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3. 3. 11 Oligomerization of light olefins to diesel/gasoline
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<3t 12> Ethylene oligomerization

Year Catalysts Reaction condition/remarks Products Ref.
1994 ZSM-5 of 400C, 0.1 MPa, CoHs/N»=50/50 Gasoline-range | 1
Si0,/ Al,O3=25, the external surface area was 3 | hydrocarbons
OH/Si0,=0.2-0.3, times greater than that of other
H,0,/Si02=50, zeolites, which indicates that the
lifetime of zeolite in oligomerization
(TPaBr)/510,=0.01-0.1, depends on the external surface area
small ~ crystal size | o crystal size; consequently the
(30-50 nm) coke selectivity was low on the
large external surface | zeolite with large external surface
area area
1993 P r i m a r y| Multistep processs WHSV 0.21, Lubricating oil (bp | 2
oligomerization over | goq MPa, 200°C, resulting in 91% >343 C, viscosity
a  surfacedeactivated propylene conversion and vyielding | 50 ¢St at 100 T)
(by a sterically | 786 9 product: lubricating oil 54.1, | and high cetane
h i nder e d| giesel fuel 205 and kerosene/jet fuel | Lumber (cetane
trialkylpyridine), | 150 wt% no. 50.75  after
medium pore zeolite hydrogenation)
(ZSM5 - or - Z5M-23) fuels(bp 177-343°C)
and second
oligomerization over
a supported group
VI(B) metal,
SiO;z-supported
reduced Cr oxide
1993 ZSM-5 of medium | Fluidized bed, WHSV >0.1, Cs+ gasoline and | 3
pore size, e.g. 5-7A 0.14-15 MPa, 342-482 C, sufficient dewaxed distillate
and having a| for concurrent oligomerization of
Si02/AlLOs  ratio  of light olefins while cracking
about n-paraffins
20 : 1 or greater
1991 | amorphous SiO,-Al;Os | Ion-exchanged catalyst is better for | Diesel fuel 4
(Si/Al=72 : 1), | ethene oligomerization to diesel fuel,
impregnated or | Cyo+ fraction in product was 41%
ion-exchanged  with | vs. 23% for impregnated catalyst
Ni
1991 HZSM-5 Fluidized catalyst bed, 55 MPa, | Fuel, Cs-Cio| 5

300-650 C, conversion 50 wt%

hydrocarbons




<¥ 12> (A%)

Year Catalysts Reaction condition/remarks Products Ref.
1990 | ZSM-5 with a | Multi-stage reactor: first reactor for | Cs+ gasoline 6
SiO,/AlLO; molar ratio | contacting feed with a medium pore
of 70 : 1 shape-selective  zeolite catalyst for
converting the Cs-olefinics to liquid
hydrocarbons comprising Cs+, in
second stage the process conditions
should be effective to convert a
major amount of ethene
1989 | An inner core portion, High viscosity | 7
e.g. ZSM-5 or ZSM-23, lubricating oils,
and an outer portion and
comprising a gasoline
fluoride-containing
crystal shell
1988 | ZSM-5 3, 7.8 wt% | Reaction time 5 h under | Cs+ gasoline 8
WO3 on SiO2 1, and | oligomerization conditions >99 %
MgOs parts by weight | CHy  conversion and 67-75 %
selectivity
1988 | Ni-exchanged ZSM-5 WHSV1, 1.83 MPa, 376 C, 7.5 days, | Gasoline with | 9
89.0 wt% conversion, the selectivity | octane no. (R+O)
to C5 fraction 82.3 wt% 93.1
1988 | Ni-exchanged zeolite Y | 3.5 MPa, at 100-150 T or at 300-330 | Diesel-range | 10
(10-40%) C, at low temperature the | products
oligomerization = proceeds by a
selective growth reaction, 26% Cio+
product, at high temperature, about
300C, a purely acidcatalysed
oligomerization
1985 | ZSM-5 Four fixed bed reactors Gasoline and jet| 11
fuels
1984 | ZSM-5 Fixed-bed, staged oligomerization; | Gasoline 12
zeolites partially deactivated in a
primary stage are used before
regeneration in a secondary stage at
high temperature
1984 | ZSM-5 type medium | 1) In distillate mode (fixed bed,| (1) 80 % of the| 13
pore zeolites, with a | WHSV 0.5-1, 410 MPa, 190-310 C; | product was
SiO,/AlLO; molar ratio| (2) in gasoline mode (0.4-3 MPa, | distillate fuels
of 70 and extruded | 285-3857) Ci-Cy  with a
with 35 % alumin cetane number

a f t e r
hydrogenation  of
over 50; (2) Cs+
olefinic gasoline
with octane no. 92
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<3t 13> Propylene oligomerization

Year Catalysts Reaction condition/remarks Products Ref.
1997 ZrOr-supported WO;| Fixed-bed tubular reactor, 7 mlh”, |For co-precipitated 14
using impregnation and| 2.76 MPa, 160 T; the conversion |catalyst, the Cs+
co-precipitation was 944 and 698 %  for | Qistribution was 29.5
methods co-precipitated and impregnated gasoline, 61.6 diesel

catalyst, respectively and 8.9 % lube; for
impregnated
catalyst, the GCs+
distribution was 38.5
gasoline, 56 diesel
and 5.5 % lube
199 1 (1) Fe-silicate, with a] GHSV of 1000-5000, 290 C, tubular | Gasoline  synthesis| 12
Si/Fe atomic ratio of| reactor from light olefins
100;
(2) Pt/H-Fe-silicate for
oligomerization and
hydrogenation (0.01
wt% Pt)
19951 A m o r p h ous WHSV: 4 g propene/g active |Gasoline and jet 16
micro/ mesoporous| phase/h, 3.8 MPa, 120-180 T, and |fuel
silica-alumina gel| reaction time about 240 h
having surface area of
500 1‘112g'1 with a molar
ratio of SiO,/AlL,O; =
30:1
1993 | Medium pore,| WHSV about 1, 6 MPa, 130-250 T Gasoline and diesel| 17
shape-selective zeolite hydrocarbons
1991 | gilica-alumina co-gel Gasoline and diesel| 18
dispersed in alumina fuel
matrix
1989 | Mixture of pillared clay| The catalyst was more active for |Cs+ hydrocarbons 19
(e.g., bentonite) and| conversion of CiHs to liquid fuel | (liquid fuel)
WOsSiO2 than a mixture of unpillared clay
and WO3/ SiOQ
1988 Ni-exchanged  pillared| 10.03 MPa, 150 C for 24 h Liquid product 20
silicotitanate (surface gasoline, containing
area 299 m’g’, Ce16.6, C956.7, Cu
containing TiO2 70.2, 177, Ci56.7, Cig2,

SiO2 21.7, and Na 3.3
wit%)

and C=21 04 wt%




<3 13> (A1)

Year Catalysts Reaction condition/remarks Products Ref.
1986 | 7SM5 zeolite, HZSM-5 | Fixed bed, 24 MPa, 189-359 C.| Diesel fuel 21
of 122 wt% alumina, Low temperature gives dimer,
ZSM-5 poisoned with trimer, tetramer, etc. without
a large excess of shape selectivity; reaction occurs on
hexamethyldisilazane | the external surface of the zeolite
in order to replace the | rather than within the channel. At
acidic surface hydroxyl | higher temperature the  external
groups by | surface is poisoned and
trimethylsiloxyl groups, | shape-selectivity is apparent
addition of
4-methylquinoline  to
the feed supposed to
neutralize the sites due
to alumina at external
surface of zeolite
1986 | HzsM-5 3 catalyst beds, 06-1 VHSV,| Coy fraction with | 22
4.2-10.4 MPa, 205-290 C bp 165-290C,
diesel fuel and/or
jet aircraft fuels
1986 | zsMm-5 Oligomerization conditions as | Gasoline (Cs-10), 23
function of temperature, pressure | and diesel (Cio-20)
and space velocity 10.4 MPa, 110T
1985 | 7oM5 Approx. 5.8 MPa, 315C, conversion | Gasoline and | 24
about 95% diesel fuels
1983 | ALOs-free silicate | Oligomerization conditions Liquid fuel-range 25
molecular sieve products
1983 | czm or zeolite | Oligomerization conditions Liquid fuel-range 26
impregnated with Cd products
and/ or Zn
1981 | Zeolites Oligomerization conditions Liquid fuel 27
1979 1si0,-A1,050r| 14 MPa, 100-300 C Hydraulic  fluids, | 28
fluorinated SiO»-Al,Os gasoline with high
octane no., and jet
fuels or  white
spirittype solvent
1970 | Mixture of SiO, and Gasoline with | 29
polyphosphoric acid high octane no.

* Butene oligomerization




<3t 14> Butene oligomerization

good octane no.

Year Catalysts Reaction condition/remarks Products Ref.
19% | Hzsm-5 impregnated | Oligomerization conditions diesel fuel and | 30
with Cr salts lubricant oil
1985 | Acidic ALOs 0.1 MPa, 310 C 154 wt%  Cs+| Ol
fraction (at 84.8%
conversion) and
motor octane no.
94 and 81,
respectively
1996 | A novel zeolite NESKO process Diesel, solvent, and 32
lube oil
1994 | 7oolites Catalytic distillation reactor system, | Gasoline, diesel | 33
temperature range from ca. 150 C to | fuel, solvents, and
approx. 350 C depending on catalyst | [ybricant stock
type
1992 1 Halo gen-stabilized | Oligomerization conditions Gasoline with high 34
silicalite, or a zeolite octane no.
1992 Large pore size | WHSV 1, 345 MPa, 96C and | For propylene 35
metallosilicate structure | conversion 84wt% propylene, the | WHSV 0.25, 3.45
of MCM-41with | same conditions except WHSV 0.25 | MPa, 96 T, C¢=2,
uniformly distributed | conversion >98 wt%. Increasing | Co=43, Ci, =34,
honeycomb  pores in | temperature results in high MW | . -0 = 5,
the 100-200 A range product, increasing pressure causes | 5nq Cp =3 wt%,
increase in activity and a shift in| and Cpo
selectivity to lower MWproducts, hydrogenated to
improved activity compared with provide clean
ZSM-5 and ZSM-23 also provide gasoline and diesel
higher Cy and Cp» for propylene | a1
oligomerization
1977 | Zeolite 288-482 C Gasoline with a| 36
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