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SUMMARY OF THE INVENTION

[00(}3] The present disclosure proifides an iinproved zone reactor and eprocees for |
converting a hydrocarbon feedstock into one or more higher hydrocarbons.

[0003a] In a first aspect, there is pl:ovided areactor for converting a hydrecarbon
feedstock into one or.more prdductjs, cemprishlg: one or more hollow vessels that define
multiple zones in the reactor, wherein a first zone contains a material capable of releasing
hydrogen halide and a carbon-carbon coupling catalyst, a second zone is coupled to the
first zone, and‘a third zone is couﬁled to the second zone and contains a carbon-carbon
coupling catalyst and a material cainahle of capturing hydrogeﬁ halide.

{0003b] In asecond aspect, there is" provided a reactor for converting a hydrocarbon
feedstock into higher hydrocarbons, comprising: a hollow vessel having first, second, and
third zones, wherein the first zone contains partially halogenated olefins and/or partially
halogenated unsaturated organic pdlyfners, and ZSM-5 zeolites; the second zone is |



coupled to the first zone and contains a metal oxide; and the third zone
is coupled to the second zone and contains a m croporous coupling catal yst
and nmedium to long-chain ol efins and/ or unsaturated organic polyners.
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f or mi ng2al HO004ad! i tes fduythraspent] thgreds provided a process for converting a hydrocarbon
feedstock into higher hydrocarbons, comprising;
(a) forming hydrogen halide (HX) and a material capable of capturing HX
by heating a material capable of releasing HX in the presence of air or oxygen; .
25 (b) forming alkyl halides by reacting a hydrocarbon feedstock with the HX
formed in step (a) in the presence of air or oxygen;
{c) forming higher hydrocarbons and additional HX by reacting the
alkyl halides in the presence of a coupling catalyst; and
(d) forming a material capable of releasing HX by reactively capturing the
30 HX formed in step (¢} with a material capable of capturing HX.
[0004b]  In an embodiment of the present disclosure, an improved process for
converting a hydrocarbon feedstock into higher hydrocarbons comprises forming HX by
heating a material capable of releasing HX, in the presence of air or oxygén; optionally -
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35 hydrocarbon feedstock with FI X WO 2008/ 148113PCT/ US2008/ 064922 in the
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DETAILED DESCRIPTION OF THE INVENTION

[0008] The present invention provides a process and an improved zone reactor for
converting a hydrocarbon feedstock into one or more useful products, i.¢., "higher
hydrocarbons.” Generally, the process comprises forming a first stream or quantity of
hydrogen halide (HX) by heating a material capable of releasing HX in air or oxygen,
forming alkyl halides by reacting a hydrocarbon feedstock and the first stream of HX in air or
oxygen; forming higher hydrocarbons and a second stream or quantity of HX by reacting the
alkyl halides in the presence of a second carbon-carbon coupling catalyst; and capturing the
second stream of HX by reacting it with 2 material capable of capturing HX.

[0009] The general features and mode of operation of one embodiment of an improved
zone reactor are schematically depicted in Figs. 1A and 1B. A zone reactor 10 in the form of
a generally hollow vessel contains a first zone 1 which is further subdivided into two
subzones, 1A and 1B; a second zone 2; and a third zone 3, which is further subdivided into
zones 3A and 3B.

[0010] Initially, zone 1A contains a material capable of releasing HX, as described below.
Zone 1B contains a carbon-carbon coupling catalyst, which catalyzes carbon-carbon bond
formation and the generation of higher hydrocarbons. Although not bound by theory, it is
believed that carbon-carbon bond formation proceeds via intermolecular — and possibly even
intramolecular -- metathesis reactions of alkyl halide molecules. In the drawing, the catalyst
in zone 1B is also coated and/or impregnated with coke, as described below. When the
reactor is loaded for its inaugural run, however, no coke is present. Zone 2 is either empty or



zone reactor are schematically depicted in Figs. A and 1B. A zone reactor
10 in the formof a generally hollow vessel contains a first zone 1 which
is further subdivided into two subzones, | A and 1B; a second zone 2; and a
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aromatic conmpounds. If the feedstockq.is pure ethane (carbon nunber 1; bond
order 1), the resulting higher hydrocarbons coul d be propane (carbon
nunber 3; bond order 1), ethylene (carbon nunber 2, bond order 2), etc. If
the feedstock is natural gas --typically a m xture of |ight hydrocarbons,
predom nately nethane, with | esser anobunts of ethane, propane, and butane,




[ 0020] Represent ati ve hydrogen halides (HX) include hydrogen brom de (HBr)
and hydrogen chloride (HCl). It is also contenplated that hydrogen .
fluoride (HF) and hydrogen iodide (H') can be used, t hoggh_ n(ﬁtflnece_ssarl |y
wi th equiygl ults. Sonme of the problens associated wt yorine can
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content, but low benzene content are particularly desirable as gasolines or gasoline blending

agents. Other desirable products include aromatic compounds --benzene, toluene, xylene

(especially p-xylene), mesitylene, etc.- and especially aromatic products with low benzene

content. In one embodiment, the product consists predbminantly of benzene, or benzene-rich

aromatics. In another embodiment, the product consists predominantly of toluene, or

toluene-rich aromatics. In one embodiment, the aromatic content of the product is enriched

by recycling non-aromatic components to the solid reactor. In the case of saturated aliphatic

compounds, this entails re-bromination followed by carbon-carbon coupling in the presence

of a coupling catalyst, whereas olefinic compounds may be coupled directly (in the presence

of a coupling catalyst as described herein.

[0020] Representative hydrogen halides (HX) include hydrogen bromide (HBr) and

hydrogen chloride (HCI). It is also contemplated that hydrogen fluoride (HF) and hydrogen

iodide (HI) can be used, though not necessarily with equivalent results. Some of the

problems associated with fluorine can likely be addressed by using dilute streams of HE (e.g.,

HF gas carried by helium, nitrogen, or other diluent). It is expected, however, that more

vigorous reaction conditions will be required for alkyi fluorides to couple and form higher

hydrocarbons, due to the strength of the fluorine-carbon bond. Similarly, problems



Capture Rel ease Br [00241I n one enbodi ment, the unsaturated nmaterial
is carried on a support, such as silica, titania, or a simlar
heat -resi stant, inorganic, generally inert material. As one exanple,

silicap coated with pol yethyl ene by conbining the pellets and
pol yet hyleégng &ﬁ ?3 ng the mxture to a tenperature ab&?célmlsﬁ@ 4%

transition tenperature of the polyethylene, and then I I
2008/ 148113PCT/ U 2 hal o n to the pellets g( posi ng
Che. conBHAFIEs A P a L NP L1 300 PG MR oF EBP AHAR 0 BHEV P BoRey mor
[ 0025] | mddressed by camtying oy diel lnbgermation fupl oreeublng reantipnna haghleyt&mpe:animn
f eedst 0aka/bh friuchiks. amt&%o@%%ah@gﬁ%éfwm mﬂtiltss}rbem[g flokdigqal kyl
hal i des ‘m tln ‘S aléer{)ggnatl 1 ﬁl{} hea can rive_ the
Feacti ol o AP PLRAleES alferﬁ@m ¢ §ifevirubi erpHT Rg R lsrRE R e h e
presencen pafrﬂcaﬂdxaﬂlﬁmd&mlo nfxsamﬁh/smxamp;eh fuch geanaial swompaibedngditimofo long-
cat al or egat afk E\@néﬁb dHaehe R fikdf WrkéhrepXitiF So-5 (is_copper
oxi de ( %ﬂf% alrllsd gg ﬁ aI glges rmuﬁg asﬁgjgd% Eﬁ%@r g (ilf @Farpur es of
cat al ysFOTERF Beleedn s Sk oJaiing vk hasreimrs than onp earberpprshancipuble
unsuppobbdmbiper molecule. Nonlimiting specific examples include 1-dodecene, 1,12-dodecadienc,
and i-cicosane. Unsaturated olefins undergo addition reactions with HX to form partially
halogenated olefins or alkanes, and thereby "reactively capture” HX. When the materials are
heated, they release HX and revert to olefins.
[0022] As a second example, unsaturated organic polymers can capture HX to form
partially halogenated organic polymers, which, in turn, can release HX, Nonlimiting
examples include polyacetylene, polyethylene that has been partially dehydrogenated,
polypropylene that has been partially dehydrogenated, and mixtures thereof. Polyethylene
and polypropylene can be dehydrogenated according to methods well known to those skilled
in the art, e.g., via halogenation followed by dehydrohalogenation. Polybutadiene is another
example of an unsaturated organic polymer that may be used to capture, and then release, HX.
[0023] Olefins and unsaturated organic polymers captare HX by reacting with it to form
partially halogenated compounds. The reaction can be reversed by heating the materials in
the presence of air or oxygen. The following equations are nonlimiting examples of the basic

scheme:
R Capture R X
\_\ +  HX >—<
= Release H R
H Br
Capture ‘
RN A—NR + 2HX R R
\ \ Release Br H

[0024]} In one embodiment, the unsaturated material is carried on a support, such as silica,
titania, or a similar heat-resistant, inorganic, generally inert material. As one example, silica
pellets are coated with polyethylene by combining the pellets and polyethylene, heating the
mixture to a temperature above the glass transition temperature of the polyethylene, and then



[0026]In FIG 1, the catalyst is |ocated throughout zone 2. In an
al ternate enbodi nrent shown in FIG 2, the hal ogenati on and/ or
oxyhal ogenation catal yst is confined to downstream and upstream regi ons 8

of zone L, an enpty central area 9. [0027]In Z 1B and 3B, a
car bon- cgvygoﬁﬁ}égﬁgﬁ ing catalyst is utilized to facili ngirg%?q%' 3 ver si on

of al kyl halides to higher hydrocarbons. As used herein, the term
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magnesi ﬁ?ﬂ & @Stﬂopants) In one enbodi ment of the invention a M-
[0028] Nonlimiting examples of coupling catalysts include non-crystalline alumino

silicates (amorphous solid acids), tungsten/zirconia super acids, sulfated zirconia, alumino
phosphates such as SAPO-34 and its framework-substituted analogues (substituted with, e.g.,
Ni or Mn), Zeolites, such as ZSM-5 and its ion- exchanged analogs, and framework
substituted ZSM-5 (substituted with Ti, Fe, Ti + Fe, B, or Ga). and other MCroporous
minerals. The catalysts can be natural or synthetic, doped or undoped, supported or
unsupported.

[0029] Preferred catalysts for producing liquid-at-room-temperature hydrocarbons
include ion-exchanged ZSM-5 having a S$i0;/Al»0 3 ratio of less than 300:1, preferably less
than 100:1, and most preferably 30:1 or less. Nonlimiting examples of preferred exchanged
ions include ions of Ag, Ba, Bi, Ca, Fe, Li, Mg, Sr, K, Na, Rb, Mn, Co, Ni, Cu, Ry, Ph, Pd,
Pt, and Ce. These ions can be exchanged as pure salts or as mixtures of salts. The
preparation of doped zeolites and their use as carbon-carbon coupling catalysts is described in



exchanged ZSM 5 zeolite having a Si 02/ Al 203 ratio of 30 is used as the
coupling catalyst. Under certain process conditions, it can produce a
tailored selectivity of liquid hydrocarbon products. [0031]Product
distri bUt\bBQ ogﬁ”sﬂ’e shifted in favor of nore aromatic content, |ess
aromatic COALENT yasol i ne grade materials by alteri nGCERS2998448%% | es of
the zeolite or other catalyst. Pore size and acidity are expected to be
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is heated to a temperature of 150 to 600 °C, preferably 400 to 600 °C, more preferably 450 to

515 °C. Product formation (carbon-carbon coupling) is facilitated by heating zone 3B or 1B

to a temperature of 150 to 600 °C, preferably 275 to 425 °C.

[0034] There are a number of alternate embodiments for practicing the invention. For

example, instead of a single vessel defining three zones, the zone reactor can comprise three

separate vessels, each defining a separate zone, 1, 2, or 3. As another example, certain
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entering the product formation (netathesis) zone (zone 1B or 3B), a
precool er can be used. In one enbodiment, the precooler conprises an
air-cool ed bundl e of tubes, or tubes enclosed in a shell in which a
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const r (e e¢hepre C@m@g@lﬁp@él}’csﬁdﬂ@ea@ac@ommlctl ng materials |isted above.

Al ter nqboml y, Intshﬁ aﬁ&ﬂ&teﬁiboﬁﬁibnbﬁf RPRRRR, @%&9@4&&@ do¥d iR ABR RS0

0039] The f | | t {
[ 0040 S By a TR O e L e P B T Pbrameis SAUSHBHr i ng HBr VD

2008/ 14? ﬂ@ﬂﬂm@#&@éwéroaahgsnﬂ?sr exaapde, B zpGHOAdidd cgh be usddae eortr ea
(>300 'Iﬁ%ﬁﬂ&leﬁds' vbvﬁﬁh a@th&;f%d@ﬁtsagaﬁﬁgﬁe&motf&ﬂﬂ%x émag ﬁlgli%ht qgﬁgl ning the
tu above {he gl ass

pellets and et ne and heating to a tenper

transi t18&2 scoﬁ \é\nﬁ?ﬁ}"g‘}w b4%e pol yethyl ene. Bronmine is added to the

pel | et $0G38H thaenmnhemﬁatatema}sms censposish thay &é\érﬂm@hﬁ,to é@ﬁﬂédth@ﬂfehﬂxe

brom n : g ar at and heated
to 2256}‘{,119?812{1?6%%{%3wmx’?ﬁ%n%éﬁgglsegg%?%éfg{ ﬁ&c;i}l' %loly n’a‘ﬁ’ll ]ﬁ mat eri al ,
ReagenflRMiEnkaRthed gretal alhexsr figglupprircopfim, dutidvmpand picks! mm anditheiri al |
Reagentlldss, sikcak epimibe( antSArcasiadoRild ﬁ{d:a@d aﬁ@ﬁ@b&c@xdﬁéﬁr{g%leﬁﬁﬁé MGterik -

Reagenl inCes o P00 ZRERIITRLLE o, cADbATRERRER ot it flog Uhhass, ar ea (>300
resistant matenais for example alumina, silica, and zirconia, each lined with a corrosion-

resistant, but not necessarily temperature-resistant, material, such as polytetrafluoroethylene.
Under some conditions, the vessel can be operated isothermally, with heating and/or cooling
provided by a heat transfer fluid passed through pipes constructed of the types of heat-
conducting materials listed above. Alternatively, the reactor can be operated adiabatically.

Examples
[6039] The following are nonlimiting examples of the invention.

[0040] Preparation of Materials Capable of Releasing and Capturing HBr

-



coated with pol yethyl ene by conbining the pellets and pol yet hyl ene and
heating to a tenperature above the glass transition tenperature of the

pol yet hylene. Chlorine is added to the pellets and the conmbination is
exposed t , resulting in chlorination of the Hal f of the
mat eri al ‘?ggg{)es}ﬁgga ed and heated to 225 C, resulting |F%Tf[ﬁé°°?’8‘?487azse of
HCl1. The other half of the material is kept for use an HCl-containing
adsorbent. Exanple 1 [0043]A zone reactor as shown in Fig. 1 is |oaded
with the followi ng materials: Zone 1A: Reagent B. Zone 1B: ZSM 5 coupling
cat al ysReageniné and Fropper oxi de catal yst. Zone 3B: ZSM 5 coupl i ng cat al yst.

tZOHe 3A00 ag?ﬂﬁglﬁurfh& HELE-380 n2Vd) silﬁaﬁ@fa‘@%ﬁ;: béuUgih BA 1¢§1e |

enper at ur,e .0 en 0 re ea5|ng

HBY . ‘éoné‘?‘?m%ﬂ’& Pﬁ%? Sf’li’cg?ﬁ%egw eqe%“ ggag‘ i} 8§°1YR gmge]"r’]ove% é?’s a tenperature
of 500 @usition seppseafurs ol ﬂmﬁbfﬁhylmewtdmnegad@m@qm@eﬁsm thehe coupling
cat al yStombifdtien i &H oéeﬁttQUin%t %esxﬂﬁ]fgrzﬁb&ﬁﬁlﬁﬁtﬁ;ln cﬁlﬁ&ﬂoﬁm@e‘fy pagetpat ed at 400
C. The rod cts %}He co R“’g iﬂ% 3 in zone 3B at
500 & BRGHHT FRORIGABS eyH Ba HorTe e et B AR Forteoanpt ur ed
by Reagmatenﬂ Redgenthh, i capabbmnefaaptedng BHBRe e othaBialfaff te mzaaquaé,rl%&agemBofs 150 C.
I'n Steplg%tfcﬁh&eds%:ﬂ&éﬁzﬁ@ ABleW ek A at a tenperature of 225 C,

converti Reagent B to Reagent A a rel easing HBr. The air and HBr from
zone 3A pass into zone 3B at a tenperature of 500 C, regenerating
(decoki Repeeiith € a0d@pl i ng catalyst. In zone 2, natural gas is oxybrom nated

at 400 4%“9 P@ﬁ%ﬂ‘&ﬁﬁ d%&% t2 g@@?&gﬁ@&e& {}%0@9&% slia ﬁé’ﬁégé éfét | ”I zone

1B at 4 pro ons an
capt ur e®atsyl vigngbrethy, \}w|°ewbm§1gdb%n®kfs@&dﬂﬂelypeéal§@wndé)eamg tg at errper ature

of 150 t@mper‘dﬁre?ﬂﬁ% ﬁﬁ%léb@ﬁ‘ﬁﬂddﬁ&&ﬁﬁér&ﬁ%h@@&%}%ﬂ% Chpind JsHaged to

hy dr 0c af, DO R Q44! SorMindRsRTPLGodka ) BVPHSR Sohu MG in BN GR3 YS! 2l
polymer. Half of the material is separated and heated to 225 °C, resulting in the release of
HCI. The other half of the material is kept for use an HCl-containing adsorbent.

Example 1

[0043] A zone reactor as shown in Fig. 1 is loaded with the following materials:

Zone 1A: Reagent B.

Zone 1B: ZSM-5 coupling catalyst.

Zone 2 : copper oxide catalyst.

Zone 3B: ZSM-5 coupling catalyst.

Zone 3A: Reagent A.

Ini step 1, air is passed through zone 1A at a temperature of 225 °C , converting Reagent B to
Reagent A and releasing HBr. The air and HBr from zone 1A pass first into zone 1B ata
temperature of 500 °C (in subsequent runs this will regenerate (decoke) the coupling catalyst),
and then into zone 2, where natural gas is oxybrominated at 400 °C. The products of zone 2
pass over the coupling catalyst in zone 3B at 400 °C, producing higher hydrocarbon and HBr.
In zone 3A, HBr 1s captured by Reagent A (which is converted to Reagent B) at a
temperature of 150 °C.

In step 2, air is passed through zone 3A at a temperature of 225 °C, converting Reagent B to
Reagent A and releasing HBr. The air and HBr from zone 3A pass into zone 3B at a
temperature of 500 °C, regenerating (decoking) the coupling catalyst. In zone 2, natural gas
is oxybrominated at 400 C. The products of zone 2 pass over the coupling catalyst in zone
1B at 400 °C producing higher hydrocarbons and HBr. In zone 1A, HBr is captured by
Reagent A (which is converted to Reagent B) at a temperature of 150 °C.,

-10-



tenperature of 350 to 450 C, so as to change the average nol ecul ar wei ght
of the products. Exanple 3 [0045] The procedure of exanple 1 is followed,
but instead of ZSM5, a m xture of tungsten oxide and zirconia (WZA) is

used as t rbon- carbon coupling catal yst. Exanple 4 [0046] The
hydr ocar b‘?ﬁzg‘?%lgﬁé%s of Exanple 3 are passed over a z&(ASUPAEYZ: at a

tenperature of 350 to 450 C, so as to change the average nol ecul ar wei ght
of the products. Exanple 5. [0047] A zone reactor as shown in Fig. 1 is
| oaded with the following materials: Zone 1A: Reagent D. Zone 1B: ZSM 5
coupl i nBxwaplalyst. Zone 2: copper oxide catalyst. Zone 3B: ZSM 5 coupling

cat al ysjopaqpne T%@‘éé%@@:ﬁ’@dﬂpr&u&srbfﬁ% i In%i: Eas%:%i {%@ﬁ? oe\L Ea%igg ragz%) ne 1 A at

t enper at ure of nverti Reage eagent C an el easi ng
ﬁc_L nl?’h%"ﬁ’ﬁ"‘iagﬁﬁﬂf f"%ﬁ%ﬁﬁgﬁﬁé%&%ﬂ% € ay§ipgs mQJpiler preight of the pipdpets-ur e of

500 C (in subsequent runs, this will regenerate (decoke) the coupling
cat al ysglam@®el then into zone 2, where natural gas is oxychlorinated at
400 C. de ss .over the coupli catal yst in zone 3B

roducts of zope 2 pas _ n
at 400 & S?Jfod ?H@C#%ge%ﬁdd&f%@ﬁ’eéﬂt H@eafrllj af %%Wei amixtueofi s capt ur ed
by Reagengstéd dudu aid zisorin(WERY Bchsédasthagabon-Erba coaplgrmedat ure of 150 C.

Example 4
[0046] The hydrocarbon products of Example 3 are passed over a ZSM-5 catalyst at a
temperature of 350 to 450 °C, so as to change the average molecular weight of the products.

Example 5.

[0047] A zone reactor as shown in Fig. 1 is loaded with the following materials:

Zone 1A: Reagent D.

Zone 1B: ZSM-5 coupling catalyst.

Zone 2 ; copper oxide catalyst.

Zone 3B: ZSM-5 coupling catalyst.

Zone 3A: Reagent C.

In step 1, air is passed through zone 1A at a temperature of 225 °C , converting Reagent D to
Reagent C and releasing HCL. The air and HC! from zone 1A pass into zone 1B at a
temperature of 500 °C (in subsequent runs, this will regenerate (decoke) the coupling
catalyst), and then into zone 2, where natural gas is oxychlorinated at 400 °C. The products
of zone 2 pass over the coupling catalyst in zone 3B at 400 °C, producing higher hydrocarbon
and HCL. In zone 3A, HCl is captured by Reagent C (which is converted to Reagent D) at a
temperature of 150 °C.,

In step 2, air is passed through zone 3A at a temperature of 225 °C , converting Reagent D to
Reagent C and releasing HC1. The air and HCI from zone 3A pass into zone 3B at a
temperature of 500 °C, regenerating (decoking) the coupling catalyst. In zone 2, natural gas
is oxychlorinated at 400 °C. The products of zone 2 pass over the coupling catalyst in zone
1B at 400 °C, producing higher hydrocarbons and HCL. In zone 1A, HCl is captured by
Reagent C (which is converted to Reagent D) at a temperature of 150 °C.

Example 6

[0048] The hydrocarbon products of Example 5 are passed over a ZSM-5 catalyst at a
temperature of 350 to 450 °C, so as to change the average molecular weight of the product.

-11-



In step 2, air is passed through zone 3A at a tenperature of 225 C,
converting Reagent D to Reagent C and releasing HCL. The air and HCl from
zone 3A pass into zone 3B at a tenperature of 500 C, regenerating

(decokin ling catalyst. In zone 2, natural i xychl ori nat ed
at 400 C%?tﬁc@%ﬂ?%gﬁcts of zone 2 pass over the coupli ﬁ’?%‘%??%??@‘%“?”i n zone
1B at 400 C, producing higher hydrocarbons and HC1. In zone 1A, HCl is
capture X%@qggent C (which is converted to Reagent D) at a tenperature
of 150 C. anple 6 [00481]6pThe hydrocarbon products of Exanple 5 are passed
over a Pk cdiapipseduse obexemplsey is followedf g Boterd oABIMES, agwixtise ¢fo change

t he avenmg@en®li@Cadaircdih QWA s sB@ adth® 8atBbn-card¥d coupling catalyst.

2008/ 148113PCl M52008/ 064922 Exanpl e 7. 10049] The procedure of exanple 5 is
foll owed, but instead of ZSM5, a m xture of tungsten oxide and zirconia
(WzA) i Exampld8as the carbon-carbon coupling catalyst. Exanple 8. [0050] The

Pydr ocafosdy p][ qgé'ﬁﬁﬁo&f'b & cB O?Eﬂ&tﬁp@@ﬁcﬁgﬂas%&q{veﬁa Z@ﬁﬁcaﬁzﬁ%@@l t at a ht
enper at ure an ., S s to,change the average ecul ar weig
of the %‘Wﬁﬁ&%?%@@%gfgﬁeci Sﬁ\?&ﬁ%&‘&?ﬁ%ﬁga‘b@é&‘f 'B‘g%%‘?"‘}r B‘@Eﬁ%\‘nﬁ’{tﬁe PRfE§tEnce to
vari ous enbodi ments, figures, and exanples, but is not limted thereto.

Per sonsieb8y)i NOTRE fivBRol Hakbldn delbrbBewah %efwehée @%ﬁ@giteﬁxgsdim

. i;i CS

i nventl%ﬁ can ]t{):g nodi fi ed,%f{l a nunber of ways wit epartih romthe

i nvent | B, ERPER bREs pptimited Bevele Bersepphaypigandiasry skidliingheawavillqui val ent s

t her eofappreciate that the invention can be modified in a number of ways without departing from the
mnvention, which is limited only by the appended claims and equivalents thereof.
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VWHAT IS CLAI MED | S: 1. Areactor for converting a hydrocarbon
feedstock into one or nore products, conprising: one or nore
hol | ow vessel s that define nmultiple zones in the reactor, wherein a first

zone cogéﬁﬁiﬁsggg§§ﬁ#%%% capabl e of rel easing hydrogen halide and a
car bon atal yst, a second zone is coupled to the first
zone, and a t.hi r dAzessorifer comvpting athydtdvertoe desddtozlo igo anglorooeregiredicts,
carbon-carbon coupling catalyst and a material capable of capturing

hydr ogef RIS He. 2. Areactor as recited in claim1, wherein the
react or conpri sesone ai mgledholiowsebsetttiatt deding imudiiple pores msﬂalemwt@dvvh@rela &First

end of vesse the |,
and t hehf%lzﬁnﬁ3 DB asmﬁggglfc'lgaﬁ? %gréslgaé]é%wo%eh?‘ %‘%g vesse %ar{%&?mh\e/?leﬁ
gas cano@hﬂmgbﬂahmthemkmdsbmzmnmupbdtmQW§h@dﬁmczmﬁ@Ihm@ZﬂﬁdﬁﬁQW@ﬂéﬁﬁbﬁd
zone to.the third 20n8icac b0n~c?1rlﬂﬁ= éo?lgﬁ#lg Eat@l?straﬁ‘c\l' trﬁegteﬁaﬂ ShAHIEDHA

wher ei n: ecf’ﬂ%z? Zone s oca rst “vessel, the second zone is

| ocat edcmmumgle;abmgtn\mﬁé@l , and the third zone is | ocat ed in athird
vessel, and wherein gas can flow fromthe first zone to the second zone
and fromthe second zone to the third zone. 4. A reactor as reC|ted
in claimil, BhereArrcadier asaeatedan claapd Maein thereastirsgmRySISGyenele Xessgle

| ocat e d?ﬂcf'thg fﬁ]Euét z?ﬁe RYOGRE arﬁr%tké%dfo'f dl?nﬂ,lt vesS1Ghe 1'sé'b%n& %&Oi@ 16atdaan ﬂiéo uplin 9

catal ys Irst zone is locate n a second subzone in the first
zone, ~ t middlaehiba vessehand thedird rencdalesaipdiat peqond epdhpt thegigl.ivad MogiRg i n

a first %ésh%ﬁ?l@%v frBmREeisDESL 8 MEsectBzd T BR t1RlsebtRaBhe tdthe @@RT UT i NG

hydr oge e Is located 1n a second subzone in the third zone.
5. Ared&@or as recited in claim1, wherein the material capable of
rel easi ng hydrogen halide conprises partially hal ogenated ol efi ns.

6. Areactor as recited in claimb5, wherein the partlal 3/ gl %gated
ol efi ns conpdi se DocaPor asdpEse inchim 1o ahepggp:dhg figst zone 1s located VA BESE o o g

?Lgc ;Bgedvéégelchi@'tsgaoid ZM@ISQb(Ehtéchﬁ a%&éﬂcﬁ{iésyelk@id(lﬂ@ﬂtﬁﬁ%n@ ﬁsﬂf)baﬁsd ﬁmmﬁrﬂls e

- carbon atoms per nol ecul eactor as r.eci aim
5, wher s¢ssel and ywhereingas M‘P‘Eé@ﬁa‘i}l@éﬁ%lz@?‘? F%the B?FBM? é%nez@dgb’ ﬁ’reb%ﬁ Dglt

per nol egiH 8 the third zone.9- A reactor as recited in claim5, wherein the

partially hal ogenated ol efins conprise partially hal ogenat ed 1-dodecene,
1, 12- dodecadi ene, and/or 1-ei cosane. 10. A reactor as recited in

claim5, whegein maﬁai &rﬂeaikedclﬁrwdaﬂnel_ ,@fhefeth @rahatgridlwdpabieot febaside

conpris ﬁ)sfdrggér} ha?’lde 1S locat e na}'l?s(tj s@bz%%g i the %&%{163, ‘the carbon-carbon coupling
catalyst in the first zone is located in a second subzone in the first zone, the carbon-carbon
coupling catalyst in the third zone is located in a first subzone in the third zone, and the

material capable of capturing hydrogen halide is located in a second subzone in the third zone.

5. A reactor as recited in claim 1, wherein the material capable of releasing

hydrogen halide comprises partially halogenated olefins.

6. A reactor as recited in claim 5, wherein the partially halogenated olefins

comprise 10-100 carbon atoms per molecule.

7. A reactor as recited in claim 5, wherein the partially halogenated olefins

comprise 15-80 carbon atoms per molecule.

8. A reactor as recited in claim 5, wherein the partially halogenated olefins

comprise 20-50 carbon atoms per molecule.
-13-



11. A reactor as recited in claim110, wherein the partially hal ogenated
organi c polyners are selected fromthe group consisting of partially
hal ogenat ed pol yacetyl ene, pol yethyl ene that has been partially

dehydr ogenat ed an arti aII al o enat e 0 r | ene t hat been
partial Iy dehydr ogé%%‘it‘érd’s&ﬁ Sywﬂ%ﬁégbth%ﬁ?rggyy %eﬁla%ilﬁ)?egﬁlst her eof
12. A reasprise pagialle tialogendted !:Jdadeneﬂaa,l,mqémcmcaldieﬂmeamﬂotl-aicbsanhal ogenat ed
organi ¢ polyners conprise partially hal ogenated pol ybutadi ene. ) 13.

A reactor as recited in claim1, wherein the materi al abl e of capturing
hydrogen hal i@le cAmpadterss retitediinslaima “@éﬁﬁ?ﬂ@@@@@@@@%{@dﬁl%ﬁ% per
mol ecul Gvdrogen hal1dé%omﬁn§&%§'@iﬂy"ﬁﬂdg%ﬁétb@grgaﬂlccﬂoi’gl'ﬂ?ér&3 wherein the ol efins
corrprl se” 1580 carbon atons per I"ecul 15. A reactor as recited
in claim13, wherein the ol efins corrprl se 20-50 carbon atons per nol ecul e.

16. A reactofl.as neechdtedas raciedddh@lalm 1dheheiein thhpaniatle halabermsgladraniof

capturin drogen h de .conprises. nsat r d

17. A r@‘g@% Serleecéa#% |tﬁ ngr%oﬁsés gu gﬁ ﬁy ralogs nat?cdué)oq@/c lr gani c
pol yner polaethylsm that led beeopartihly dehydmgenated and pﬂgtla;lfy m@gﬁa@@d,womp}’lene

pol yet h I d e that
o beclbp el psraly AA5R:AR0NER uhd pEIHCHABEOR R i REOMEIDES |
reactor as reC|ted in cI ai m 16, wherein the unsaturated organic polyners
conpri se pol yput adi @R&er as recited Lﬁglauﬁ\ loeﬁ'ﬁé&fn 188 parglit dogenaret atdini;
wherein the second, zone, g gt ai ns adr;gﬁ @%ﬂat' on and/ or oxyhal ogenati on
cat al ysPpolymers compsise partially dplggenate P cl ai m 19, wherein the

hal ogenation and/or oxyhal ogenation catal yst conprises copper oxide.

oxhal boact O30S HORLIGad AR TR 1, WIRTEh Thet it RARNEH OBuafE O

oxyhal ogenatidn ¢ conprises a ¢ eact or
as reci hpttogan lolide nmmﬂnswqggﬁ that h@mDEWp&-l(P{hWﬂ@fél %@ﬁﬁ)?ﬁ’rsf@%le%%per bromi de

or copper chloride.

14. A reactor as recited in claim 13, wherein the olefins comprise 15-80

carbon atoms per molecule.

15. A reactor as recited in claim 13, wherein the olefins comprise 20-50

carbon atoms per molecule.

16. A reactor as recited in claim 1, wherein the material capable of capturing

hydrogen halide comprises unsaturated organic polymers.

17. A reactor as recited in claim 16, wherein the unsaturated organic polymers are
selected from the group consisting of polyacetylene, polyethylene that has been partially
dehydrogenated, polypropylene that has been partially dehydrogenated, and mixtures thereof.

18. A reactor as recited in claim 16, wherein the unsaturated organic polymers

comprise polybutadiene.

19. A reactor as recited in claim 1, wherein the second zone contains a

halogenation and/or oxyhalogenation catalyst.

20. A reactor as recited in claim 19, wherein the halogenation and/or

oxyhalogenation catalyst comprises copper oxide.
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23. A reactor as recited in claim1, wherein the carbon-carbon coupling
catalyst in the first zone and/or the carbon-carbon coupling catalyst in
the third zone conprises a mcroporous naterial. 24. A reactor as
recited in claim23, wherein the m croporous material conprises supported

or unsupport ed. zeq| ja@sr as recited in2RmA 9 GG thd Balb@&iatiedlahdioc! ai m 24,
wherein tgﬁgzeolLtes onpri se doped z%f.ltes. 26. A reactor as

reci t ed FHILPHPRTOYCa FRITRTIEGTE PEBFL 1€ conpri se ZSM 5-type zeolites.

27. A reactor as recited in claiml, wherein the first, second, and thirds
zones are | ocated 4 nsi a_singl e 140 l.; fi. @9%

zones are se %2? at é%re%f/tggasf Iiegfé%plg i C\I/Jl]1 eir1 ’ #&é%ﬁ%ﬁlgtcoﬁgeggta ilJ(i)ers1ée() pe i |§ ﬁ(gp%%g

t her ei nbremide wheopperdddridemd third zones are separated by a second divider
having at | east one opening therein. 28. A reactor as recited in
claim 27, wherein the first and second dividers conprises a screen. .

29. A react oR3f or AcHAGEF 85 Tsited meppch TR B derhomrcarhpngonplipgeatalyst in

hydr ocagkofst zdHeERd B kG arbon-carbon coupling@edialhdtamvinearise boteaabinidtisks 4 st ,
second, and third ﬁon s, wherein the first zone contains partially

hal ogenJ1'&§PBI%%F MHE8hd/ or partial |y hal ogenated unsaturated organic
polynmers, and ZSM5 zeolites; the second zone is coupled to the first zone

and contains,3 metal., Q% A& ANHin ! ¥ %eé%ﬁleirﬁc&%gmuggnatt&aﬁ PSmpf&and
zone and contains a m croporous coupling catalyst and medium to

| ong- chapposled oF nesuppertasrzeghtsat ur at ed or gani ¢ pol yners. 30. A
reactor as recited in claim?29, wherein the netal oxide conprises copper
oxi de. 31. A reactor as recit in claim?29, wherein.th .

mi cr opor ous &dupl i%ﬁfaetaf%ﬁ?%edeaﬁ%ﬂm‘égswgw S Eigsdmprist doped zegljes.
reactor as recited in claim29, wherein the partially hal ogenated ol efins
and/ or the pagtial] v 08l a9enal el SNSRI

ated grganic pol ynersaare, | ocat ed
. . X ) e]f £0 ItFS omprise - —Eyg&a .
ina first sdbzone Th € TIrst zone;” the zeol'Ttes dare 1 oca In a

second gediteme in the first zone; the mcroporous coupling catalyst is

| ocated in a first subzone in the third zone; and the nmediumto |ong-chain
ol efins and/ qor the unsaturated organic polyners_are |ocated in a second
subzone in tHé t hiy tpagignas recited in clagm 1, vhsrdin thedirsty pecopdnapg thifdy zpnes are

hydr ocaldvatedfiegdisa siakleholiowRicgHt rthdiith atdideons zoree Bfd sefaigd by a first

divider having at least one opening therein; and the second and third zones are separated by a
second divider having at least one opening therein.

28. A reactor as recited in claim 27, wherein the first and second dividers

CO]IlpI'iSCS a screen.

29. A reactor for converting a hydrocarbon feedstock into higher hydrocarbons,
comprising:

a hollow vessel having first, second, and third zones, wherein the first zone
contains partially halogenated olefins and/or partially halogenated unsaturated organic
polymers, and ZSM-5 zeolites; the second zone is coupled to the first zone and contains a
metal oxide; and the third zone is coupled to the second zone and contains a2 microporous

coupling catalyst and medium- to long-chain olefins and/or unsaturated organic polymers.

30. A reactor as recited in claim 29, wherem the metal oxide comprises copper

oxide.

31 A reactor as recited in claim 29, wherein the microporous coupling catalyst

comprises ZSM-5 zeolites.
-15-



formng a first stream of hydrogen halide (MX) by heating a materi al
capable of releasing fa in the presence of air or oxygen;

form ng al kyl halides by reacting a hydrocarbon feedstock and the first
st ream of HX n t resence. o hi gher
hydr ocar bons 23‘5%@85?13 Clrt% LI C&?’Iﬁ? %ﬁ%&g}e pﬁﬁueiuﬁélaggﬁwte(ﬁgll%ﬂgs in

t he presedoe ﬂmfpastzaiig belegerpdedoansaiveatésbergemia pblynmgroae oget in afidst csdmom img
the S?CQH@@% ﬁ&émhgfzsﬁ@ sz)éohﬁ:%fé 1B8atéd i §e@01§1 SRLE d lﬁlthe?gﬂ@?

capturi ng, rocess as reC|t

conpr i siTHGTOPEtR lemﬁéa@wﬁs asrledisAdiat Thapne inghecikitdizpae:snd fhe medrw:% A
process tafongathhaineslefiid sab i hoddsatfrtLdabib polices dellowadahlageaindrsabgasi ng
HX conprlﬁF§Pp rtially hal ogenated ol efins. 36. A process as
recitedtnec , Wherein the partially hal ogenated ol efi ns conprise
10- 100 carbon atons per nolecul e. 37. A process as recited in claim

36, wherein tjie mB{ fiolak f&a&ﬂIQIs‘ﬁm% Hﬁ&&ﬁﬁﬂoﬁ%éﬁs‘%cﬁ%% %Ish ArirdsY

hal ogenat ed .or gani ¢ pol yners . A process as r |te |n claim 37,
mherelnCPW@ﬂﬁﬁgtlally halogenated organlc polymers are selected fromthe

group consisting Qfmﬂﬂ hlfﬁtlst'sl{reﬁl@df%?&@fgeﬂhﬂiﬂe BOBthy HRBEng PB4l ahaBlRE,
pol yet hyI ene thalgt% een {I .al I dehydrogenat ed and partially

hal ogen é as ﬁ5ﬁ§ mﬁ%% HEET partially dehydrogenated and
partially hal ogendomuing alhgl halldesl begsecdctieg e bfydrocarbon feedstock and the first stream

of HX 1in the presence of air or oxygen;

forming higher hydrocarbons and a second stream of HX by reacting the alkyl
halides in the presence of a second carbon-carbon coupling catalyst; and

capturing the second stream of HX by reacting it with a material capable of
capturing HX.

34, A process as recited in claim 33, further comprising decoking the first and
second coupling catalysts.

35. A process as recited in claim 33, wherein the material capable of releasing HX

comprises partially halogenated olefins.

36. A process as recited in claim 35, wherein the partially halogenated olefins
comprise 10-100 carbon atoms per molecule.

37. A process as recited in claim 36, wherein the material capable of releasing HX

comprises partially halogenated organic polymers.

38. A process as recited in claim 37, wherein the partially halogenated organic
polymers are selected from the group consisting of partially halogenated polyacetylene,
polybutadiene, polyethylene that has been partially dehydrogenated and partially halogenated,
polypropylene that has been partially dehydrogenated and partially halogenated, and mixtures
thereof.

39. A process as recited in claim 33, wherein the material capable of capturing HX

comprises olefins that comprise 10-100 carbon atoms per molecule.
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39. A process as recited in claim33, wherein the material capabl e of
capturing MX conprises olefins that conprise 10-100 carbon atons per

nol ecul e. 40. A process as recited in claim33, wherein the materi al
capabl e of cagpturi F

process as I’Z@I te OCé%al?n 8&%mﬂe§£?%%glﬁﬁ?§{€%%g%lg lrl%gqﬁ(iraﬁmﬁ%%yrrers
are sel eshetsdsrunsattfac:dgirgatiic pagsiest i ng of pol yacetyl ene, pol ybut adi ene,
pol yet hyl ene that has been partially dehydrogenated, polypropyl ene that
has been partially dehydrogenated, and m xtures thereof 42. A process for
converting agfydr %Efo@egg ag?&%%a ﬁ?é‘lai!xﬁ‘h@ vmeeaﬂ&hehmgteﬁeédnﬁgﬁn ¢ FOYRESrR0;
(a) form ng hydrogen halid a material capable of capturing FI X
by heat iselgcted fratmethi gtouga:pabbtmgﬁf pOé)I'@a‘rs’lmg @Ilvbiltadmmepﬁvghﬂm@tmf hasir or

Yo been ety dehetipabupl Ho i Gt i es B S0 b et B8 P07

oxygen; mixtures thereof. (C) form ng higher hydrocarbons and additional HX by
reacting the alkyl halides in the presence of a coupling catalyst; and

(d) forming a material capable of rel easing HX by reactively capturing t he
FI X fornmed i sStep i g@

process as reqm te f)%%% g‘{)%o%r hﬁj 0%%%%lrffeg%algcoiﬁﬁh&%ﬂﬁ%ge
coupl i ngomatisihyst .

|ng t he

(a) forming hydrogen halide (HX) and a material capable of capturing HX by
heating a material capable of releasing HX in the presence of air or oxygen;

(b) forming alkyl halides by reacting a hydrocarbon feedstock with the HX
formed in step (a) in the presence of air or oxygen;

{(¢) forming higher hydrocarbons and additional HX by reacting the alkyl
balides in the presence of a coupling catalyst; and

(d) forming a material capable of releasing HX by reactively capturing the HX

formed in step (¢) with a material capable of capturing HX.

43, A process as recited in claim 42, further comprising coking and decoking the
coupling catalyst.
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