGs RPO btk numbers v.
conponent s O'Gﬁh garg@ IE; be pbsgrveld thaybeginningiabout @ 7.6 &RpUENBIal andatic@e partigutaried
to the zeol"?a l g Restigl Hﬂs wnihe pyyeyerreeeatingthe 8% beiling poipt drepaTaora ot
62 Showget dEdg ;asat e o T R .ﬁ%&f‘ﬁ}gww HRSIIOR LTl e

' enbodi nent 1S re I ed upon,
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passed by conduit 8 to'ether formng reactor 10. A | ower al cohol,
'pre er &bl y nmet hanol |s al so char oeghé @43t her formng reactor 16 by co
12'@@n the etl. reactor, the charged nethanol and ol efins

corrpr i s |°ggatrin§§ tﬂ’% ﬂg e{% f"% ﬁ)“’ 'S%‘!i "éﬁ’é%“aéﬂeé upipg;@ stable figuid sablgrbsence
table '

a solid ra@msﬂé@msra
oper t | B0% paratineand me&bh?imay aiat ea o%m‘éﬁdeﬁ ‘BEHzSneaéi*i orn&ég%’g?‘“ 'aa,conéms solc_p
enpl o e@avwelkﬁafediu\ctheofefm @at:ﬂhatrdoé{m taffebt doMpropétieceshai dijlen@ ThérerereShddHirs,

unr eact & ons t °°a~‘# ostahig)lidyd d)lyﬁmar undet thet n;nazusegaﬁratmron
zone 16,ef ‘%533 t %g%qf agrn ?‘r‘%ﬂ"‘ %iimﬁwﬁal ly
Aikure d? a9

0026041 product of oI‘efl nati on reactor 4, conprising [err] olefins, is @
n

at nosphef the |r§HitQ:'£e$‘ HétRn carﬂ ¥rfRaté! gohé m gé%@ Cm‘w] ) to

125[ efa Pc@@imrqf )iboutl épcﬂﬂdlahg obﬂha’trhﬁpr&ﬁpﬁbrﬁi’ndé%rb 0) octane
arrangef¥fber [err] and | ower ‘boiling unreacted ol ef| ns al ong 10 W th

- unreacted net hanol are separated andr %ﬁgdrawn_ by conduit 18 for recycle to
the ol efination reactor 4. In reactdf® t he unconverted met hanol and-

ol ef i 1#s Dnmycl ed are converted Nenel/ or . reskruct ur ed Rbf@rniaeg M despos¢ ol efin
product ; un ttre—othrer—tand; iL .m, be—dest+abl-e—+to—+etalnin-the separation
effecte ”1‘°ﬁ 9t or 16 the [ unreaO:ﬂed ol ef BAs with t ng/1f or med hi gh
oct ane %P L0 thi s kﬂéf?’on%ﬁg?mé@ov %(295"%{” @AR10), the
unr eamt o &b*nb %ﬁ};*x; ns may aL_, Be sep Ud 1 rofl2PHP hi gh 1%%e et hers
and themem‘étveﬂsdaiaeﬂdfgd I n pool gasoline. hus dependi ng on e Separating
t enper at UgeCarfioganessure condi kKlons rel i @d upon, tke high ockane et her
.product ( AI\/E and MIBE) separaﬁed in zon@916 eitheB with or & thout Cs plus
-ol efrzgsnj,,édM,_t hdrawn by condui §320 as - a .mary pr ct of3t conbi nati on
processs.n{b.si Jwouddharghand, thg-,gp,@qw@)tl ¥odie E}iq?eg (eq Jéjrr]

pl us unPlefcdigtdbwiorfnidas Wi th t he 20 et her product rat er t ? r] plus
unr eact.edssl efi ns. Therefore eﬂ?her a [eB¥] m nus p3oduct - of 2zt her

f or magpi O cWay be separated and gecycl ed g ol efi na¥4on zone 22 MTBE and

TANE ar e ggaown to be h| gh octar} et hers. %%he above®¥eferred 9 article by
D. Chase et al, and Gasagournal, chl’l| 9, 18 9, clearly identifies
the advant?%es one can achi eve by using 25 these materials.to alter

asol flnam rodf.rft %pggplll Iitem;uétu gHn thra @ ieny
fno Sl e TRy e e rFrf ?ﬁ e e

combi na érﬂél:ldﬂ n&&.&s rdtwhvmaspéhdqaﬂiﬁh M )y t0 reducing the
probI ens ag’se)maedoecbfmetﬂandlmuhmbmlen ddcam@lefdss uraﬂeratihendmbhawah blreamdi NQ

mecm%qves am!ead b\oR awm@rqm al. Rh@&ga_nd Gasalbwnal, JUPO 16F0r a

e bl 1‘%& *‘} b g e ooy 7o T

* octane uelThé brecehhlﬁ@ nliwma\iad bf&hé) regea%wwﬁeﬁr érﬁboﬂb@tﬁe khdwin teaindiobPof farmirigMt-O)
-of 84 obmhn@artemhelmb rbdctingl mathanch vitk sitter sblnuiiené©Oisodrianana ip théypresepemnafsalid y

descr] bé‘"df’“f $ HbEP"&WI!‘"B‘bWEEM%°'Bﬁ"at'%teﬁhf@?§man¢ nvem'nm gombivatien of thet ed -
‘speci f| b RO & TR=Ts)j vali undue
PR U i R S

foll owr cngwarkm thiareoﬂshiﬂmromne]athaes met hod for produci ng gaso i ne boi I | ng

r ange®h; rmeo rted'tPcﬁfSWNcﬁ's% fi byt wayeof skaruie fan plefic feed compri glfpo m [err]
oleflns°§ﬁ% %ﬁ i ﬁg%‘rﬂ"ﬁéﬁ 'f‘f"??:aéé W?tec‘;ra r4
crystal grlu@ﬁi gﬂ&d@reﬁ%ﬁﬁjﬂ t é gg- S 'éh‘ é‘} ‘ﬂf | east
5x" 10] eél&find)aredreadrdnigéciad ISy ﬂﬁHﬁdi\&eioﬁbrﬁsChs reﬁi djs&fb‘é raturé Bl

' | nde ’\M3t1 B?G} ahdrmoreatrsgdlyoﬁe tbmberatLid isbelow aladue 550PF(i zwsurrbe behmw-éaeﬁéctxd 5104 Pa

_ ?}q ° rcamtaq’tew@@h@e@ éﬁMf-fr @rmteu"tenﬁwtq n@rqvmgeprqmct .
400[ er r %FI ot A b i C%&rfr,mneg ﬁgjft%er NS
pr oduct hééih 'di‘s Qﬁn fa EH h El' é?ﬂd AL DESIsT The
nmet hof® ebctérl 49in fﬁbr&am Glsﬁlldtahﬂic Q& épt dn With @aﬁjﬁj !.rrbgt ; A o'éﬁh et;lne?s. In

crystal #norhgr z@bﬁdrmmtathe ZedEe catalpst rmﬁuat@nwffldenmrstshmr:tem a Mne&'xﬁﬁ) sBrM to( 2600)

to 550[g s d &4 b%ﬂ'f' e's%eﬁf@und oaﬂwe 1tberﬂ*<ri ° er
o¢ ool L SR P E% |
produest shGva?tErl fﬁﬂtm cbrﬁ&%roh aésﬁéﬁa bléfins. @hlc s rél e erein
a diluent materi al substantlallylnert totherestructurlng of t eoleflns
charged is enployed with said olefin ;eed to maintain the partial pressure
of the olefin feed 60 below 5.1 x 10" Pa (0.5 atnosphere). 4. The nethod of

claim1 wherein the olefin feed conprises a mxture of [err] carbon

N



conmpounds. 5. The nethod of claim 1l wherein the olefin feed is mixed with
one or nore of hydrogen, propane and nitrogen. 55 6. The net hod of
claiml1 wherei-n the ol efinic product conprises isobutylene and i sopenteng
whichsmaterials are reacted with an %mbﬁy contact with an acidic

catal yst to form hi h oct ane thers : 9. duci n |gh oct ane.t
et her  pr od &% il le pas
ther o oo LIS ecmeggmgfm or g e

buty| et her1§‘° o2 Enaftintihg s e buma&tdd

[ Ol iamileh&e d ih @R Preddridh f ANbIiP 26 WatalysD tedliotth TAME andt MEBE. In a
nce sofpaaicu!acomiranemIalcbvemelatatﬂ gvatabjer suiford avif rasi wdvss nbeempibyedt | east
5x 10[err] m ’? at 'Qﬁ‘ﬁ%éo "G‘R‘i‘ﬁ'" igh 8%3’!9 Hﬂ"eé‘“ ? chinethanpl are

ol efins an L,g idn'Hebitdd R lohe dga.q 28 Rwah BoilifgUARIAERA Bffins along
react i ngr@atwi &iloi &re isBpHIRES akid t:vhharatvm\hercomdmota)for reTycidreo theadatingtion
of an aci d resstal §stn tmerer 4 e enneanweedamﬂpnréSWr eletinsn ticydlesh grep PstYetadn andvere

f or mati on @8t “ﬂ‘fé"ﬁ’r’q Pf ? ks, Above

he oth QG iS04l ﬁrgﬁ ?e%?ﬁ 108 150%
formed et hep, DRAM %a e S e AL
ol ef i nat Vo ryfargEed daf tHe uRREGNd Gl Qief lﬁH’ stG mee,panaeedpraans high (beﬁdbllethe& s
et her for mtngema(bteodedlm podl gasalirre. Jhwso dependip geshethalsb ratieg empedratufesang| pressure

charged to @Dﬁ@?ﬂsffdtﬂﬁtu?{'@dﬂ! Pctnfg% tg:;e % eﬁ({r; anq! Tpﬁ)es ié‘rn@p nq fﬂnﬁﬂ ngtoe;
Y 06

Wit hin the ?%;%ﬁb :é sT@“j ‘mﬁp ﬁ,ﬁ eef o szlﬁgergi'%gfwbﬁt %ﬁd Fr(%szsgg
Pﬁta'ﬁéacteh

reactor, tHE% a‘%glg@"ﬁg és
tertiaryzd 555%35%7 h5rﬁﬁ§ € %%r&%dﬂﬂéﬁi@ﬁﬁ&e am% |ﬁu
to form TAMrter m%h‘nayuasa:a&twnulréwélwto@mhatoh@metta commer ci al | y

avai |l abl e sul f fBEarRTAME RSkidwndd B4 Migh odtie difers The SB696refeHa8 td4rREE 6Y J.9. Chase
react or 10 easil Ot @AY Gas UougndniAphl 8,C19T0Cciedrlyadentifidsthe adiaf@ged @ei das achiéle by using
met hanol 2,aﬁlaesgmdlsu at:@rmlhe mtatm ﬁ'usepamtar chat »dhaee 4 6ho at -a@bumanscmd

16 is mai ntSePM i G"%Qx'sé?j%‘é#‘?t ’g ? 43 H‘té‘%%h"é’ dct g
2 Lerper ot L ILAREY més&zﬁ‘q gﬂztmt; Y priany gyl i, The
dependi Ng Qi) With aHidltsHrat W+df‘o‘f8!3 the BIAAIAG (AGKISVEIDE narm V3 shawenos
boi | i ng ynroxaxté etheohantl) faSarahomgofm ocvdng Imeummu-aglvm difamd MIBE:is ab@panas cahd
and wi t hdr denanly+Bni8aiortanethé $P% bispding ealueds atlput Q& i nati on reactor 4. In
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