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BACKGROUND

[0003] The oil, gas and petrochemical industry desires to efficiently obtain hydrocarbons

and process the hydrocarbons to produce desired products. Refining processes involve
upgrading, converting or separating hydrocarbons (e.g., crude oil) into different streams, such
25  as gases, light naphtha, heavy naphtha, kerosene, diesel, atmospheric gas oil, asphalt,
petroleum coke and heavy hydrocarbons or fuel oil. Similarly, natural gas may be converted
into industrial fuel gas, liquefied natural gas (LNG), ethane, propane, liquefied petroleum gas
(LPG), and natural gas liquids (NGLs). The oil and gas processes are also often integrated
with petrochemical systems to convert refinery streams into chemical products, such as
30 ethylene, propylene or polyolefins.
[0004] To convert hydrocarbon feeds into petrochemical or basic chemicals, chemical
conversion processes may be utilized. These processes typically involve using thermal or
catalytic reactors or furnaces to produce reactive hydrocarbon products, such as acetylene,

ethylene or propylene in different proportions. As an example, steam cracking reactors are
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commonly utilized to convert the hydrocarbon feed into ethylene and

acetyl ene, which may be further processed into various chem cal products.
The st earwonrackiopgyor eact ors are utilized because they proviuseotimectio
flexibility by being able to utilize gas (e.g., ethane) and liquid (e.g.,
napht ha) feeds. 5[0005]Historically, the oil and gas refineries utilize the
hi gher value distillates fromthe hydrocarbon feed, which are typically
fungi bl e fuels, such as nogas, natural gas and diesel. As a result, the
petrochem cal refineries utilize the remaining fractions, such as ethane,

propane, naphtha and. vir a il, in their cess e f ew
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to crack the pyrolysis feed without contamnating it with conbustion
products. However, due to the 15 nature.of a tubular (netal) furnace,
steamcracking is limted to effective cracking tenperatures of bel ow 1000C
and residence tinmes of greater than or equal to (>) 100 mlliseconds (mns),
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20 ethylene and propylene). In addition, energy or furnace heat not used
in cracking is partially lost in the furnace flue gas or in the quench, as
product s woeorpuivekPy cool ed to stop undesired reacti onsPCraBe@jMbe16 Wil f f'
reactor, as described in the IHS, SRI Consulting s Process Econonics
Program "Acetyl ene” Report Nunber 16 (1966) and 16A (1982) along with U.S.
Patent Nos. 25 2,319,679; 2,678,339; 2,692,819; 3,024,094; and 3,093, 697,
uses a reverse-flow pyrolysis reactor, which is typically operated at
tenperatures of less than (<) 14OOC to produce ol efins and al kynes, such
as acetyl ene a |t| tlve ol tors
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in an enhanced nmanner he operating

condi ti ons (fractories whislhaye Qfeém&%dbeﬁli‘ @?QP@POWS%%é%ﬁWﬁI %‘i rohskdesdr to
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an enhanced manner. 30 SUVMARY

characteristic of the Wulff process that leads to coke and soot formation from using

inefficient indirect heat transfer (e.g., from checker brick). Coke formation in the reactor

provides fuel during the combustion cycle and excess coke or soot may be alleviated by using

a light feed, i.e., a hydrocarbon containing a high proportion of hydrogen. However, because
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[0012] I n one or nore enbodi nents of the present techni ques provides a

nmet hod for enhancing the conversion of hydrocarbon feedstocks into

propyl enewandi2o99e@®hyl ene. In particul ar, the present technisSquescariélize a
regenerative pyrolysis reactor systemto convert a hydrocarbon feed to

et hyl ene, propyl ene and ot her petrochem cal products in an enhanced manner.
[0013]In one or nore enbodi nents, a hydrocarbon conversion nethod is

descri bed. The nmethod conprising exposing a pyrolysis feed to thermnal
pyrolysis at a peak pyrolysis gas 5Stenperature?: 1200.0C and at a pressure
> 36 psig ( [ onpr |

nsat ar at es T saara Gl dE ol SAMChRRUER Rl iRtk C JEL AR |
anot her enbé@ﬁhé%@as@ﬁhappaﬂaw0gﬂﬁgﬂmpwbt@@gﬁwg\H?@ﬂb@Qﬂﬁd#@fkgb@éscribed
The appar at 45 ygopmetses a thermal pyrolysis reactor configured to expose at
| east a portlon of a pyrolysis feed to a peak pyrolysis gas tenperature >
1540. 0C at 4099Plesshirde; Whl@ RyEIyis reageratiok Pagys Ve BesR Ut onmeiciaY: ey ol ysi s

reactor t;0 @eraetdma@ Rt WRIAG e f&rtmﬁéeersmra@urﬁdnrfgedet |n§tﬂﬁil G a@e&w ene and
nit in

has a C3+ to C2 unsaturate atig < ; solid renova

fluid comuflieaiPERe % ?tﬁyl mfth%é? mbfo)‘FIB‘Fﬁ%ff%t‘”flﬁal&’i“b?eabﬁﬂls%’b??f’i%gfﬁ‘r ed to

separate a haditgoiiest RrahiC for pADIYEIS SidGr feR0BINANEM BdceSAY if@sjuédchiny)atAs east a

portion of t h&lt thea\ﬁulﬁrreap {g 3¥pdcall (())lve5 lraclll(m%geenéjera ulres%nlawqéﬂl %(% ﬁgBOdl ments,

a nethod for® processi ng Ons°® '8 esc conprlses
exposing a }ﬂ;eru@d yfgnge éwedma Geetiheucirad etppe,glropgnesand haphithp.e fikadgdyipo lthegiosr gas

tenper at jre eat %%%ﬁeaggltgﬁgd ﬁ)t %rpz{teg%§ gneratlg’x@ re@lﬁh%nig %ﬁ%g%%%%%\l& ?% Qééggyce a

reactor pro uct that conpris fsat ur at es
unsaturate wedglt ratio < 0.5. The nethod may al so include a conversion

rate of gregosh) t NABreOVer, SAURL rdiferkdd) degBbNMnIOMRS e i tﬁWxQJcﬁé@ls%otf @gqﬁe Furt her,
the method may involve a C31 to acetyl ene weight ratio < 0. 45, 0.

or < 0.3, whii@rtrige dtHreeitdnacdt 9|°@rﬁ%ar%i ftte k%Ot“inoaC?%bne @nier%qm 0.5.
Eutr]I ther sti Itelcl;I}]noldg%s m’ﬂ%lhkﬁﬁk Ef%)/pak*t][cﬁc |cblldlﬁlsmnxhrﬂﬂe@t&@ﬂibusﬁbrwQ(?,plogé!sﬁéﬂ asl
ro en W .t r.ocar bon. f eed ) ee Ving a
v ogontgad ) PaE: APGHREIS Forat 15 P E RGPS TErelaE o ghgens
addi tion, thewvemsibihdd torehy lowey oltar@blp tegstatues P th8 §/ufs pigee 4BhakiBaly) Wubkf 44 psi g
303 kPa P 2
563 psiggzl ?Xﬁﬁﬁ%§y%§(%m&;%gﬁéb?g%mag?%5ng%wg%wfggfggfgﬁgugt1%$ S |II “in

one or nor e therrbutinhenpgatua vhaggsaniztas inftoy pprest essiergetiyidpbbardassed s

described. Jhe RPRATALYS SRR b RRuwA éaE"?J Q&{yleﬂlé’ L2t %%ét%eéo@éﬂso{he G 1 gured
to expose at least a portion of a pyrolysis'feed to a peak” pyrolysis gas
t enper at #r ee@qgfamalmg)cgﬁs These references dismiss the use or lighter feeds, such as methane,

because it can not be used economically. As such, the use of a reverse flow reactor is not
taught as being possible for various reasons.
[0011] Although pyrolysis reactors may be used to convert hydrocarbons into useful
products, such as acetylene and ethylene, improved reactions are desired which can make use
25 of a broader range of feeds. Accordingly, it is desirable to provide a process that converts
hydrocarbon feeds into conversion products, such as ethylene, in an enhanced manner.
Further, it is desirable to manage the operating conditions (e.g., temperature and pressure) of
the pyrolysis reactor to provide a process that converts hydrocarbon feeds into specific
products in an enhanced manner.
30 SUMMARY
[0012] In one or more embodiments of the present techniques provides a method for
enhancing the conversion of hydrocarbon feedstocks into propylene and/or ethylene. In

particular, the present techniques utilize a regenerative pyrolysis reactor system to convert a



above 1540C and at a pressure?: 36 psig (248 kPag) within the thermnal
pyrolysis reactor to 30 produce a reactor product conprising ethylene and
acet yl enewarndi2z9s@par ati on unit in fluid communi cati on WCrhuStdia/o6dres mal
pyrolysis reactor and configured to separate a bottons product conprising
tars and/or solids fromat |east a portion of the reactor product. The
apparatus may further include an acetyl ene converter in fluid comunication
with the separation unit and configured to convert at |east a portion of
the reactor product into an ethylene product [0017] I n certain enbodi nents
of the nethod or t he t act o e a
regenerative nggs P?f 5§%ﬁ”mws$%?§($%a8Fy ﬁmmalpmmf%dgaée@ggﬁ or body,
wherein 5 themereactor body forns a reaction region within the reactor
body; a pack@ﬂﬁ, S R T %)Ué?m&? ihdiAad EBLPNeANd

val ve nmeans é ONE or nore val veé assenb to the reactor
body and in hethed coowriting owpsingna pirelisiy fred @efé@tnpbwmle@ B merdpeonts gaired to

control flui t@mf)éréwve efnbdl@c%d Lteaqﬁéss@e Pa§ Eglgms)t@atghe pwcruaJ ¥8hSorfpRAGbet ween
a location external to the reactor body a hin the reaction region.

Further, t hethﬁﬁ@“ﬁfse%%r“és%qt?ﬁé“%%@éﬁbItP §Suf’i‘ﬁﬁﬁfﬁ wsighigeisetS-val ve assenblies.
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process for the pyrolysis feed. Further, the method may involve a C;" to acetylene weight ratio < 0.45, <

20 0.4, or £0.3, while the ethylene to acetylene weight ratio is > 0.1 or > 0.5. Further still, the
method may include mixing other fluids, such as hydrogen, with the hydrocarbon feed to
form a pyrolysis feed having a hydrogen gas to feed carbon molar ratio in the range of 0.1 to
5. In addition, the method may involve pressures > 36 psig (248 kPag), > 44 psig (303 kPag)
or > 103 psig (710 kPag), but may be < 300 psig (2068 kPag), < 163 psig (1124 kPag), or <

25 150 psig (1034 kPag). ‘
[06016] Further still, in one or more embodiments, an apparatus for processing
hydrocarbons is described. The apparatus comprises a thermal pyrolysis reactor configured
to expose at least a portion of a pyrolysis feed to a peak pyrolysis gas temperature equal to or
above 1540°C and at a pressure > 36 psig (248 kPag) within the thermal pyrolysis reactor to

30 produce a reactor product comprising ethylene and acetylene and a separation unit in fluid
communication with the thermal pyrolysis reactor and configured to separate a bottoms

product comprising tars and/or solids from at least a portion of the reactor product. The

apparatus may further include an acetylene converter in fluid communication with the



converting hydrocarbon feed to other products in accordance with an

enbodi nent of the present techniques. [0022]Figure 4 is a sinplified
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hydr ocarbon feed to pol yethyl ene in accordance with an enbodi ment of the
present techni ques. [0023] Al though the invention is described in terns of a
thermal pyrolysis process for producing acetyl ene and ethyl ene, the
invention is not limted thereto. To the extent that the follow ng detailed
description is specific to a particular enbodi nent or a particul ar use,
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reactor products produced at different temperatures and/or different pressures.

[0020] Figure 2 is a simplified process flow diagram illustrating an embodiment of the
25 present techniques.

[0021] Figure 3 is a simplified diagrammatic illustration of an exemplary process for

converting hydrocarbon feed to other products in accordance with an embodiment of the

present techniques.

[0022] Figure 4 is a simplified diagrammatic illustration of another exemplary process for
30 converting hydrocarbon feed to polyethylene in accordance with an embodiment of the

present techniques.

[0023] Although the invention is described in terms of a thermal pyrolysis process for

producing acetylene and ethylene, the invention is not limited thereto. To the extent that the

following detailed description is specific to a particular embodiment or a particular use, this
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Tenperature (C) 1200 1300 1400 1500 1540 1600 1650 1700 2200 Max C21-12
(Wt % of product) 8.6% 18. 1% 28. 8% 37. 5% 39. 6% 41. 8% 43. 0% 44. 0% 49. 4%
WO 2012/099679 PCT/US2011/066210

yield of acetylene. The yield of Cy', as used herein, includes all C3* products of the pyrolysis
feed, whether those products emerge from the reactor or remain within the reactor as coke.
C;' includes, for example, products such as methyl acetylene, benzene and tar, and is
specifically defined as including carbonaceous byproducts, such as coke.

5 [0027] To further explain the high-severity pyrolysis reactor and its associated products,
various simulation results representing different ratios of reactor products produced at
different temperatures and/or different pressures are provided. These simulations utilize
certain feeds, such as methane, for simplicity, but the invention is not limited thereto. The
maximum acetylene yield, the corresponding C;" yield and the acetylene to C;" weight ratio

10 are described further in relation to temperature and residence time in Figures 1A and 1B and
Table 1.
[0028] Figures 1A and 1B illustrate the simulation results for different ratios of reactor
products produced at different temperatures from a methane feed. The consequences of
operating at various temperatures are provided for comparison of the product yields
15 achievable at the residence time associated with the maximum acetylene yield for that
temperature. Pyrolysis, in this example, is carried out under isothermal conditions, with 2:1
molar diluent of hydrogen in a methane feed, and at 14.7 psig (101 kPag) pressure for
diagram 100 and at 44 psig (303 kPag) pressure for diagram 120. All hydrocarbon products
larger than C; are considered as C3" in this example and the product is the reaction product
20 yield from the converted pyrolysis feed. In diagram 100, certain values for maximum
acetylene yield 108 in weight percent (wt%) of the product, and corresponding Cs" yield 106
in wt% of the product, and C3" to acetylene weight ratio 110 of the product are shown along
the Y-axis 102 for various temperatures (in °C) along the X-axis 104. The Cs" to acetylene
weight ratio 110 has a peak between the temperatures of 1200°C and 1400°C, which
25 decreases at a slower rate as temperature increases from 1500°C or 1540°C. Similarly, in
diagram 120, certain values for a maximum acetylene yield 128 in wt% of the product , and
corresponding Cs" yield 126 in wt% of the product and C3" to acetylene weight ratio 129 of
the product are shown along the Y-axis 122 for various temperatures (in °C) along the X-axis
124. The Cs" to acetylene weight ratio 110 again has a peak within the range of 1300°C to
30 1400°C, which decreases at a slower rate from 1500°C or 1540°C as the temperature
increases. As such, operating conditions of the thermal pyrolysis reactor may be adjusted to
enhance the acetylene yield for a pyrolysis feed.
[0029] This aspect is further described in Table 1, which includes simulation results for

different ratios of reactor products produced at different temperatures from methane. The
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Time of max C2H2 (sec) 1.259 0.355 0.150 0.053 0.035 0.016 0.009 0.005
0. 00006 C3 (W % of product) 6.0% 12. 2% 15. 3% 14. 0% 13. 7% 12. 9% 12. 6% 12. 3%
12.9% WO 2012/099679 PCT/US2011/066210

consequences of operating at various temperatures are provided for comparison of the
product yields achievable at the residence time associated with the maximum acetylene yield
for that temperature. Pyrolysis, in this example, is carried out under isothermal conditions,
with 2:1 molar diluent of hydrogen (as H») in a methane feed, and at 14.7 psig (101 kPag)
5 reactor pressure. Table 1 lists the results, such as composition of the pyrolysis product

(weight percent of total pyrolysis product), for operations at temperatures between 1200°C

and 2200°C:
Table 1

Temperature 1200 1300 1400 1500 1540 1600 1650 1700 2200
(4Y)
Max C,H, 8.6% 18.1% | 28.8% | 37.5% | 39.6% | 41.8% | 43.0% | 44.0% | 49.4%
(wi% of
product)
Time of max 1.259 0.355 0.150 0.053 0.035 0.016 0.009 0.005 | 0.00006
C,H; (sec)
C;" (W% of 6.0% 122% | 153% | 14.0% | 13.7% | 129% | 12.6% | 123% | 129%
product)
Cs'1CH, 0.699 0.673 0.530 0.372 0.346 0.308 0.293 0.281 0.261
C,H, /unit 0.068 0.510 1.928 7.066 11.31 26.38 47.8 92.98 8233
reactor volume
(relative units)
CH, conversion | 29.9% | 53.4% | 733% | 83.1% | 84.6% | 869% | 888% | 88.7% | 96.9%
H, (wt% of 242% | 27.9% | 312% | 329% | 33.2% | 33.6% | 34.0% | 33.9% | 34.8%
product)
Surplus H, 3.5% 6.5% 8.9% 100% | 10.1% | 103% | 10.6% | 10.4% | 11.0%
(W% of prod.)

10 [0030] As shown in this table, the maximum acetylene yield increases rapidly with
temperature until 1500°C. Above this temperature, the maximum acetylene yield increases at
a slower rate. Further, the residence time required to achieve this conversion decreases with
increasing temperature. For instance, at 1200°C, residence times over 1 second are needed,
and acetylene comprises only about 8.6 wt% of the products, while at 1700°C, residence
15 times of about 5 milliseconds are needed and acetylene comprises 44.0 wi% of the products.
Residence time has a large impact on reactor volume (proportional to the reciprocal of
residence time). As a result, a given unit of reactor may process more pyrolysis feed when
the reactor temperature is high and residence time is low. However, the very short residence
times that achieve optimal acetylene yields at very high temperatures may place demands on
20  certain reactor components that may exceed practicality. For example, where the pyrolysis
feed is being flowed through the hot region of the pyrolysis reactor, the required gas velocity
is roughly equal to the length of the hot region divided by the desired residence time. Gas

velocities in flow channels and valve orifices are preferred to be less than the velocity of
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C3+7 C2H2 0.699 0.673 0.530 0.372 0.346 0.308 0.293 0.281 0.261 C2H2 /unit
reactor volune (relative units) 0.068 0.510 1.928 7.066 11.31 26.38 47.8
92. 98 82380 2012/099679 PCT/US2011/066210

sound, which may result in reactor lengths that are not practical. In addition, because thermal
pyrolysis involves the transfer of heat through a solid intermediary from a combustion step to
a pyrolysis step, extremely short residence times may impose a heat transfer rate requirement
(heat of reaction divided by reaction time) that may not be practical. As such, the design and
5 operating conditions of the reactor may limit the maximum temperature that may be utilized
to crack the pyrolysis feed.
[0031] Even though maximum acetylene (C,H,) yield increases for methane with
increasing temperature, the C;* yield is greatest for intermediate temperatures, such as
1400°C. Dividing C3" yield by acetylene yield gives a selectivity parameter (Cs*/CyH,) that

10 indicates how much C;', which is related to coke production, has to be managed per unit of
acetylene produced. This selectivity parameter remains very high (e.g., > 0.5) for
temperatures below 1500°C, and drops into a lower section (e.g., < 0.45 or < 0.4) for
temperatures at or above 1500°C.

[0032] For feeds containing high levels of aromatics or methane, temperatures below

15 1500°C are not as effective for production of acetylene because of the high C;" yields, the
low acetylene yields, and the relatively long residence times (e.g., large reactor volumes)
needed for processing. Conversely, considering the broad range of temperature cited for
methane pyrolysis, there is an advantage to operating at temperatures above 1500°C, in terms
of C,U yield and C, selectivity.

20 [0033] While the high-severity temperatures may be preferred if the objective of the
process is to produce acetylene, variations in pressure along with the high-severity
temperatures may enhance the distribution of C; compounds (e.g., yield of ethane, ethylene
and acetylene) and the distribution of other light hydrocarbons (e.g., propylene, propyne,
etc.). Accordingly, these pressure variations may be utilized if ethylene and/or other olefins

25 are the preferred product. As an example, steam cracking typically utilizes lower temperature
to convert ethane to ethylene and trace levels of acetylene. At atmospheric pressure, lower
temperatures result in higher ethylene to acetylene (E/A) weight ratios. However, lower
temperatures also provide poor conversions for methane and aromatics, which as noted
above, is inefficient. At high-severity conditions (e.g., temperatures > 1400°C or preferably

30 = 1540°C, for example) aromatics and methane may be cracked at high conversion levels,
with selectivity levels > 50 wi% to light gas products. Also shown in Table 1, at
temperatures > 1400°C, selectivity levels > 50 wt% to light gas products are achievable. For
example, at 1540°C, products of methane make up 67.8 wt% of the pyrolysis product,
including Hy, Cy's, and C3". Thus, the selectivity to C3" is 20 wt% (13.7 wt%/67.8 wt%), and
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CH4 conversion 29. 9% 53. 4% 73. 3% 83. 1% 84. 6% 86. 9% 88. 8% 88. 7% 96. 9% H2
(W % of product) 24.2% 27.9% 31. 2% 32. 9% 33. 2% 33. 6% 34. 0% 33. 9% 34. 8%
WO 2012/099679 PCT/US2011/066210

the selectivity to lighter gas products is 80 wt%. Further, by varying the pressure from
atmospheric to elevated pressures (e.g., up to 300 psig (2068 kPag)), ethylene to acetylene
(E/A) weight ratios > 0.1, > 0.2, > 0.4 or even > 0.5 may be achieved. The variations of
pressure at high-severity operating conditions are described below in Tables 2 and 3 and
5 Figures 1C to 1F.
[0034] Table 2 includes simulation results for different ratios of reactor products
produced at different pressures for different temperatures from a methane feed. Pyrolysis, in
this example, is carried out under isothermal conditions at 1500°C and at 1650°C, with 2:1
molar diluent of hydrogen in a methane feed, and at 15 psig (103 kPag) reactor pressure to
10 162 psig (1117 kPag) reactor pressure. All products larger than C, are considered as C;" in

this example and the product is the reaction product yield from the converted pyrolysis feed.

Table 2
70% Isothermal Conversion Data Products (weight percent)
Temp P Time | Conv. | H, CH, | CGH; | CH, [N C,U Gy E/A
CO 1 (psig) | (sec) CU

1500 15 0.025 72% | 31.1 22.0 | 34.2 2.0 10.7 36.0 | 030 | 0.06
1500 36 0.025 73% | 31.1 217 | 327 3.1 11.3 36.0 | 032 | 0.10
1500 44 0.025 72% | 31.0 | 22.1 319 335 11.5 350 | 033 | 0.11
1500 59 0.025 71% { 30.7 | 233 | 303 4.1 11.6 340 | 034 | 0.14
1500 74 0.025 69% | 304 | 247 | 286 4.6 11.7 330 | 035 | 0.16
1500 103 0.025 65% | 297 } 279 | 254 5.4 11.5 31.0 } 037 | 021
1500 162 0.025 57% | 284 ] 343 | 203 6.3 10.8 27.0 | 041 0.31
1650 15 0.0025 | 68% | 304 | 254 | 35.0 1.0 8.2 36.0 | 023 | 0.03
1650 36 0.0025 | 71% | 30.8 | 236 | 356 1.5 8.5 37.0 | 023 | 0.04
1650 44 0.0025 | 71% | 308 | 233 | 35.6 1.7 8.6 37.0 | 023 | 0.05
1650 59 0.0025 | 71% | 309 | 229 | 354 2.0 8.7 37.0 | 0.23 0.06
1650 74 00025 | 71% | 309 | 228 | 352 2.3 8.8 37.0 | 024 | 0.07
1650 103 0.0025 | 71% | 30.8 | 229 | 344 3.0 8.9 37.0 | 024 | 0.09
1650 162 0.0025 | 70% | 305 | 240 | 325 4.1 9.0 37.0 | 025 | 0.13

[0035] As shown in Table 2, as pressure increases from 15 psig (103 kPag) to 162 psig
15 (1117 kPag), C,U yields in wt% of the product are roughly constant at about 33 wi% (+/- 10
wt%) for 25 millisecond (ms) residence time at 1500°C. However, the E/A weight ratios
improve over this increase in pressure. At 1650°C, the C,U yields in wt% of the product are
again roughly constant at about 37 wt% (+/- 10 wt%) for 2.5 ms, while the E/A weight ratio
increases fourfold. Accordingly, the higher pressures tend to lead to higher E/A weight
20  ratios. Further, the C;" yields in wt% of the product at these different temperatures and
pressures also remain relatively constant at 12% for 1500°C and 9% for 1650°C. As a result,
the C;3” to C,U weight ratio (C3'/C,U) increases at slow rate with pressure at the lower
temperature, while the higher temperatures provide a roughly constant C3” to C, unsaturate
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Surplus H2 (wt % of prod.) 3.5%6.5% 8. 9% 10. 0% 10. 1% 10. 3% 10. 6% 10. 4%

11. 0% 10[ 0030] As shown in this table, the maxi num acetyl ene yield

i ncreaseswoapiaioge™i t h tenperature until 1500C. Above t rC3/USenpes@IUre, the
maxi mum acetyl ene yield increases at a slower rate. Further, the residence
time required to achieve this conversion decreases wth increasing
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at 1700C, residence 15 tines of about 5 mlliseconds are needed and
acetylene conprises 44.0 w % of the products. Residence tine has a | arge
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the desired [o8s1)denggudsi@and GBS1IEhDO ectsirBatioR rdshiBWo CNBRBRriog Blebv e
orifices are preferred to ?e | ess th%n the velocit sound, which may

. of
result in reBefwh pF‘@HbeE‘ RS ditiPrERt PEESRIes ST Cf)‘f‘aél“c‘tei*‘eeé‘i‘tflmﬂy’?ﬁonéﬂﬁihﬁrfeo he FaWSuse
t her mal pyr obfy&ietting) MOty &&ridul) @rekdused Sk proviiedh@atcohpfieiagdr e pakind yields

rosi doncelt | HRET FRGoLE s el r SRR Talie e Lo B gl Fhan R ot
reacti on di vihelegaksiye. rRyadysisoin this emenple hatarnaiyouhotdetistipriea tondaions, Agh 8uch, the
deston end SHRSE LIS, RORLY 5l KOE PRLILCTRELD Lol
t hough maxi menfiagreniFenAll pofwe) lagkichah Garpes wasdesedfasiCs niatthia pempjetand the
product is the reaction product yield from the converted pyrolysis feed. In diagram 130,
15 certain values for a C,U yield 135 in wt% of the product, ethylene to acetylene weight ratio
136, and C;" to C,U weight ratio 137 are shown in weight fraction (or weight ratio) along the
Y-axis 132 for various pressures (in psig) along the X-axis 134. The ethylene to acetylene
weight ratio 136 and C3" to C,U weight ratio 137 increases with increasing pressure, while
the C,U yield 135 decreases slightly with increasing pressure. Similarly, in diagram 140,
20 certain values for a C,U yield 145 in wt% of the product, ethylene to acetylene weight ratio
146, and C3" to C,U weight ratio 147 are shown in weight fraction (or weight ratio) along the
Y-axis 142 for various pressures (in psig) along the X-axis 144. The ethylene to acetylene
weight ratio 146 increases with increasing pressure, while the C,U yield 145 and Ci to GU
weight ratio 147 are relatively constant with increasing pressure. As such, operating
25 conditions of the thermal pyrolysis reactor may be adjusted to enhance the acetylene yield for
a pyrolysis feed.
[0038] Further, as it may be appreciated, different types of thermal pyrolysis reactors may
have different heat profiles. That is, some embodiments of thermal pyrolysis reactors may
operate in an isothermal manner with the heat profile being relatively constant, as noted
30  above. However, other thermal pyrolysis reactors may have a heat profile that is similar to a
Gaussian curve. For example, a regenerative reactor may be characterized by an initial and
final temperature of 300°C and a peak pyrolysis gas temperature of 1700°C for a residence

time of 35 ms (<X 10 ms at temperature > 1000°C), the pressure effect on selectivity is even

more dramatic as shown in Table 3 below.
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15 (1117 kPag), C,U yields decrease at a slow rate from 37 wit% to 31 wit% for a 33 ms
residence time in a temperature profile that peaks at 1704°C. However, the E/A weight ratios
increase rapidly with the increase in pressure. For the profile having peak temperature of
1784°C and an 11 ms residence time, the C,U yields are roughly constant at about 37 wt%,
while the E/A weight ratio again increases with increasing pressure. Accordingly, the higher

20 pressures tend to lead to higher E/A weight ratios, while the C;* levels at these different
temperatures and pressures remain relatively constant at around 8 wt% for the two profiles.

As aresult, the C;" to C,U weight ratio increases at slow rate for these different temperatures
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with the higher temperature providing roughly constant C;* to C,U weight ratio, but the E/A
weight ratio increases at a larger rate. Moreover, higher pressures do not have a significant
impact on C;" levels as the C;3* to C,U weight ratio remains almost constant, which is an
enhancement over the isothermal reactors.

[0041] From this table, the regenerative reactor may be utilized to further optimize the
distribution the yield of CyU (e.g., acetylene yield relative to the ethylene yield) for certain
operating conditions. That is, a specific pressure, temperature and residence time may be
utilized to optimize the distribution of C,U yield along with the heat profile of the reactor.
These operating conditions may be characterized by the C3" to C,U weight ratio along with
an E/A weight ratio, which may be further explained in view of the Figures 1E and 1F.

[0042] Figures 1E and 1F illustrate that the simulation results for different ratios of
reactor products produced at different pressures for certain temperatures from a methane
feed. The results of operating at the various pressures are provided for comparison of the
product yields achievable at the residence times associated with the C;U yield and E/A
weight ratio for that pressure. Pyrolysis, in this example, is carried out under regenerative
reactor thermal conditions, with 2:1 molar diluent of hydrogen in a methane feed, and with a
peak temperature of 1704°C for diagram 150 and of 1784°C for diagram 160. All products
larger than C, are considered as C;' in this example and the product is the reaction product
yield from the converted pyrolysis feed. In diagram 150, certain values for CoU yield 155 in
wt% of the product, ethylene to acetylene weight ratio 156, and C;' to C,U weight ratio 157
are shown in weight fraction (or weight ratio) along the Y-axis 152 for various pressures (in
psig) along the X-axis 154. The ethylene to acetylene weight ratio 156 and C;* to C,U
weight ratio 157 increases with increasing pressure, while the CoU yield 155 decreases
slightly with increasing pressure. Similarly, in diagram 160, certain values for C,U yield 165
in wt% of the product, ethylene to acetylene weight ratio 166, and C;' to QU weight ratio
167 are shown in weight fraction (or weight ratio) along the Y-axis 162 for various pressures
(in psig) along the X-axis 164. The ethylene to acetylene weight ratio 166 increases with
increasing pressure, while the C,U yield 165 and C;" to C,U weight ratio 157 are relatively
constant with increasing pressure. As such, operating conditions of the regenerative thermal
pyrolysis reactor may be adjusted to enhance the distribution of the ethylene yield and/or
acetylene yield for a pyrolysis feed.

[0043] Although the E/A weight ratio continues to improve with increasing pressure,
certain limiting factors may hinder higher pressure operations. For instance, eventually high

pressure operating conditions may lead to unacceptable C;" to C,U weight ratios and/or lower
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C,U yields. Further, equipment utilized in the system may be limited to certain pressure
ranges. Accordingly, preferred operating pressures may include pressures > 36 psig (248
kPag), > 44 psig (303 kPag) or > 103 psig (710 kPag), but may be <300 psig (2068 kPag), <
163 psig (1124 kPag), or < 150 psig (1034 kPag). As may be appreciated, these different
5  pressures may be combined together to form different combinations depending on the
specific configuration of equipment.
[0044] In addition, it is beneficial to maintain longer residence times and lower
temperatures to maximize E/A weight ratio. However, such residence times and temperatures
result in higher weight ratios of C; to CoU. Accordingly, the design and operating
10 conditions may be adjusted to provide a balance between the E/A weight ratio and the C3" to
CoU weight ratio. That is, the thermal pyrolysis reactor may be operated at lower
temperatures to maximize the E/A weight ratio at an efficient and operable C;" to C,U weight
ratio. For instance, the operation of the pyrolysis unit and hence operating conditions may be
optimized based on objectives for the pyrolysis unit performance. As an example, the
15 operating conditions, such as the peak pyrolysis gas temperatures and/or pressure, of the
thermal pyrolysis reactor may be adjusted based on an optimized value from an optimization
function that comprises an ethylene to acetylene weight ratio and the C;" to C; unsaturate
weight ratio. In another example, when the objective is a high E/A weight ratio, the pyrolysis
reactor may be optimized by (i) using a regenerative reactor or other reactor having Gaussian-
20  like temperature profile, (ii) increasing design operating temperature to be above a minimum
level needed to achieve an acceptably low value of C3'/C,U (which may be referred to as a
coke operability limit), and then (iii) increasing design operating pressure as much as possible
given other reactor and system constraints. In another example, if the objective is a product
with a minimal E/A weight ratio, the reactor may be optimized by (i) using a reactor that
25 gives a isothermal temperature profile, (ii) operating the reactor at the lower end of the
preferred pressure range, such as from about 36 psig (248 kPag) to about 59 psig (407 kPag),
and (iii) increasing temperature as much as possible within the reactor materials constraints.
[0045] The thermal pyrolysis reactor may be limited to certain pressures by various
limitations. For instance, at higher pressures and constant residence times, mass density of
30 the gas increases and thus requires higher heat transfer rates per unit of reactor volumes. This
heat transfer rate may exceed the capability of the reactor internals or may lead to
exceedingly small channels or exceedingly large numbers of channels per square inch (CPSI).
Thus, these limitations may eventually lead to impractical reactor dimensions and

impractically high levels of pressure drop.
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[0046] Unless otherwise stated, all percentages, parts, ratios, etc., are by weight. Unless
otherwise stated, a reference to a compound or component includes the compound or
component by itself, as well as in combination with other compounds or components, such as
mixtures of compounds. Unless otherwise stated, all pressures are given as gauge pressure,
5 which is as pressures above standard atmospheric pressure (e.g., psig).

[0047] Further, when an amount, concentration, or other value or parameter is given as a
list of upper preferable values and lower preferable values, this is to be understood as
specifically disclosing all ranges formed from any pair of an upper preferred value and a
lower preferred value, regardless whether ranges are separately disclosed.

10 [0048] The terms "convert" and "converting" are defined broadly herein to include any
molecular decomposition, cracking, breaking apart, conversion, and/or reformation of organic
molecules (hydrocarbons) in the feed, by means of at least pyrolysis heat, and may optionally
include supplementation by one or more of catalysis, hydrogenation, diluents, and/or
stripping agents.

15 [0049] As used herein, the expression “non-volatiles” may be defined broadly herein to
mean substantially any resid, metal, mineral, ash, ash-forming, asphaltenic, tar, coke, and/or
other component or contaminant within the feedstock that does not vaporize below a selected
boiling point or temperature and which, during or after pyrolysis, may leave an undesirable
residue or ash within the reactor system, which is difficult to remove. Noncombustible

20 nonvolatiles may include ash, for example. Methods for determining asphaltenes and/or ash
may include American Society of Testing and Materials (ASTM) methods, such as methods
for asphaltenes may include ASTM D-6560 and D-7061 and methods for ash may include
ASTM D-189, D-482, D-524, and D-2415.

[0050] As used herein, the terms “coke” and “soot” may refer to hydrocarbonaceous

25  material that accumulates within the reactor during pyrolysis or to solid-phase
hydrocarbonaceous materials that emerge from the reactor with pyrolysis effluent. The
hydrocarbonaceous material that accumulates within the reactor during pyrolysis may also be
defined as the fraction of the pyrolysis feed that remains in a thermal pyrolysis reactor and
thus does not emerge from the reactor as pyrolysis effluent. Coke and soot are components

30  of the reactor product, which are included for C3" product for pyrolysis selectivity. The term
"C;™ means all products of the pyrolysis feed having more than three carbon atoms, which
include coke and soot, whether those products emerge from the reactor or remain within the
reactor. The reactor product that does emerge may be referred to as the reactor effluent,

which is at least a portion of the reactor product.
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[0051] The term "pyrolysis feed" means the composition, which may be a mixture,
subjected to pyrolysis. In one embodiment, the pyrolysis feed is derived from a hydrocarbon
feed (e.g., by separation of a portion from the hydrocarbon feed and optional addition of
diluents).

s [0052] As used herein, the "hydrocarbon feed" contains hydrocarbons (C bound to H) and
may contain (i) minor components of heteroatoms (< 10 wt%) covalently bound to
hydrocarbons and (ii)) minor components of heteroatoms (< 10 wt%) not bound to
hydrocarbons (e.g., HyO), wherein these weight percents are based on the weight of the
hydrocarbon feed. The term "hydrocarbons in the hydrocarbon feed" or "hydrocarbons of the

10 hydrocarbon feed" means molecules within the hydrocarbon feed that contain at least
hydrogen and carbon and, optionally, heteroatoms covalently bound to a portion of such
molecules. Weight percents of hydrogen and carbon, as used to characterize the hydrocarbon
feed, are provided as a percent of the hydrocarbons in the hydrocarbon feed. The
hydrocarbon feed may include, by way of non-limiting examples, one or more of Fischer-

15 Tropsch gases, methane, methane containing streams such as coal bed methane, biogas,
associated gas, natural gas and mixtures or components thereof, steam cracked gas oil and
residues, gas oils, heating oil, jet fuel, diesel, kerosene, gasoline, coker naphtha, steam
cracked naphtha, catalytically cracked naphtha, hydrocrackate, reformate, raffinate reformate,
Fischer-Tropsch liquids, natural gasoline, distillate, virgin naphtha, crude oil, atmospheric

20  pipestill bottoms, vacuum pipestill streams including bottoms, wide boiling range naphtha to
gas oil condensates, heavy non-virgin hydrocarbon streams from refineries, vacuum gas oils,
heavy gas oil, naphtha contaminated with crude, synthetic crudes, shale oils, coal liquefaction
products, coal tars, tars, atmospheric resid, heavy residuum, C4's/residue admixture, naphtha
residue admixture, cracked feedstock, coker distillate streams, hydrocarbon streams derived

25 from plant or animal matter, and/or any mixtures thereof.

[0053] As used herein, the expression "advantaged feed" means a feed that has a lower
cost (per ton or per heating value) than Brent reference crude oil and may include, by way of
non-limiting examples, one or more methane containing feeds and one or more high-aromatic
containing streams. Some examples may include one or more of Fischer-Tropsch gases,

30  methane, methane containing streams such as coal bed methane, biogas, associated gas,
natural gas and mixtures or components thereof, steam cracked gas oil and residues, gas oils,
coker naphtha, steam cracked naphtha, catalytically cracked naphtha, hydrocrackate,
reformate, raffinate reformate, natural gasoline, Fischer-Tropsch liquids, virgin naphtha,

crude oil, atmospheric pipestill bottoms, vacuum pipestill streams including bottoms, wide
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boiling range naphtha to gas oil condensates, heavy non-virgin hydrocarbon streams from
refineries, vacuum gas oils, heavy gas oil, naphtha contaminated with crude, synthetic crudes,
shale oils, coal liquefaction products, coal tars, tars, atmospheric resid, heavy residuum,
C4's/residue admixture, naphtha residue admixture, cracked feedstock, coker distillate
5  streams, and/or any mixtures thereof.
[0054] The term “hydrogen content” means atomic hydrogen bound to carbon and/or
heteroatoms covalently bound thereto and which excludes molecular hydrogen (H,) in the
hydrocarbon feed expressed as a weight percent based on the weight of the hydrocarbons in
the hydrocarbon feed. Hydrogen content as applied to pyrolysis feed or reactor feed are
10 expressed as a weight percent of hydrocarbons in the respective feed. A hydrocarbon feed
may have a hydrogen content in the range of 6 wt% (weight percent) to 25 wt%, 8§ wit% to 20
wt% (e.g., not natural gas), or 20 wt% to 25 wt% (e.g., natural gas). The hydrocarbon feed
may be provided directly as the pyrolysis feed, may optionally be mixed with one or more
diluent feeds to form the pyrolysis feed, or may have a portion of the hydrocarbon feed
15 removed (e.g., removal of nonvolatiles at the operating conditions of the reactor) to form the
pyrolysis feed. That is, the pyrolysis feed may be derived from the hydrocarbon feed. The
pyrolysis feed may include hydrogen gas (H,) in an amount that provides a preferred ratio of
hydrogen gas (H;) moles to the total moles of carbon (C) in the hydrocarbon components of
the pyrolysis feed. The ratio of hydrogen to carbon (H,/C) in the pyrolysis feed may be from
20 0.0 0r0.1t0 5.0, such as 0.0, 0.1, 1.0, 2.0, 3.0, 4.0, 5.0, or values in between. Combining the
hydrogen content of the hydrogen gas to the hydrogen and carbon contents of the
hydrocarbon components of the pyrolysis feed may result in a weight percent of total
hydrogen in the pyrolysis feed that is greater than that in the hydrocarbon feed. For example,
the weight percent of total hydrogen in the pyrolysis feed may be between 8 wt% and 54
25 wt%.
[0055] As used herein, the expression "combustion feed" means the two or more
individual feeds that are to be combined to form a combustion reaction or a mixture of two or
more feeds, such as a combustion fuel that does not contain oxidants (e.g., Oy) or non-
combustible non-volatiles and a combustion oxidant that may include an oxygen or oxygen
30 containing fluid. The combustion fuel may include, by way of non-limiting examples, one or
more of Fischer-Tropsch gases, methane, methane containing streams such as coal bed
methane, biogas, associated gas, natural gas and mixtures or components thereof, synthesis
gas (mixtures of CO and Hj) and hydrogen. The combustion oxidant may include, but are not

limited to, air, oxygen or mixtures thereof. Any of the combustion feed, fuel, or oxidant may
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additionally include non-combustible but volatile diluents such as N,, CO,, H,0, and/or other
inert gases.
[0056] The term “reactor”, as used herein, refers to equipment used for chemical
conversion. As such, several items identified as reactors may be combined to become a single
5 entity that is also identified as a reactor, in that individual and combined entities may all be
characterized as equipment used for chemical conversion. The regenerative reverse-flow
thermal pyrolysis reactors described herein may comprise first and second reactor entities, for
example as described in U.S. Patent Application Publication No. 2007/0191664.
[0057] The term “pyrolysis reactor”, as used herein, refers to a system for converting
10 hydrocarbons by means of at least pyrolysis chemistry. The pyrolysis reactor may include
one or more reactors and/or associated equipment and lines. A region, as used herein, refers
to a location within the pyrolysis reactor, which may include one or more reactors and/or
associated equipment and lines. The region may include a specific volume within a reactor, a
specific volume between two reactors and/or the combination of different disjointed volumes
15 in one or more reactors. The regenerative reverse-flow thermal pyrolysis reactors described
herein may comprise first pyrolysis reactor and second pyrolysis reactor, for example as
described in U.S. Patent Application Publication No. 2007/0191664.
[0058] As used herein, the "thermal pyrolysis reactor” includes at least predominantly
pyrolysis chemistry.  Pyrolysis or pyrolysis chemistry, such as the conversion of
20 hydrocarbons to unsaturates such as ethylene and acetylene, is an endothermic process
requiring addition of heat. The terms crack and cracking may be used interchangeably with
the terms pyrolyse and pyrolysis. In a thermal pyrolysis reaction, > 50%, > 80%, or > 90%,
of this heat is provided by heat transfer via solid surfaces such as tubulars or bed materials.
Any combustion chemistry that occurs within the pyrolysis stream of a thermal pyrolysis
25 reactor provides a minority of the endothermic heat of pyrolysis, such as < 50%, < 20%, or <
10% of the endothermic heat of pyrolysis.
[0059] The term "high-severity operating conditions” means pyrolysis conditions
resulting in the conversion of the a pyrolysis feed comprising hydrocarbons to make a
product having an acetylene content > 10.0 wt% based on the weight of the hydrocarbons in
30 the pyrolysis feed. The operating conditions for a thermal pyrolysis reactor may be
characterized by a severity threshold temperature that divides low-severity operating
conditions in thermal pyrolysis reactors from high-severity operating conditions in thermal
pyrolysis reactors. The severity threshold temperature is defined as the lowest temperature at

which the feed to the reactor may react at a residence time < 0.1 sec (second) to make at least
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10 wt% acefylene as a percent of the hydrocarbons in the feed evaluated at the given
operating conditions of the process. The high-severity operating conditions for a thermal
pyrolysis reactor may be characterized as peak pyrolysis gas temperatures that are greater
than the severity threshold temperature. The low-severity thermal pyrolysis reactor may be
5 characterized as pyrolysis gas temperatures that are less than the severity threshold
temperature and no pyrolysis gas temperatures that exceed the severity threshold temperature.
For example, for the thermal conversion of methane at a pressure of 14.7 psig (101 kPag) and
with 2:1 molar ratio of hydrogen diluent, the threshold temperature is about 1274°C for this
process. At temperatures at or above 1274°C, yields of acetylene can exceed 10 wt% of the
10 starting methane, at some time < 0.1 seconds. Conversely, at temperatures below 1274°C,
there are no times < 0.1 seconds for which yields of acetylene reaches 10 wt% of the starting
methane.
[0060] According to one or more embodiments of the present techniques, an enhanced
process is provided for the production of C,U (e.g., acetylene and ethylene), which are useful
15 for manufacturing polyolefins and other petrochemical products. The process may include
various stages, such as feed preparation, pyrolysis, recovery and further processing, such as
separation of the polymer grade monomer and polymerization to polyethylene. The thermal
pyrolysis reactor may have operating conditions that are below a specific selectivity
threshold, such as a C;" to acetylene weight ratio < 0.5, < 0.45 or < 0.4. Operation at low
20 levels of C3" to acetylene is desirable both to improve process economics and to improve
process operability. Economics are improved by low C;" to acetylene weight ratio because
C;" products produced by high-severity pyrolysis are less valuable than the acetylene product.
Further, operability is improved by low C;" to acetylene weight ratio because C3" products
may include substantial amounts of coke, whose production may hinder operations.
25 Specifically, coke produced in excess amounts may result in an inability to maintain the
thermal pyrolysis reactor channels available for fluid flow, and coke produced in excess
amounts may result in heat release (during combustion and/or regeneration steps), which is
greater than the heat amounts that may be used in the process or reactor. At least a portion of
the reactor product may be further processed to recover polyethylene, polyolefins, benzene or
30  other products.
[0061] Further, in one or more embodiments of the present techniques, an enhanced
process is provided for the production of a specific distribution of C,U (e.g., acetylene yield
and ethylene yield), which are useful for manufacturing polyolefins and other petrochemical

products. In particular, the present techniques may involve operating conditions that may
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result in a C3” to C,U weight ratio < 0.5, < 0.4, or < 0.3, while the ethylene to acetylene
weight ratio is > 0.08, > 0.1, 2 0.2 or > 0.5. These operating conditions may be utilized to
manage the amount of ethylene and acetylene for further processing. By managing the size
and capacity of the equipment for acetylene conversion, the process units may be smaller and
5 involve less capital expense. Further, by operating at certain pressure ranges, the use of
compression for recovery stages may be minimized or eliminated.
[0062] Accordingly, the present techniques may involve operating the thermal pyrolysis
reactor at different operating conditions. These operating conditions may include adjusting
operational settings to adjust the pressure within the reactor and/or the temperature within a
10 reactor. The operational settings may include increasing the heat generated by providing
different combustion feeds to the thermal pyrolysis reactor. The present techniques may be
further understood with reference to Figures 2 to 4, which are discussed below.
[0063] To begin, an exemplary embodiment of the present techniques is illustrated in the
block flow diagram 200 of Figure 2. In this flow diagram 200, a process for the production
15 of olefins, such as ethylene, and subsequently may be used in the manufacture of polyolefins,
such as polyethylene. In this block diagram, the process includes various stages. For
instance, a feed preparation stage is described in block 204. A cracking stage is described in
block 206, which involves cracking the pyrolysis feed in a thermal pyrolysis reactor to
produce a reactor product. The pyrolysis reactor may be utilized at high-severity operating
20  conditions that manage the C3" to C,U weight ratio < 0.5, < 0.4, or < 0.3, while the ethylene
to acetylene weight ratio is > 0.08, > 0.1, > 0.2 or > 0.5. Further, the reactor may be operated
at operating conditions that produces a reactor product that has Cs" to acetylene weight ratio
of 0.5, <0.45, or <0.4. The C,U components (e.g., acetylene and ethylene) of the reactor
product may represent > 20 wit%, > 50 wt%, or > 80 wt%, or > 90 wt% of the total C," gas
25 phase components of the reactor product. Then, a recovery stage is described in blocks 208
to 214, which further processes the reactor product or reactor effluent to recover a conversion
product, such as ethylene and/or propylene. Finally, a polymerization stage may be
performed, as described in block 216.
[0064] At block 202, a hydrocarbon feed is provided. As noted above, the hydrocarbon
30 feed may include one or more of methane, natural gas, petroleum or petrochemical liquids
and mixtures thereof, or other suitable hydrocarbon feeds, as noted above. At block 204, the
hydrocarbon feed may be subjected to various feed preparation processes to form the
pyrolysis feed or may be provided directly to the thermal pyrolysis reactor as the pyrolysis

feed. That is, the pyrolysis feed may be derived from the hydrocarbon feed. For example,
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the feed preparation processes optionally include removal of impurities or contaminants prior
to cracking. The feed preparation process may include mixing the hydrocarbon feed with a
diluent feed. The feed preparation processes may include one or more of condensate and
water removal units, acid gas removal units (e.g., caustic or amine treater units), dehydration
s units (e.g., glycol units), nitrogen removal units, hydrogenation, demetalation, visbreaking,
coking and/or vapor/liquid separators. The impurities or contaminants, which may include
one or more of carbon dioxide, carbon monoxide, sulfur species, oxygenates and non
volatiles (e.g., metal), may be conducted away from the process. In a preferred embodiment,
the hydrocarbon feed may include non-volatiles, which are materials that are not in the gas
10 phase (i.e. are components that are in the liquid or solid phase) at the temperature, pressure
and composition conditions of the inlet to the pyrolysis reactor. Non-combustible non-
volatiles (e.g., ash; ASTM D-189) are preferably limited to < 2 parts per million weight
{(ppmw) on hydrocarbon feed, more prefefably <1 ppmw. Combustible non-volatiles (e.g.,
tar, asphaltenes, ASTM D-6560) may be present at concentrations below 5% of the
15 hydrocarbon feed, preferably at concentrations below 1%, more preferably at concentrations
below 100 ppmw, and most preferably at concentrations below 10 ppmw of the total
hydrocarbon feed to the pyrolysis reactor, as long as the presence of the combustible non-
volatiles do not result in excessive (e.g., > 2 or > | ppmw) concentrations of non-combustible
non-volatiles. As a first example, the hydrocarbon feed may comprise crude oil and crude oil
20  components. As a second example, the pyrolysis feed may comprise substantially methane
(e.g., = 50 wt%, > 75 wt%, or > 90 wt%o of the pyrolysis feed).
[0065] After the feed preparation stage, the pyrolysis feed is cracked in block 206. The
cracking of the pyrolysis feed may involve the use of a thermal pyrolysis reactor to convert
the pyrolysis feed into a reactor product. The reactor product includes one or more C,U, and
25 optionally includes hydrogen (H,), methane, ethane, methyl acetylene, diacetylene, and C;"
products (e.g., benzene, tars, soot, etc.). The reactor product includes components that
emerge from the reactor and those that remain within the reactor, if any, as a result of
pyrolysis (e.g., coke may remain in the reactor and later emerge as a portion of the
combustion products). The amount of coke remaining in the reactor may be determined from
30 a mass balance of the process. Further, the thermal pyrolysis reactor may include any of a
variety of thermal pyrolysis reactors, such as a regenerative reverse flow reactor, as described
in U.S. Patent Application Publication No. 2007/0191664. Other embodiments may include a
thermal pyrolysis reactor, as described in U.S. Patent No. 7,491,250, U.S. Patent Application
Serial No. 61/349,464 and U.S. Patent Application Publication Nos. 2007/0144940,
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10 combustion step and the pyrolysis step that is between 0.5 second to 30 seconds. Further, for
a regenerative reverse flow reactor, the pressure in the pyrolysis step may be similar or
different to the pressure in the combustion step (e.g., at lower or higher pressure than the
pyrolysis step).
[0066] At least a portion of the reactor product may be conducted away for storage or
15 further processing. Optionally, one or more upgrading processes may be included in the
recovery stage, as shown in blocks 208 to 214. At block 208, the reactor product from the
reactor may be subject to a separation process to provide a bottoms product. The separation
may remove one or more bottom products comprising solids, such as higher boiling point
materials (e.g., contaminates, solids or impurities) from the C,U in reactor product. The
20  separation process may include a tar and/or solid removal process, compression, adsorption,
distillation, washing, and drying of the remaining reactor product, and/or any combination of
one or more of these processes.
[0067] At block 212, the remaining reactor product may optionally be provided to an
acetylene conversion process. The remaining reactor product may be in liquid phase, vapor
25 phase or a mixture thereof, and may be subjected to an acetylene conversion process that is
performed by a catalyst in the liquid phase, vapor phase or a mixture thereof. For instance,
the acetylene conversion process may include acetylene hydrogenation in an isothermal,
slurry or adiabatic catalytic reactor, or other suitable conventional techniques. The catalytic
reactor may employ group VI or VIII catalyst, catalyst bimetal or trimetal blends on an
30 alumina, silica or other support, as is well known in the art. For example, the acetylene in the
reactor product is absorbed into a liquid, hydrogenated within that liquid and then the
ethylene product is desorbed from the liquid. At block 214, conversion products, which

include ethylene, may optionally be provided to a purification process. The purification
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[0071] Beneficially, the proposed process provides various enhancements over previous

techniques.  For instance, the process provides flexibility in managing byproducts or
30 contaminants. That is, the process may be operated in a manner that does not involve

additional stages to remove various contaminants, which improves the efficiency of the

process. As an example, typical high-severity pyrolysis processes, such as partial

combustion, typically utilize oxygen in the reaction with the pyrolysis feed, which produces

carbon monoxide and carbon dioxide in the reactor product. By not utilizing an oxygen
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provided in the present process, converts the aromatic containing and/or methane containing
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a regeneratmm@mneamtomﬁanmnghemwrea@@ommﬁaMMWg @amsshaHC%ﬁ@»hn%emw
tenperature, (i eIPaLatdl &4 0 be
above a mni I;a%+ eg(%s W I)Otlr ﬁl&lﬁg%ﬁ:% {%&gﬁ@agggoggekﬁﬂgﬁ&o&v?)vé uei of C3+/ C2U
(which may tsdudingf éfrlﬁsethatt@e a1§117§d dokemeygesoathpition pradusis tff)Om BAdyteedqi i i)

i ncreasi ng gdesign operating pressure as nuch as possi bl e given other
reactor and s sten1constra|nts I n another exanple, if the objective is a
product i t PO&7Ini rfiusigr. thy pogRss it onignally InveINg otpe DEReE InglePsh EOLPEPAFzed by
(i) using agé’t@@eﬁtl%ckt hat anaﬁlm?/ﬂﬁ rammﬁlﬁg h@&tﬂﬁboﬁﬁﬂﬁn@i&aﬁeuécﬁlpﬁd’s@fﬂ | 'Bhe (i)
operating the reactor at e | ower en pr ef er ange
such as froff{"4bstit" 3% ‘ﬁgi‘({f COBXESRPHY) Opfrﬁteﬁg%ﬁft PESSS Odn f 4}E§lig (%g@)a and
(i111) increasiongsikesekaighr@ nase profclablagropoEivipsige 1 04 tkiRag td BIE pseaCter
material s cppstr ILNtS e 004 The e limted
o certan prabolras Byvinrat el ardthe YRt L FRL Bl R
pressures ardctoo rfgﬂ@ntther lefsw@lierm:yem‘tdlwsparaﬁtals siend élres papgratofat Bot £ n@“ugaﬁ

I ncr eases a{h@ athlpr&ﬁlg’Hh&)eﬁ 2l TicNG8duct &aARSHEd 5@5&@1&@%&@%&&& react or
volunmes. This heat transfer rate may exceed the capab t he reactor

i nternal s obtregyWhidh@at i§vaecErtfting Fisff%ﬁ*d}f‘l’duétﬁ&"ﬁl?‘}é‘llesrelﬁi“mé& &eé%‘éf mslust | ar ge
nunbers of GhanREdvsyRAEe. STHEAERY1EMRGHN HERRL nay HBMSe > 5MRBE of thithde@lchoRs may

eventually |lead to inpractical reactor dipensions an nppactical ly high
| evel s of pPEJESoE PR, = 79/@?6%2’?%%@?9%@@@%@’1?‘6%@?fogf[a UMG)? i ess

ot her wi sg shcaty&de 1nalhdz rep&brq&ditmalgefsaverpa@'ﬁ SytYerdtlicaSstylfeCin thear@tdp prodexit.ght .
Unl ess ot he ound. o nent | ncl udes

f t
the conpoun tél% Eﬁl é)h(fda %trngi ?nrc ulgff F rom 8 w?% ?(1 tgPremammé 8 n%lgnn&?he ace%er%eh ot her

as wel I nat
conmpounds otha‘os)m(p mhﬂacstyles&mchl mcsluct The remaining reactor product may pass through one

or more product separation processes, such as a light gas separation or a heavy product
separation, to form various products.

30 [0078] For example, after block 208 and prior to block 214, different light gas products
(e.g., a portion of the light gas in the reactor product) may be separated as light gas products
and the remaining reactor product may form an acetylene-rich product. The light gas
removal process may include different separation mechanisms along with a basic wash, for

example caustic wash or amine scrubbing, to conduct the light gas products away from the
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m xtures of conpounds. Unless otherw se stated, all pressures are given as
gauge pressure, 5which is as pressures above standard atnospheric pressure
(e.g., pswoOR0§o¥?] Further, when an anount, concentr atiPOm/USeo110642¢0 Vval ue
or paranmeter is given as a |list of upper preferable values and | ower
preferable values, this is to be understood as specifically disclosing all
ranges fornmed fromany pair of an upper preferred value and a | ower
preferred val ue, regardless whet her ranges ar e separately disclosed.
10[ 0048] The terms "convert" and "converting" are defined broadly herein to
i nclude any nol ecul ar deco rackl n br eaki apart. conversi on,
and or 1 of oP VTGS SPGRR o sbreRtr b Thy Bseare Shuf B ARRbep S8R by
nmeans of at 1ﬂceﬁstpr@ymolsyvmgsa¢se@uqn anahbays, opragenaldisyillition, darochemical
suppl ement at, d i.Qn ilu S,
nalor st 1 BTG S0 a8y TR Ry KGR ST B N LPARREL: Montll ¥R
"non-vol at i Inegibrangiplebpregdert onte plossoradiving h@speaitlvn mbt presavre gabbe batwdenll 50 any
resid, netal psig oA kBly) afiSH30 pégbﬂﬁ@kﬁﬂgﬂgvhﬂé‘ﬁl@h i %ﬁﬁs&abs&?ﬁon 20 and/ or
ot her corrponent or contam nan he feedst ock does not vapori ze
bel ow a sel SECEHOBBRAY PhperpenHat GWSSP'@WB%W%“L?P@%(%W@@W“ deft pyg(1d#4 af t er
pyrolysis, me)! BRVE:heBasURERSichaRcRarlisBS | EHyELONse® S spalali 1y dboBE, cRB&T OF
system whi ch |s d| fficult tor glonconbustl Ie 20 nonvol atil es may
i ncl ude ash™oPEHd%e REHBI m‘%“i“h%’&é"rf’gﬁﬁ Bt &A1 ni TG RSN UHES SHffifor ash
may i ncl ude hﬁdmgfeh@aduorSﬁmnaeé Verafated &t mgreaiadndy@bﬂiron af te (ASIMrodvet hods, such

For "ash Hay °f Hef ddC ASTA B as, MBS LS4 an g BN EE S b0kt A used
herein, t he ftteetfcm;hé thoke! panlgsis' segtr, orrraya bxpf@nctt oT hhy@htogaa%bmya@eiemsa 25
material tnahoRGCHT AEASINbMG KO (LRGeS DG R YRl:RedOkodO

sol i d-phase hydrocarbonaceous materi a energe fromt reactor with
pyrol ysi s efithgsin songlgabedjmende tie beﬁa@seematlmmer inglhdetadditiongbgagRudraniés wi t hi n

the react or (fJUpbRGIPY ALY St carbe@moﬁhé(eo?)ehﬂ%gwmd@msh%mf WAGIhH) vaf the
pyrolysis feed that remains in a thermal pyrolysis reactor and thus does

not emer e PEdMAY Heclids fihep reagidvepippitipsi In @pipgidn farbanolieridengpddydiosdy e
corrp?)nent S &lﬁ)ﬁdie tfl@eserneaﬁyeerrembﬂufdwtvashwdglﬂehtradhewitmdouﬁedoffamﬁh ﬁiﬁas@]’t eplluct for
pyrolysis selectivit cts t he pyrolysis
PYeq havi ng hanEe Phiskirefige. Earbbi el o P SRt S Soor

whet her t hos&hpus dehddted ieBelzge PhieatnVd. [7@2,8%achiber mogthade fimiremavirighivater taree
reactor. t ct t t st he
reactor eff %dsoﬁ)? it B 8{?89%“ tb? e(’aéleﬁ Qgg'ﬁ(g?f\( aglﬁuso Ele rege%)g lg)nr%]q%ro gci’ﬁsct

2012/ 099379P®T¢SU82048M@66@@®bﬁ‘l©®51] The term "pyrolysis feed" means the
Conmposi ti onygguhy Chdgﬁ%af?ﬁ aﬂermlaek%@ and®HRk GEHIEL 319, PYEQ) ¥Rhidet séplara%]ae

enbodi nment , the p ysi's feed 1s derived froma hydrocarbon feed (e.g., by
separation &fy &Ofﬁé?tt Ve aﬂ?f@ﬁ*ﬁ% plecargansablea riigpnthe ée@wrarrsgdreémru RS?FblFt a“dlen tion of

di | uents). 5&&%@&1@%@3&«@[@96@@% lihes thﬁ)é@fd@x%@-rsb&rhsfb@&@le SR Rpdided
hydr ocar bons,  (C boun contain (i) .m nor coréﬁg%nents of

het er oat ons V{#<09l§d \RE%"‘“%\%II %?ﬁfni’&? LRGPy ARGy GHBE STPRBIRES: {HPY 5 nor
conponeniss okrtdiet:empRiyeibodisetOofwhiYProtdd arb adstrtbell QuriiyrdcdGan Bigass § endy. , H20)
wherein these wei ght percents are based on the weight of the hydrocarbon
feed. The term "hydrocarbons in the hydrocarbon feed" or "hydrocarbons of

t he 10 hydr ¢wadlbonFigeed s ambepigicdbhgauhas ilstrdtion 39the ahydmpbgr ivomssffeed t hat

contain at |gast, n%‘)é?c[r&gx%@n 304 63 Q&Hﬁ%dlr] aQ&trdaﬂ& Ly Y an eb&GAak Q)[PFthe

coval ently boun 0 a portion of ecul es. percents of
hydrogen andreesat lﬁ@mlquﬁs Iy Sésdllpsgation PG @tnerticyler qoh@“?ﬁ}d@ﬁ @fdmt@miatmé%@e are

provi ded;oas ygisP&ie c&pled %%etthQo RyREPE ﬁyd@&al%oﬁ fée& Reohydyeearia vhgadsy The

hydr ocar bon _feed may inc 2y non-limting exanples, one or nore
of Fi scher - include a feed separation unit 302, a thermal pyroly31s reactor 304, Solid removal unit 306, a

compressor 308, a product separation unit 310, an acetylene converter 312, a purification unit

314 and an ethylene polymerization unit 316. In particular for this configuration, the feed

preparation stage may include the feed separation unit 302, the cracking stage may include
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15 Tropsch gases, nethane, nethane containing streans such as coal bed

nmet hane, bi ogas, associated gas, natural gas and m xtures or conponents

t her eof , wWoearvwoa@eked gas oil and residues, gas oils, Reatisag 1064210 | et
fuel, diesel, kerosene, gasoline, coker naphtha, steam cracked naphtha,
catalytically cracked naphtha, hydrocrackate, reformate, raffinate
reformate, Fischer-Tropsch |iquids, natural gasoline, distillate, virgin
napht ha, crude oil, atnospheric 20 pipestill bottons, vacuum pipestill
streans including bottons, w de boiling range naphtha to gas oil

condensat es heavy non-virgi n hydrocarbon streanms fromrefineries, vacuum
gas oils, hedyregad pyiofysis ﬁe&‘ﬁﬁrt 4 B FERTYee PRI 1l ssmeypitaf 809-@ cr udes,
shal e oil s w@reskdrqoseﬁgfbamo@&pmmﬂwﬁ& 810, @rO@hterlaer@nveha:rsaz AuB&pheddic resid,

heavy resi du dm.xture apht residue adm xture, .cracked
feed)s/t ock, gﬂle?n%g]i’ oye%%’\]te‘ée pé)?yr”?ﬁ?‘?é‘on éﬁgg’g thgft:h SNFPONBFIPEY WY r om
pl ant or ani Bl Tlnvairctoes’s wilhnay merexalmyedmntotercbmﬂt hereof. [0053] As used herein,
the eXpre§S' adVA’a‘ﬂ a?&)%o{]?e%’ ’ﬂfae e§ dm&!!?ﬁe Q%%LdfandP‘{‘%aﬁmr%PSt (per

ton or per |ng va gtice ¢ icl ude,
by way of now¢thqmsmiahk3 fefsbamoe§eedmﬁéﬂ@ds toed, iverdvidee VwolnEéZhltmgleffeeéds and

one or nore &w&@ruamz Crs G914 Aobd, ragh%a&%ﬁ fee§ﬁg§hﬁé§%&%ﬂ OR¥nd J#gl ude one
or nore of Fischer-Tropsch gases, 30 hane ane contal ning streans

such as coal Wpe# %Waﬁém%b‘io&@d‘é% <a§sa@|rw@ae)g<ﬁs20 R RA VI gde-atriidh xt ur es
or conponent gas}. hepRailly, &ugam féé@ﬁi@esie ©38deQivia BRG2D aﬂh&ima@, mQ@& 12l Ng, coker

napht ha, steam cracked naphtha, ¢ tically cracked na

hydr ocr acRat &3t Oéfg‘ig}ﬁgth@%%?aél?oﬁ ‘?ﬁtﬁ‘?\e“gpéf l@’rdf?ﬁi‘%on R Rgr2aY drﬁglétlﬁ?fl i"ifh higher

Fi scher - Tr opsaifogkn cumtedSr,elatNertg it Hyagotdithva, feedr Utle didieht, fe@t lﬁ@&&hﬁéd © apjupesti ||
bottoms, vac ¢m cg?é)egscgl ent o?{he%acﬁmcarbon fe%gltglg)rbOtptH?({rngB;&r 8 aﬁlg% agxwrgge range

naphtha to gas 0 2ShaEhsa eavy non- Vi rgi s from
refineries, mwumbv‘g:aaecemlh ghreshmed Vijurtgasthe diluentrfegd vt himtheofitidman bd @dedyiot h

crude, synth sFthg eSI essﬁxlgal]"ﬁ‘e i@édl s§p racflgl?‘lxr&dfog)h%{/ g&\%e(ﬂa %%L{Het fRed 18t(3a| tars,

tars, atnospheric eavy resi uurn resi due adm xture, naphtha
resi due adni xvappeprogucheiderdsofig/h Pfé%mt c@r@éxple@]p%@qutpmantesugaépterfeamaratalgd/ or any

m xtures theheQfpor L@&%h&h% 199&@ LIGREB R dlum@@sw@;@m& fydrogen
bound to carbon an /or heteroa oms cova ent|ly bound thereto and which

excl udes nol ¥ igmidgrarge s el irumn, d‘ﬁH@“‘l’W‘fﬂ’l‘WBﬁ?\“‘F 4B e edseiieas a

}Nel ght pgr cetanbasigd terrdn)e kﬂbf%k(gfgﬁruﬁfhahh@? Haaﬁlﬁg%@f ﬁ:g\@ﬂﬁn ihe kﬁdﬂ&‘—owh’t%ﬂdanC arbon
ee Hydr oge . applied to r.0 Is feed or reactor fe are 10

expressed as™: C%B?aﬂﬁk"nﬁp@?%@ ﬁur('ﬂ‘g Sﬁ@?{fflg rafge ‘Efﬁlée PES LY Wit 3 2gd A

hydr ocar bon i eedhtairey bétevee Sa"mgod?b'()‘@em pmm;ntoormtome%:r ahge naf b&adpstal (wei ght

percent) to t% %thﬁa %&ug (;n Li:ﬁeq \ﬁ%di; oca d’ se g’aog %Hrz% gﬁerpzsrid.l %redlz Wt % to

25 wt% (e. g., na ura e provi I'rectly
as the pyr ol pdiosarpeetped, rﬂewvewplt pl@data“r impy [be lmd)bedepmateh fmnetmrremm@ déd-uent

]f ::gs to forgpdie RVERLYSbaalfefle sQluliBM HANE & RORIHQIE el Srah¥siocar bon
downstream lines or units. The solid/liquid product, which may include non-volatiles, may

25 be withdrawn or removed from the feed separation unit 302 as a bottoms product or stream
via line 323, which méy be further processed or utilized for fuel for the thermal pyrolysis
reactor 304 or other units. The vapor product, which is the pyrolysis feed, may be withdrawn
from the feed separation unit 302 as an overhead stream via line 325 and passed to the
thermal pyrolysis reactor 304.

30 [0082] The thermal pyrolysis reactor 304, as noted above, may include a regenerative
reverse flow reactor or other suitable reactor. Accordingly, the thermal pyrolysis reactor 304
may have different piping configurations to provide combustion feed (e.g., fuel) and the

pyrolysis feed separately, depending on the specific configuration.

-28 -



is renoved (e.g., renoval of nonvolatiles at the operating conditions of
the reactor) to formthe pyrolysis feed. That is, the pyrolysis feed my be
derived fwormtdmodrydr ocar bon feed. The pyrol ysis feed mrgTiusecdimmes2mydr ogen
gas (1-12) in an amount that provides a preferred ratio of hydrogen gas
(H2) noles to the total noles of carbon (C) in the hydrocarbon conponents
of the pyrolysis feed. The ratio of hydrogen to carbon (H2/C) in the
pyrolysis feed may be from 20 0.0 or 0.1 to 5.0, such as 0.0, 0.1, 1.0,
2.0, 3.0, 4.0, 5.0, or values in between. Conbining the hydrogen content of
t he hydrogen to.the h drogen and carbon contents of the hydrocarbon
corrpo%ents O\m%g'ﬁe de?é\}’@?/ﬁf PREG YT rpé%dﬂ?ttfrof“nth‘éﬂ’ﬁfé‘labl’i’tro%%sr‘Ef"écﬁ‘tr 38¢ ist ot al

hydr ogen in t&aﬂuqmﬁrmay sladink 8ed td tinatsoud&ergcs\eaaremots had othbratcovéty tsage idr ocar bon

feed. For ex the WEI ercent of total en in t he pyrolysis
feed may be Eﬁ%g%ﬁ TR g&’ém AR g ST A S“@gﬁ‘g’h“’é{? g ergiiign

expr essi on " elestosiatici praréfte&dﬁltratba,n&d/tohmotzmg) bat adseptdoni el miydbkabppfeeiads, t hat
are to be,cophy ned.&.Q fQLM, b%oam;; 48? AF A5 m%E &nﬂoxév‘é{cgmé)f o or

nor e feeds Such as a combustion does no aln oxidants (e ,
02) or non- toiigst ihie tirotystool Beri mﬁ@cem’chtea serobHingsts i effrctiox ital samtove helid may

i nclude an oX¥GRMILE B HR0 b& W inHs mer}gcotérybﬂmmew%ﬁffyp&asen@é}uﬁbﬂg may
i nclude, by way of non-limting exanples, one or nore Fi scher-Tropsch

gases, met halay briflieth®r deph oY h Guisit maw ivisseatpblgas w&lafoub@@aweﬂméﬁwe

hi ogas, assogiaiig g@@one @@{aiéﬁ&l m%@?t 1Rd m%ﬁlweesmoéar%mﬁaowmh& dnhaggeof
and hydr oge The conbustion oxi dant

synthesis gas (m H2

may i ncl ude, ° bt%‘F ‘g 8‘Etr°Ftthﬁ Sf@élat’f"?)ma%’i‘ar"e PR YR ‘ﬂb?lo%‘%taﬂﬁi HOrCHEEST . Any
of the conbuéitei t@l’bafbeﬁdlepo‘smﬂbhl,ldupr AJsbrgac arlmﬁltrat&dohré ligied toy hdnBiggughenl]

non- conbusti bl e | at.ile . dil u N 0 d/ or ot her

i nert gases. arf%‘ﬁgé)% %18 néirmn?ﬁ‘y"be acto ema?c Ry Fargﬁ Iaouﬁfesrog%IdS ’gsf %Feglﬂ? 8"€Qui prent
used for chempalf tb@ﬂ\?@hlsq@n maé\sbesmﬁf;d svgvtbfvrah sei@ns prajétet thé lagelopaister eact or s
may be conbi & Qat‘o? ﬁ@&) i} hl% ngelerﬁgie roh@?rofn%hearka%%lr :mQ§Bé& hl%%das a

reactor, in t IVI ntl I es haract eri zed
as equi priént awdgmfsghid ’@ﬁ]éYﬁl it 3%@?19@‘?@?‘@@“%9”@@(}%@?atbpwsrsé‘?ﬁ@r gia-f | ow

thermal pyr ofiyshs. rrﬁ‘@%%epxd&e%hpe@luma%ﬂ bm\/ s&%mrdyo%%eaw bdha@ndissecond
react or entltlﬁ:)r for exanple as Pat ent Applicatjon

Publ i cati on N8/ B0 f @i@i@@ﬁ pr‘[d(‘.’}@Bﬂdﬁﬁ'e“f‘@Yﬁ?h?i&‘»”re%Iv?sﬁhéa“f”ea’b?l%ﬁmsmés used
Iher ei n, re}‘ efeparatm)ﬁalf&yaaye,ﬂwapﬁ nﬁjaﬁélllﬁiihﬂlbdl@a wadhidgyelr &%Eéﬂﬂilil%lasbb{otlﬂiﬁanﬁ of at
east rolysis che r si s, reactor ude one or nore
react OIF‘nS/ anés’9 gls)m%gr%“c?? tﬁf fswe‘g?‘/?éﬁ% t}/‘?iﬁlﬁl Hyfoi‘/ég Teagiop dﬁ‘aéfrcl?e uffg aﬁég‘ﬁﬂﬁer ein,
refers tooa Tlhc)dt’tait‘maiirpywi}tshlre‘actohel iy rettiey shiss. r Bacikeonininghiachor p@yluct ney bde one or
ror e 1 eact of iRk onARRR RhAL AU, I BURBL ARFdLNGS 1nd B LELOD JRY | NC! ude

a specific volune w react a specli |c vol une WO reactors
and/ or the comviswt3®n of differ ent di sj oi nted vol unes

[0084] The compressor 308 may receive the remaining reactor product from the solid
removal unit 306 and compress the product to provide a compressed product via 333 to the

25 product separation unit 310. The compressor 308 may compress to the vapor product to a
pressure from 50 psig (345 kPag) to 400 psig (2758 kPag), or more preferably from 150 psig
(1034 kPag) to 300 psig (2068 kPag). For other embodiments, the pressure may be adjusted
for hydrogen (H,) removal (e.g., pressure swing adsorption, hydrogen membrane and/or
cryogenic distillation, electrochemical separation) and acetylene hydrogenation.

30 [0085] Once compressed, different products, such as different light gases or heavy
products may be separated from the compressed reactor product in the product separation unit
310. The product separation unit 310 may include the different units discussed above along
with caustic wash, amine scrubber and/or other treatments, which may also include steps to

remove different products (e.g., CO,, HyS and/or H,O) from the process. For instance,
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15 in one or nore reactors. The regenerative reverse-flow thermal pyrolysis
reactors described herein may conprise first pyrolysis reactor and second
pyr ol ysi swoeartmpq79f or exanpl e as described in U S. Pat ect/Uspphioceié on
Publ i cati on No. 2007/0191664. [0058] As used herein, the "thermal pyrolysis
reactor” includes at |east predom nantly pyrolysis chemstry.Pyrolysis or
pyrolysis chem stry, such as the conversion of 20 hydrocarbons to

unsat urates such as ethyl ene and acetylene, is an endotherm c process
requiring addition of heat. The ternms crack and cracking may be used

i nterchangeably with the terms pyrol yse and pyrolysis. In a thernal

pyrol ysis re&Ehamghpxids C??'O'%re@‘)@égé( wahing tepysactasprodyts Thig ep may ¥sovsieisd by
heat transf edryitp@ ©BbictbnGaifiddaaes. BhéGhnaSnd Mmar@foau@fnape@lremtnea fr&Jn$he Any
conmbustion chem str

t at curs within the r stream o herrral
vt ol ysi o 2ePadie srprosal S a Msort oroehl Sty Res e Hede: By
pyrol ysis, st]ne m@asitiss b%e wR0Avn @ predit8%r bttoinh@remmdod ter3sy mﬂﬁelahayafe
pyrolysis. 8& ]p;l'fggssede%orr’q)"J}}fg&“sn?\{l%ésty operating conditions" neans
pyrol ysis >condr tironNs gul'ts ng | tHe™conversion of the a pyrol ysis feed
conpri si ng hifd8@car@roinsally ghevakiplese q@nw@@m ray iengvedhe mmenipg endorqomiuegnt >
10.0 wt % bas@% %@ﬁlgﬁ r%'pwaﬁct%t %{E“Emﬁ 199§1§ce Rne g’rgl étlg}genp)yﬁ” ¥h%' s feed.
The operating conditions for a erma pyr y3|s eactor
char act er i zePfofyipt geparaiaarynity31Ph rTéls leftdeneenperien U@ selesttveldi hyﬁ@é@laﬂeb\ﬂ?ﬁs everity

operating condiylchORS cinleh QhtAB: SRATRAMS | 1§ dFof @Bl the f LIBMBI @NuRRY efet Y
operating conditions in thernal é rolysis reactors. The severity threshold
(5]

tenperat Ufe €Y FHEdienBaY opsraf { ¢ eiisaging i 03to fhmele 1plepeelhet o t he
reactor may #®@khe adnvater @&) dpaR&e at proRurss Pord 33 egﬁlg((sncmg)) tot400 IpBikk 271 | east

10 wt % acety] ene as cent carb he feed eval yated at
the given op}élg w1l letat?fﬁ?ﬁr"l 'I‘r?)snosf%&é Pﬁ‘gg%d%l a‘ﬁ%ﬁ"‘%@%ﬁ&‘é@f‘g}' \}Ser ating
condi tions f@rrVIH catlalgﬁﬂﬁ]:onpeymai ly‘&ilssfowte@]@tdmtreamynabeanghﬁmadﬁ) 8% reld0 as%peak
pyrol ysis gag th [l teshol d
t enper at ur e. g%ﬁﬁﬂ%)ovfeg%@ea?l? %n?}%% é?ecﬁé qué g%‘{/léﬁgg{&fn ea?f@e[g rgrsa}%é}%aébgg%;
char act er’f ze@ &kylqeyr olhysicelylgees cangerise B4t map sndliiiat angeptiotad dwishingiacatHeneseverity
threshol d t epReLRE 4 BnRAJeREniRY Y SerdaR o %ﬂo\@mwn&&oﬁ Sk%e gXGRAd the
severity threshold tenperature. For exanple, for the thermal conversion of
net hane at allpt Busipsgcesflens gonyeripsimgy quflumﬁwwﬂmwlhthz one GrFICETUNHAt i 0 of
hydr ogen di | qemis thd dey ki omhabid 1t erauer atild ievisteaabsrue aae%ﬁéf@clt)@enérhm |
ene_can excee

process. er at ur es at r abo i el ds of acet

0 ot o6 of t nb oy BtetorTeHE. HarMa e s b it 99 PP EBETaS: Coty or Sol y.
at t enpenrat uihdsderebapredar 4fcam rdvedi€codtpenens, debdif@®n ﬁnlﬂanﬂﬂoﬁﬁ:ﬁzﬁﬂd)ﬁ uhior whi ch

yi el ds of ac&ﬁ%enqn rogea%hgodl 10 vxét %n%‘mgnhe ? %l ngo TTT;)} e[10060] Accor di ng
to one or nbodi nents o E egent techn gues, an eﬁhance process
is provided dooducted ewpr oduthe ﬁ@tylemé c@ztyte( el2go stoagmrfbrén@eamdcmrtgy lAsrae) , whi ch
are useful  dmbelndBAIARHLASPU KRl de paftBh l6r s RSt A hRT G2
products. The process may inclu various sta suc reparation,
pyrol ysi s, rieigeaipyusint4may inglude %@%@é@@m@weg ‘é;f?mage Iéﬂeﬁﬁr»é{zla’éﬂﬁ ¥and he

pol ymer gk ade (RpRREFo @éﬂg)v@@jth){ﬁeﬁddzﬁatgh@@ e&ge&o{oyg&mér eMRic clifnt hegal
pyrol ysis reactor may have operati conditions that are below a speC| fic

sel ectivity Rqﬁlﬁéaé‘ﬁ‘bl“ﬁ“ Hcpevadlsey nelde (5 et ylagrentigitgiy cPEprsion 9ds, <
8 4ﬁ or < 0. aﬂidm&wm&tllaﬁcﬁh takerk. OMis pZﬁﬁlaaﬁmehrﬁt 0h nfad fephidte ARLYlBRE gtolﬂudﬂeSI rabl e
ot t0|rrpr ve ss eco cs and to i e proces ability
Econor cs. aron 3 BB IR0 PES SCBISTRNE” el PSP Re PROBESeS cas
products pr oaﬂxmténda;aehmg Mhs@ver mbye poyduas, yick agrreovides so MaBlaab]ha@ itchelm t he
acetyl eng, pr oper i or.oye etyl ene
§ S gxﬁ hg t %%B%dmc&su@% 2 %ﬁarloéegnhca\rl%a Ao %M 21'1_%?% %‘Q’th%% tat?d f’?lg

wei ght ratio becau e subs anounts of coke,
whose produc@@bﬂfﬂﬁyﬂMKﬁm%WEQpéhﬁﬁmmhgaSU@@SBﬁbErﬁmUéMkyﬁmw@%hﬂ@WGduced in
excess amounhg, yi8dy El&ﬁf'dJ ﬁrodeglslr%% elnmfﬂt?ﬁé thénylal Dol %&bﬁsdcﬁ"gs hAEhIRRY T Ol ysi s
react or channel s avai | % | ow, and coke produced iIn excess
anounts may Qg Fvﬁh%é%ﬁle ?‘E‘V%ﬁ@épr("ﬁlﬁtrlf At BER Mot AN by rspvideddether at i on
steps), Wwhi cdinyighe gélpadreitioh hans tehe 1heats. anount s that may be used in the
process or reactor. At least a portion of the reactor product may be
further processed to recover polyethylege, polyolefins, benzene or 300t her
products.



[ 0061] Further, in one or nore enbodi nents of the present techniques, an
enhanced process is provided for the production of a specific distribution
of C2U (ewQ.201229e479| ene yi el d and et hyl ene yield), whicRCas2ugabaho f or
manuf acturi ng pol yol efi ns and ot her petrochem cal products. In particular,
the present techni ques may involve operating conditions that may result
ina C3+ to C2U weight ratio < 0.5, <0.4, or < 0.3, while the ethylene to
acetylene weight ratiois > 0.08, > 0.1, > 0.2 or > 0.5. These operating
conditions may be utilized to manage the anpunt of ethylene and acetyl ene
for further processj t he |ze and c aclt of ui pnment
for acetyleng’g nve ‘@HE¥?W gB% %%mhh s"Ha Bém:%ﬁif agior ﬁ’wglﬁgolve

| ess capital inemmemgﬁ catkrlysttah@or, a b:;mmeﬁ)afc i Thg pédcess @fal anvalvpaesslystesolvanges, the
use of conpr ess %cykdsemggg %gr stages may be m nimzed or elimnated.
[0062]Accord|ng e presen edﬁnlques may invol ve operating the thermnal
pyrol ysis reHmS%r db sdin embeihentsp erm@ttionpf glendietylicon & thf heswr ppendtmayg

condi tion LG j US: I S€

pressur e i ¢ g A AR EA Bk BREESNANS oaEbhe Mtus? AIBhL I8, e
oper at i onal B@tlcm Agke seatylepqamubrean ln“ém@é@iemﬁ)dpﬁél Iesatrsey éhe Presd WBYn gr ovi di ng

different copRpghi ?ramf 8£dSutt Qo tdR:r tREETR! pBXLR! ¥&hSask GRAGH Qers, TR 1RE €SENt
t echni ques may be further understood with reference to Figures to 4,

whi ch are di ¥E@seedeBEPER: PrOvEITYCHEi 7Y OHA Beenpl ary enbodi ment of the

present techpmogpyes thSnt ol ustd ah@diniehtst e hpliockooh | fesy diyans aopndQO @6 aFi gure
rocess .for th 5. of ol efins,

2. Inthis flow di 00 duct i
Such as b nyPaie BT mot SEREED t5Et ploafedt e B R dies s

pol yol ef i ns, Tisiéh tlesiopoimpedihly| enelatilen, utti & béigle knddiragh, amy techeanpgeddgss

pol yol .

I nciudes var éqgl cuﬁg %%ﬁ?hei? p%duc ?r&%‘%%% dBea i eggr%%% E{h‘é’ F%@(g?sisoé whi ch

described in ge 'S rib

i nvol ves cra@khﬁ@SUMégpyﬁmhyéﬂ%mﬁ@@deﬂﬁ@@%ﬁhéﬁ#ﬁmdmywﬁbﬂymsnﬁ@aﬁW@m to
produce a regetor,RfadClansThe pyrolysis reactor may be utilized at

hi gh- severltr operating 20 conditions that manage the C3 to C2U wei ght
ratio < 055, [0891). 4 Figye %lsesgnph@m {igeranpeatie {1 piradine 0% (5 othe SKPIE PRESYRt rati o

is > 0.08,?7 Qnleri?a Qydo@kbort f&ad5sucElé§ thhefal gdshe 5@%&@rsuews p&y@wn@tﬁd at
operating conditions that produces a reactor roduct

acetyl ene wefgHtarary a(f)‘f enlb"@m!?m of @eﬁeser&rt“@ gus: LI“h‘é”C%U”&%‘W}?%Or?eﬁt s

(e g. acetykEMﬁmamdﬁ@mbmhenemn@ﬁmihﬁmmea@&mm-@r@ﬂuﬁﬁmﬂmymbapﬁeﬁemh7 20
wt % > 50 wt % 9 se

conponent s o?r%?‘ﬁ ‘%cgﬁc?%)fe@ﬁ’}%%ugltﬂ%s e ‘%”ra‘“’“rt %%&ée)P”p"“ %391“ Stg‘%e mﬂelgcél’tr‘)({gbed in

bl ocks 208 tmu2m¢wswmuwﬂthﬂﬁ@heﬂh@wqweksé@1ah@mwmﬁcmbﬂmpasnmdmxmm&neactor

effluent to jgc ?erthémg Sl 00, BERBEL netPhpdckiubens andelley

propyl ene. Flna |zat|on sta perfor med
in block 2168t38[60%41}1¢@ elﬁ ke@b@geraﬂﬁyelrse}@arﬁm@wl feiedl4. ¢ qgm@wsafeéim As not ed

above, the hydiRcaphdin u%Q 4ﬁ§@@l a@ameﬂeruahmg Aendh JIRiGHS] ulfiBidiang,e natural
gas, petroleumaor petrochenical |liquids and m xtures thereof, or other

suitabl e hydWﬁEHWBB%W¥%%%@MM%§%W6W@dmﬁﬁﬁg@em%@mﬁpbﬁﬁ“%@ﬂ’mWH@”ﬁWH@bcarbon
feed may be mubimed, afl (RiO cohBEirQLbs, ﬁgadermo@@asmtgta@a lspmw:@’aﬁ@@ tvaich @fapn t he
L he oy or porg ¢ BBt RS P Tih v rorier Sy deativey e BErROLE Er om the.
hydr ocar bon fgeldtr, &discexdryplo@, Further, similar to the discussion related to Figures 2 and 3,

various units in this configuration may operate and function in a substantially similar manner

to the units noted above in Figures 2 and 3.

30 [0092] To begin, a hydrocarbon feed may be provided via line 441 to an acid gas removal

unit 402. The hydrocarbon feed may be raw natural gas, for example. The acid gas removal

unit 402 may be configured to separate H,S and/or CO, products along with other sulfur

species products from the hydrocarbon feed. The products may be provided to storage or

conducted away from the process for further processing (not shown).
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the feed preparation processes optionally include renoval of inpurities or
contam nants prior to cracking. The feed preparation process nmay include
m xi ng t wohyvweapbon feed with a diluent feed. The feedTaSepanat2ion
processes may include one or nore of condensate and water renoval units,
acid gas renoval units (e.g., caustic or amne treater units), dehydration
5 units (e.g., glycol units), nitrogen renoval units, hydrogenation,

denet al ati on, visbreaking, coking and/or vapor/liquid separators. The
impurities or contam nants, which may include one or nore of carbon

di oxi de, carb xrde sul fur eci es tes and naon volatiles
(e.g., netal S?’Q%ay . ARt étreagwgymrrdatﬁrtfﬂﬁh% @asgmoyahuyt YPafaeiee
enbodi ment, 430 hiy drsoeqhdiemnol eetﬂa ﬂmyéxpandblr m@enmumlt@tdpteeﬁrlzm Glan@r e
material s t hﬁtr eggrr? n%[ narr;[m ex ngl’ed fpom a Frs{ or 1mt1a1 ¥egsu1e 0 rhe ! S t hat are
in the liqui d"or spoti ase?y at  the terrpera re,  pressur e and corrposr tion
condi ti ons ofeed ﬁren rmlveﬂtl t¢ the tzhreplpy pobsySi(sg.r @actaly = INYhpse(@BisitPapl te the

nonvol ati L es rapl parts
per mlli on B\reSmg P %%?ﬁ/{/ﬁ?rg\%%&gg)gﬁ féﬁse Jrﬁgﬁ (% %Orﬁ o fdeﬁglﬁ) %)L T%lepprrw
Conbusti bl e mmd%rt@@mlmg be @mglded Yigfine %ﬁhﬁlletl@ﬁéﬁsf,y uniSHR BheBeQRyy be
present at coRCRHtY-aLddanS. Up%teqrﬁrué&/cggfmtdaesme;ér et Qeardy9n JigedroR iR er abl y

at concentrations bel ow nore preferably at concentrations bel ow 100
ppmw, and mo¥eaPr éf’fl“ePréﬁ‘fcff %%y Reghedlit fatiprasrserseryeed oV R BF PrRes (Bt al
hydrocarbon fuegd piqeding (1Y BRI Bgdig Akt am asy be p@wa&a oha o@ﬁ@ﬁ%@@dof t he

conbusti bl e nonvol atiles do_n resul t essi ppmy)
concent r af i oRS " ‘ﬁ% mc@??bﬁgt &%‘f %“?ﬂtsﬁ ex@%‘ﬁ%{t g 'ﬂg‘ &P?BF%IPZG tﬁ%fﬁ?ﬁ% t he
hydr ocar bon freedoimayig COMPkPEY t€ rhgdiermall pyamﬁhsczeartdne pesdure? @behponandgle As a

second exanp ro st antially methane

(e.g., > 50 Q\E%S)HE g?%@\i#}ﬁk?Slé&Sgpaﬁéﬁggﬁ%{ﬁﬁy@% ysi s feed). 10065] After
the feed pr ejfd4t i dive sxmaged sthe pyr dényisi moviided do fhs therread kpdlysin rdodtockd0206. The
Feact or o comiaE R T e B B o
product i'fAcl Yidesreere %rﬁa%%%ezwludamtha% hyslsegen At Fymbingieruidiereot iy B gen

(H2), nethan@e pRbRANEed. MBI t0AREdiNLARE abSlicABE kRN By roRNd rebdor AV AGYCE S
(e.g., benzene, tars, soot, etc? The reactor product |ncludes conponents

that emerge PFBHH IHS e EESrOTdFICENSEE % RaFEPEABIETVHEHIN Ao eBeCor, i f
any, as a regdktd, ak I@ytbqtrycsm&r teactor eff i@k nmay ther@aBpyiolysis reler # Waadyae and

| at er emer ge, %ﬁr g mtrﬁ Ioef the conmbusti on products). The anmount of coke
remai ning in P essefior iy "5 S8t ermined from 30 a mass bal ance of the
process. 2FurlOh®, tiinthe tdne\remedtagmur loisy & ptigned gt ovactmgy odupiohaycde passyd tofhea
variety of t a se flow
var ety of VRSB P YRl KPR HElL A5 A SUSASKAL KBNS

2007/ 0191664the @%@ﬁU@mbrrfmmBrﬁm iftrré rSU@eh%t Qm@naﬁarﬂ%omydtoylsthesrerce&ct or, as
descri bed i npr!s!iu@t frdnethe Mact¥Oto azterﬂ;%;lattgégi theH'ax?ge JrabeNb 4680 dr GRkd QBreraglyi al No.
61/ 349,464 and U . S. Patent Application Publication Nos. 2007/0144940,

2007/ 01916647%m #0030 tra756 T4 22y01li7¢8e srp ety dscslugs plopg itk py ity fluid foypeveseat her nral
pyr ol ysi ssr1 e@gh @le, prodessTRY 180T alisCodbthd §RbceRYd. Oliy Sdr&ind@Shol @RPE! @E WELS

bet ween 1200. 0C angazzoo 0C, pr ef fer ab Y, betlvrﬁen 1400,0C to_1900.0C. In
particul ar, PEPEBALR BPSISGIEHCCh R LupiRdP el Naseronrafuct Bom R &Y at ur es
may be bet weeniriid5hc @dﬁn&rmcbfl:?a’ﬂﬁ)m@ﬁes oln thietmeelimehd 4K ﬁ@mnﬂodu& floebMe 0C. For

reactors wt Gaussian lJ of. l.e K I S

t enper at ur es e"‘r?u?‘” "Be Phé e hmu hkt%sgg %S(fp de "‘i%tﬁéfg% Iﬁga%lS}((act%ﬂ‘ 8 (3@286&9) g&aand
1800.0C. In taﬁrm fiiomay berte"mpcrledcteéls Trlrﬁy/lar lnvéﬁ?v@dmégedrl@sf?a@@%éi glttli248

kPag) , . g, (hé%dctsf’ag,huc@ frofh &9%3&&' i n{a&ta%etr P%g)ate tﬂmhg wy. 300
psig (2068 kPag) 1034 kPag) For a
regenerati verrlg\/e‘raﬁéélcful%aplteéei%eﬁd’rateﬁr the %ﬁ‘ifotﬁé’%ﬁ@dathédyt%‘/sﬁaf@eé‘ o ¢l e time
of the 10 combwustii@nBst@RiANEs ThE RYFOtYShe &haRe tHRherbyScMALWRBNNHPE. S
second to 30 secong Further, for a regenerative reverse flow reactor, the
pressure in FAESH aﬁ‘llffsr S step may be similar or different to the pressure
in the conbustion step (e.g., at |l ower or higher pressure than the
pyrolysis step). [0066] At |east a portion of the reactor product may be
conducted away for storage or 15 furthser processing. Optionally, one or
nore upgradi ng processes may be included in the recovery stage, as shown in
bl ocks 208 to 214. At block 208, the reactor product fromthe reactor may
be subject to a separation process to provide a bottons product. The
separation may renove one or nore bottom products conprising solids, such
as higher boiling point materials (e.g., contam nates, solids or

|rrpur|t| es) fromthe CZU | n react or product The 20 separatr on process may

oy o o o o



acetyl ene conversion process. The renmai ning reactor product may be in

| i qui d phase, vapor 25 phase or a m xture thereof, and may be subjected to
an acet ylwoeoomv@psi on process that is perfornmed by a earaiSgei/os6214 he

| i quid phase, vapor phase or a mixture thereof. For instance, the acetyl ene
conversion process may include acetyl ene hydrogenation in an isothermal,
slurry or adiabatic catalytic reactor, or other suitable conventional

techni ques. The catal ytic reactor may enploy group VI or VIII catalyst,
catal yst binmetal or trinetal blends on an 30 alumi na, silica or other
support, as is well known in the art. For exa the acetylene in the
reactor prod{fP6li s ThsSeeaercionprgdust mpxghienghe pfﬂk’%%@éﬂl&{‘é‘aow PR A4t 1P qui d
and t hen theme%I beyélﬁnlze mm@ﬁumtrerf@ﬁd@ﬁcmbemgﬁr@m \tHhEneMSSI.U[rd,he Allid ekl 313
conversi on pra i ch, include et t|o VI ed to
2 urt 11 cat | O HioEbul e TopPT e [R5t st ey e thacty R st age)
di stillati onreactorr@éduriges ateeet mhrsthffeieaxt mtmhamml Uth irgtascedmmaat dilawah anit,t ower
and C2 spli t§&% ¢h %98%31 §U9H1' fle @&‘Péat a;% OHJ?& an%ht%% QiaPMlalot 'ta‘f‘sa{r{;]&’he‘)f t he
conver si on pro be red, stens, ‘such as found in
Ki rk- O hr ner ccr@ivdy@hfeperdfihat offor @hmneazhlt ﬂE Ime@;hlng)le@mr prefiubf ipghirpdvoeil, intvol une 9,
John Wley &;5Q8Se 2@ R bofRéhs ﬁ'géhcﬁl%%mg [EBIYds %wut%% bolttgmaﬂﬂle thé){%malnm

purification systens, such as that deScribed in rner ncyclopedla
of Chenical TFagHmdyelowsop aéalih%ru%ﬂet Vo Inrde QWIGCmndIWPWO%@%W 0f1996,

pg. 249-271, th@@mn@drﬁ Reous &dto e@teh@lrseﬂegamrmhe%ud Rewloumdsin dbppmePat ent
Nos. 6, 121, 5003 960 643 364 gogq 38, 892: 28 074: chf 288. 473;
g Efté% or

5,102, 8410 45§ ¢enipyy. ““1214‘5,"@8 Hipons p &F‘é’i‘ﬁ“’fiﬁn N&Y be gipifedstor iherep
Pat ent No. Ofpd&idng vid100889.Optionally, the upgraded product is conducted
away for stomgﬁ or. for furt.her prace 5| n rsion i

pol yet hyl ene. At bIT(%I(e: }f %mal?lﬂ%re (fr)?rre‘r“ftza |oﬁur[ﬁ%yco?lnc Ut an%B’ioﬁld?CLtg gas
phase and soihatcomemléiyﬁmmllmatélﬁbn"lhaetShmmmdvat(ﬁxchaogwelanbnaﬂay probgesses and
may be enpl oyed: | i f t.te J : xanpl e,

I sU. S. Pat en%éﬁ'l\iglsng r%@tgrzgg%ggﬁ&%thgi%hggg&ra@ﬁgg 4&%@%&%‘%@ Jinz(gg bag%‘ escri be
di f f er ent'Set #jCené0056! Yherdmratsion 1 proib swe opehasimiayiotke demprepseeds of

1007010pt i ongillyy 3, hd}e GRAYESSkQDe %%iéa&tto §Cpsth (345@@@/)&@@@)}33@%5@@1»4%5 ovi ded
for other processes or used commercially as a final pro

processes nayePPHEE A GubReruEht RigFeEtgyleRn i ‘ﬁﬁ?’&é‘lﬂb‘iﬁiﬁme@fsh‘é‘ﬁ C‘H?RS%F%t‘%ay As an
exanpl e, thengthByitiERe iStht @RBUNRY rBRtol pRAIEE, maid@in&EPaugh ed paidekspotgNeri zed
to form plastic conpositions, which may include polyolefins, particularly
pol yet hyl eneappi&ﬁﬁ}atgg‘ﬁvé?ﬁtl onal process for forming polyethyl ene may be
used, whizbe pas&l ytiihe ppisodes sastoapreduor edyehdndd . prd?died via lihad 9o preet@nsted ar e

rretallocene, i | er/ t mOXId nd a id.c | vtic tens.
Exanpl es maySe érgt% mt ﬂﬁé)t%dﬂgs Lo %él% %’a raé?@h% prcﬁlug% ?IEQO;
5,892, 079; 4th65@166$@, redbt@de@BSuclBaSGW@t 9@2910%018@’2 h@@ﬁprod@@ ancxdne 3, 691.

I'n general, fhes oa‘ﬂshﬁ&lﬁbé BghoR HADLAGHE RY nIol»’éehg%‘& 1Y GOGRMPHYRGudM th a
pol yol efi n- formn cat al YSt at a preSsure and tenperature effective to form
t he pol yol ef qqappﬁrpeﬁam are lighter than Czs or one or more heavy products that include components

25 that are heavier than Cps. Lighter than C, components may include hydrogen, methane and
any combination thereof, while heavier than C; components may include C;" products, such
as methyl acetylene or benzene. These light gas products may be completely or only
partially removed from the remaining reactor product in the product separation unit 418. The
one or more of the different light gas products, such as hydrogen or other gases, may be

30 recycled via line 465 or may be utilized in other units (not shown). The recycle product
provided via line 465 may contain small amounts of acetylene and/or ethylene due to
inefficiency of the separations. The acetylene-rich product (e.g., remaining portion of the
reactor product after the one or more separations) may be passed via line 467 to the acetylene

converter 424, which may operate similar to the acetylene converter 312 of Figure 3.
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[0071] Beneficially, the proposed process provides vari ous enhancenents over
previ ous techni ques. For instance, the process provides flexibility in
managi ng wopnodwed7’s or 30 contami nants. That is, the pPOTAS0UTAY62E
operated in a manner that does not involve additional stages to renove
vari ous contam nants, which inproves the efficiency of the process. As an
exanpl e, typical high-severity pyrolysis processes, such as parti al
conmbustion, typically utilize oxygen in the reaction with the pyrolysis
feed, which produces carbon nonoxi de and carbon dioxide in the reactor
product By not utilizing an oxygen_ containing streamin the pyrolysis
stage of thé e?ﬁr%"éiel}’ﬁ“’yt%ﬂ%ﬁt? P LeNA5R9 Mgy S PHpRdria ine 400 &yjetrags fediEike” cop,
are not i nh@f‘(ﬁﬁﬂsllnglrmﬂ%sﬁﬂﬁs (ﬂonsmtw), 5198100 Fec1QIAb 6k theil Bftoly@chdeas 41he cost

and d|ff|cult|e na e inpurities through the process.
100721Al so, fWéO ng%ia% %%’V%HS&H%E“SI i mpurities based on the operating

condi tions Q0099he The gchiglenetichpyrodiktyBaysba ﬁaﬁtsﬁd in fhbatetil®e chhertgries ent

t echni que 0S |y, ratl itions that
may be USSZ d %‘R) ncg)ﬁggﬁox{)}ﬁg&ct tﬁ%ﬁs ;Ergxg gjed ? I%n%%%b 0 npdlrl?l? ! um{.I &8“ 1gler§1ay These
operating condit slmﬁsr torthy pvrrfwhﬂmelmpéw@f ﬁggw@Byé“hésplglésatmempe@émy @sdg540C or
other. sui't all &naRERAL e GORGL Aozl 165 EmARA! RHLNAGORAN ] 2%

conprise a peak pyro SI S gas tenperat ure equa vé 1400C and a C3
to acetyl endofeyi ECQ) t4 &2 Llesto emgvysthagpnd putify ghwiene 48 palymed gadove.

These oper akeip@ng @mh:;dr@;l& »au&etr@djcbkﬁ@r@s@oﬁ end REASRI @%mawnq%t 'rﬁ%ﬂ in the
react or roc

eb certain inppurities in the feed (e.

asphal t effes g‘ﬁ‘ﬂ?eol?m c‘fgﬁgg’%@ ° PERY 45 TemaE déu ey bteH’éO"l‘dégé‘t oF e%kﬂﬁlﬂm‘conver t ed
into acetyl @ogmetatiy @memcarsdo{v@f) cever, Bx)’tlrﬁ@(@@ﬁgdﬂzgloh hie fneﬁdatio@ uhipese 4/
operating condlt 0 tar and/ or
coke precur 67 Separape thebcon}’f) Srl%nepd&{uftfm%a fﬂﬁlﬁloﬁﬁ% Spéh%tr‘beghagﬁﬁl%g@ﬁ%’i/%a 15 from
t he process prOAsiecavm G&u47t3 to figegts splitteihunkri4gh & pasp lgaletadnestgonire pirsofivey  be
managed t hr S ki.n capyent i onal
processes. &Hﬁgr&%%%}t M\Aﬁ%}'%l Blngﬁegosgll%ﬁeégm&?o ?n% n*%fatﬁ mted to

sul fur ald nrodpydeom @erﬂlfélpmdn@ cfbﬂmdhm@mlon%WQEﬁaE@ﬁef vrélr 60r y n(tHg9n salts,

wat er, H2S, ﬁf;@&t mapge NeviddIB¥: 1RE 4TPRIPY§ELRS futhd: pﬁ‘orc@s%g,whqgm@ml Rbhf to or
after the thermal pyrolysis reactor. That is, unlike other processes, the

20pr esent t 8RKAAF M@eiﬁt"ial ling 434 b e ey b AUiheT wRgs vl SHalather baYiepyr ol ysi s
reactor to gedvagion bdeud: (U Ishifa@E C, 1 &%Bﬂeh@ AcldhstdiiRfe adfor PRHAE) abowe, by

usi ng high-severity conditions_.( r tenper.a in the pyrolysis
stage of th&PRPGLd ’Z&’e pf‘ﬂﬁcaﬁ?“e‘g‘étn 6t ‘@E‘ﬁ}hf"ghg% p‘i‘?ﬁ'@?‘%ﬂﬂ At g%)c@‘ s'gfrge ?‘J|OV| ty.
That i s, 20t héurpyr pbysing. Shpagelymale lendealcotksiopyrabiysias bk @ditkedts 4 @sydience
tines t hat Bé‘)trfuc"? 0 toublg\ﬁﬁgedm%qie%h {1inPY% %gx%enstmﬁ%s)nuséptt asml &Wf?llstorage 01y

processed. T he pyro yS|s icien facked and
the react or figihgrerrovespinbe smal l er (e.g., less capital expense and nmor e
efficient). [({OQ&)?‘” Kug E}Qﬁ'ﬁc %;(zfnlpke’ thd %bﬁ%uﬁh&hm?}ﬁ %!Iltzé’d t%%gg}eﬁlrgw ngilra]]t he
thermal pyrolysis reactor provid reat er ex I'n the pyrolysis

feed utiliz&¥ inA rplyethylenge dipfhis erhramleaﬁ%e feeqw@eqﬁwlm %aesmaonqh@e@n Bey ete deri ved

froma bfsoaeleefrovmﬂ@eomﬁ@y&pm@frszmxéc%e@lﬁumm 4 R epydicPgRNWGRAReENt s and
advant aged f eeds Sia&F eav aromatic to nethane). These advantaged feeds,

whi ch do nof ¢\ y 1“1-9516? fhegpal pyiplyaievrarp 4 Oo s idhes T EEARRISN or
react to | ove®érse/@bweeactor. The recovery stage may include a heat exchanger 412, a solid

separation unit 414, a compressor 416, a product separation unit 418, an acetylene converter
424, and a purification unit 426 (which may include a de-methanizer unit and an ethylene
30 splitter unit).  The polyethylene polymerization stage may include the ethylene
polymerization unit (not shown). In addition, in this configuration, a power conversion stage
may also be provided, which includes a nitrogen splitter unit 430. Various piping may be

utilized to couple these units together.
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products, react in the process to provide C2U. The high-severity operating
conditions, as provided in the present process, converts the aronmatic

cont ai ni nyoant/wpe7aet hane contai ning feeds at hi gh | evelCs/useonabarabl e C2
products. As such, the process nmay utilize a broad range of hydrocarbon
feeds that foul or are unreactive in other processes. [0075] Moreover, when
the thermal pyrolysis reactor is a regenerative reverse flow reactor, the
configuration nay be used to control the tenperature of the reactor product
at the 5 reactor outlet to a terrperature between 300C to 500C. That is, the
process may ilize p 55| 0 cess to vi de_a reactor
product that ;l)& ﬁ%tt 9191 HTYGI%W |ve qﬁé}lnc%llaﬁvgn”g §% (5nalyo%er t he
react or prodpotested nyite rtf&tﬂsrmelhty[ t@@%ﬁ?}gb or gohdid Yagpys chmponemeataliffonmt gagot mer

embodi ments gf fRACNGLALL V6, Eq@dég ScﬁmIaénQ of the n£t§1§1c 8 ées lrj tggysu psut |1 zed
i nstead of oxygen gas as mbustT on SR gener Ate heat
for the pyrohdahlsgas bed u@@n@,ﬁé’%ﬁuﬂa@é}uRﬁmarsitreqscap@n%@e;bapmoee@rep from
the reactisoNmat 8l inAGCRLALNGE N exdnthisS tﬂem QfhafP8H 1o GbHA bR uliBYhs (BIC e
capital costs and operational costs not requiring an oxygen fee (e.qg.,
oxygen puri f M&abs EROYed diomthg ré%OfSSéﬁaeso ém@[@temﬁqdves t Wigrnaly d“teuNCiIzed to

rﬁmove conbu&uc%npr@guset §r0fflﬂ&ﬂ}tot he By agardarmef fdwemylenlS{rO&Yy?elaEulrt her,

t he process 1 ti onal i. VO e essi ste exanpl e,

bet ween bl ocgﬁ%@‘g r}’? PULiteS SP“XW&%?#&Z g d’?ayﬁgé‘?ﬂ’ﬁréggﬂsa%fo &S @d%tpr essed.
The conpressioon oy thentkude pgolyps essor.s Thhals, ofke atiler atocesids| @fe Pesessur e
g_ggmnggp?I g?éhnES Sﬁﬁgg é%ﬁtﬁlgocogé C%’é éﬁg ‘rﬂﬁ %ﬁ m%il_ﬁyro B/Iswmr)era?toxp Jc’oe}cnaer{aaeg %c)kyesf rom
depends uponinphstiagper ati ng pressure of the thermal pyrolysis 20 reactor.
Further, theogidpess FRih ¥Rl EPaL %b&?m%} BPRichliRd W B RBL: Gufifon! €AST 2
portion of the reactor product into an acetylene-rich product or stream and
an acet yl enefFiERMt Friys fcatiops Bacpusa e tbmmerpywé}gsls repgiel sl @eistirgacontigodi f f er ent

products fr oprolifCenheBhdhs6: rﬁe@x@@%@xﬁnpﬁﬁt@g up& ihstinde e hEE PHGEMovEL RER02, The
acetyl ene- rlgrg pr odulpt i ncl 50 wt % of the acetyl ene in_the reactor

ma
product, 2 7 e récewtY, PRHEYG 3¢ ﬁeéo?de%fi??‘%?f” prSottaic pe uaitsgithig g of t he
25 acetyl enehquﬁﬁédhﬁtufeﬁ@z&t(DNpra&dUC‘dr gaserocﬁMEbﬂ fRilp Miie @f)e bthen@getiyh ene in
t he reactor oduct. The ace ean t m nclude fromO w%to
the remai i ngPEaRETEH OF oS L FG AR RIS FenBrotiy S GebbiR e 1
product . Theremeimavitim ¢her padysesr feprt pld»wded mathe pes®r thhmongglertom émpuriticore pr oduct
separation p ht duct
Separ ati on, | PRORRe BrndHE AR Bkl rBF SRRk Rl B BERIREPCET g
and prior2t ob%mfw%@@élrem@l\fefq@é@enltodllCngmstl@ale wrddnet & yed §r fueh Porfvélon of
the 1ight gagodf: hilerd $aGdANo REQEUS tlay BRYrRRled PRACAUEHo@R1s!th AR tn DR
products and the remaining reactor product may form an acetyl ene-rich
product. ThePIolgtitregshs ewm é?new%‘e% OFrifyPthen BRI iFethe 1S PEdgeioat i on

mechani sns  afa@Rg. WshBpedifib @ﬁinﬁaleV\ﬁS Brodfc@l fr@XdIPL &, LAUSY b7 MBS r&'}/cl&ﬂfb ne

scrubbi ng, t ond ct the |i S product fro
reactor produtt™ g}i’yr‘&sﬁerf’ac g% ﬁﬁ?‘?tpé"du‘ft‘r‘@%’lcﬁ@i% figd an %E nﬁ“ ﬁ’ﬁchanl sms
may incl use peessuchRigawi ﬂgvxacdglexlmtnymm coNBlmr witte StheiC prypagesi sncldlastal gdsat i on,

el ectrochem ¢ absorption UI d

absor ption a%%lulds Cﬂa%ge%’eg&r Illa%llﬁ Y- & ﬁglam On‘f)lmqar%ccht’()efvgl 93?%@ 1(.I)ar1 t he
pressure sw &agln@dﬁofrdpcmgoﬂleumsetl i70¢ BYsrse raveges edshet ween 150 5 psig (1034
kPag) and 25Qy{8] 9 Aichdrt theRAG) of MUtds 8 S8 alelsftiinhs P r nd 1ight
gas desorbtllgn 1 Ab L?g tl%’or medfF‘{gEl S?é‘ssu?éss be%\?\e% e%ﬁ%fgaﬂ(g g%atEPag) and
250 psig (179ds kqa%hg9f theﬁhelmft% @ﬂntaltga@vglwamaeie@rplweléhaﬁp@ﬁs H@ayxaﬁeleuged to

separate 3b1yd§epeg§ian ufiefBP MoBNANE URn oNELARBINRY drihd, sQERMH2 B @ a8t ghs. | | ght
gases. The lig H%ly ?d roducts such as_hydrogen _and/or methane, separated
p

fromthe r en‘ﬁ‘?cﬁid Terps smpgdinpgns “i’%é‘&‘(‘%?l‘hffff%‘ﬂ%tﬁ Nty manngr- Hari&ed™ss t he

f eed di | uentaddiibnl teh@odifetsyabhigy bl JsuSed BaBEObslovd heede StilitepPihN@essedi UM
as a fuel for]}he Hhi&nal gyrglysis reactor, or as a byproduct. The |ight
gases may coftear NS PiiaRyss f the methane separated fromthe remaining
reactor product or cracked stock. Further, in sone enbodinents, the |ight
gas separation may include additional stages or units to renbve one or nore
of carbon dioxide (CQ2), hydrogen sul fide (H2S), and water (H20) but



15 al so may include other reactive inpurities. In particular, carbon

di oxi de and hydrogen sulfide, if present, may be renoved by washi ng the
st ream wiwb 2a1290barpi on of alkali or a salt of an am ne @cTarsganoestine. |f
water is present, it may be renoved by a nethanol treatnent, such as
described in Belgian Patent No. 722,895. O her nethods for renoving water
are adsorption and extraction by diethylene glycol. Various exenplary
enbodi ments of this 20process are described further bel ow

[0079] Optional ly, after block 208 and prior to block 214, a heavy product

separation nduct a pr.o of co densabl es fromthe renaining
reactor pr og@éﬂ&?Thg W&%&%Ef’&%d‘fﬁﬁf@ﬂ@m S (FPAROTTY &g OPfirﬁ?f{]a&glﬁg’f‘?ﬁtt
condense, Supll’essa&s benkeine, enbancartee se@atioat ed thei @stemol adr sepafigt inoksnef or
exanpl e, S a rtain
exenpl ary eng% d)d n?eq S, t\ﬁg‘P}g@K 1§ Wo%té%ggﬁgl&e issnré q6§ura Jlf‘tlggnt %re%suies sch

Fi gures 3 andregburef 603@0115@ @t @’38), Pstapsel (3PY KPdagedr dileypragdpikeag)] budlter at i on
300 of an sexgmp|RL aﬁa}pgeo\%%mg @r%s:@ag)ekﬁasmlghyﬁ&%@ Qpla &ﬁ%@ d@&ﬁégyet hyl ene
in accor dance wi th an gsent technique

i |l ustrati onoBdficren Cﬁal?lthﬂe@ﬁ th?recéo erﬁsgﬁﬁ atglws 19r pvey thp thét;ﬁéﬁcbzﬁqd@ﬁgve(maye 30

units) are cg@@g@qltgoggﬁh@%aytb@@mﬂ@@rﬁ a hydrocarbon feed to pol yet hyI ene.
These units miiql ncl ude f eed seglar ation unit 302, a thermal pyrolysis

react or 304, 0N 4 Fashalhe tharma PEBlEss wadBhpre RS tRerasd 8t difesRt damictalEespar at i on
unit 310, anbaekby k}er@e@mm&rameﬁ aacnaroceas puranafmscarneoaiffmm ttheddhdl Bidlysan

et hyl ene poI 5|Sza§|%rcllg S Ih .par cul ar fotr thtlalﬁconfl uralon t he
feed prepara |onr stHgE By lcllculagc? & "ééidpré)%eﬁsﬁaﬂ}beﬁ e

cracki ng st agecondingly, nzcch mdetor hdyeindlinie diffekenpyican$ o8 insasndr@ohotemBhdyre bhmatr ecovery
stage may '”ﬁJeHﬁg g Jd renmoval unit 306, a conpressor 308, a product
separation unit i an acetylene converter 312, a purification unit 314,
and the pol yHoHSl enfs pobeyifiecikaratld &n asthagel praglysinshadethe rerobsihyireeis

pol yneri zat i Qé’ateury%t s%ﬂ;@ma%hg Qﬁ@ﬁ'%sl%at@ﬁ b aneWbREoEXR:iBh. n%&up fDLGqdet ai | .

5[ 0081] A hydrocar bo such as fuel oil (e. g. at nospheric resid

and/ or nafur Qﬁte@%sfomﬁrth%f}ﬁé’?elss@?tt ‘éblpéroh?’ﬁ et BBYelst Bnztor ThY esieysidter eof |

is provided mhdioh |oﬂeorﬁ21§-tldnofe§dhtﬁatf}%§§l t1REJORd SHateON Ui Keat3Q2 co8ctRObfbrabove,
t he hydrocarbqn.feed

N gl ﬁl é/ @ﬁen content of %5 w% 8 w %
to 20 wt % (e gV iBENETfia eﬁese BRA9 W WY el er l%@erveﬂéﬁ F #i**Yas) .

Opti onal | y taids haaging thé eids m;g chebupticd\sirebad. Wit anyl lbcraeorsﬂﬁ solihhadriah®yg ai ncl ude
H2, N2, e arbon,.. whi ¢ e h droc on nmay
be a hydr oca er%rgt\l/l\ﬁ%t %a%ls t%%n !cl}ro e‘?le con Seuﬁ 1!rre fi[ thiCE Re 1y gr técar bon

f eed. Thewodi Whigrthe W%@zﬁlsmyanbéelmf@dedw&dp@@tmatmel Haydteogentumdmtaribwm t he
hydrocar bon f.ee6. t&qf05m,a [ \V above a
certain threshol 8.&1|(:iur IEe?lﬁllélr Tﬂé‘%&hﬁé}eﬁep%t%ﬁg o?%%g%tﬁ%({ﬁﬁgéa pgtt%g’%e added
to adjust the 95 mpigtial Yersadsangts Iqugiont wighin e pegeiar #ndrpn ik ‘ton@@@ﬂﬁﬁ?“% used to

separate thecge@qgﬂgfmgecbym%@lsaeay@por product and a solid/liquid product.
Exanpl es of eﬂ ﬁment suitable for_ separati nq t he vapor product fromthe
se

liquid produlf%hci'hagt=d REBelrYsy rr?fmo’(sée %%%“ﬂ(é‘ﬁtf‘i‘r&*}CF ondigyration),

vapor - | i gsli dths emﬁgihr@lrt)xe p}&oli’.‘ilﬁ@ hcedsrddﬁﬂr Sdﬂlﬁtﬁﬂebllls@t f® mx@qﬂdmaﬂ{ yBdnibustilgash drum
havi ng a heat| means he dru u m havi.ng a heati ng
roans it hi nEHE R RBCR NPT 45T adell B RSRED pEPEBAOY iy b

separ ation, thhethtesier atchrreacofs dretef @ @d neepaadt ston  Uind part’iw)z beR@en the

mai nt ai ned b gy be
T Daren- o SHHEA ROF2LT30G, 9L 8 ELGFANLY ORGSR TR,
302. Dependi sialah eterelobpji oEfarebmplef, eethe combustampide, ]@m@@f@ieltes ma)ybfbb;oﬂ‘le@adl |y
separ at ed, f rqm { hﬁner@g{@ﬂ @h&‘&h MNP &l éuheec@mpe\%&r&qu&ea%@m Alal QAditioh Dl
solid/liquid product of the hydrocarbon fe may foul downstream|ines or
units. The sEMedPain t?fﬁﬁ?féfaﬁdﬁ reavmﬂcﬁteﬁ%yystatw BH6 SHEAMSVPAAY thrted! andmy 25
be w t hdr awngidn 1saamveekivk kOme kg pfnﬁﬁ@il &&@@Eﬁf‘eb RhaldMélitivaQ 2e@§. EoRlt, 0NE
product or s&lr eam |a | i ntg e furt helgyh@r ocessed gr utilized

Por el °f ortt g etk i) s otpot piand torEhnBr TS ey apor
product, whi@dunsfeisthdteqptacolinytbe sadt@edhe tamy“fogk mirdlysthreasamperaifet eankt eed
separation unit 302 as an overhead streamvia |ine 325 and passed to the
t hermal pyrolysis reactor 304. -36-



30[ 0082] The thermal pyrolysis reactor 304, as noted above, may include a
regenerative reverse flow reactor or other suitable reactor. Accordingly,

t he t her msiD 2p1raobersi s react or 304 nmay have different pi pcmgseanfosque ati ons
to provide conbustion feed (e.g., fuel) and the pyrolysis feed separately,
dependi ng on the specific configuration. WD 2012/099679PCT/ US2011/066210
[ 0083] The reactor effluent or reactor product fromthe thermal pyrolysis
reactor 304 is conducted away via line 327 to the solid renoval unit 306
and ot her recovery stage units The soI id renoval unit 306 nmay include

wat er scrubbin oi | scrubbij cl on ?ypar ation, electrostatic
separation, PPFIPRATHREAUERE ‘8 edrlh?ﬂ erjfd Hi’é’if]’ SO SBPPERSH S Y S tieueh the

appr eci at ed pol@dac eacrbr (ethS@acsmgtregrm Bﬁyc\dfaﬁt té@ﬂaii))l nede tkget Methe ian wine or

nor e unltsto rtain i ons n.the syste r _instance,
wat er scr ubbfi éecfa{sec%ﬁ;%m@?rf‘t&rees n(]:)merdértm‘/v 10% rb“lmgoné aﬁtgﬁ)nﬁqaég)ﬁhléﬂg&’ a8€ﬁ?¥ sol i ds,
but it |im t® soheinfigitoiner ipyoaf actuallit approadhiiee wfid lemparttureOHowser, ulshiyngysisay be
utilized Lorfg Pl SGONEL Yo hepth sﬁomn&vco%ségﬁ PRACORL S iR 0 and
enmul sion formation one separation m erove sol i

carbon, but isowpergitigethat sawlil Ibermela@lf@rbml d@/l@dbudjsﬁs aBhampeoosit)athitcs sefpiar at| on
may have profleEBvwi i GhoagiAg lﬂ)?gxa?xw b b LLRUL ttﬂamngu@outgy ufb@RAf ;deposi t
bui | dup. Adsorption and filtration are limted to handling small anounts of
solids and mR§MREPYSPLET Tedrinri the Bl eas mpeietustiptyitedakst asibe pyEiee IRgngatpEsul t
one or nore @fer hdyasuld: @CBNEIA SR REK HRUMPJiLEhs (DGRIRRS asithe I’ﬁ%{ethﬁ)si -0

provi de the aptﬂoélaprl at e separ a%tjt%edﬁ he solid-liquid phase of the reactor

product f'f oniFHEFRgRgedEm CE&EE*Hs away from solid renoval unit
306 as a bot fooms] prI@dmetmal wirblgdis ﬂa@yxerbtﬁveaeablﬁi dysters, tEdHe@t&i@and/py&ol&dﬂ’k&cBZQ The

bot t ons pr Odllrll%%qu?;ﬁiél %eg)g t 151%? a%gang %p, usu%]ky’ Ga us.%%)n reacctilo%or c}%mg 10na gte{%rnlas‘t ic oils

and/or tars

filtration owseélodetitiosvhd m@te@ép%ﬁceztdl, mpnyrollyils St 1€kayrlexdr0uwbat abgotbs ﬂmayfrbte handl ed
vi a washi ng &Q'SLIMﬁ'fnaf@ﬁ&l%)effgf @Qﬁéﬁ{l&ﬁ r%@ﬁon-rh?heb%htgo%expaﬁ %gcl;e EB‘H ela
recycled to the thermal pyrolysis reactor or e used T“in 20
the thernal (PiRBlgsirdn meyes gfengion df metipg theplid i typtph!éf Paraitanmgeptiiact or

product nay fReioNii QdﬁﬁM%J FeR1¥h.S Obtothng-6J1a VdbterkN blpe 300 @esst@ﬂlw@é/%hﬁafé stream
via line 331 and passed to the conpressor 308. [0084] The conpressor 308 nay

recei ve the li‘eésrl?ﬁ‘i“ﬁ? Ay e eBvingrsolit éﬁ‘d&‘ter feqar iFams gty e rab AGI S'atmint 2806 and
conpress t heabpdslmelwaauohom@tempbxdﬁmaaxe@amfeesasadmaf Bdlciissadifar BdBaltp®roliin 25

duct t 0 to th
AR U A T B T R T
nore prefer azbhwua‘er\(atvnle»OaI@mmg xétﬂcﬁadlok Bagyrolyas 300D hqasngyst(c206 Stk Bagplid- For
ot her enbodi J@Qﬁlﬁ% Ire &n. PIrfS S4la mﬁgﬁl g\ %gjd%lsﬁ%lgg tct ?a0111|9a¥e {]’h(e-)%?raes(s l?)'%)hezftem)val

(e.g., pressure s adsor ption, and cryogeni c
distillati omddélpie@ttdrlgnw@mcéﬂmkels@ﬁbﬁ aker» md)moaﬂldhsaefe’tbyluadés Hy gelidgeatraieison. 30

[0085] Once \Qﬂ{ﬁp{h@%%@tgp Sl feLRm foRf QULGH R of PHCHReARat At (&1 H/the bds@th gases
or heavy products naérﬁlse separated fromthe conpressed reactor product in

t he product @epsarmaiq luﬁ}etle%% confaiyngy pobid uieaterigle Je Aeat aAdilian fer3leretay

i ncl ude the ;Q‘bffilfa of @Mperatitkd 5 ted s%ﬁ&&ﬁ@ﬁ'al&b@\fﬁa@én@%tuw thdl vedd Sloh€ sk, am ne
scrubber an ther treat nents |Cq ?\:'al so._inclu e steps to renove

di fferent pr dﬁ%‘ Pl the gasgs Tranghphe sodsmaigria P P Gfh e frreede e magyy

i nstance, cmtbm,nmdumxg (tfearrdawhebsear}emmmlseb(yommjsﬁmmgeabm dsoelaé‘,ttﬁé igtioduct .
This step m;gereﬁt?re Idxgﬁ; 1lblL1!t10n Xur%gp o?the g?r:%\r{%stegogghe%fow reclite and{ ififet tem%e%%tr gmai ni ng

reactor produ FeCovel 6d™F Pom Gt “Sepafati on Y810 as
via line 335)fahvcgapa@s@chnﬂdletﬂq@ cgueityydnd trensto proggrtierof 8k 2ps anklisdlel rhdveial.

i npuritigs e@%?v%?atg%‘tﬂehgﬁétheﬁé [PHRANG fheQhq DAL AR HEATE Yl A1l Uy 337,

whi ch may b rocesse ent |
[ 0086] Opt i orf@Rhiupes bqﬁéan&d@%uyfr@ﬁ@a&?éﬁ%m@@val Brpene. rlde eviokysis Bep ehanggs ni ng

react or prodH€brofile of temperatures in the solid material, in a way that depends on many factors,
including where the heat consumption (pyrolysis) reaction occurs, the initial temperature

distribution, the duration of the pyrolysis step, the flow rate and inlet temperature of the gas

-37-



(e.g., acetylene-rich product or C2U products conprising acetyl ene and
ethyl ene) fromthe product separation unit 310. The acetyl ene converter
(A C) selwotnizaloge7ydr ogenat es the acetyl ene to et hyl en@eChush@uin66210
significantly hydrogenating the ethylene to ethane. The 10 acetyl ene
converter may operate at feed levels ranging fromO0.5 to 15 nol % acetyl ene.
The acetyl ene converter may operate at pressures from 32 psig (221 kPag) to
400 psig (2758 kPag), at inlet tenperatures of 50C to 300C and nay utilize
cat al yst corrpri Si ng gr oup VI or VIIl catalysts. Conversion |levels for the
hydr ot r eat er to.100 mt.% a %tyl ene c?nver Si on and may

have sel ectiV ?a yg}eﬁwte“r?gach’ 8#%”5693 PIPEigS Ohihg e andggpligy opixefigolid

et hyl ene. Theegaxmlyé eyrelysoredaot ere 112 nayy stael mﬂa; gt apt gIOé]ﬂllocafhbﬂi]IﬂSd"li ng
acetyl ene co r n inLn Iev | s of at 100 wt %
conver si on o?e\%ﬁ}gﬁgecéet %gnggw ﬁrlrs i WiSh ARG deaty eélrolg1 c%%dee?af MNP be in
flui d communiheathi @armwﬂmgtoti@rrmrewm ogvous @vernid gver mjbhleacsortmllmébtwleene
converter 531geag;l glrolz};gllgl ts downstream of the acetylene converter 312. The
acetyl ene conver i nclude a hydrogenation unit, and optionally
may further Mﬂ% uJé?@ raveessﬁsWé%g@%ﬁratlvgﬁwm Feeryat Pesuis divihe Hiseptien ofdeswir pt i on

unit and/ or semargasteg Q&bu&g‘lﬂth‘é rediBH0BA lokthinOMe sGRABLAMAE Bld B (ERAYEISIOR Product
be conducted away fromthe acetyl ene converter

of > 50 wt % et h@{ g %

312 to stora @WBG?“ PR P TP RS | ﬁ‘gson}&sen&’i‘?dléﬁ%f?rﬁlsﬁrsa]t PrEUTE SpiESS | on

pr oduct may bﬁ:r}p@sﬂﬂ it ﬁlhetrhﬁb@iﬂﬁdnfslr%tshlmacwﬂ’lhtalteﬁo]aﬁng/ét@) chil3es. F3Pardidhe
purificat na nator tower, (to renmove H2, CH4,
N2 and O‘ﬁfaevers%]:fn%lergls ¢ %rgﬂa }beatreé({;% SN %Od“‘[a%%#a *&fR§1%ne to
pol yner gr adéle@tltwhgg% of ﬂaeltepnata dtipc dhisoesulisnin t r@ittdr tistyhadhigiesf tem;iewﬁﬁescz or C3
refrigeratio I stil | at Vers. Thi s
pur 1 £ P cati onEiniE nil SRR kAL ARARATLL BB Sk bk B4 Brut R

acetyl ene cotf9&ry erlﬂajf%eiﬂfmﬁrye ovelysip systsmepgpk opabysis g@rtdm&mttu@gr@tdemnqdr oduct,
such as an egphyligne 15t HERPyrohL o %ﬁn?&aﬂﬂp %lcglﬁyog ld%eﬁencwfé}pﬂﬂe Q&sﬁs eg Vi ded to

line 341, may include 30 different 1i cts . % rogen,
carbon nofoxPEming; 9fr B el Yﬁ’ét%‘F@néeca&ﬁdth% h‘é“q W@Blalolﬁ thi@‘é’f\Weﬁt i5rlghgett s

(e.g., ethanempaeu3t &b b@,@rﬂﬁ;)g of the otyls@ae;ofoﬂef‘sﬁllledamf{eec{rﬁ\dl11%;9€’drh@é fatmay be
recycled for, processin edl ain in t si.s reactor, such as

met hane and/ 5PPHEEFS F PrEpate i ﬂ"fﬁ ldd’éﬁﬁ‘?fgy@?yo et ded mps iEpmet hyl ene
stream it nainiesinpl dnyiexde(dtumcy tbpeoaett hiyd esi@ ﬁmwﬁm:rel Z aloiverer, umhtpy{:bl;@xsw a line
343. WO 201 9P 2011/ 066 81.Th Iene i.zation
anii 316 may BETRTEIFEI ol TabaLOR, SuFTER ey SRy 48 s G Rs MRt st

and/ or a %i qtsrmderctalteahaysltay beTrh@SLmddUeisbvmfa(yuqhravmthvmoaoupm tihtyisbqt is@hta@nt and
the feed st r@ﬁ‘lmthea§ol19' ﬁ&‘tmeq?o@t&é{rﬁp 1QQ§e91ge!lsnlsSt9ﬂ§h ﬁ)q%ﬁr%ﬂe;nﬁels &, Rort I on
of the acetylene in the reactor product be conbi ned with
ot her pr oces@ederysk g qrd}ﬁmym%fwhﬁ)m&uét %1@ blﬂh gpﬂafﬁmp@@wrarcould hetajyarasi on of

the acetyl enge rmryra@e tedperatdtce bVER dinRt @ameO 6 seQfon P LRC WeS Mak | PrdlysRl 9SS
within a chem cal y?éant in route to other preferred products, such as

vinyl est er s*MBFHHC ahbe highasicagsirsasyonal-avpigrsieeraturg poheaslysisabean. i ¢ aci d,
and/ or the |jokeL1] [ O08@al pyroings Ractér® Ay QD 06 ichedtesizedt iR @erRy df 06 asshieftef EEd may

be se aratedlnt 10 rolysis feed.and.a bottom st ior to bein
provi ged to tAe’ Orlyﬁ‘glga%%//}not}“%jlgfwzorr 33‘3?68?6 tl%‘éfnoﬁtsgenet‘ﬂ% ]g‘}?g ?T%ﬁélfnlﬂm e °

nonvol ati | esneqlsnsui iﬁorawmﬂmt/ad@ mmddacrrnga&hecumty ple thiranphgedphylygordu@tdrng away
these pr Oduc}uﬁlfaéer Ol@sh@x?ce hmr&%algebﬁlﬁher %@ﬂ’neg C theq tehse tthe tlhe Qé/ 1v(e)l| ysis. As
such, this configuration iIs 0 recel ve advant a gdn e ee ?/ocess
themin an elfeied Piesoplesragrtiens of the pragoiue durodcef iThis md]é@ﬁ[S@l@@E]Jdﬁi gmhrletumlaxs a
sinplifiegd diaghammRiet Golids! St F@tdcOR: Qggeﬁené?ﬁ/p%acﬁ?(exg%le@lﬁléﬁy PHLACS %l?lﬁdeh

convert a hydrocarbon feed, such as natural duct, such as

pol yet hyl eneresifereeirpsoinend At Readirs of oAl wpeaf ??éY?b’aIEf’ tot%éfoﬁlrté%@ﬁt’elx beetsAi ques.

In this ill ustcbatd @FiokQD thedup@k bi RE@! ACONEagY rit Hi@ke @ity lilc e GOUpl ed
together to rbon feed to a product, such as pol yethylene. In

Cfgn\éer tth %}Ergca

thi s confi gutati‘dh e % QYOBHS YEPCPBRPIETSRYS SRS t%@%ﬁ@urﬁbaboéﬁtham d gas
renmoval uni tsek@id; thash‘oidr Sn e@xyp adidétiodt X¢sid@ndead@vefuyfesuidaturdbts vathsaemnd
expander 408, while the cracking stage may include the thermal pyrolysis
reactor 410. The recovery stage nmay inggude a heat exchanger 412, a solid
removal unit 414, a conpressor 416, a product separation unit 418, an
acetyl ene converter 424 and a purification unit 426. The pol yethyl ene

pol yneri zati on stage may i nclude the ethyl ene polynerization unit (not
shown) .



25 In addition, in this configuration, a power conversion stage is also
provi ded, which may include a nitrogen splitter unit 430. Various piping
may be utwbDizapdver9coupl e t hese units together, as di scesTamk2ai066210
Further, simlar to the discussion related to Figures 2 and 3, various
units in this configuration may operate and function in a substantially
simlar manner to the units noted above in Figures 2 and 3. 30[0092] To
begin, a hydrocarbon feed may be provided via line 441 to an acid gas
removal unit 402. The hydrocarbon feed nay be raw natural gas, for exanple.
The acid gas reno nit 402 may co ured to separate H2S and/ or CO2
product s al oﬁ%[n%u’f‘ﬁ (e ?egrracg?ﬂ“f“ﬁ’ra 8f°etg flﬁigdéﬂﬁ‘i?ﬂ‘glef ? fitH BB ot don
feed. The prﬂﬁm@hmmmﬁycbﬁm@nmumded;@Q@&h&ﬁagemuﬂl@Qﬁdﬁcﬁ@ﬁwawaM@£RMﬂ1the
process for further

2012/ 099679P&>ir7"t[3’1§ ookt é‘]% *Fﬁ@’ese“ ?P@“%Ag%’ﬂ regidenss PR AR FPeLPEY ded
fromthe aci chagds appmowated unsmg 1114@]201&1109. ahd retrapdidtidnooft diercki c@iposipander 404.
The first ;ex 4 ri or_.exanpl e,
t he strean1n§§ &gkggﬁﬁgﬁlﬁfoﬁgggﬁ%? ﬁﬁ%&ﬁ?%#%F&ﬁmﬂggsét%gégbu !ﬁ

hydr ocar bon F@@@ﬂﬂWbﬁVQH@“mé1@emb the gas plant pressure (e.g., nonlnally >
1000 psig (6§RP12f Palg)ad&lf?onttb%e%p%ﬁ%?#és@;réjttﬂel & 8D RTenBRLMER mBPARcihdequi d

(NQ) separatlon (e E g The expanded stream may be
provi ded vi aPFicR iR "f Eredstos lé‘i?é\lﬁ’é‘i” valyRihy dra@gponsT Kesh g acsyisng A Aferemos may

be used to sepaéatiRs.NAhIE RnpEaGree Qﬂﬂ &i@ﬁl@é BiSh @fforMedieh téiBpeBhture, Ghlch iRRAUCE S
fromthe st reagn%aSThe pr oduct ided to ﬁt ora or conducted away

from the ProfB5YS PP 2pigF ﬁ%‘a%?%geﬁgﬁ RiEHPn AR CAGHE Ry oM HE &t M eam may
be provided MEmamgaphemaahmaﬁmmndmb&gﬁmpamﬁemnéﬂaummamhhngmé4&mmﬁhﬁ second
expander 408 nt rize the streamfro ( 379 kPag)
to the ther pe; raltl h Egsteggggtﬁr%ss Hlan s eam rCéac 1\1}% Jeactors useI nc rrp eercgall,le eélar es in a
range fron1Smpémg<@@1mmpa@¥r@@m2©0mm@hgﬁ@msmgﬂmgagwmh®@®9ﬂ®ﬂmemﬂMpanded
stream may t RERbRRARG ekt tndeliBird RET 4 a lines
449 and 450. hg exbénded sfre§%1nﬁy Egﬂ?bggﬁéﬁéxég?§5ﬁggﬁﬁ£u)&pr

combi ned 45 NIrelhsinees Epepiares tHowaypr .46 e preagnt ieﬁ@lquﬁethﬁﬁleﬁ%éymlhyﬁﬁwén or a

conbi nati on ﬁbgeds;@&ie a&9eai<%myfs1b@asnyrﬁ&w&éssoem@ﬂ1zo§lom L@rzzb@o FhBreflipguUssi on
above, the thernal &yo %i S reactor i nclude a %ﬁ‘ a varjety of
reactors, suchvys 4 ()gé FEP Ve Wé@%?@@'?*ﬁﬁﬁ@é&@?6?$o @al heptueidel,  t he
react or pr odthetteperaneacinay beftetweenti4somm ztnh erohetoyal Reyveen Msdcsoeceaat or 410
e TP Lo MR e N A
exchangeno41@awhdwhWﬂ@1%E£%3ﬁh@OM@ﬁhné&@hHﬁg@t&mﬂzinmym@omhahhenmaactor
product fromfhe, gtﬁlarﬁ({'rg) Frﬁﬁe}gb e E)%Qge the %9 ¥s? O] &% At %Qféga\%?}a gho{[ rémdterpcee heat

exchanger 412 nay coo e react fromt

t enper at ur e fipest fieh sy bseefndsO@ t@f@ﬁ@@@@ﬂ@memfé%)rﬂéﬁe Pablysis fea@nnSIcﬁi@C to
250C, and ut Eénéi%@r&d"%ad’ti%ﬁ’-%ﬁ @(Snvgjélgﬁj Ue Bletﬁérfer{gat\% khaeaa S del ehey p}frl)l%rlémdfet%@ recover
heat 25 from the process use in this or ot rocesses n certain

enbodi nent s, WPH@YW@QPGQ%éﬁaH@@FEﬂﬁ@mﬁﬁymﬁ%@‘ﬁﬁﬁi?%Epoﬁéé@lWP&W@W@ﬂOto co0

the reacter RE®IUSvT O ERBPRBAGEHEFed R edTInty rpy%@zé e r@ddirdaboRit®f the
cont am nat es

t he react romthe reactor may
pass throughe?ﬁﬁ5B$H?§§§mgpﬂg§8fgﬁt?mﬁﬁ@¥%ﬂgﬁpﬁégﬁﬂ)%“é%@ﬂgﬁbé? dpeEE)
whil e a uti | prefyrably diiod 16030°0eo0 SOOI eltketmplatyhresidEhdz tinica p}efembly%@ m®nreorexi t the
TLE vi a I|ne thi,s n cto oduc t he r.eactor
i's naintaj ne&ﬁgé a(li’ g%econfdi,%§9 s%condq%ndlpretferaeolj gab ut §0 IQIE]H;GC% S or cht I&%gebcf)l | er
feed water, @ fheecmdgl to& e rerondse dtigh teh@ﬂt}pwxcﬂr}ystllseﬁae‘epteferablatﬂws suintiabl e

f1uid. B%oU%bh%ﬁéﬂk%&&§<gb§gm&ﬂ§ process may enhance the energy efficiency
of the process or facility. W) 2012/ 099679PCT/ US2011/ 066210

[00113] As descrlbed earlier, achieving any peak pyrolysis gas temperature involves the
existence of a solid temperature that is heated to a higher temperature, and a combustion gas
temperature that is a higher temperature than the solid temperature. In one or more

embodiments of the present techniques, the maximum temperature of the solid elements in
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[ 0096] The cool ed reactor product may then be provided to solid renoval unit
414, which nay be simlar to the solid renoval unit 306 of Figure 3, via

| i ne 455.wonot2m®9eel i d renmoval unit 414, a bottom produ®CTasaqniosi2ng sol i ds
and/or tars nmay be separated fromthe cool ed reactor product via one or
nore different mechanisns. For instance, in an oil wash unit, 5 quench oil
is mxed with the cool ed reactor product to renove solids and/or tars from
t he cool ed reactor product. For a cyclone unit, the renaining reactor
product is introduced into the vessel and the bottons product having solids
flowto the ot%om while the remai ning reactor product flows out another
outl et. rrgﬁ %m’élpﬁ?’r@E’F‘étséﬂem dees é}‘té% BBTREDSI YIndedbrireptidslighife's may be

coupl ed t Ogefelgﬁferahﬂe S8EMYSs Bebvded bvut $P€ SO hbodlt S0BAD Wigher Wah thedbdk pykil@m t he

10solid rermval u uct (e.q., botto S am nmay be
provi ded for &P(F l@%mp:hé% ?gﬁrﬁ%e&ng"F Phae ﬁggufgwa%ﬁ%ﬁetsﬁ@; %ni ng
react or pr odincthe thaynabpyrblysit $ystemdobdtectp 141G ad 140 lpiglav'ﬂﬂednetpealdﬁyeolmrrpr essor
416 via line [ e mBy.cqol the
remaining r e%ag?t (%IP J%‘%%iuc%ﬁ%o?n%ﬁ%g hJaﬁ?éol re?l%e(tgr% JISO {ndﬁ(h ?J a terrper ature
inther angeqwchmglbéz nBR@ df eal GOCYal Thige b@h@m@fsswhdm 116 reveubr f&dw weyerofer at e

simlar to t he&GOMMARRAE 208 gifesér:ﬂ; gééﬁrﬁqu%s tﬁ@-éyr@%s@%@éj nfa RT &8y 2 the
streamto 50 psig (345 kPag) dependi ng on the

subsequent p?e@e%@tgﬁer?@w@% gqfﬁlddé‘r)oc Qubﬁ ”@ﬁﬂﬁ@&l’%‘ﬁﬁl@val forfbe bﬁ@wmn@%rssehdmy not
be utilized mfthetrb@mprae@ﬁu&Ipzeeaalabrm&te@fogn%rgﬁwﬁ{rrehwemamm@mﬁ%octdﬂr ough the
process at t propriate pressure e pressurized reactor
product ny Eﬁ%ﬁ?bénﬁp%% IB%‘%e A IPfe t Sﬁr y(g t'Ff8 "Baryob&dj(‘?’fw éﬁ’&‘r%ﬁ?r@ﬁ uni t
418. The pr objdedcarbepacdbr @ixnuitieredl Bomnayanse€ papalod sid fded @ﬁpiﬁtluwr@dwﬁés from
t he remaining, re duct . such as roduct

pr oduct s, fogh e&grg%ﬁe ap“ﬁganamml FAUCEL r%ﬂ?g%eg lg‘g‘h FEELES vxdﬁ}i mc%‘ n%}dor nor e
| i ght gas pr ogudtysgasdsatnay r’n)@lsu,lptéled:ommohfema@mt *yatemar &hd puphliedr feechanny @8s or one
or more heavy, rndugisn, t Aadde e SATPORENLS (2 cbRRbua! fallRe et han
C2s. Lighter than conponents may include &rogen ane an any
combi nat i'6n ¢dRenEyions whispasiafed aasear sugth ametiepe @ @ﬁeﬁkagesmvfembbd indess@3+

products, SUgRAcABatHR] Meh ek @ﬁees%mla%m%as HBe st Ghtur@as siihoduct s may
be conpl et el fé{dor onI partl ally removed fromthe remai ni ng reactor product

in the produ f%@b%w it B it 0esn gCerpeeEREMERS fBY &lsoterehesiaFmerElt | i ght
gas product SconsdiC Bon@s fiBytidn cxgeme @ssoahtaem@aseﬁmcawnsb@ &Qtyree&ycme&hew aline

465 or may be ,utili zed 1n ot unl t not . shown duct

orovi ded i & TOHEnEe Tt alyBh PR R PRI Sobpe oG] Fahddidrgs

et hyl ene 2duesutioasi vaefufi gas @hGAG@ for hdpbth$e|daloa¢ oromse erﬁlﬂoammetﬂyel wrdysisifeld product
(e.g., remaini r re

separ at | ons)lQ r?a%n@gg&%}ggyrg@%ﬁ%g% h| %e&}ﬁ%g h? 5r8%ﬁectoggﬁt I Itheen %’ggr;llgoél? eE}Q424

whi ch may op@'rr@rses fsfidrrn thareattor tyhdy siicseagsy thatrie> éQ)wt?/emteéfrfalfmzlibwt"/ﬁlagUm@"eB

Separ at ed heﬁXﬁéraEl%Q%%% f &, mJ@@@é&m)me%ym@ﬁym&@&pkeé@@aylue%»&9@ for
storage, for furt processing in other units (not shown) ng%
ISaS

recycl ed to tHEAY EdpRIDOR{FedpidTethape Antingraearsgitedy diggmmaoyigits 1\5é‘é°d’

combusti on faaad the h@@&@%he@naaaﬁgfdh@ﬁgwﬁr@hapm@ugbalaéaﬁt bR acesagdai N the
acetyl ene converter 424 to onversion product that is provided

via line 469°VY kﬁ'g?org?ri @AM %ech’ﬁf’}f [;”%%8 VTSRl Bi5Rcal MoWrhyalugy o B t he
puri fi cati onhydrigén (Bilys eflucFlagieeica vallh@nepidiid stdamatbo@ningNalukc), ﬁgﬁer mpgrodencl ude a

denmet hanat or  to to reno ) n (N2)
and carbon nPAGXi d& d By’ Pre e”éym n?egt Cthgl% %Valrug%ggm%’tdgqﬁg glﬁo %ﬁ?ﬁgg

et hyl ene t o foibjlitero qachdiquidt \hlgeln@aeprms arg higR (lofati€3o refle)i ageé pat wien litjwidi n,
conpr essi,pn and agg]g 4 I stillation tower. The 1() ethylene product,
whi ch nmay be& oVl %d}le%{k%r%)%l ne 475, may be provided to the ethyl ene

pol yneri zat il8 lé}m tln gthesemEofiuaYYS, thpghweab pyrolysis reasios maphé & genatetisrevershe

purificati onﬂmeact&}aﬁreg@yra%@%ro@g@ rdabir. @Qé@ﬁ%@de%?ro%@%&&s hi&RII §u1ifeH'e|
product, such as methane and I 473

ases, provided via line
ni trogen spl P} pragesyig Yolasy ¢ dPlag@W@rfee Soks ﬁlﬁ‘i Bh S‘é)f‘té’lj’é”y jRee frop- VBLFUIF he power
conver si on Sdoa@énents,@choR tnhe@ika kndbtlieh Qg SPhdntbl@izabIOLdmpdBtsiRNicIE@pad at e a
nitrogen
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15 product fromthe fuel product. Fromthe optional nitrogen splitter unit
430, a nitrogen product may be provided via |ine 479 for storage or further
processi g0 204wd9g67he fuel product may be provided via PCRAS481/06€@16t or age
or for further use as fuel. Simlarly, a heavier conversion product (e.g.,
saturated C2+ conponents, such as ethane and/or propane) nmay be separated
in the purification unit 426, which nmay be provided via line 477 for
storage or 20 further processing. Optionally, the heavier conversion
product may be utilized as a recycle product, or to be nixed with the
output line 481 of gh i troge I;sHlltte uni t 390 Hor st or further
processi ng. [0OT00] Ogn§BGC| |cue%5%ﬁ1 e“?ﬁ%‘ 5WFW8U#§¥ Be®utili zed
to convert r&mhatWs.dlategaspplicdtion pdiliyaioh oe 2607/01A4%4D iasd ma/npclzew tTesef eed
preparation S 4 I rst
expander 4 O4§etfeggxr@e§2§l§\éce}1’ e !nycg?or%%i @%Efgrexgcgotﬁ%gg rJ gr(gp Yl@fl tzfggévte%%%ﬂr re?cﬁgr

cracki ng sta@@ﬂﬁaﬂwﬂﬂemmdéﬂﬁhemmheﬁWEﬁpr$®mW®k@'H@&%FmﬁMWQQmﬁmﬁméh may be
a regenerat | KEereRYEHS alp{)ﬂy%a HRARhQnt thifdagh § BSOS 55 ABCPRYHAGkYHR a heat
exchanger 412, a d séparation unit 414, a conpressor 416, a product
separati on uﬁﬁ%mﬁfgmm&ﬁmﬁﬁﬁvyﬁeﬁéC@BH%QYW%ﬁmﬂgﬁm“@ﬁ@hﬁiﬁ@@@ﬂ@%ﬁﬁf@ﬁ uni t

426 (which n’&:}éoddﬁ@dct&ﬁl@ irfa S8 iR NAD r8ingUB blod @B d rdfeElchtyibie pducBRnisiplsi t t er

unit). The pol olynerlzat st age |ncIu e the et hyl ene
pol yneri zat | Bieq ﬁ% g(e‘ ﬁa%ﬁf)efanrenﬁeg&a BEFSB e fheteHy <O OBg FRIPRIFAEPIE, a
power conver ﬁmm;hmsUSQEata’awp@lmﬁorbeuuﬁmMnded 20%0@%292%%690(82% tr.egen

Coget her . w9038, bBbeTepcT Db AR T b oS IR RIS Eeblarael 2

hydr ocar bon Aaedmws@ehﬂﬁs<ﬂé¢9ﬁﬁtwmdimgashmmayxbeﬂpw@®eesed with the
flexibility fogys ”%Q@mp%m%1ﬁpYﬁsVﬁﬁ%P Eﬁ&%ﬂBQﬂ%%t aﬁu&h%ﬁfr@@t ﬁges in

t he process. Tha non- rret hane coqg ents o e natural ‘gas
i mpurities, ém%ﬁat@g Pﬁ%ltceiroalNOga@HOﬂ?qhﬁﬁ YhelLy incarppraigeé by Lqﬁ@ncwzlecn@@z N2,

and ner capt apgdesdTR R EEERY GebcRbratRe r{ﬁé?ﬁge;grrdlﬁslst Jasctd?rm,ee%sto FRGenenpl e,
the NG, ethane, or I|q uefi ed petrol eum gas (LPG e renmoved fromthe

process t'd b¥eWing e & alhpgt & Iﬁ’rdﬁ)difé?nsw“%ntnérfﬁ%‘t i @ésﬁ/ procgsg sfgeg agsyor

mer capt ans n@yolm 1RER infh the tuBlidelien 5RAE lnie SMNBe EMVRIchE dedcAbed 286RE Hdrene or
ethylene. Sinmla be

, the other .inpurities, such as H Cx2,.and N2, may
ceparated as BRI IEY TR P v T h T R TR B or | That
i's, unlike otdmgrisipg mﬁesaﬂsand akﬁeorpirees,emu (it)catsecmhan'reqajﬁs:ompxilshrigZaeprmp@r s el ng
condi ti ons and the g¥; AS %]{epgggy Q a urit
[ 00102] By provi i n%ndpﬁl Sg % %e ord e pr 81‘(%:eeysem}lr{I gg%Ibes r%la%go”?h%wn WI th a
gas prodU@t|@MWﬂa@ﬁ$$KﬁwaﬂwW§mi@mwaE@HHménémbewamb@mmhesmhenm@HOQVrolysis
reactor and agiahd AR 1R Ay mﬂa@@;wg&p}r&% ARARGAG:

impurities. For instance, the acid gas renoval unit first expander
404, recoverQ tfldpd to4typreacig anedia Vet %@WH%@“%@Bmﬁé@1@@“@%?@@¢Mﬁ$ﬁ$ﬁ a

liquefied nahefialiagastu(dadderhidGidolyby s@p. qﬁescda{b@amtstep Eha%r af%ivlts ﬁ?lssmé ta t h: S
rom € nat ural dgas

type of confjguration, other, product e _separ at
stream whllﬁrg 5?%1|ﬁﬁWP$?Fé§mﬁﬂyanﬁépﬂ’&F@ %?%@ﬁi’ﬁwrawyeeeneéed
prOVIded:$O mhﬁgrmaﬁﬁo&mhemmysemmemyammmmguﬂmmt@&mamem@wpaa&mmaﬂh@

separate, Furth st in certain e odi the feed
may 20 be pr g% grssg rgea:t(%r an Su%vgg %tekl:’aft a?i sre]cond re’ cta { throu tsecgnmanr\?\ﬁg g}? y be

used for f ueleactorfsacif thelthqﬁreidtumecwdyedgemp m@\su@ecﬂ tbdlesﬁrerraagter om ntay‘lr:be
provi ded vi aenﬁ%?%ltﬁst%aggpc%ﬁe &ﬁlbhs}@lgn Et@ﬁ Fn’J?hunWJ ﬁon\%l c%m%ﬁ gttﬁ)e first a%?power

gener ation units, or uction tacili ty.
As a speci fi€cag acr%ﬁplés atttweewémféhefﬁremapﬁone@ repsing thea@r@wdd BIqanteely be
recycl ed ;50 fb®ict hasdal rezgﬁ&p}l)r}tf@cfs phSRAE (R MeAdPreMiioR pBast I:OEH G Qibnflaci ity
as feed and/or fuel. As such,

reactor to transfer af least a pomon of the heat from the reaction product to the second

reactor, and recovering an exhaust gas from the second reactor. Preferably, the combining is

enhanced by a reactant (combustion feed) mixer that mixes the reactants to facilitate

substantially complete combustion/reaction at the desired location, with the mixer preferably
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25 present techniques provide flexibility in coupling with other processes,
such as a gas production facility (e.g., an LNG facility, gas plant or
simlar fwoi20i0p¥e79whi ch provi de capital savi ngs by redecirng2aihocarm t s
utilized to process raw gas feeds. [00103] Although the units of Figures 3
and 4 are shown as respective single and separate units, each of these
units can alternatively conprise a plurality of units. For exanple, a 30
separation unit may include nore than one knockout druns, separators,
and/or flash druns. Accordingly, different enbodinents may utilize
different units in this manner. Further, sone additional enbodi ments, which

are di scusselPeHie paasen fhe 1, anfeseopd reaeip ABereatisr. (b dotBHIS RYHRAYHSSSIBf
Fi gures 2 t osuplies Mh&&ﬂb&%@ﬁ&?ﬂd&ﬁ%@ﬂﬁ&@%&Qac{)dAQaa%} lonhE @kt rddclor,

enbodi nent s, Sj. S react or erated at different
pressures to “ffﬁ})rw[ é‘l%e?mgﬁ;ﬁ a%@snf Xoeth(?)tpoé Pt kf%%%f%ﬁ‘i?”&gﬁ?pem By ffABI%e, i n
sone enbodi npati®, oft the npyhaod ysé acedflenvopating ed duydicd earHand sndray m@mwd at
different .pr 248 (3 3 kPag)
or 103 pSI g %c%t}%ﬁ{ u%ﬁ'ﬁ% fﬁgtef\ia%t%{s% gnscgﬁgeelgetlgraane aBA( Be%}ddgﬁg ageélgw

kPag), 5. 168cqsiing tbqg@wcmgfylen@rﬂ@ prob&e nps |fvgth(exil®c34del«sma§p)mg laytdro@mf rher ent
conbi nati ons L8 o h l above
oy b used, "aChcls T ey e P g Bpeah: MG bOR ndhEE sPSER

t hermal pyr ohbgﬂschrb%a@tﬂ@r e%éy%geeg@ayahee@echtn wPIRS EHe ke medmsert tr &8s based
on the speci pcferaBPF Alid @Burﬁ@dh@ﬁg@&%%%te}ﬂaﬁﬁ ableRN8d enlRindhf fRMRAL ih her mal

pyronS|s 10_reactors inclu speci fi ¢ mechani sms and processes to heat
the pyrol'ysi Hrsrgagipr ngly ‘ifroﬂ? Agnsre h%‘ﬁ%“ﬁmf’ &RplEh stirgirres Hel Rieddfiory dpels means
for measuri ngr thb @rst @Ap&bad D fTht PdtesS PBCHufthet ifANOERESa of1RAEA B} Aond

specific exanpl. e er n, the r ol ¥SlL S treamis
heated by a S0 torélh a(rf-)r[éats ftéjlsuga a‘p%%?ﬂé’geﬁéitagcgﬂﬁb%l f{%tﬁ{?ﬂsg%/fg ‘f“%c?
Usual | y, t hecafoh’sW, k5d imalkereh@taphodty res alidne OﬂhaalmeP‘SC tahétmay he Wfpﬁi;eysafs stream
travels thr (85 C ha ats t he
solid mater WQCOJ@%OE&%&%&AX%% %E@IAV%)%Q ﬁg?tal a?eqbgé %%t‘?veen a Cl‘?g (} 2&)6
these redét mf@nnetsmet Hhghiesh. Thempersinuy égthar iecladssemyresioisrblevres, st faeeatm t hgat is
heating the 3%%1%' 48 af @neg:ombﬁ‘sgm)fé% éhf?ﬂﬂg %ferc@lﬁmstlorﬁttepa@bﬁcll 91%%4 Oficatll€asol i d
mat eri al has nperature th is |ower than at of the corrbustl on stream
from whi ch i QIff?r@E SIYRES dugh m%daemfsraév%ﬂm Sinplar wvs@ysolxsewfm Bled diferpidat ed by
tT Ee sol i df Medressirg| mayascide E@wf hatuies th Rabvel Sednaied eﬁng@rfTToEﬂﬁ glRPhedubat eri al .

e specific erature o eco tion stre Ryro iS s m or
S0l i o mat er | AP L GET Bt PO B SR R The
configurati oammrmdﬁcmrwmpm at, iferexafipld aequys Ok ySS)IgSn E(ﬁaaﬁt on the[da%ﬂ%]ﬂame certain
thermal pyr r tea ckin ur na 0 u tlon) 25
t he heating aﬁr%! %‘ﬁeg%@% Qqné)glgnsong?egcggnscorg%%shge £ For exam(??ee}i[ o3 e;)%ir% Jeﬁ
with a conbusai becpddedr tedlim @mbuostien sied @ wfluck hemipatidni terhgematyre. yfﬁha:anlrﬂbystlan wal I or
tubul ar) andstéph@aypamhyesa AisPAdaSR0 @eahlaﬁ %R o g,'hggaég G oLiSAP LAY & OPeral e

at or near steady stat partition between ustion and t he

pyrol ysi s f&Bintpag! Sﬁh%‘f%‘ﬂ@ib(l Seltﬁf%@r?é ithstipasa deroch dhet fespreaciat endevhieh gpobugqual  at

ﬁvte{y |t0Q§1t | @Mourt-QherCXAMBteE, RBstdnhfIyCRPRMET (sOReadl B8 att IBAPSHAL MuCSSortRY be
ottes

preferably 75% or 90% of the potential combustion that may occur will occur after the axial
transit of the first reactor. The process may further include a mixer that is comprised of
multiple mixer segments, each preferably having similar cross-sectional area and length and
each preferably accepting ﬂow during the combustion step from roughly equal numbers of
30 first and second channels, representing roughly equal proportions of first and second reactant,
and having a characteristic L/D between 0.1 and 5.0. Preferably, the mixer has a total volume
< 20% of the totalgvolume of mixer plus flow regions in the first and second reactor, and
preferably has a geometric void volume < 20% of the void volume in mixer plus first and

second reactor. The process may further include a cycle time that includes the time spent in
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30 near a flanme region, and on the pyrolysis side tenperatures increase
with heat addition until sone maxi mumtenperature is reached. Steady state
i n these WopbEr®Isreans that, at any given | ocation rel aPcrastainbeldi xed
partition, tenperatures remain relatively steady. However, the gases that
travel through the reactor are heated and cool ed by the chem stry and heat
transfer that takes place in the reactor. The term "peak pyrolysis gas
tenperature” nmeans the maxi numtenperature achieved by the bul k pyrolysis
stream gases as they travel through the pyrolysis reactor (e.g., cracking
regi on or rad| re e art. w ppreci ate that

t enper at ur es |m"n§t6°n S?eglph}sﬁw&)eﬁp?@t"eptrgly?hge P Vit %@?36 b EVend may,
in some infi niepsediypied! cycyenes mag beibdtvaen appd wcsh:ohdmeor%imdqzmrsabwse.
However, the e reln hould be

consi der ed a xg \f/@oxtsekgectagon tgemggnrﬂ%tst% %n(g rt%%ms sgepg &lllh] 1t1rﬁt1 ns. ‘coul d be
measur ed by 0 céS @8 G@WP&SUéB Sh@t N@d@dﬂ)? €92, t’Vhah lS| 1800m9tate|dr’vyccfmemt Wit h
the solid SHBB&EIII&L a pfoRfss SXBIRhEative py?oh}@ts gé’a&ml L%lll&édaf%pé},ragln%;g R biPul ars
in a thermal rolysis reactor, the bul erature be taken as

t he average tf"ég%%}‘ geuipiaing pervolghlps.t Jhese ajlmcéﬁiscﬁé%s §@t’f<tr| IUFplySainldactfqiiemﬁe@k

pyrol ysi s gastitRNmeindlotBreds tHetbbdifBRS lesGIHOS HREE thpﬁatﬁc@\tﬁ‘er f8&sd payperature
10010811l n . a ther mal sis regenerative reactor

of the pyrol rea
system the Myﬁt ’?F@ gg PR %F%faaéfemydtow@ecﬁyféﬁ?q dp aé%ﬁr@wreﬁut gient g

heati ng st epio fasualvbpor @ha@omaulsteksemlanﬁaat d)fo(bn(ZUlatli‘e@ﬁ&ﬂ@ltq&@p&k@&ntahﬁagusE‘d to

heat the solid naterial Si.S .St is carried ou

absor bs h@at DoV aTRNIE éepgrgtlngdt 5 Vefp t% aFey‘E é‘th@‘él? pga%% &g die %@%*’étftqt @ﬂor The

sol i d mat eri ahasa@yhdyegeneratvieppadlysit Sadpi ssitrastand ronoertingntherespiragd odpoeptiagt i on. | f
movi ng, the g | [ ol ysis
regi on. Movi nghés%%én%a&%g# g Slsgeﬁgga gex“ ‘be stgﬁa\%\% 9&0 u(rg%n%% ﬁ%e?%eigré’%ésctl ve of
t he novi ng s&eY wcluﬁq)qt@v@pngtthmccgaegteg tSffPeYaWé meplt?ee @tﬁ)@t dadyrolysiapwdiat any

absol ute | ocatj Qﬂlud@ﬂﬁhnkmﬁ\%iaﬂfe%m%hﬁgQ@\{{l ch%gn fé@cfs%cm%r@enﬂ)%ra%esﬁltﬁsed for
t her mal érolymsfurnac pe reactors he solid material is in

fixed orignt ZpPgoH from @%é%&é%b\?e 650§t way ‘nﬁﬁdﬁtﬁﬁd‘%fé leggtjopeef ardguenf ndr nat e

i ntroductiona ﬁflp}:@t)grdgbty&i tSe @m&lyshﬁa&ctoﬂ gysemrma&aﬂsﬁt@gtﬁtat R& h forG@draleni ng
region. The solid, nater g%a{e de5|%ned to faci kﬁg%e t he rocess of

heat additi offPHAK ?’%’%%ﬂse o QYSIHFRQRSY ST [y crag 'GPt B *he used
as the sol i dpmsteradf gest Mast triervf tha dilueaail oife. stripyinp ageat eitti@ihs pirﬁ]lym &adtl@t wor k of
passages tha e a to Lransi & i on

cont ai ni ng s%flsf’él wﬁ%%eei\rgthg%/at lget%ﬁorg%% ed1hae3€' nlggl‘he sgr%pg glapéen comprlsesi 636I£ Ui e of

t enper at WP esofi hydioken and bteatn; may éncludé heatitgad! theshydlacar@nrp”@da@thvea at lvadt oncafi es

al ong the paj Rl GASEd d Aot he solid mterial . The shape of
that profile depends on many factors, including if and where a heat rel ease

(combust i on) [PEEE iAsnanglerup@mplent-Si Ritert A pptiestipie SesialiNe. #/81B5buvhignis t he

duration of tbgpdhgat Byﬂﬁfeﬁ:ﬁ&Pdes@rfb@s £ hrowsd a@aﬁ@eg@ﬁk@a‘tﬂv@bﬁg &@1’5&‘%&%&%@ fQf the
gas stream anﬁ t he t capacity and transfer Pro ergl es of as and

sol i d mat eri & yZ”??Oa %W@P%ﬁeé’ds“tclliéog%‘!“’i“ﬂ neyoltijey| These W&Cfséssfep%tﬁn ¥e end of
t he heatiamg @,tnﬂms rEiveor pyay ok ylsnzed st ep (ﬁ(hﬂ)SdeifBBe heRtindid deRavaSRVESrage
solid materi al erature, Ste n prof|I of

t enper at ur eslnf't?tHC% > R e?wt‘antge I §¥ ?ai“?% cgm\?vgvg B%é?catﬁ’g%%ﬁ%?%ww fact ors,

i ncl udi ng whegaentie pbl@@tSlsmmsmmm@m epyeralny siffyient gabtm @mapocﬂms&ndhhe
initial temp t h Ly step, the
flow rate an n%l%ﬂﬁ@coq]taﬁﬁr{ f?ﬁ#\ O? s}éﬁmglﬂgq{té Q%}) ghfgse q‘rogy rth% aé%tpam ty
and transf erfegstinggbe teP@@te(bYaprr@afgan ahtéia@w thd regmiexasicle mpliyds neege ﬁ}eslteat,l ve
pyrolysi o1 ea@lcoverifl fic Mhral vapbeRE iSthat@enelial pfroﬁymsqgac@péﬂ/stgﬁt\f@fbnjnOcat 1on,
t he tenperature changes. However, these reactors may In"a periodic
steady state® PHEXHT AGItchatThe REpossa ey diidier fgluds ﬂt"*e%%@éé‘%‘t vareisphgeec thitsis over  and
over as the gqueastigry B&CH t@t@alléaetnwmttﬁheatmmg afadcoﬂwft@d Yéphudited VARL09] I N a
reverse-fl ow,.regen rat ve system a revers occu in the direction of
transit of tif Seg?sgo h? SUGH* HECPEg O{)rtm’tyh]:;j\l‘tat Sohe fﬂﬁ§°‘tt?t‘em% eecargteri al
and t hi s revieedstatk 0 @censraiune batewean offmen hiat 1009 @ndoypysoCy Theheatigps. | n
sone enbodi nents, reversal occurs between every step, and in other

enbodi nents reversal occurs in alternatssng step changes. Regardl ess, the

fl ow reversal enabl es substantial heat exchange between the incom ng gas of
one step and the outgoing gas of the alternate step. This results in a
reactor that has highest tenperatures near the mddle of the flow path, and
relatively cool tenperatures at both ends of the reactor. [00110] In a
regenerative pyrolysis system peak pyrolysis gas tenperature is determ ned
as foI I ows. The peak pyr oI y5| s gas terrper at ure typ| cal I 'y i s exper| enced by

o . o - o o



30 or heat transfer solids of a furnace or regenerative reactor,
respectively, but excludes residence tine spent in headers or other neans
of conveywoee1moegp fromthe actively heated or cool ed Pegiusesi1o6621he
furnace or reactor. Additionally, the high-severity residence tine is
defined as the tinme that pyrolysis stream conponents are exposed to

t enperatures above the severity threshold. An exact cal cul ation of
residence tinme requires neasurenents with tracer conpounds (such as

radi oactive additives to the feed) or requires a specific know edge of the
tenperature an onposition of the pyrolysis streamat all tinmes as it
passes thr oug‘ﬁquﬁ‘@g%?ﬁ"JF%tP%}‘ PRkt E?I”.‘Edlib‘%/ by Rleleast Pisodeshegt exchBessr ¥t

appl i cati on, injesbrdane eeattiofmBys(ein) fitehatcatOran) cORYinhRnapRIOKIpFRERE d1Si N

i nterpol ati on, grpeg extrg oslrat'l on tof di screet conposition and 5tenperature
measur ement s, candr or PUST g 1o Based estimations of tenperature and
conposi tion, [MW319]s knewather axaniple, &kS. .Pafe@OA[Ri}dtion sedkl tNoO 6 1/84P, 46k whiplerisat | ng
pressure, th I: i t onver si.on aof

Feedst ook 1 HEaoR oy RESr MR IE A Relbind EHAR BN EORUER B o1 e
t enper at ur es PY'Phese a thgdrpearban dredgockay hpsa drageke siepgindfoe bplysis reartornt maypler at ur e,

whi ch in the Qi BAsk RaRrdGERe Snila@ithis |6 RAbedRBEVe! Q{or En@taﬁc@,%%&jnar{l% ation

and efficiency., The pyrolysis reactor according to the present techniques

P . . : Ak
is a higher {Ehpet HecPreorydriseir Boraprhory rms ¢ pagion redmarithipae seder at
hi gher t enpesadyis pskinh afteHi QRPI6d Falh @ rELAGL 04ish; UKEShe o MERPIBFE M St €am
cracki ng operatitgns. FO(E e arrgl e, nag){@t.h st eam ¢r acki ng operati ons
typi cal I y'op&FgEehoupPGY RS ALY LAt Wdn oy GopmpniqaleRiiLthe Feagliogreaiong hout
815C, whi ch ear ¢coas@bmfuid dlotvhtetweeak locdtfionpyttcalay ®ithe gaGort AP @fidivikie theHowever ,
in the present .techniques, the thernal rolysis, reactor.m perate at
peak pyrol ysfegcné)ﬁge Oél'rrglélr 5P Gl ese @?%gﬁy%afﬁﬁ%ﬁhodgh%gﬁ%ﬁq ﬁ’é,Xgengé‘% “abl y
bet ween 14001 @@ rahody; RIDY c@@uit bxierdag thiooudugide tedread teatkdt sarilly thraughitieot her mal
heat profile hg it . t . 0G, __or
et ween 1540"5C ad TRa6 bd porrima Rl WP He R Ao hi Hoid Ty
profile, Thealpeeakilpy pah gengingdeomt thorfist el graad thregh thgyedpler basly wdbnread®0. 0C t o

1900. 0C or 1ﬁépfugﬁ;:rti&mligg)Qc@@-heid&né%&ﬁwﬁ@tﬁ@;e.h&(ﬂ%od}j;Bse@@% BNl epc@nd%tgi Il nore
preferable to expose the pyrol ysis feed to heat using very short residence

) h . )
times, such Hemoutpdethe isplisad ornthy sseongd hssd ot {fpe PirHalktiraush tfrespentive yed;
Pyrol ysi s reagtd @ashdtvapt ibasektbhmifi@fdd @RIC the Qo cHAMY &IngbIaR: afid Meivhane

t hat b t .of t rolysi.s f \ ically i I k | ysi
gas. tomper at (PN AReRtEeRR H5tToeTFEM toHEhE ey B HosPRasebtor V' ®
convert. 2an axebypdoafigurgiefeein e fipr odedss aspstpytialy yze pbdiewnfveed fisit fleam wi t hi n

the reactor, . r Sl r res.of fram.1540.0C to
2200. 00, and" sy & ERURE AR Y B3 BB BB R SR Sl A P B8 ence
ti mes pref er abthy fawypatheis dharsecond (pphosis flaw Glisctisscondhave a0firg wbean and
preferably <,aBoWkiialorl kst 85000 1R oW baliNEnEARNGR 0 vlvedand §&ORERLO 0. 001
seconds. High severity residence tinmes are preferably < 0.05 seconds, 30
and nore preterah|iya sibgtagizlly gecsrigstion wipr fBjdadovyiade figyepptke irin jadiest flaghi evi ng
any peak yr @leydnSangaSuts@MPAY abish Boditt OV Auil MEw8XihS tIBNGBL &f ind s8hd,d
tenperature that is heated to,%l ggler terrﬁer ature, and_a combustion gas
tenperat ure ARSIV AIRGHGH SRay (ReHge A Aidrcandu sieding fog) euidedbrdbtderr®. I'n one
or nore enbodi rephd hell tbhe lQ@stesantly tiealyni i aspectieet®X MiveRapPenasur e of

the solid elements in . her mal. YSi S stem(e.q., tubulars for
furnaces or heat C?%?Hs“f@? }?es%ﬁ?ng‘fltoér)%{r(g!j‘én%uﬁ%ﬁ%%élog%lti“f g%ﬁj’mf’ énCE’g’t“&éen about
5C and about pB@OCxirndpd dromt thereattbreboge akthp hirdlvgise; s fgarth doedpienxandingfrohn a

preferred,e W7 1ot ' f 0 ntg in the
Pher mal - pyr or et sl FRALIMIN S TDRI AN fhfy bl BOLEEL RIEE
pyrolysis 5 éa@h ravmeraroamumedfien siéth flicgigpané genduit aenrgling Evid tflovsilamay al so
i ncl ude soneaifiBk Pl REAHENSIMiIAExBYdTBBAQLachRERdy IEHDNAN §-Rel £ nBigat
transfer solids. In reverse flow regenerative reactor enbodi nents of the

present techiiVgtidsondyriye Byt @rpasieg hadirdygivanad dsdrwd velye an enppgie sides e

bet ween 100Gtasnst dPROE dythdRENBatRfconMing IRMOMahe deBontiNépbg@dtiiotr@ogiogr sol i ds
in the reactor, and nore preferably cooled to a tenperature between 300C
and 550C. - 44 -



10 [00114] In one or nore enbodi ments, the pyrolysis feed may be derived
fromdifferent hydrocarbon feeds or m xtures thereof. For instance, the

pyr ol ysi swbeetr/aveg79i ncl ude net hane, which nay be part ofCa/usatned21gas
stream This feed, including associated hydrocarbon and inpurity gases, may
be supplied into the reactor system The supplied feed nmay be sweet ened
and/ or dehydrated natural gas. Natural gas commonly includes various 15
concentrations of associ ated gases, such as et hane and ot her al kanes,
preferably in | esser concentrations than nethane. The supplied natural gas

may include inpurities, en sul fide H2S ntro Certain
enbodi nent s Wg%))elglﬂgéhlgd Vraf)'é art‘%t%% foﬂfﬁ ag eaé‘h%af?/mcaosﬁeséﬂnf‘a@ocﬁjfﬁ 49058 Bhenof t he
associ at ed hihglieid floydr he 8o paiss istiiotha st fdvwediectiohandin heubsandxtig by pbstont he
present tech i utilize th |i feeds 20
such as vacuﬁm&gglzd @@Fﬂl%@% a%h 191?1%!}1{5%%nc§) %Pposne fllo c? reg lon, m equctllu € r?%en s. the
pyrol ysis feeﬂdrelaédla@i\ﬁhwdfag@ewwlomqommyme@mwth oamofdh@ﬁlaf kechydd thigeey cont ent
of the hydr Ofo%fbe&ﬁmfsmmt Qfeaaaxllz)ml xmn Eﬁéhgmf N feae pRARE! Ak ou@m@ha/d%aoﬂ ISt age
that is > 10 ww% preferab 15 wt % Further,
in other enb%leF“H’eWte@PeCttVﬁéleWy@ﬁeE?@a% edf?aaeee@ %ythbfevah’efﬁnxﬂqﬁ eomfunisatippy

hydr ocar bon {,geghe @dlﬁho‘ﬂﬁtcbﬁﬂﬁand@ﬁirﬁﬁlgqgﬂfﬁgﬁil&lghyéjﬂ&g&ﬂl RO fortlon. Wt %0
This 25 addstp lexibility of controlling the H2 product . If H2 is
val ued at a PHfedon Bedeariar brsy 1o the sGesetivg g BaY e&lﬁfeeweacrte&ad fay e used
to maxi m ze tdhenchent cay plaﬂhQﬁlbtﬁs&s Mad)Uepackyd fidw pard ka@en withid)a dosdsvialidsed at

chem cal vaI ue, (et han st ea ef or | dr o nt ent
feeds may becoﬁtraétfpé)ftfog {44 e%ed A m”g% "R‘ialﬁﬁéﬁé@%@f?&rfaﬁ(” ?é’alﬁef@o adds
feed fl exi biéndttye te@ct@rl:a@(asIWeqws dsy memoga@rtpmvuém tae eatibghed( mel Bivewe to
crude) and g i ar I t S]In
ot her enbodi %‘élr(fe}tﬁgﬁovt‘)ﬁlé‘glfé ﬁgn%g%uu éftgp#eg(g%r bgérl Al lé’ﬁ d?smg?ee Ze%fng%é ive
reverse fl ows padidefliges emntagteyeiprey Q@Bi b@’e pyselidsykids CPI@@@P@TIOH Fehe rﬁeﬂe}t bede

pyrolysis regghehedd@rdilols ilhed ofi AioRf SGERSHIRE oMk Aldid S8, Hay ¥Rkt | zabl e
feedst ocks that are substantially fre€e of non-volatile conponents, such as

metal s, and Bihefriheewsr derapatipyoluesio srcked Hoapnagh vobsdrehimey haysiacHiond e d

ot herwi se | aypeAl@uR patﬁ&hlumaﬂﬂ)ﬁa@lfedbldbv';ﬁthli@luhﬁ id hesr@@qh@ﬁde aRsRmPb&snhaf such
reactors nmay, be f% in U S Sﬁﬁig A%pllcat bllcatloq#glos.

2007/ 0144940"3AG* PELLIRFYne sPHE watey F@F@ﬁf} ‘&%‘f P e 8 at ed by
reference, tewrcitia \I’&B/@EBGI’ ﬁctppaze/albedom;mzﬂg sedidkl e(baMememﬁdafed\Mfervaivm stthe

| ocation of t er m reacg r egener at react or
bed is 5r eg}ée}ﬁeelga 3‘%6 . &Stancf urm& Oé’erfal r s eEergé(t: eaf)r(f?pehfalve i Fy eln{r%s{% channel
to a first regewen tieifuwl OD@daoamh ad decondr bedaut@mats betveauijh ala;l we%cmrﬁdlechannel
in the firstyLegenaf @lhds. &sﬂf‘av&%@m% ragmfeg dea%u&lrb@we%%@g ofpEAGHRMR | ina
gas mixer, and reacting to produce a heat reaction pro &t

passed t hr oudjtincat & ewfrer ip dgdlbrone Resitipeandiths lfﬁcﬁhéﬁfde\ﬂffweﬁtbﬂfﬁh@f?@f/@nda her
exanpl es maygoagof QuImek biémdd: @amB@ft ﬁlaf Mlalmec@k%@ RalRUB ) @e&ér@% NQRation

2009/ 0008292 and 2009/ 008292; U. 10Pat e 7,491, 250 U.S. Patent

Appl i cat i on P¥icitedeidp paerve %bgfltﬁ)%%‘?ed i A presmaPy pesespibIRypINe akthdn Seri al
No. 61/ 349 4ﬁ4mtwﬁ iit€ h’es@erc@veaﬁlého |tmcwb@dyedd/ayowlaffefneme eeactbxo&agtéﬂdﬂe an

exanpl e, P plication Seria 41. (U. S

Appl i cat i on Eﬂafo tg? P%ﬁ N% rel?%‘/%f@i%&%{%cbﬁ% e ﬁhe’ %ea?‘ NRoPSSF é‘tr@dta@f’/
reference, deddmn besadsnprivegiss seand ahd glasss@inescats;ymayegeingr avilvestth eearal
pyrolysis re I t from hane or
hydr ocar bon- ag%trcl%{g? ﬁ%l{rlf {h% 2@&5 %*ﬁé%&%ﬁ%%ﬁgs% Vé?%gfglga%%f/ i IS A ref)?mg%q% eact or
may be utili®egrehar-y nfesqaf, gy riecleske amrpetuetrem@ont rf@ﬁtt @edésmwnbe@ﬁﬂab\ewéed For

i nstance;t h@dﬂﬁl%@ﬁa%tu%& ah«f‘&éc%ﬁag%etfc@l%ﬁéc%teéys'f emthat includes (i) a
first (quenchi 8? reactor conprising a first end and a second end, and (ii)
a second redlBPI conybir sMhiacTEy iy’ ety vacsaEiva sRgoER e PEORESS f i r st

and second r@@cﬁeolﬁtslz@ar 1088hO@ dtibr FneBRich@8s. I Bladtsl QRSN Edtaiti dnfbodidlnts @8pect to
of the second rea i S proximte

each other su hat the s ndar

o the. SecontiIBifoRE eSS S S FAREDoMe SHHE Bt FELSS T IET OBt wo- st ep
process wheraipit bt procsss, {olds aadthed: dp. Fhendt@ad ta@tainrdbEmyttamayvsid takl
conbustion step and (2) renoved fromthe reactor nmedia via in-situ

endot herm c pyrolysis step. The conbustuson step nmay involve passing a first
and second conbustion reactant (conbustion feeds) separately but

si mul taneously 25 through the first (quenching) reactor, by supplying a
first reactant through a first channel in the first reactor and suppl yi ng
at | east a second reactant through a second channel in the first reactor,
such that the first and second reactants are supplied to the first reactor
fromthe flrst end of t he flrst reactor The conbustlon step may further

R I - r " 4 Y T o, o -



30 produce a heated reaction product; passing the heated reaction product

t hrough the second reactor to transfer at |east a portion of the heat from
t he reactwonoprogiret to the second reactor, and recover POE/UsBR01@0MRUGt gas
fromthe second reactor. Preferably, the conbining is enhanced by a
reactant (conbustion feed) m xer that m xes the reactants to facilitate
substantially conpl ete conbustion/reaction at the desired | ocation, with
the m xer preferably |ocated between the first and second reactors.
Thereafter, the endothernic pyrol ysis step supplies nmethane or other
hydrocarbon throu t he ated secon e first reactor, in flow
direction t h&USHp §ﬂt3%¥ aﬁ 8{“%?rPW‘mhggWﬂﬁ§“?86 DS TSI LY S5 B convert
at | east a parnted pmsiofly phie toredithgne reaston  Heelsydnerngnsipassérngoi endupypédri ed

met hane and e guench
the met hane %(.)Il’l CfrpFi tgrgr%,?a%%e re%ac%%ﬁe %iﬁ&%e%nﬁgg%gg%vdtﬁérgﬁ Eonrt{gtﬁgtgo% atgoge

acetyl ene. ThemeooebewmaylmmMFHQMMﬂﬁtWWdefﬁmppB@Pﬂg1h¥ﬁ¥o@éhwiWMUEe second
reactor dyri et BeiPY LR Itﬁésgtéa&tapextadﬂgd@ LAkl @ﬁergyeareteho Quefast-NRuREL hane
or ot her hydrocarbons inth ed. Hydrogen nmay be used in nolar ratio to
net hane of ~ OThaypson gyparesy @t@t@n%rle 1or tgbaexdeden gUtike tsyrdieyesh siegp thel n
preferred enhedhiBihiqudsh@iineet ok Mrblpe theli@ackdr kS tool @RGERIr bRGIUAESthRNE OF
nore honeyconb nonol | ﬁ% structures that grOV|de flow channels for the first

and second rBa¥eR ke ngifgiensies O SsAUSRSP TP R EFIVRL MGB M RS S i r st or
second reactaﬂu&mabmhaeymﬁhﬂﬁdbﬁﬂwﬁfmﬁmameﬁmoetmeen 50 and 3000 ft', heat
transfer coe ent? 0.02 cal/cnBs0 nd bul k t. C > about 0.10
cal / cnBC, an@]&%n;li/ Bre’ O‘&eo‘ﬁp“t‘tf%e“d?"% t&%eeaté%n%e%n%P ?ﬁhze(ﬁav thXﬁ 0°80% open
frontal ar eafuaha chiehweba oo 5@eamdﬂeOmﬂnmmﬁmUManwehs%d@ﬂwkquﬁwei|nch

The process pmy, b RUNEr ek BRShOsYPPl Y air
as one conbustlo%%#%gg& JQ%%%gﬁﬁgagg%§§§$?%ﬁf§§e Iﬁre@%eelg Be carried out
at di ff er ent 349f@$& abass SOGRA; c‘rqccﬁlﬁyigbeh%blsqhéﬂg@isatiqcv ag rrmsrearhnr §X¢hpREey r ol ysi s
step or at aa@tabf&rsﬁéttan@&ea BUF SichdFBY vhRChAOR BPBRAKLAR hiad b&h QR InkOorr eCover
mechani cal energy from hi gher pressure exhaust gases; and may incl ude
recycle of eRRgssYePHases (EGR) to the conbustion feed for 20 combination

with the airpofny @aatmlcehet emmdmem}ttacme@gammapemsuazrml Vi@ @ditﬁbati c

flame tenperature ,%he Co ueron ig . Nonconb Z.iblergases for exanple
H20, CCe, anf:?“ﬁ?esseﬁrﬁi}t BECER §O 8 FRe TEBRBL RN AR B 16O PR R BB Rbust i on
t enper at ur e. stddae Teopbdistsiagwshedfcaugti vesnpransie sarubbing tto @mdvesegigngledi@act ant

that are a fuel 18, t i

separ at ed as” %Inlmﬁmsas?%gyﬁ%ﬁgﬁ%QX&R%%PQﬁ tor&g%g%%£§ﬂ%§ aﬁ%d@% 25 or
burn whereo coatrbiyhedls hBlrpeshatgrt in ah wtyke@amactredtmyseldweb.lmeﬂtyhat (advantageputly,50% and
nore prefer aQLlyou?g’te/Qa mo%%‘%/oagtpatattq{%%mt iRk aGQEBUPELQN pl: IR afBYacOCEUr Wil |

occur after the axial transit of first reactor. The process may further
i ncl ude a mi Rehanehethanp.sregdigh Afede AdntiP tFpFeamoid el ©e giriHngs high ERY

preferably hamiag (siyde @ﬁde@fs%&m@@&ﬂ foPRBLhALRAN ARGark@ RGEH. and each
preferably accjgtln flowd ur|n t he conbustion ste frontr%1%pgéﬂgq ual

nunbers of irgFS%ﬂﬁogﬁkﬁﬁ%’E%ﬁﬁﬂ pdise p B?é?@ﬁ? g™ 50y

proporti ofs ®dnefits ﬁlSttheafbﬁch\e@Odedop’eeiﬁ&tsanFor aaadptle,ax/agograava: babiadt esacsisi ¢ L/ D
between 0.1 a . Prefe % of the
total vol urregeo’?ralﬁ"'r g%’? nf)tleltfgn f“iegv?/b]rlgﬁm%ms |tﬁm]€%§urf3 i abo é%s g%%“r%a Orgglact or,

and pr ef er abidlymihasntange endtirei prosess, chs voted nie &320@&m$5dhemmouﬂOW©IMHe in

m xer plus f d 0 0 e a
cycle time t%é%émgﬂ:m 5 Qﬁg{ﬁ?%%;%eg&@ﬁﬁ%%&&?ﬁ%mﬂa%eoﬂé%gg I%%%’?gne spent
in pyrol ysi sWéltleﬁiepP@@r amy regchrgenperatiesd up do 40 io BEOHe el @Sep@nel‘ﬁhﬁl cal

cycle tings pBYPRaPEE ?a'fhd]at %n%l%&n%&ng%agh%legﬁfgty\ﬁﬁ'd’]reguc@nﬁe §Qr.5econds,
and wi t hout expectatron t hat conmbusti on and ysrs steps will have equal
t

durations. [ 01 7shsl thiprasesipihat isheproagesmay) prwace \zrrlbrgm%e by RRFEREI s
incorporatedmbMSJ@g@f@mQQMmgﬁ descri bes a process and regeneratlve

pyrolysis re d for rol drocar bon feeds

Pntal ni ng nOIA adiris” Bt g r Sull B afedRarsht P iyt tel®or may
be utilized swingrie tofpetyores. ofccirtiegienfyadysivenicordastedadlhieste aboy desighalrto

i nstance, the process may include heating the nonvol atil e-contai ning

hydr ocarbon feedstock to a tenmperature-gufficient to forma vapor phase
that is essentially free of nonvolatiles and a |liquid phase containing 10
nonvol ati |l es; separating the vapor phase fromthe |liquid phase; feeding the
separ ated vapor phase to the regenerative pyrolysis reactor system and
converting the separated vapor phase in the regenerative pyrolysis reactor
systemto forma pyrolysis product. Further, the process may include
quenchrng the converted separated vapor phase to forntthe pyrolysrs

4 o o, . .



25 pyrolysis reactor may be utilized in one or nore of the enbodi nents
descri bed above. For instance, this process heating the

nonvol at iwe-20ogd7ai ng hydr ocar bon feedst ock upstream ofPCa/useganenati ve
pyrolysis reactor systemto a tenperature sufficient to forma vapor phase
and a nonvol atile-containing |liquid phase; separating the vapor phase from
the liquid phase; feeding the separated vapor phase and nethane to the
regenerative pyrolysis reactor system 30 and converting the separated
vapor phase in the regenerati ve pyr oI ysi s reactor syst emto forma

pyrol ysis produ The roce t her. i ncl ude rat ed Lapor
phase that i¥' S@B‘%tﬂg’ﬁ? |te§TpF§? F %Vém f Lrﬂcﬁar%v%l lgttﬂ? é’mposea Confftg(‘:l% iofe PYORENI ng t he
converted sepattat edy hapompmphaser interfaby et dveyalyys mbgsscrosdlpn@dmhth@ thimay heat
nonvol atil e y c r e range
of from abougg%a%g%}}ggg%o%ﬁ {1)&3.%&%{1? ﬂ%%?tq{l Iﬁeché) Ad (ﬁﬁgp%%%ogccgrph&eﬁtgeedst ock
may be carri wdardess @ywhethet eiapte gneonpfexashppedt t %e&@*hahfg@b asgqeiatpeh Vi) &€t i on,

the reactor syst&Weachod i Tied BRAIENLs ar@ﬂgd&&rahfett%tma&@s DRIERfnsURShERAM Of a
regenerative pyrol ysis reactor system [00119] As another_ exanmple, U. S

Pat ent Appl i BEET SHPSRRE SVINR, At FRRgifc SEPlen FERRNCTAEVe VM POSRAY &jY by
reference, dpgigdd hﬁ@reﬁ A QBRSBr amnetrege&@foatmsvww isQ k¢ SdompéiRae tndy bat i | i zed

for pyrolyzin droc on feedst ¢ k. These proces t eps .and/ or

IR S ARG S Rt e g e O o

descri bed abmmemald,:@mchla@stfaanm, maerfaBa@dnos oﬂm@tch e [nodée baow)eaEdronstdnmjyt,

wherei n t he [ ee?‘lC}atQ \Iz’e rever Wr rrgscto?‘ ! ealr(t:(}lud%r]a fr retgreacpor anc} a se on %acto%ag' tﬂgw bOdy a
packi ng mat e’ Far I'sSpose Fe'Feaction

poppet val veconbnasEempith @s ﬁoumaetdr tthe tfine rﬁaea)ctcempxtmdya afmj qhnnnrel «ﬁw

communi cat i o3 oL L EAR A BRI QAo GRALLAI fehdd ahd Mothrllonfet ween a
| ocation external “to the react hin the reaction region.
Further, a r®acewyeyirgy spoed tradany theggsttby fibapetorgtofthe secoferpart@naged wit h

the reactor Rad c@ubinfiafl ?éa&g@vstlth%s%&ﬂﬂ RActhidt @M WesiddactoRerh@admto at
| east partially throu%q h head; and a first_ val ve in flow comuni cation

with the i rSpdhin “déc?ﬁt“P‘BteW? (FYCTE #5074 RPPPYCBmP mpgoldp oanﬁafémfbﬁ@\ﬁ 1539
ext endi ng fr @midif)endfa regtantmaikstewiteltis haddusgleteherone@e bothe badyals, Thaisse@act or

may further include e d head d wt he.reactor body: a second
Condutt  oxt efidh HCFYSITGE SPHES HaTPT P0Gt o e dRs o ek Ty o

| east parti ahdvy flolw cuglelst eproedpeatigy eohdaids tanghahs ecopaenalsueh pnaf | ow
communi cat i op Wc&ﬂb&@ﬁo second conduit controlling fluid flow along the flow
pat h including a portion extended fromthe reactor body to the second

val ve; 20 ni@125k coriigempd tivhieredr rompraedti yush asyageolifagnay bguiade Gmmi al |y

open posi tiop W@tﬁ)@taxfttlam' %retihrf?t\%tél? oxttyégaamf Qi‘é.‘ﬂegm ar&rabiBry@naterifidh ofiO¥ni rection
andasubstantlal y closed gom i on id flowin the fl ow ath|5|n
i

a second, opylrssin @ rafiggoy merEr!ibain mﬁﬁ‘%’ H‘?%i\t/%f @ lgsp than 2%%1%%‘%@1“? “’é"ﬁ”f’éppo& te

sides of at heagt foam Bt ke@&Nomforih)hbd Qos@ioh gaWRRTHBIaR okylien fartiabpredakve and
second val ve af 8s ach ip a suantantl IIy open posi tlon when fluid flow in
the flow pat® s PH &ctpnshartial gigssussiogye By £330 MHE' BrosissY 4t #5PTY™ ¢l osed
posi ti on awhedartfidetind zfrécaiami dfktdehﬁasfehﬂmlqﬁﬁtdﬂ tHeSah® tetps@@eNehd o ppgsiatuessf | ow

di rection; extending fromoutsid first
head or the bs%évotﬁ%%eﬁlgergm OP hf “ cé)lélgrflltlrﬂ) " ”(Qe ?’%’?enﬁ) alhla phessuree(gf IEJ(T:E% Ve head;
a third val vadi fidf Wow cxprmditd ¢ ki bFving 4nh0?t>’9@l Dahttllall @re@@mjmﬁ to ccbwt adl 4ti ng
fluid flow ARbluh ARG, A BOLL] ARLXLERSHAT O Ahe

react or bod?ﬁeﬁg& rﬁé‘&bhl r v?’v‘é 'ilr?de]&‘;%yar th &ﬁgwﬁt% 1éd;%?en ?ng{ from

out si de t he $¥mBle ¢fedhyscomaterials seporerufeald St Paignt Pealietigrarebligpiop Nﬁ? ough t he

respectivg headiprang a%dﬁ@tléhbkbo\f%ﬁ/&aﬁ)@ef | ow communi cation with the second
conduit controlling fluid flow along the flow path jncluding a portion

ext ended fr of#P¥#8k rAéé’ét%‘Pthﬁfc?é?“Hl%q Saey fiapHealigy yraial %‘hd”ﬁﬁ RaVihissecond
valdve p?l r Clﬁma;b’dréiddngy Ed@e&é}lc}’eﬁbrlﬁ@ e}/@yr&l@ds trdﬁetoxf wrrtgtbombneetsa)h mmm@h te

si des of at st a portiqn o ow pat t he
Second. oppokbat R B A B aParRERG PR degwryEmh st Bhur t
val ve are eaiofluden amytgiabsbaindd Zrcdnya. CThosadmpasitt bointewlaismay tve ufilizad th dokow 1 n
the flow path is in the first flow direction and in a substantially open
position when fluid flowin the flow patth is in the second, opposite flow
direction; may include one or nore additional valves, each in flow
communi cation with one of the first, second, third, or 5 fourth conduits
via an additional conduit extending at |east partially through the

addi tional conduit's respective head. operating in phase with any ot her
valves in fluid communication with the additional conduit and controlling
fluid row aI ong the row path |ncI ud| ng a port| on extended fromthe

e b e M



may be utilized to renove other inefficiencies. That is, while certain
enbodi nents may i nclude heat exchangers for heat recovery, the quenching
step i s peEoforymegs™i t hin the reactor as part of the pro®esaiS20006@30 a
separate step. For instance, certain enbodi nents nay avoid an active
guench stage, as the reactor product fromthe reverse flow regenerative
reactor is cooled passively prior to exiting the reactor. That is, an
expensive water or oil quench tower for rapid tenperature reduction may not
be utilized with the different configurations above. Active quench systens
include a separate unit or step outside the reactor, such as mxing 5 water
or oil with HerEehtensmbodimenls Assridienabave The k§iHePY cnasHakgprauee st lich as a
Joul e Thonpsem, ﬂmmemporﬁh@ml waglztIoethe@éﬁat;tulryb@at@mpaﬁ@%culdénm kewefile active

guench stage, the present t ues ilize the t hr ou t he reactor
o Co0l "t he PEHEr O BRI IRTHTES ohih e 2 HE%ioheH e eI Bt PG o quench
step are renoitathr{ mmlilthy pxblﬂmseaSeabtezsa\uﬂ/eyﬁrhenaea‘dfdpmeme totsl mgﬁiof/eﬂey
quenched by f% oM at il tat]ehareeg‘(:trosrlt %‘2 1e]r|an <O Iom 08 oE as%!:imants
heat recovery vy BaUt P254° GPPRIN TAe Y s RS f P her dhancs t he
oper ati on. Fgon éxanipine of thhefrecitry etatetidnpar atludreeis lepriy firé gloml nonde BNz bel ow
500C, or in r f ly from
about 300C t}gtng%%%ﬁm (%g%}n%%gg%r% %g%‘g gg%&neggﬁanta%r rgﬁ'ﬂgﬁlgﬁé@;‘?%ﬁ%nsf er

| i ne exchang®rst%( aflagsyt genin @?f@lHaseéﬁaorttb%@tahé@ghté&%aﬁ@@pryunﬁtetr@ Hayfirde used
to recover heah el %%HSI I3 s@biliAARLQRRISViISE £SO gr&Q@i;@%]theFruﬁgmefmm ot her
enbodi nent may i ncl ude Ilute acetylene stream may be conpressed

with intef-st &8%%%@3%&% apdri %@Pfé%ngéﬁbﬁ%ér“i%tyémf ‘E?Feddlpglé%%‘é’f“;i’f

conversi on shagg: grdil Bio, @m{ﬁm 1686t € WA &oddGdiS hb& pARS Rp&Y thaliaN@eigk " ubbi ng)
to renove acidic species and inpurities as nec%sar for thg%%é?gguctl on of

hi gh purity ‘ﬁéﬂeﬁffaéﬁ"fyrfn"ft%@blthe“f‘f’f@“‘%ﬁ’?‘{hf“@dezl@‘”&%é Y &R size nbaH, t™®d in an
acetyl ene conygidk 8F tolndt gféa&erualdbAeub@meﬁehyéoega@n élady@ﬁtmgg@msiqae stabitiRout the

addition of a separate H2 strea The dj e hyl ene i s rified and
traces of metighe! aheéf“}‘fﬁ‘?léramr“éqﬁie n%!ﬁ‘f”ﬁ‘éé‘[ %Tséﬁwﬂégg} &ﬁ%‘a(%seﬁﬁl@'fgﬁﬁ’%]&t %nd the
resul tings high s@uiid figinehdel enge ilcpat wWrkhst ghade s o;ﬁdﬁ )&ﬁ'@/ltthmﬁdohtmnmg

pol yet hyl ene in a separa nbodi ns, t he
use of the e84 rrﬁmgm?t“’“s ?ﬁ’ew‘éfd |m8?r‘11§% ]‘hﬁ sfo"‘““’rer %”ai‘ SRRSOt f vi ty
of operati ormd/onlaeiaalﬂnpdd%rcwr@getri%acme\pétfpymd ygios the gtiGt vatslizgénevaih| y have
ot peen. usadl FOTERG il ik f Be LIPS A FE Y 6 1AM PRCRUSS 10Tk e
alum na interna as not ed e erences |scussed
above. In a yteigémed apanvies tp’ehmlgin of thradthctery inlaiezials meshavera retopityl ag 2076t ind
herein, the tﬁpaﬁgetdf ﬂgmh@ @aoﬁw WisRd %Jnhhenvoﬁm orfﬁé%f%owat&@ﬁ%y have

terrperatures up to 2200C. In this manner, process may be
operated at faprmpg@ﬂew%mw’/sﬂaﬁﬂd aronhegheighe bty |r‘f<fia€t9fya{%f#ab6ﬁ€f@’w}*féisoveraII

capi t al costth&fco&qb}%e PEQGRSSBlectd@dm {hS rohpeonﬁgtqg%m @awgpcgqtuqan fravey,

byproduct s operating at these higher tenperatures. t he
t enper at ur e %/ﬁ’ thitth YA fordpy¥; 3¢ F%&B‘?SF %?’”ﬁ‘i‘rgsoth?rﬁ‘?}col fsh%ré‘é f%R%ans in

t enper at ur esmayAaeQdeCk NGhtyl4 vays oy Dasd ﬁlﬁ(&ﬁﬂl@%lgl‘ﬂf&ﬁ"e}ﬂd faktsoriiavieds; @r bhay desi gned
to wthstandlt%esgi.tg eratur.e sw ngs. That tﬂfthsexgt @g T

confi gur &t i o™ RFSECPELRY BT S AR A" rﬁ%ﬁ% fo HPHTE Y such as
val ves, t ubaﬁcone(gmumohe/eomﬁﬁl ytri iyt k’tmhmmlzir@dlahmaﬁymnb&,ssebtmg-dﬁeds

m xers, quen J npopent s ardl es et her
Sl e o conbraRSeRduBat 1Pl S ShRLafy TRRET R bSO 1

pyrol ysi s reat ytoia, baa'dde@en bompighteritis fiat eramdeieoﬁaydncﬂtid@wem futhast@bﬁuaﬁs abl e
to withstan r 1 C i o6 B
regener at | v Fas ind AEAE e\ BAPELRMMLE St By v B DRI %

i nt er nal 3¢onpoiverd sraimpege. dnd (o) pheptiewhyoHengran mage- be substantial |y for nmed

from predonppaye! Wsf@nnRdafdiRMe@ipRALS. abateit ARSIBGN TSR Q&I Loai7n 7emt eri al s,
such as refractory materials (some of which are noted bel ow). For instance,

a 10 regenelth PenoErrEedeby rednFe fetcHPes iy Pt (RIS INBSOMPYREE F and a

second r eactifternhlf, vtﬂl@vur@&mmtoqaﬁﬂ vathinhé feadt&}eegﬁdnr whick ®asddarom tehectdri r st
reactor conprisi P‘% adfl rst ghanne for ¢ g.a 1fl rst react anhthrough
the first reB&F8 M8f fEms dESRETRSARESY | a{"asyefélﬂdzeéﬁla%ﬁgf st W nveyi ng
a second reactant through the first reaggtor to the second reactor, the
first reactant exothermcally reacting with the second reactant in t he
second reactor. Further, the



15 reactor may include conponents, such as a honeyconb nonolith, a reactor
bed, a reactor conduit, and a reactant m xer, which is nade conpletely from
one of thwormat2ewp@Ebs, di scussed or is nade substanti al | yCrusa0ioNes206 NOr e
of the materials. Certain of these conponents may have flow channels to
provi de passage for fluids through the conponents, such as a honeyconb
nonol i th. 20[ 00125] As an exanple, the reactor conponent, such as a
nonolith, may be nmade from (e.g., substantially, predom nately or partially
made from) a refractory material in oxide form wherein the refractory
material has a nmelting point of no | ess than 2060C and which remains in

oxi de forn1f@?‘€¥mm§é§¥“ﬁﬁémﬁﬁ Thp yefigefep ealgigsieg aresltinspaiet pansi vy i oxygen

partial pressisoe 8l whith 1nadalin ox@de@&ﬁﬁ@ﬂh‘c Radt b (DH@SS tkpBse@ RAVRSs higgcar bon
partial pressure of th«le Zi rcog rb| de and zirconi um oxi de Qhase
t

transition af” PHESRNE PEIHE "‘r af’n‘a‘ QF PRENETET Y ARYC i BRCR RA

t enper at ur e pksstirheofzihe cirtonitm tcmbmle emﬁ)mlrndsmm okide phxygemsipar i ae phressure of
é? ig ?g‘r Eaa{gmﬁe%atul)e e\%Mc]%p temmn’ ?rgtﬁrees bel vzf) \%gq?%era%r? ch‘gdrlﬁ allgﬁo?lxg%ilplg acg%lt:_]?lthgfr teﬁzur €
oxygen parti @ziygmrss@mressm ofl Bx fLEar;baad (i) Arhereseanyst @ ofas bh@fg@nmgn patig may

i nclude U. S. 9

2010/ 126907, ,F’Oﬁrw@gf( éﬁg%k Qﬁ;aﬂgm W‘%ﬁ?"‘*’?ﬁ@‘? uggome“%gﬁ%% p O%Q‘%Z ?%q

Appl i cati on Setal pesspgg of ol 7 Tig3efacighi I@ﬁeriakmﬁm@@mpmmdédor@whe@ﬁmowﬁce

describes a pyS Ok %Sy MmERGLAHakAVQEE HMMONEAL S cMonipaliel Pakide a0 gl are
exposed to heat vmthln the reactor. region, forned fromrefractory materi al

that i ncl'tide¥%n Potiglressues ofidhg firrapjun |C?ré’8f'1 Ao Zirpppiwe PhasrisEERR & BT 4Rt er nal s
may be utili@@geritireONR at%m;féwt@esoibotzdﬁexe&rfb@ﬁhmmes p&iﬁsazrthdoe@gab@a/real The

f t t tt f. t ot al
wei gt of”treeret PRy B E o R Hmeneltirate | BT e P R have. 5

porosity at @Sk nf tHEbar,angegaf paﬁ*trad)pmﬁm'eof B8’ bo) at %eblﬁ&eﬂdrelmlﬁmﬁ()f(h@aym une of
the refract o i pon the
total wei ghfﬁa% %QE%&%}% ?g%’ egsqganl‘k(iiﬁ)e :%y r@‘%gm g%th%ll\%m%eyf%%n[r vcs)lg‘ein e%?o%?d tg

the rangesofa qu%ermé;‘)pxrolY%gammxl%eHwegi aurprd;m p&n@al \mlsaumaofdp ‘e amewmt or y
material; maydpeludR @tlohfega%tana o wtéﬁpe%@é ByveBieruil Rt dF RO Yisbdotao
stabilized zjrconia and a second graln node conprising yttria, nay include
(i) at | east2P0 Gunwy dfave af qrysealing sEpcurpndire ihadisdduperieate tee dRSGeight of
the refract omothay hale,a iap&@ prds§usd ofGheieftadiRd BraCOAIRY & Sb° h@hr)é{ Z(TOO‘EC staqbi | i zed
zirconia havjn rai.n size in . the range of from10 5 2000 pm the

first grain ‘?’?ﬁg%ta}iaé‘rﬁo‘?r FHHiymate CeRL e it @/‘dﬁsf‘ﬁqnﬁg‘ﬁﬁ‘s‘%(ﬂieﬁ%‘mlst“ﬁéf“%u ght of
the firsto grlﬁayrsum&ally&@du((elom)iesaif tdxeasﬁamibs whayoietuds adﬁad)ngbfeylttﬂa noeeerbased

upon the tot wei ght. o ef ract nat eri a on r.ai n.node
having a D5 ()}%gnrmar.ll cg%gllru?% corrﬁpou a zn'cﬁ)méxmo tfammﬁ]c%m%iim& and con{%ma{j ong thefeé)%_t er than

one-fourth they DIWedgra MOEi \ztéﬁ of5 wt%ebafsedn@bn te awelghtrxﬁdhae rsfratur}l mzteluhl zfr coni a,
the second gi, ?ﬁﬁun@?ﬂ% gﬁ{gpsre eﬁ:&n@&s ?e‘iec e@ﬂﬁr&l tﬁe‘gu%%%ﬁ’shf&g &Aﬁas%eﬂ%%oﬁe the

wei ght of 15 e secon east one ttria
oxi de, an yt¥piNinte&ntlaithi \%g%@w%uﬁ/d& ézﬁdmé6m§tl¢1@txi%%§heteﬁéreof may

i ncl ude bhe oefBAC QRN TR, Shbdr SAHRE, 1S SSPLk TplicaGY %xaNNBriz@éz%b@é?' l'i zed
zirconia, at |east one of the yttria and/or the yttria stabilized zirconia

havi ng a D50Vifhajsninerogatqdnbs Ff’éer‘?né‘hgjéscé‘i?esfq' BYfPigsipIcagtyr BOBIe 9MRPCASVT i ncl ude
at | easlt 30 Mﬂeﬁialy,tmcthaar@a@@géd WIRR vilhé th@fe@dtor\ﬁ@x(glmvhl@ﬁ fo}rrh}&i @l fedBdt@y y |

mat eri al ; a. .par osi at 20C in, 20 e ra rom 10 20 vol . %
based apon tHEHbR e SFRL Hbe Bimbtin) il Ttk SThamobT801 w o
to 5 w % baseodipents titseribe ialyive. Ghe tefr@ctqnghraaaaldmya meitieg ipeiht, ofob & man)unds

t hat COHHIVF] 5%6&J(Ze %%chs%lngﬁﬁnd 0%5 Oﬁ}g&l hﬁgegr %\2%’9 dV\? %a%t}t(} gg %Ilrgébﬁlotéartﬁl ! ’
i xt ures t hamessfre offHE" birand oxyeel Wtwberessmay)f il 012 b eneastirefl @t temperatteots yt tria

based upon tﬁ@o%ebvgé?ém e rdPBrofy! hadriaB8h 5 180 En 4%1%713}411%%0}0%/1 ngg‘suéﬁ abilized
zirconi a havin grain si'ze in the range of fromb5 pmto p.m The

second gr ai it ﬁ&%b?ﬁ‘wp g dulrrvelumg of {ip refragiprpiaferigle tay have 8 iita porﬁav itonsi st's
essenti al | y o rafdetof i 4780 190! MElenadd 2 toRASItpoRGWE Hot@Fningd hifek @ntiig ay a
stabilized zirconia conprising at least 14 wt% yttria, based upon the

wei ght of the first grain node; may ingbude yttria fully stabilized
zirconia, and excess the yttria is included within one or nore of (a) the
first grain node, (b) 30the second grain node, and (c) an optional another
grain node. [00127] As still yet another exanple, U S. Patent Application
Serial No. 12/772,757, which is incorporated by reference, describes a
pyrol ysis reactor having conponents or internals, which are exposed to heat
within the reactor region, which formed fromrefractory



material in oxide form These conponents or internals may be utilized in
one or nore of the - 48 - enbodi nents descri bed above. The refractory

mat eri al wa0e/0ved7®i ng point of no | ess than 2060C and whirais2eienei2néG i n
oxide folio for at |least one of: (i) when exposed to a gas having an oxygen
partial pressure of 10-15 bar, a carbon partial pressure above the carbon
partial pressure of the zirconium carbide and zirconi um oxi de phase
transition at the same 5 tenperature, and at tenperatures bel ow the
tenperature of the zirconiumtriple point at the oxygen partial pressure of

10- 15 bar; nd t as haV| t| aI pressure
of 10-15 barinstrit P eh BeBOP I BB Rt B T RV Rt onf Ehe
oxygen part |lakhepargssﬁlfran(5fto]5@-vd.l%, lnaty haﬁéhetotaemrmymghe mgeoﬁfaim fay3¥emain in

oxi de form whgn rﬁ%fpﬁ)ﬁ@g f&%e@ 'lf?a‘(' r%é‘s RXYEE N BAK L Bl eHrvﬁéa%Pé?e of 10-15
bar, a carbon ‘garti al pressu ove to carbon partial pressure of the
zi rconi um cafrabﬁlqnemmﬁ)rmﬁddzlmbiewnmm@@wwfan@nt m@nm@ltldetahéulglaml greinpie¢ at ur e,

and at t eﬁp%ﬁs@ftbuﬁﬁﬁnamed fil\erdih &%@éunumswohdp L&inRRdBtih@bsd H8in Q%Y 8ERe Parti al
pressure of 10-15 bar; may remain in oxide form when exposed to a gas

havi ng car bdst g&it mage isneisless rﬂéa“dll“e":LBm?leth%QPO 2R TRy de peond iein Bedssure of

10- 15 bar, afheRinttRIMREclpdfe® hait 22830 AfameIBiv Ay eange SFEttdni ﬁlﬁle@@mmm@bsmo | ess
t han 21600; ma .re%ﬁ'hn |ndt he oxi.de form v\/nenh e,§ osed t f%fa r ef erence
pyrol ysis g&*m’ © FFERAMGR AT BOM BRI s%‘ﬁ‘Pé‘ZSP D&, an
oxygen part irﬁde,pﬁz@r&ﬁwefoﬁﬁedmfoiﬁj Gapriseamidmaliveto tle0Tp ef éit tnad pardsity; fnbl}e full
range of i T IMAERAGS P EA0NGL sTNANE, 3, RLYShAL L 0SS LAl S

cubi ¢ dufi ng ro 6 2558 & have 3 apo tge§sure of the
refractory rﬁaltablle |Valldmg ggeat, BGd 7 Ctbmtnn@bn QD@@(ﬁmalfraw heabl \@)’idlrlg%s,ttt, whefdir st grain
mode COMpr | Shdngigfly 1o B kompiRR s Ui @1oP 2 TRAGCGOMRH: Al KA b infliow 20 MRY

substantially exclu oxi d toxi c ceramcs; i ncl ud | east one of
yttria, anotPhideleyandrg W@@W@lai Wlﬂ)hba"@cﬁ‘rﬁ??ﬁfnﬁ’% al ¥ rorentl waice Biveal sy

conmpound, angh&aBRI Bk G of NErSQler HARY. 51 Hﬁ}l%@ af R @M PoROdr Wk ¥t @ard W %
based upon the weight of the refract or%:arrat erial, of corrp ounds t hat

conpri selsel ehdhtsmasrarinet Pf Kt AEMgY R FXBUHS f"si‘lg?’Fg Bfne cartgn paNgl ca, Fe,
M, Ni, Co, ptksureldf,10M bar ¥od dﬁbgen-ﬁamall\ﬂ?essw OISH), 0 ba, méﬁﬁl(ﬂec(:ﬁ a tarﬁﬂareﬂihx blir es

ther eof 128] ,Furt her t| | | t her

er 01 oIBR8 JEr et Bl Ll anguer SrofBlon v BBl allc o
descri bes a2p30°d] ysilmve eamopreésavnhagls@wﬁ@meamsow haytlevnathsimalpdiioch ar e
exposed to i r ctory
materi al i nb%%aaég %@%h&ﬁgg@&%%@%éﬁ%%%?ol?n I'n egru%g gg(rjf‘g& (gml%lﬁ’igl ?ezed in
one or nor e rgftot dpaperrbodinnEifp s ldiewatebéa!h @hdeneperalneofSe TG ao@t@raﬁtenmlerl al has
a nelting p b. form
then exposed el B8 A o e AR S B B DR

oxygen par t iMifa ghpégengragrofn 2:0ue! e, 100E4s1r28¢0°6t may inelfrest deasir® o 12000

wherein the geff @Q&&Sfﬁ’naﬂ%s@d &p%h th"é@o'ial Wéfghtl TR réfﬁ@t@ry‘}na‘{e%aP/QnEPMBEQmQIW osity,
nmeasur ed at 20C based upon t ul k volume of thé refractory matérial; may

have a tot aleX%*F GEifgsyt F%lctCFrémPérY@éf eigthe peisfes of 100 SHPMGI0gudpBg Y HEY &d f or ned
por osi tyasi s t}dﬁhﬁj‘xﬁlyrhﬁdu@f(b af lest M@0 dﬁg fadt gRin ﬁl@m@geahwnehaf)tamlgﬂt @ss than

1700C for n t ss t or.med porosit he range
of froms § QestoBPuA iz UG iy Bk B bR G R e g H B £ fom 5 Lo
35 vol % rrayeodnap/rﬁe, aadf(;@raﬂmistpom%a;ftsycohh@talncfﬁmrbh&eslp&mtm toodl @leighf ofbind h a
formed vacant ble co nent action;
may 1 ol ude NEROPeTEAA g o BV ine STt S T RErO A 47Tst orai n
node and a secano rgxtgtemtemdegmetfbm}me])gﬁ @taﬁh ﬁkeZﬁ‘ tbef ﬁtshgrafni h&k; grainn node is
not Iessthanthrtet e D&tiﬂ3 alns e, rai n.node,
wherei n he T8 PHorES “a e’® gt{”ﬁ’u a°rr8 a‘é 18] CHm%" i zan“F%{“ﬁ“"g"%‘fa“f“%gom not

| ess than t henisid, gndaq:qmbmatzoms dferebh eTlsdoonrd pgesanty mwde DA dtametexvm)t teksres t he
D50 grain s V, i

conpri ses f'rt%r%th%é) %E) %ms Syth?%ﬁh&o q{% 1al o}{sg‘?et%DSgorr(fﬁz%e%ig1 eﬁs(ye(?zﬁxgé ?or med
porosity th&pomingt e&séb-?pém Dp8igregn e OIf@asetfra@mé mgferigl vp g iiveftinesk gie DPBRWIMNg agent ,
a durabl e vei,dinge RESM:y mAfRHal2orGRYRLNAL b iShetS A6K tahiLdralonAld R D! €

voi di ng agent, wherein the volding agent nay conprise at |east one of a
sacrificial polynmeric material, a hollew particle, and a solid particle;
may have at | east 50% of the for med pores have a three-dinensional body
factor of not greater than 2.5, may have a nelting point of not |ess than
15 2160C, may remain in the oxide formwhen exposed to a gas having a
carbon partial pressure of 10-14 bar and oxygen partial pressure of 1040
bar, neasured at a tenperature of 2000C, may have a crystalline structure

t hat |s cubl C dur| ng heat - up from 1250C to 2250C may have a vapor pressure
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[ 00129] Further, in other enbodinents, flue gas fromthe conbustion stage in
the reactor may be recycled to the conbustion inlet and mxed with air to
provi de pweferymge7oxygen Scontent in the regeneration- sPagASE@a 666210

Low oxygen flue gas nay al so be useable as a purge stage before sending
hydr ocar bon vapor feed to the reactor in other enbodinents. [00130] In yet
ot her enbodi nents, the process nmay optionally include separating hydrogen
(ol ecul ar hydrogen) fromthe effluent fromthe reactor to | essen the
anount of conpression needed downstream of the reactor. That is, the
conpression of certain reactor_effluent 10 congmgents (such as nDIecuIar

hydr ogen) t hat HRFEhHBE0 gaiBgadofithe srad glrBcrgs vy Bheresdier Ve ah =R (61 ysi s
(e.g., not neegdrdimmbde recovery stages) may be | essened or elim nated by

separating a st ort f t hese, co ctor effluent
oo r eam of  BALPE: b8 e e EPS duF BT SPRHe S b ainin B Bess

hydr ogen naymbe bs epaiat te dhca®mbudtieh atlét\aed ynixed rvéthnai teqmvare ihgfelradgepmgest ream i n
certain conf é@%ﬁ%‘tﬁé% eBe ath Hrsttag%ede%%“& e%%eg %%S uSeéﬁeCé%“r’g (Fflxr@' y, the
hydr ogen may éi d eam of the re ups rea

addi ti onal cmgm‘oefsmsmmgtha@e@rbmVapphfeecttoﬁvefrastpon O@fsr etnhedlme!aot or product
into ethyl enggyshfi %n?&@ﬁ@ﬂ&ﬁm&ﬁ@&£%kkﬁﬂa%%ﬁ?@&&nﬁ&1&ﬁﬂ9&$§a&@@1&Qg% and
expense of downstream conpression steps, as at |east a portion of t he
hydrogen is feRsviachyiiosss {rae ﬂtfcf\ﬁrh@rtrf@ahﬂl?ar%%%leﬁ@n the PO FIPTBeRiBYi de

thi s hydr ogepeed@p@fatiic@R, oftiie rh@ACt Olar & filcUIRprddBoh heceet@mvreercroe@fﬂuaq& not ed
above. Then, a SO|IdS separatkﬁgﬁprocess may beﬁﬁtlllzed f Ilomed

hydr ogen @ep%?ﬁ??ﬁﬁ “Wh@”ﬁ?ﬁ? @éWﬁ?ﬁdﬁt%ﬁ BHER PN Wﬁﬁrﬁﬁeﬁone or
nor e menbr angs ,pyrlb[y@rs &g, encsWea@d adge rrpdolvan staghsy may aa mbé@nedcmrmhhateﬂcm of
these units. Furt {1 % (f %Se crm' 0 entci”od?her nt}?)re%ﬁ en \%)strg% orfeaCt or

ef fluent to ar{frsed 5 e%%h‘?(brl%ro Ir’hersepar% iCon, = ¥R Q%%eparatlng
t he hydr ogenmpeiabrthd contphesise stagesl 6onpwe$31ngmsﬂepmgolm@nbr&&@akhesmenalnlng

corpr esst o SEatst) flrb oRREAAG, BESIE S, oy Ul ML BARGor, B B O over
pressure15ThW@“ﬁ%peé%mﬁh$Wbéwﬂuﬂﬂﬁermékaéﬂﬁ@@dNW“meméﬁﬁéﬁmt6ﬂ®hemﬂolIomrng

exanpl es, whiykheahedel@meR FerMEs‘s‘%n Bra@RFodene [ORLARLAS 1R khdic tpr&sanpbe, the
product separation unit 310 or 418 may include two or 30 nore nenbranes and

may be ut|I|?@H”FOTBFBV?%@“FW@“HVd?U&@ﬂr§@B&Fé¥?€ﬁaﬁb?@@?éﬁfhwmﬁﬁen

acetyl ene comvgidasn sihd, Brat 44 agfoeliod DB HYEREINOE rdnft@ed Rbih dhel @M@MAEmUNI t 306
or 414. In this configuration, the conpressor 308 or 416 may be utilized to
conpress t he”8t1¥e streamfroma first pressure to a second pressure,

wher ei n tzhe peahd Tpr}esxsdertelsnﬁdxhgegrneparauharthet feectéri aftentpng@ssucaaverithen, t he
streamnmay p t.hrou n ral | | t.S.- first
menbr ane mayl%?err%)b\lgl)\ree hgIL eno aesr(l) # S@Ba(rr%lcay ngejce%rlg%ya?eggtglg\%?{heow?%é?éle%;gg%a

menbr ane rrayseuztrﬁtlonzeThrelmdmgel sparationvse jpmgaismayT eluds encopr mhe memihiznee sweep
may then passedut GyhBRbBAGH AN, BRdrUehoifiof HTRLDGHS rhihd i Fgr&@g mafS 8

speci fic exanpl e, first pressure nay psig (689 chis
conpr essed t@dﬁkée@QW&”ﬁﬂ@%§@Weeghwﬁg@aé@ﬁ@mﬁwgﬂmmkpébawP%WKPh@dﬂ?”hydrogen
separati of. &fpir@hgandBdtdgen p@dr b R RYHHIRPRAS Rpa c&e;sr@sxe@k fethatnl

menbr anes, thg reﬁaln?%ggg?feanrna¥Pbe co Blressed to Z%gé 5158§ kPag)

in a second CHHBCBLEH I LHEPF BXFIEF TPHECESBIYISHE RHFGR h'HS a vapor
phase acetylﬁ@emoonaenmar}19Mht&en$b@%seaamahemwhxmﬁﬁgemhmﬂmﬁmm@mm100 psig

(689 kPag) . 133 nef t he h dr ved fromthe first
menbr ane may' b mﬁﬁ%ﬁﬁ@&ﬁeaTﬁ'°}¥ﬁﬂhwﬁﬁ mn9$9ﬂ¥ mmﬁp@% ' o Yhile the
second nenbr BNB2ha\Askefisieepplwi thé proddch saparatidnatniti 330 ot #18 medmvxmehw\rq arhe
process. Fur t or the
D essar e o fesiifet i MR WRAR (TR e oA bR R TRARIRL LD ol o
to the syst esrelyfeaOpautiel H2antdané ﬁwalswe % thsselidreneval it 30801 H4absBept i on

and desor pt i QRfisidton, e dohipZebBL30R of b 14 rﬂaﬁﬂeqhma 1PREpREs ADE R relredMVRom DMF
di methyl formanmde (DMF), acetone and other 15 suitable solvents nay be

utilized to %ﬁﬁ&é@?“@ﬁ%aé?*?ﬁ@ﬁ?mﬁnw?h@nﬁWhﬁF@dﬁW§§€f“fﬁ%wﬂmahﬂﬁf%%sorptlon
and desor bt i gssutfli ThdiPiyie Bsasl o Hhise@bughitwd bemse mMemdnessepaatiodtuhitd. zed t o
separ at e net hane, hydrogen and any ethylene fromthe effluent to be
converted, while the renmaining effluentsji.s absorbed and converted in the
converter. In this configuration, the conpressor 308 or 416 nay be utilized
to conpress the entire streamfroma first pressure to a second 20
pressure, wherein the second pressure is higher than the first pressure.
Then, the stream nmay pass through two or nore nenbrane separation units and
i quid absorption and desorbtion unit before being conpressed in a second
conpressor. The nenbrane may operate to remove hydrogen for recycle or



30desorbtion unit reduces the size of downstream recovery equi pnment, such
as C3 refrigeration units. [00135]1n yet another alternative enbodi nent,

t he prodwO 28ep@9Ei on unit 310 or 418 nay include one @CTMSR@E L/eFUE anes i n
fluid conmunication with a liquid absorption and desorbtion unit that is

di sposed between the reactor and ot her downstreamrecovery units. The
menbr ane nay separate hydrogen fromthe effluent and the |iquid absorption
and desorbtion unit may separate nethane, hydrogen and any et hyl ene from
the effluent and then convert the acetylene in the streaminto ethylene. In
this configuration, the conpressor 208 or 416 may be utilized to conpress
the entire s??bﬁﬁﬂ??ﬁﬁ?ﬁr???ﬁﬁy%ﬂﬁg UrEyieogales, ¥ EﬂﬁéVﬁmj@m?@?¥I%¢a) or
100 p?l:g)) é GE&lligPal)et)mie@s asvaeepgarsdlw@ssuﬁ@métﬂangsweegﬁﬁy pﬁm Qasﬁ,lid)ﬁe KB?()r or 190
psig (1310 kP rein.the ssure. i her than, t irst

P easure.  hinder SRR BS80S RE B S Bl o rrg Fe kb A repar at i on
units and a K%Q&Pd@awmdrphmmmmandtdesammlpmmumnﬁﬂQbeﬁ@Kéﬂ@ﬁé@@eﬁaﬂmlng
streamis.co 0 te to
Fermve. hydr ogun i miitn” AL ARARen il FelTINN B0 ENABEEEL ° 10 ot
a |l ower pr es@arr@nammﬁpmnfay bs*eorw@@uv a3(q ESIgg(1586116@gb9|ag;e<(06890m}91 I n
this embodi NBALeant HELITRIDAD Eonbdttel Eshidtl &8 /ah@ ﬁh&‘s@‘%&’é@lem@%oﬁx@ﬁexi"%h@%n
upstream of the |iquid absorption and desorbtion unit to reduce the size of
downst r eam r Eesget pydegen preret idsie 1¥PrRRsi on steps. [00136] In anot her
exanple, t he[opmﬁucnen@fmay ahd BAIrdEBi fendd @8m AbSrirbBientbimhk WG Hé'}ﬂ)d@dfedmr e

pressure swin dsor S e |I|ze to hydr ogen
separ at i off thﬁBEPF ) gb?%gkg‘ﬂ®89§ﬁ @Pﬁﬁﬂ @Ff@? kA P”ﬁ %ﬁ HA
domnstrean1okuﬁh@dﬁﬁmnd&;mﬁaﬁvahﬂﬂﬂﬂhnﬁﬂﬁmﬂﬁm&&ﬂmuﬁhﬁh@ﬁas&mmemammﬂg
adsor pti on u{f}letresrgg‘ Q)e thl'rlgI kxlthze%%: ranes S(?(l)’]vusm adgr es% Ln the
stream Int P 8ura e Hﬂ’ St ttilized to
conpr ess theméhﬂlrénsmMEamnﬁwmﬁw&H&Mrghmpf33@9Wmzmédaowemnmm:pﬂe&g@re
wherein the 8660 LLESSURG. of \IGRRT: YDA REnLLESIDRPEIHNE md BFQ. L he
stream may pass t roug t pressure ng ad pti'on unit to separate
hydr ogen 1 r oftitethe saleenisi mishbe siilizehin edessy be ehlaent elrrﬁlerhqh@ pheseealrhe iliguid

conpressed i fhs@pRRAGANGsGOTRIER $RY be NG LOBE heMB¥nd @ndiiilikddz6 bpariied- , for
recycle or sales. As a specific exanple, the first pressure may be 100 psig

(689 kPag), WHIF hY§f0&%lrﬁ99 a9sgyIts ffamst%ec?fﬂwnbwg §@%Véﬂf'61f Whl?dhf‘pfsern@m(ﬂgw kPag)
for the hydragent isepanat in@BonvAiddes thac@@ériet. OR 110§ cohh@rmsﬁj ri@gemplagas: jogen
renoved in thelgressurels ng adsorption unit ﬁ renai qlng stream nmay
be conpressed 1 ‘?%bfbglﬁw%ﬁB%%mﬁﬁk Eﬁﬁe§”§@égwafb ShPESLE© §p¥tPdam of

t he acetybenmesmmwﬂwmethSMmbpasma1ympmfﬂpmaﬁﬁmameﬁwbemmmummmamham) whi | e
t he separat 0 ]

alternative %n%%%)%%g %{)ﬁa% 3 ag%ro %tuf(n?)sna%daﬁl )5258%9& gnrcl1 ASEQIr nay be
utilized upst@mte@aﬁqr@)foeltmeormrees@umea swmigcmwpt i'Tha mnmbtanarm@ympﬂaiezted to
further ”H”ax%o&eh%dmé& ﬁp%k%hee&%alw bﬁtttkﬁox)i&atﬁé ﬁbl bR £t aUl@\E}ér prdsBurd HaSthe
configuration, the conpressor 308 or e utilized to conpress the
entire streafSfRGH<A A5 Pecify eeupledh @S@I%ﬁ@%wav Pir Wasig( @7 KRy whish ¥ he

second przessmrass%dtuagda@hd bR&reton 20f Jsip 382 7MPES TR hy dld&M, sefaltBoS t ARAM MAy
pass through || esorption unit befo re bei n sed to

i on and a
t he pressure™ qﬁgﬁ%?%g%ﬁheﬁhWFmWWﬁ?gﬁnF? bapss) Whigh™BY Peah 2 Argeht @ na
conpr essi on Bt (ﬁ(ﬁ’rkP’ag),ether enminihk Bgeasitnia alten bd pBsqinieselitie abSvienporachsdr pt i on
unit may op for r

C
specific exaanmt&?hé”gﬁyéy(pgeggﬁ?gwomgmw%m¥5§f% th%éggpi%égikméﬁlch is
conpr essed tlo this sebotidenpr s samoralodl A Bydoegiey upB2am PHg)ligudr abbdrgtioni agdi d

absorpti ] oL BL, u A atfJEt hane
and et hyl e pesRRaLR R Bk o8l RERh Wb s M PRl 21
pressure of wde psig (827 kPag) and the desorption portion of the unit at

100 psig (68gokBAd)n ydi E&%tHe%Iﬁfn@ﬂnQQm@&ﬁﬁ@rﬁ‘tl’f@%&‘o&u&%%a@%o%@@@OItAh%%Qh the
pressure swi ng adsorption unit at_ 100 689 In this enbodi ment,

t he process‘ﬁ §keﬁﬁdﬁdéﬂeé¥?m%¥@%81§§d5§mﬁﬁﬁﬁﬁpﬁg“?h%1%Wé§§ﬁ¥@”ﬂﬁ?6ugh t he
st eps W t houdesdiion @it it isnGdpude vasldint thé RAttoCHTIIRS §bvaBir&heRSve{@&L38] I n
ot her enbodi nents, acetyl ene conversion, which nmay be perfornmed in

acetyl ene converters 312 and 424, nay Me.noved upstream of the conpression
step to |l essen the associ ated conpression steps. This may al so benefit any
recycle streans renoved fromthe conversion stream as these separated
streans may be at or near the operating pressure of the reactor. Moreover,
by mai ntaining the effluent as one streamw th m ni mal product

é’%lf’i%irgles % tﬁmebsgg



15 renoval (e.g., the solids and tars), the stream may be mai ntai ned bel ow
any detonation limts because the process may produce | arge anounts of

hydr ogen wodotdees79bypr oducts to dil ute ot her products, PEIAIs2@3/062¢4 y| ene.
Accordingly, the process may involve having the acetyl ene hydrogenation
unit upstream of any conpression steps in the recovery stages of the
process. [00139] As an exanple, the nethod may include exposing a pyrolysis
feed to thermal 20 pyrolysis high-severity operating conditions including
a peak pyrolysis gas tenperature > 1200.0C or even 1500.0C to produce the
stream that conprises ethylene, hydrogen and acetylene at a first pressure;
and conver t iTHg Membrasa ey Ahseia huskoss f’iOWeth&(?g’tuylPteﬁH‘é th%il@ﬂ%ﬁbS@tpﬁw dife stream

in an acet yld@staﬁms@mmﬁgy%paka@ec@ét@ﬁe Ulp&ro%e%%ﬂaﬂfy Iy RAUGIm B BRBA GRIMRELSSI oN.
This method may al so incl ude rermvmgl[y romthe reactor product a_first

product comfP1vELt apefylene i He syamdpto SEY fepfs Iﬂﬁgi FORHEHI N1 iR COTBRIRIF f’(i)gng As a
specific exaﬂpkem%I&Emﬂma&bc@h@ﬁﬁUMﬁmﬂ&wuaaaﬁ&ﬁaﬂﬁﬁQx@ﬁﬂQ@@Pagylmmhlch is

duced t P h t d Then,
Gowns redm G0 BRBr STURE (av By MESH T Bur-okr LOuba T BRTEE 150 perg.
(827 kPag) . pmg(Blp@B@n®$mwheheﬂb@mnmantsBdﬁgmmbmpmeﬁempw&ewhﬁﬂqme&:nay al so
conprise dif &k‘iﬂ}y a)%’x%g}gp%o'oﬁ?&%m ﬁ%ﬂar?e%e;ﬁ&g&h&l& d aolmgnighbfo)x(&fm L@ Y

paragraphs n conversion net exposi ng a
pyrolysis f éesdrbm@n vhiebetet teyeohipiog stram iy cp@ﬁkss?sym& §P§¢r§ @apressenpéhat ure >

1200. 0C and 2l pAnPhBSHhe To RRioRsl 910&%4& Cgaigéycfe%r RIRQUMES oA 1RAGbRK: Product
t hat conpri ses C2 urisat ur at es an unsat urat e wel %ht ratio <

0.5. W00 leggmwrt}lmé@)firﬁmwwg 200 neiee(6 BBk HFOd Ibihis sapedipenbrbe

wherein the nQ&ﬂsrah@ isa@gitadl @ﬂ@m&ﬁ@l ghthe rh@zliﬂogbnl pstieal. &kSthe ﬁqula' fa&ofpabm@ﬁh of

par agraph 1 wherei n ;%% unsat ur at.e wei ratio is < 0.4. 4.
The net hod S?Soﬁa?%wté‘b’f‘?d‘fe&“%“ SPEPH fRRYepSaupge ﬁ%‘ﬁrtef:ﬂ"&ﬁ‘épswm ght
ratio is < @o0336]5. Ianﬁethmdmde offe poductoRparafon pai agr @phis nhyticlle owher ei n t he

reactor product has an 5eth élene to acegytﬁmano Cg The

6.
met hod of aﬁ?ﬂbﬁ%mg?ﬁm%%mhm (ﬁlmfw?dnﬁy erein’ Qeﬂ?%y%%ﬁns?mm%%étylene

wei ght &t i opstsam>o{thg acetyleng conTbreerﬁb% o34 efid émnsmel dfthepalisgraphbutt to 6,
wherein the 5’6}/51‘%1}(5'1"? l_ér@s@&l'e gwlﬁgaasgﬁﬁorhmr&a%retmmed@aﬂgssgmé g;eggu;ehﬁ-' cipyrol ysis

feed has a ydro as to carbon (carbon 10atons In ocar bon
mol ecul es) wtnart ¢ HEPE- |Iﬁ t@ﬁé“‘r@ﬁ’@%"‘bﬂ@ cpmpgssr 30or Tivenprpbhvidizet tany one

of par agr apRsmphest %e7emufetsirmefmﬁcarm§ﬂ psésage EONYRELd d;ﬂ@s@é vh@@mt th@sqeedt i on of
the reactor product into eth ene 9. The netho ara aph 8, further

conpri si ng PBFVHer NEPHdPah WasRessp o bnofhe a?eafﬂhr@aye!faﬁm EpEh thi?f@”*lehe met hod
of any one ekinpadsagtiaphs: td séparald, hyéﬁrﬂgeﬁqffﬁ)m tﬁ@fépfainmgrsgeaﬁdwdﬂﬁé ttherﬁalnﬁqueak
pyrol ysis ggf tenperatunfs and/ ure to an t he

%

optinm zed vafd® BEPRYCHE rh%ﬁx?? r%%%tl %%?D%ﬁlyﬁn W%ﬁ“fh§¥%%onprlses
an et hyl enerdcyclaoetlyd ene spyeifglkandd, the figan gregshie n@8 be 1@ pG12 (eRISKALQNdtich wei ght
ratio. is compressed to a second pressure of 120 psig (827 kPag) for the hydrogen separation. After
a portion of the hydrogen has been removed in the pressure swing adsorption unit, the
25 remaining stream may be compressed to 230 psig (1586 kPag) in a second compressor
upstream of the acetylene converter (such as a vapor phase acetylene converter), while the
separated hydrogen may be at 100 psig (689 kPag).
[00137] In an alternative embodiment, the liquid absorption and desorption unit may be
utilized upstream of the pressure swing adsorption unit and utilized to further manage the
30 acetylene in the reactor effluent. In this configuration, the compressor 308 or 416 may be
utilized to compress the entire stream from a first pressure to a second pressure, wherein the
second pressure is higher than the first pressure. Then, the stream may pass through liquid
absorption and desorption unit before being passed to the pressure swing adsorption unit,

which is followed by an additional compression step for the remaining stream. The pressure
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11. The method of paragraph 8 or 9, further conprising conpressing at |east
a portion of 20the reactor product, the conpressing being conducted

upst reamw®d 20te9g@npverting. 12. The nmethod of any one eCTame@gnehe 1 to
11, further conprising separating nitrogen fromat |east a portion of the
reactor product. 13. The nethod of any one of paragraphs 8, 9 and 11,
further conprising separating hydrogen fromat |east a portion of the
react or product, the separating bei ng conducted 25upstream of the
converting. 14. The nmethod of any one of paragraphs 8, 9, 11 and 13,
further conprising separating hydrogen downstream of the converting. 15.
The net hod ofWIB%F‘%@‘fpaﬁh%n‘ﬁ@%PPeia&e oeBPE by drogen kydridigefyciesorselshir Aféd vi a

one or nore glcidc BydHROME ﬁmmgsaﬂenayweesswlg(@wm@)aﬂﬁ&f@bb@@%sad to a

| ect h I 30 t ab tion 16. The
et hod of - ang Ui GH A APURne Bact s Dbl e BB S A aadisig o a
combust i on fpedomatf tllleeazﬂltogcal meuhﬁnecand erﬁylédaelasmzpareatoe@ll Ihyldrab@eb@r agrdorr €act i ng
the COHbU%t 1H8 1?5 3 u?en(gfl Si (t8 )Jm%%?e deé% !) 10 Offt e uni ars.lat ed
A 1% reac eat ?or t'he tphérmal

hydrogen in a t
pyrolysis. {48 E@E)Z/t@g%&ﬁgﬁ’&ﬁie@@milﬂe@%%@d tlwughﬂh@rmﬁvdngﬁdsaﬂwnone of

paragr aphs Lt R 1Bbpuk Wb 195 AR LakathdEnlalnast e cB¥al ¥R Rndesy from at

| east a portion of the separate ydr ogen . any one of
par agr aphs 1B213ging the Fespuit B¥ouglh s rsieps wghcalamvmg tp @Caldee%wﬂlu C@mpwm a first
portion of thgsseparated hydrogen to forma mxture and reacting the

5m xture |n a thernal yro ysSis reactor to provide heat for the thernal

pyrol ysi s w88 n [t hd eﬁy‘?"&ogfg’ie%ts of %Péﬁf%f’es Cﬁ'eVFfS{Péd WIBnPa L8 cSHEMSEr i on of
the separ at egtetyeds ﬁ)geé’ﬂters 319andHhe nﬁ@tbb atdvaf upétﬂ:}(m@ﬂ&e Giﬁmm@s&a@ staplSesded t o 15,
ot | oast o pof EoRarernet Safin: T baGul e Podhebh 1 Re abRvel kg,
1020. The net thodonpérsiamytream,es dfesmp@agafdapmnslnay@e 19y nevh @reeperating@raseiakol
pyrolysis 9a%e reactor. Moreover, by maintaining the effluent as one stream with minimal product
15 removal (e.g., the solids and tars), the stream may be maintained below any detonation limits
because the process may produce large amounts of hydrogen and other byproducts to dilute
other products, such as acetylene. Accordingly, the process may involve having the acetylene
hydrogenation unit upstream of any compression steps in the recovery stages of the process.
[00139] As an example, the method may include exposing a pyrolysis feed to thermal
20  pyrolysis high-severity operating conditions including a peak pyrolysis gas temperature >
1200.0°C or even 1500.0°C to produce the stream that comprises ethylene, hydrogen and
acetylene at a first pressure; and converting at least a portion of the acetylene into an ethylene
stream in an acetylene converter located upstream of product stream compression. This
method may also include removing from the reactor product a first product comprising tars
25 and/or solids upstream of the converting. As a specific example, the first pressure may be
100 psig (689 kPag), which is reduced to 90 psig (621 kPa) in the reactor and acetylene
converter. Then, downstream of conversion, the stream may be compressed to be at 120 psig
(827 kPag).
[00140] The embodiments of the present techniques may also comprise different
30 embodiments, such as in the following exemplary paragraphs:
1. A hydrocarbon conversion method comprising:
exposing a pyrolysis feed to thermal pyrolysis at a peak pyrolysis gas temperature >
1200.0°C and at a pressure > 36 psig (248 kPag) to produce a reactor product that comprises

C, unsaturates and has a C3* to C, unsaturate weight ratio < 0.5.
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tenperature is in the range of 1540.0C to 2200.0C, and wherein the exposing
is for aresidence tinme in the range from0.5 seconds to 0.001 seconds.

21. The meOhwot/wP67any one of paragraphs 1 to 20, wherei rCThiS2qQaeake2pyr ol ysi s
gas tenperature is in the range of 1600.0C to 1800.0C, and wherein the
exposing is for a 15residence tine in the range fromO0.5 seconds to 0.001
seconds. 22. The nethod of any one of paragraphs 1 to 21, further
conprising determning the operating conditions for the thermal pyrolysis
to maxi m ze the reactor product’'s E/A weight ratio at a predeterm ned C34

to C2 unsatuyrate_wei o of the. reactor product 23. The net hod of
any one of &ar agFssH: O_dL {WraE?plaHd”hﬁ’(ﬁmtﬂi‘)e‘%zmz\ﬁiﬁ@f’@lwlgﬂ“ﬁé‘“‘f’ﬁepﬁﬁ 20pyrol ysis
is perfornmed.in ’Hlern&@@ﬂﬁflaﬁdgta@h[er\flameelﬁkf@WthﬁﬁEﬁmﬁturateMlghﬂ_ b irelA0d of

par agr aph 2 V\hﬁl‘el verse flow reactor ca rlses a
react or bod):;, wher & oflﬁeparaga {’] o\éerelflglr ?é S C?‘éna%y?rfﬂgﬁvel 8“atrlz)onlggw thin the
react or body; a Packétimg qfain}emnabf phr@piphsedj t@at, Weast trpaﬁetctoalproyluwhtaham t he

reaction 5re%lhgf%%etﬁ'&@];ﬂéﬁgw%ght%fo@ Ppppet val ve assenblies coupled to the

reactor bod | ow comunication with the 25reaction regi on and
control ling 6f | ui thefopeghnd of any e eftratagiapds 1 40 povheicrihepthyiehetompetyenpsieighf eed
between a | egRtiopnsexternal to the reactor body and within the reactl on
region. 25. The nethod of para%raphs 23 or 24, further conprising

exot hermi cal’t y rE®RcRsthog o4 2y prstol paragerds il g of %f%“’delwbter?yaﬂyéléé?‘iﬁc?méﬁr?ﬁ%st i on
feed to heathydoda8@hOdd atheleRahié pRaKis &ell Yasnd tlbrdra)géxh@rzr ggenenssd kabsEver se

flow reactor; re conbus ducts fromt generative 30reverse
f1ow reatt ot Hgfo?ffé‘agﬁo %@‘F%?V@f @ig dhy rgnee § la?gl east a portion of
t he heat genser ated nlmyhotl roEar@rxmé hiegamigaplisclaot7l further c@Gprisiaeomeitihgak ledkt par agr aph

25, further cl%g;prfrtg egwp I Cpgme@ leheat ed region with a vapor purge stream
after the ré&novin ng cb Ion products and prior to passing the at

| east a por ®i on T)‘fewelﬁ@d py pasdgyeph §, fusked comirping helyhedingdt feasy i portion WiThe
2012/ 099679 @{MSZOM/ 066210 27. The nethod of paragraphs 25 or 26,
wherein the rst conbustion feed and the second conbustion feed are
separ at ePy Heat ethowraior ol prveoneey eragrannt J do Pelydires somnrisine pdaging thegictfor t o

exot herm cal mygl@%gst feRBerdtited ARk QI p?é%sure #Ban %‘ﬁam@@m@a tRf opBRAYzc O RRuOT
paragraphs to 2 sr s feed and

further conprisi ng deri vi n% ﬁi‘ xge)(trol
ot t o pr odEEs S HHTEM Ay BYSEAR B IR B brTEF R ¢ RUCEIPSENGS "B8 The
met hod of paaruagﬁcarphcz& CM@&%@MHWE@I& riypdr ocar bon f eed corrpr i ses crude oi
and/or cr ud 0| I 0 ot gg or ? 3 ComquIO . mpﬁs%‘eg{@ (par agr aphs 1to
28, wherei n the B F}S‘i paggég S5 ShbEtant el )ﬁ FHake™
20 the reactor product, the compressing being conducted upstream of the converting.
12. The method of any one of paragraphs 1 to 11, further comprising separating nitrogen
from at least a portion of the reactor product.
13.  The method of any one of paragraphs 8, 9 and 11, further comprising separating
hydrogen from at least a portion of the reactor product, the separating being conducted
25 upstream of the converting.
14.  The method of any one of paragraphs 8, 9, 11 and 13, further comprising separating
hydrogen downstream of the converting.
15.  The method of paragraphs 13 or 14, wherein the hydrogen is separated via one or
more of a hydrogen membrane, pressure swing adsorption, electrochemical, cryogenic
30 separation, and solvent absorption.
16. The method of any one of paragraphs 13 to 15, further comprising adding to a
combustion feed at least a portion of the separated hydrogen and reacting the combustion
feed along with the at least a portion of the separated hydrogen in a thermal pyrolysis reactor

to provide heat for the thermal pyrolysis.
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10 31. The nmet hod of any one of paragraphs 23 to 27, wherein the conbustion
and pyrolysis are conducted in sequence, the sequence having a cycle tine
in the ramgeofosps7om 0.5 second to 30 seconds. 32. The meCha2@fi/oes2y0 one of
paragraphs 1 to 31, wherein the pressure is in the range of 44 psig (303
kPag) to 300 psig (2068 kPag). 1533. The nethod of any one of paragraphs Ito
31, wherein the pressure is in the range of 103 psig (710 kPag) to 163 psig
(1124 kPag). 34.The nethod of any one of paragraphs 23 to 27, further
conprising quenching the reactor product, the quenching being conducted
within the regenerative reverse flow reactor in the absence of any added
fluid. 20351An afpdretiod<ofragy opy ot edeg#ys Hy de deaftpbsm cormpigie drivge B¢ t her nal
pyrolysis r@ﬁ@tyéﬁfe@d)ifﬂ(fdlgllé’a@tdiptaﬂloﬁliﬁﬁ@@p@ited}@@ﬁ)gerﬁ portion of a pyrolysis

feed to a peagk roI si s gas tenperature > res ure > 36 psig
(538 kPag) "i+ i e R PSRRI OnE T GFPTES 1348 3y TiGer g BRtRE Hoede or

pr oduct corrpasrhb;xistmg fetihyire Ipemarn(if tmgpwtahl@da)gdl tbd&maa 1ai3thret and Eé%ctm@sla:t urate
wei ght r%t I 911xtur9 g thgrmt%f)éyr(g 1s 3 em)or 1?rgvr}(lie h tr¥or tlhé:" bnBrnt %yro niloca?llerglrr} t}\{g th the

thermal pyrolysrs reac ured to separa pr oduct
conpri si ng papbmaﬁdi©dws@dﬁ@saﬁm@mMQﬂmheﬁb¢%avgaﬂbﬁmgﬁof t he reactor

product . 36,dhe ARRAIA bt PLRALAMAAD 1 5 5Tl DEG SRR LISGy daganver Ler

in fluid communi cation wt sol I'ds renpval unit e converter belng
configured pYtibeiver teptied brdrossn gt least portipof B rarer rediet wrrpradikt into a
conver si on psReied . 3037. The apparatus of paragraph 36, further conprising
a polynerization unit in flui mruni cati on W t he converter, the
polynerlfat?%n JﬁFﬂmﬂﬁpﬁﬁ2@6ﬁPFéﬁﬁ%ﬁﬂqmyséoﬁvg?ﬂwﬁﬁ”HgﬁéFﬂamﬁﬁV??éﬁ of the
conver si on pinpetdnie i Nt tepaiggatrhydeme.to 3B00TNE, @apaicadiii e akpainy iORe aof

par agr aphs 35 t furt her cq rls npressor in fluid conmmuni cation
with the sofwgem%?%%/gllth“ﬁngffm{n €0l Sn[ggg%lrse ‘g configured to conpress
the at |eastl.a petmandof dhene @é_@m@gralms odtec?0, wherein the peak pyrolysis gas

temperature is in the range of 1600.0°C to 1800.0°C, and wherein the exposing is for a
15 residence time in the range from 0.5 seconds to 0.001 seconds.

22.  The method of any one of paragraphs 1 to 21, further comprising determining the

operating conditions for the thermal pyrolysis to maximize the reactor product's E/A weight

ratio at a predetermined C3" to C; unsaturate weight ratio of the reactor product.

23.  The method of any one of paragraphs 1 to 15 and 20 to 22, wherein the thermal
20 pyrolysis is performed in a regenerative reverse flow reactor.

24.  The method of paragraph 23, wherein the regenerative reverse flow reactor comprises

a reactor body, wherein the reactor body forms a reaction region within the reactor body; a

packing material disposed at least partially within the reaction region; and one or more

poppet valve assemblies coupled to the reactor body and in flow communication with the
25 reaction region and controlling fluid flow of the at least a portion of the pyrolysis feed

between a location external to the reactor body and within the reaction region.

25.  The method of paragraphs 23 or 24, further comprising: exothermically reacting a

first combustion feed with a second combustion feed to heat a region at least partially within

the regenerative reverse flow reactor; removing combustion products from the regenerative
30 reverse flow reactor; and heating the pyrolysis feed using at least a portion of the heat

generated by the exothermic reaction.

26.  The method of paragraph 25, further comprising purging the heated region with a

vapor purge stream after the removing the combustion products and prior to passing the at

least a portion of the pyrolysis feed into the heated region.
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39. The apparatus of any one of paragraphs 36 to 38, further conprising a
nitrogen separation unit in fluid conmunication with the converter, the

ni t rogen weparzwdeym unit being configured to separate niPCragenifos@m t he at
| east a portion of the reactor product. 5 40. The apparatus of any one of
par agraphs 36 to 39, further conprising a product separation unit in fluid
communi cation with the converter, the product separation unit being
configured to separate a hydrogen product fromthe at |east a portion of

t he reactor pr oduct prior to the converter. 41. The apparatus of any one

f 36 to 39, furth duct .10 ti it |
1 ura commurtycat PSSR A VREAEBar Cor <R T SGUEE PERARATT B AN " bei ng

configured tcOm&epra]rmcearasdpyrdtetygeatecpwokdmdte rEgeomutivh eevesan flew séaonr picodtuct . 42.
The appar at US.¢ elmlcgl ong. of hp?er agraphs 40 to 41, wherein the product
Separation unr n%, ee B 'EASt one of a menbr ane, a pressure sSw ng
adsorption @fit, Tfanmeth@ct)fr ovhewi dalaragrapls, 1 4o €V y@gb;frltlcemsle%ﬂmr geriviom tmi t, a
sol vent asbsaghtyterteyardtbom ;@&Macﬁ%rmr H}@Joba‘?t%ntf&%ﬁ&fto the bpoflik, The appar atus
of any one aragra to 42, further conprising one or nore |ines
provi di ng fI28i d Ehsrrﬁttgﬁdc@tt paAsTpk 2he whereih dhephydingubons Bk £RpRTS GiHet othnd t he
thermal pyr ghysicsudt 6@Ednonendt | east one of the lines being configured to
provide a portlon of the h drogg guct to conmbusti on feed bei ng

provi ded tofhe thershed 059‘?/ Yoy & Bar 1 b0 28 ?%‘P#letﬂéf@lﬁﬁécreﬁﬁf’mﬁwsol ysi s
reactor is eaﬂfah@uyeﬁthh@ react the portr on of the hydrogen pr oduct and the
20conbust i o to h the t ol.ysi s .rea e_.apparatus
of any ohoe eﬂ}i&e&]& ﬁragrta ‘ﬁrhrs % ri7c‘6vrr%erl?sr ﬁ%ﬂq%lrstteon(?nd %‘qéﬁt i nes
provi di ng flaw odncmotmtrnmemnqeahe fretonvecnvinf e cpteathucit tieepear af fram0.Gré¢condand t he
thermal pyrolysi.gfeactor, at |east one of the lines being configured to
conbine a portion o of the hydrogen product with the pyrolysis feed prior to
heat i ng t he 3pyr ofhggiethofl @benyione pfiaragtaptsniep 3 pyrhstestheprosyraiistin theggge

appar at us 0f449§é’(3@§‘@?a§fto%b%9§@l@b§k}% to 42, further conprising (i) one or
nore |ines pr ovid conmuni cati on bet ween the hydrogen separation

uni t and't hé3 the?frrareﬂpgtroﬁrlyweofr@%taats g gL vhgesin tb%@e%rfetsrrathe #88 °bei ng
configured t1mmgv1d@a@t$ng3§tslgpqu%) of the hydrogen product to a

conbusti on f vided to the t ol ysi s.react

(T one-or Shor ottei meadbiah Gt s isda el bR G Bev s Dhe B ar ogen
separati on lnem:tbr @odhct, ke qtlhaehm@beutgycrondityc&d svithiaalgt regeperalive lreast flomecacthr t he

| i nes bei ng. C?leabs urgp dp(rr{?vr de a second portion of the hydrogen product

to the pyroI ySi's Sed P 0 heating the pyrolysis feed in the thermnal
pyrol ysi ® uipt. Ameppafﬁhle fermpeneamgelyérfocaams orreprigingpa thamred pholygs reagioq 5,

wherein the g [u'%@to Q{JsQLtMéa'stSa poFt%ﬂ%% PhyrdigsiGLfh 9 aﬁ‘ﬂy&?si?éee efafife

pyrolysis feed to the éj gas tenperatures from 1540.0C to
2200. 0C, ang IA#l-HWEat fhpr?%@re p% eﬂrlg %klraébwﬂwr thﬁrhﬁmtahréyrtlh%%fﬁ%ttor pWQﬂ”?esl s

reactor for ,3edRs hdeRe ConprlBg kiflylbRent A0GL@fandnR 2SE€CANdSukQuitte QREnSECONdS.
47. The apparatus of any one of paragraphs 35 t h@&‘?rt wherei n the thermal

pyrolysis Seggdtigrsofi femrrat Wr‘%&u‘flﬁo‘eﬁlpﬁ?é‘o‘t Wé TsrpalipgropyEa P38 t he peak
pyrol ysi s gasd é(ﬁm@.&écaﬁotkérﬁaﬁaté & BEMokS PO cbioprkBig Qard Ghd/@Relidydiont Aildstthe
pyrolysis fee rmal pyrolysis reactor for a residence tine in

the range of’o‘%o%oélee%%i? PP & . 001 seconds.

36.  The apparatus of paragraph 35, further comprising a converter in fluid communication
with the solids removal unit, the converter being configured to convert the at least a portion
of the reactor product into a conversion product.

30 37.  The apparatus of paragraph 36, further comprising a polymerization unit in fluid
communication with the converter, the polymerization unit being configured to convert at
least a portion of the conversion product into polyethylene.

38.  The apparatus of any one of paragraphs 35 to 37, further comprising a compressor in

fluid communication with the solid removal unit, the compressor being configured to

-57 -



48. The apparatus of any one of paragraphs 35 to 47, wherein the thermal
pyrolysis reactor is a regenerative reverse flow reactor that conprises: a
react or bwoypiaweed7ei n the 10 reactor body forns a reacPCOUS2@GI06G2IN t hi n
the reactor body; a packing material disposed at |east partially within the
reaction region; and one or nore val ve assenblies coupled to the reactor
body and in flow conmunication with the reaction region and configured to
control fluid flow of the at | east a portion of the pyrolysis feed between
a location external to the reactor body and within the reaction region.
1549. The apparatus of any one of paragraphs 35 to 47, wherein the one or
more val ve a@8BiE ey leymppiigroldhfaeasior pgft poppet val ve assenblies. 50.

The appar at up). of TanYpraRts OfF RALRIbOGEBRs 86O 1498, tﬁM{eF la&ﬁpr%gmmﬁbg@g a feed
separation unit jn flu f? conmmunj CatIOEFW‘th t he thernal rolysis, reactor,

the feed sepSPATEBHM bR dOMAYEBIR Y f@cf“‘i}VS”%retB%lP’&%e“éeH% H' rbS](S‘ﬁ f eed
i nto a reactohfifuedo &pﬁatbﬁi&rb@i’fﬁ'roﬁﬂﬁﬂhﬂ&bst a'phesesfhe2Qicloeppyiicol yS| s feed is
derived fron;lthe eact or &a ne o ragr aphs

an
35 to 50, whet ei n APFHE RS 8Y% 811- §ara ggct o?ﬁbll fugﬁe X‘Srlsrméda tme%C pose t he
at | east a popdrationupf intfhél @ymohiggios Wikeld dooveprregs lmroashmt> sepdrappei @it(b8DZ kPag)

and < 300 ps ) aphs 35
to 50, wher edlogﬁ%uﬁeg% %’fg&n% h g@%ﬁ -s[%}%m reag%ltg‘?asfgspcoé{]f(%}g%rrg%w?g%g%ose t he
at least a wmioélﬁﬁcéﬁ"et’tﬁe pyrolysis feed to pressure > 103 psig (710 kPag)

and :5_ 163 éﬂS| gTﬁQ—%ﬂra{ﬁEQ}g)any 0§e’30f? SordpRl hod, @b, ﬁﬂﬂerc&m%r%gi ?R)Gt?ctl to 34,

further conprising: CONPressin east a portion of the reac pr oduct
froma fi'tstSCPBEE ypibing ‘da°°§‘€k§‘8‘ﬁﬁ‘°5r“é@é’i‘fr@nve\?\‘zFFePhépf?dt‘%éepé’@E‘Bﬁﬂm Fi@8sure is

hi gher than doh@g&ﬁddﬁ@iep@ﬁté&ﬁ)tﬂ%@en ﬁlﬁdﬁ]mt/iﬁdhgthbyaﬂaﬁ&ﬂprf)dh@m t hedcorrp][ essedh
react or roduct ressing.the r ni ng reac roduct fromt
second press% blg éé’p?r?ﬂq%)%}caw %’?g’[ﬁpaé?grw(ﬁg?de‘)“ "Phi ?B’OE‘F&%@&%I?%"“ "8 hi gher

t han t he secomgriges eSswt @ ofAthembnve mtprm@rmlmmlsmpt&npnom tm@nctm‘chetnkieﬂ
acetylene in hermainin.r [ 0 flnl

20127 0566 7ome s BrBSich B85 HnRl @R Blmu Sdat (BB WRE, o 1 he
renoving i s ﬁerf&ihermdarwl&df aln)\meofpamgraehsrﬁ@nwiaﬁe@er@gmmm onporgend @®s wherein
the second rB?cWi’Jl@g”'l‘ﬁn&'édnlrﬁ&ﬁ%io% bgtbvg%}xtth%%gcfuggs@ﬁapﬁ@n i £8 %Hettl%rrﬁéto‘i‘g%g 1§'e

hydrogen fromthe nbrane present 1nventi
descri bed ar&reior|atistst eeedthaiipg bpiasipatigureddo Biorife apaitiaas 8 ihmdspges proriwctu s to be

under st ood tihatcomnB@tibMENbdiprbvdddab tel tharh&hytdlystsNeacRArHefetH BE heasCl Osed

and extends to all equivalents within the scope of the clains.
pyrolysis reactor is configured to react the portion of the hydrogen product and the

20 combustion feed to heat the thermal pyrolysis reactor.
44.  The apparatus of any one of paragraphs 40 to 42, further comprising one or more lines
providing fluid communication between the product separation unit and the thermal pyrolysis
reactor, at least one of the lines being configured to combine a portion of the hydrogen
product with the pyrolysis feed prior to heating the pyrolysis feed in the thermal pyrolysis

25 unit.
45, The apparatus of any one of paragraphs 40 to 42, further comprising (i) one or more
lines providing fluid communication between the hydrogen separation unit and the thermal
pyrolysis reactor, at least one of the lines being configured to provide a first portion of the
hydrogen product to a combustion feed being provided to the thermal pyrolysis reactor and

30 (ii) one or more lines providing fluid communication between the hydrogen separation unit
and the thermal pyrolysis reactor, at least one of the lines being configured to provide a
second portion of the hydrogen product to the pyrolysis feed prior to heating the pyrolysis
feed in the thermal pyrolysis unit.

46. The apparatus of any one of paragraphs 35 to 45, wherein the thermal pyrolysis
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CLAI V5 1. A hydrocarbon conversion nethod conprising: exposi ng
a pyrolysis feed to thermal pyrolysis at a peak pyrolysis gas tenperature >
1200. 0OC awo 2at2/@m9gipessure? 36 psig (248 kPag) to producecCause@atnes21pr oduct
that conprises 5C2 unsaturates and has a C31 to C2 unsaturate weight ratio
< 0.5. 2. The nethod of claim1, wherein the C3 to acetylene weight ratio
is <0.45. 3. The nethod of clains 1 or 2, wherein the ethylene to
acetylene weight ratio is > 0.5. 4. The method of any one of clains 1 to
3, wherein the pyrolysis feed conprises hydrocarbon, and wherein the

pyrol ysis feed has a _hydrogen (H2) gas to carbon (carbon ioatons in feed
hydr ocar bon H8tecEF@EFIeIP 3@0?"&{1‘? Ryelysistierd 1 tipgeak pyrolysiy sasdenmeratuses fiplle et hod

of any one ofis@loed #B22b0.0@, émd fdhibiReke ;%@dmlfsl f@équtmmva{eﬁmépgy@fymé RA&H: a
portion of the reactor product |n§o et hyl ene .. The nethod of claimb5,

further conpﬁF%ﬁﬁ °n58 F R e RRgg °f 5ﬁ§ﬂ§¥“ﬁ”ﬁ%ﬁ??%ﬁ of the ethylene. 157. The
met hod of cl ai.ns ﬁe @ppdatusf dfrdnh@he 00 pRidrihngs @@mnr@}&ﬁdnngleahenhaa@tolmsport ion
convert i ng. Eoa bt SRR R OREIGR B 4T B PR PO S pRE R AR Bt o1 ng
separating hy@ma@@n»Hﬂ@ﬁ%hamimammn&mﬂwﬁwawﬁmﬂWMMEmedanmmppr9duﬁﬁm t he
separating bf&é?%sﬁg&gif&%ﬁq? o?é‘k’fhe%ndm% doPR%ELAI ng. 209. The net hod of

any one of c nprising separating hydrogen downstream
of the convef§i nghe api@ratFheg arimtOh@)df mra&‘flpéi" Al (@ 4orwigreirf thetthpamal cynqiysissi ng

adding to a Rﬁanuéhhﬁﬁn&ﬁﬁgrékmk@@%%wﬁ&@%&&b&ﬂx@& b hecSEeRRk alRG.ihYidr ogen
and reacting the conbustion feed along with the at |east a portion of the

separ at ed®hy BAEHERYY fomBs & Kainmresisy W&Pwilesre%c@éé@% 2 paskine amea@ diseesed flor t he
25t her mal pyregdt paigly wilhin thd R@coRtbBQ6ch; @hd e WorSvadle aBsemblith tcb@ledaORRY | Si NQ

deriving t hereaé{corobogsfexn% 1}:1 %gv(?/ cgrl;lrcr)url?ucatmn with the reaction region and configured to control
fluid flow of the at least a portion of the pyrolysis feed between a location external to the
reactor body and within the reaction region.
15 49.  The apparatus of any one of paragraphs 35 to 47, wherein the one or more valve
assemblies comprise one or more poppet valve assemblies.
50.  The apparatus of any one of paragraphs 35 to 49, further comprising a feed separation
unit in fluid communication with the thermal pyrolysis reactor, the feed separation unit being
configured to separate a hydrocarbon feed into a reactor feed and bottoms product, wherein
20 the pyrolysis feed is derived from the reactor feed.
51.  The apparatus of any one of paragraphs 35 to 50, wherein the thermal pyrolysis
reactor is configured to expose the at least a portion of the pyrolysis feed to pressure > 44
psig (303 kPag) and <300 psig (2068 kPag).
52. The apparatus of any one of paragraphs 35 to 50, wherein the thermal pyrolysis
25 reactor is configured to expose the at least a portion of the pyrolysis feed to pressure > 103
psig (710 kPag) and < 163 psig (1124 kPag).
53.  The method of any of paragraphs 1 to 34, further comprising: compressing at least a
portion of the reactor product from a first pressure to a second pressure, wherein the second
pressure is higher than the first pressure; removing hydrogen from the compressed reactor
30 product; compressing the remaining reactor product from the second pressure to a third
pressure, wherein the third pressure is higher than the second pressure; and converting at least

a portion of the acetylene in the remaining reactor product into a final product.
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| east a portion of the separated hydrogen. 12. The nmethod of clains 8 or

9, further conprising adding to a conbustion feed a first portion of the
separ at edwbydrogesrot o form a m xtures and reacting the mCItuse@ions2a0 t her mal
30pyrolysis reactor to provide heat for the thermal pyrolysis, wherein the
pyrolysis feed is derived froma second portion of the separated hydrogen.
13. The nmethod of clains 8 or 9, further conprising adding to at |east a
portion of the separated hydrogen at |east a portion of the reactor product
upstream of the converting. 14. The nethod of any one of clains Ito 13,
wherein the peak pyrolysis gas tenperature is in the range of 1600.0C to
1800. 0C, and “fher'df Aethpe oBamseh g3 veheredy thy remexing énkegfotmefeihiwe REMPEnge from
0.5 seconds memEtafRd toRAan dsries, whele'i& tht NBcolB nfee8ra0d u@DYs PMEntAydiGtaAbdrs 1 to
14, further c ri sing determ the erating conditions tor the therma
pyrolysis to® W%E“HW@@”?%@MF@EE %? B@F s E/A weight 5ratio at a

pr edet er m nepo3¥ Ummﬁahu@&amunﬁhmommmghknma&hMﬁQ&dﬁmenm@w@Mqummuﬂuct

16. The thogtam mgpd\{ gl?selt?sfto %é: gﬂdgr%told %hat tl?d 1nventlon1 otjh%htem%ﬁ par 1ct hres t her mal
pyronS|s i s per For med: | generati ve reve F PEWTPERO B Pt HS g

met hod of an@amnei@meuhdsnBMEquwﬁﬁﬁwmhﬂmexmwmh@egmassure is in the range
of 44 psig (303 kPag) to 300 psig (2068 kPag). 1018. An apparatus for
processi ng hydrocarbons conpri si ng: a thermal pyrolysis reactor
configured to expose at |least a portion of a pyrolysis feed to a peak

pyrol ysis gas tenperature? 1540.0C at a pressure? 36 psig (248 kPag) w thin
the thermal pyrolysis reactor to produce a reactor product conprising

et hyl ene and acetyl ene and has a C3+ to C2 unsaturate weight ratio < 0.5;
15a solid renoval unit in fluid comunication with the thermal pyrolysis
reactor and configured to separate a bottons product conprising tars and/or
solids fromat |least a portion of the reactor product. 19. The appar at us
of claim 18, further conprising a converter in fluid communication with the
solid renoval unit, the converter being configured to convert the at | east
a portion of
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20t he reactor product into a conversion product. 20. The apparatus of
clainms 18 or 19, further conprising a product separation unit in fluid
conmuni cawDan129pdT9t he converter, the product separati oRCuAISRO1D®OHERYO
configured to separate a hydrogen product fromthe at |east a portion of
the reactor product prior to the converter. 21. The apparatus of any one
of clains 18 to 20, further conprising a product separation 25unit in fluid
comuni cation with the converter, the product separation unit being
configured to separate a hydrogen product fromthe conversion product. 22.
The appar at | aims 20 or 21, further conprising one or nore |ines
provi di ng f |-t nmuni cati on between the product separation unit and the

t her mal pyrdl ysi 4 hy&ramtbon gonatrsibeasthodonmpiadingt he | i nes being configured to

provide a portio 9£nr%az{“1%xﬁ$’s§’srf9&te[9 tﬂ%ﬁ@a‘ii?%%lygi W%taa peippﬁﬁgi‘?éj%ts I lexfa%FCL bei ng

provided to the SIS reac erel T ol ysi s
reactor is dévfi°guned atp@Sﬁ?Ue%% psiee(2fokRagon p@ﬁuqehéeﬂqvupr@@éhthptrcommﬂes and t he

conbusti on fc%gsa@upatéa@@ethagQ@;tt@@{dmurawv%matfe)Joeﬁctor 23. The apparat us
of clainms 20 or 21, further conprisi ng one or nore |ines 5)rOV| ding fluid
P

comuni cat i @n befwoéﬁé"l‘timddw iy @php 40 pEhlcanM e mEo il 4her nal pyrol ysis

reactor, at 3. Ieaﬁﬁenqb%d@fclmellnlm%eraﬁnﬂagthggmtbg@metv@lgmmahmo& portion
of the hydrogen roductdhgth t he p?/rol iSI ) f% ior ta Eeatl ng .t he
r

pyrolysis féded i h°tREMhey #I OByA STA7RT $ Wir ¢ e“"?zf[’e THEVHD S LOBEISST ¢l ai s
20 or 21, f uydrberbosodprlsiengthé ipyromsie fed hani ehyldiogas(Hy gasitdicigorf (caiiboh

conmuni cat | on, betwen e, AYdiogen Separati AN, it apd the ther mal
pyronS|s r daCt ot one i'hed el ng conflgured to provide

a first portson Be hdieodhyfdnp genofpelgaieid tio tio fiatheromiipssingoernfedd ddeavgr provi ded
to the ther (rsgg]lhbggfrtpﬁj r¥§t‘to§g%ﬁ@c?¥n%%ﬂ%ﬁ%ﬁe(' i) one or nore lines providing fluid

conmmuni cat i et ween separation unit and the thernal

pyrol ysi s réact ofhe Iaftthqdefégﬂa“érﬁe wihert ¢nenprisipge golyeirirge co it gupedbnt & (ot ovi de a
second portisgpeRf the hydrogen product to the pyrolysis feed prl or to
heating the pyroly5|s feed in _the thermal 10pyrolysis unit. he

appar at u& of” anysiesthef o ¢laimsg o1 @ firdhenepmpiifing OPMrePTRg & fat ﬁ@P“‘B@?fdP?m s
reactor is ceobtgudediht %@i&@iﬁgbdﬁﬁg&oﬁmc&@aﬁ&eaal cﬂ@fetcbleﬁameg the pyrolysis

feed to pr e%S ur eTh% nfret 085% giy(ageo g’f cll(al asgg toaing,u“cher comp1 smg gepgr%t(i)r?g 552‘%) from15

at least a portion of the reactor product, the separating being conducted upstream of the
converting.

20 9. The method of any one of claims 5 to 8, further comprising separating hydrogen
downstream of the converting.
10.  The method of claims 8 or 9, further comprising adding to a combustion feed at least
a portion of the separated hydrogen and reacting the combustion feed along with the at least a
portion of the separated hydrogen in a thermal pyrolysis reactor to provide heat for the

25 thermal pyrolysis.
11.  The method of claims 8 or 9, further comprising deriving the pyrolysis feed from at
least a portion of the separated hydrogen.
12.  The method of claims § or 9, further comprising adding to a combustion feed a first
portion of the separated hydrogen to form a mixtures and reacting the mixture in a thermal

30  pyrolysis reactor to provide heat for the thermal pyrolysis, wherein the pyrolysis feed is
derived from a second portion of the separated hydrogen.
13.  The method of claims 8 or 9, further comprising adding to at least a portion of the
separated hydrogen at least a portion of the reactor product upstream of the converting.

14. The method of any one of claims 1 to 13, wherein the peak pyrolysis gas temperature
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is in the range of 1600.0°C to 1800.0°C, and wherein the exposing is for a residence time in
the range from 0.5 seconds to 0.001 seconds.

15.  The method of any one of claims 1 to 14, further comprising determining the
operating conditions for the thermal pyrolysis to maximize the reactor product's E/A weight
ratio at a predetermined Cs" to C, unsaturate weight ratio of the reactor product.

16.  The method of any one of claims 1 to 9, 14, and 15, wherein the thermal pyrolysis is
performed in a regenerative reverse flow reactor.

17.  The method of any one of claims 1 to 16, wherein the pressure is in the range of 44
psig (303 kPag) to 300 psig (2068 kPag).

18.  An apparatus for processing hydrocarbons comprising:

a thermal pyrolysis reactor configured to expose at least a portion of a pyrolysis feed
to a peak pyrolysis gas temperature > 1540.0°C at a pressure > 36 psig (248 kPag) within the
thermal pyrolysis reactor to produce a reactor product comprising ethylene and acetylene and
has a C3" to C, unsaturate weight ratio < 0.5;

a solid removal unit in fluid communication with the thermal pyrolysis reactor and
configured to separate a bottoms product comprising tars and/or solids from at least a portion
of the reactor product.

19.  The apparatus of claim 18, further comprising a converter in fluid communication
with the solid removal unit, the converter being configured to convert the at least a portion of
the reactor product into a conversion product.

20.  The apparatus of claims 18 or 19, further comprising a product separation unit in fluid
communication with the converter, the product separation unit being configured to separate a
hydrogen product from the at least a portion of the reactor product prior to the converter.

21.  The apparatus of any one of claims 18 to 20, further comprising a product separation
unit in fluid communication with the converter, the product separation unit being configured
to separate a hydrogen product from the conversion product.

22.  The apparatus of claims 20 or 21, further comprising one or more lines providing
fluid communication between the product separation unit and the thermal pyrolysis reactor, at
least one of the lines being configured to provide a portion of the hydrogen product to a
combustion feed being provided to the thermal pyrolysis reactor, wherein the thermal
pyrolysis reactor is configured to react the portion of the hydrogen product and the
combustion feed to heat the thermal pyrolysis reactor.

23.  The apparatus of claims 20 or 21, further comprising one or more lines providing

fluid communication between the product separation unit and the thermal pyrolysis reactor, at
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least one of the lines being configured to combine a portion of the hydrogen product with the
pyrolysis feed prior to heating the pyrolysis feed in the thermal pyrolysis unit.

24.  The apparatus of claims 20 or 21, further comprising (i) one or more lines providing
fluid communication between the hydrogen separation unit and the thermal pyrolysis reactor,
at least one of the lines being configured to provide a first portion of the hydrogen product to
a combustion feed being provided to the thermal pyrolysis reactor and (ii) one or more lines
providing fluid communication between the hydrogen separation unit and the thermal
pyrolysis reactor, at least one of the lines being configured to provide a second portion of the
hydrogen product to the pyrolysis feed prior to heating the pyrolysis feed in the thermal
pyrolysis unit.

25.  The apparatus of any one of claims 18 to 23, wherein the thermal pyrolysis reactor is
configured to expose the at least a portion of the pyrolysis feed to pressure > 44 psig (303
kPag) and <300 psig (2068 kPag).
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