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optionally, one or wﬁﬁﬁ@%ﬁ%r@ﬁi&?%@éﬁ%ﬁ pol ymeri zed

et hyl ene- based pol yner product. BACKGROIND Met hods are wel |l known in the
art for using a tubular reactor to formlow density ethyl ene-based pol yners

fromethylene, and, optionally, one or nore conmononers, such as |ow density
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initiatedpﬁ@ﬁwhﬁmiahwemﬁbmmﬂ@bgmkm@ﬁﬁmawe nultlple reacti on points al ong
the reaction tube, reinitiated), is fromabout 120 C to about 240 C

Typi cal single-pass conversion ngkgg %& tubul ar reactor range from
about 20 to about 40 percent. & s initiated (and reinitiated)
by injecting an initiator into at |east one reaction zone within the
reactoy tube. Thendddidré el kicwiink et M 1 b8 RIO6@SS rdabidt do 3BGh 16w t he
presence of heat (usually latent heat - the process fluid is typically

al ready atlersity actbgleat-basedapelyoers drgyer ethylees,, andaeoptitingllpt one f @r mgore

free-radi 8oar|norgoef\1(1:é%gp s%%htalsolgw density polyethylene (LDPE). The overall process is a

free-radical polymerization in a tube reactor containing a process fluid, where the
process fluid partially comprised of ethylene and the ethylene is converted to an
15  ethylene-based polymer in a highly exothermic reaction. The reaction occurs under
high operating pressure (about 1000 bar to 4000 bar) in turbulent process fluid flow
conditions at maximum temperatures of about 160 °C to about 360 °C. The reaction
initiation temperature, or the temperature in which the monomer (and optional
comonomer) to polymer conversion is initiated (or in the case where there are
20  multiple reaction points along the reaction tube, reinitiated), is from about 120 °C to
about 240 °C. Typical single-pass conversion values for a tubular reactor range from

about 20 to about 40 percent.

The reaction is initiated (and reinitiated) by injecting an initiator into at least

one reaction zone within the reactor tube. The initiator is mixed with the process fluid

25 and, in the presence of heat (usually latent heat — the process fluid is typically already
at an adequate reaction temperature), the initiator forms free-radical decomposition
products. The decomposition products start a free-radial polymerization reaction with

the ethylene (and optional comonomers) to form the product ethylene-based polymer.

The reaction generates a large quantity of heat in the reaction zones. Without

30 proper cooling, the adiabatic temperature rise in the process fluid (which now
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This unbalanced reaction profile may lead to process-related problems, such as
high molecular weight material buildup near the initiator injection site, which may
clog the injection port or the process fluid flow channel. It can also cause a buildup of

20  high molecular weight material near the injection site or along the walls of the
reaction tube that result in an occasional “sloughing off” of high molecular weight
material. It can also lead, as previously mentioned, to ethylene decomposition. If a
significant concentration of fresh initiator contacts the wall of the reactor tube in the
reaction section (where temperatures are elevated), the initiator may decompose and

25  quickly react, starting a localized reaction “hot spot” that may propagate into full

blown system-wide decomposition.

Various attempts have been made to enhance the mixing of an injected
material into a process fluid stream through various nozzle configurations and other
system changes. Great Britain Patent No. 1,569,518 (Kita, et al.) describes using

30  mechanical restrictions — static inline mixers — to create a turbulent flow. U.S. Patent
No. 3,405,115 (Schapert, et al.) describes something akin to a sparger where gas

streams are split, a catalyst is injected in one stream, and the gas streams recombined.
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Eur opean Pubhi shed Application No. 0449092 (Koehler, et al.) describes an

general iNj&ction nozzle. SUMMARY OF | NVENTION In an enbodi ment of the

invention, an initiator injection nozzle for mxing an initiator with a
process fluid may conprise &SUNdNJARNaOF INVENGTOBONpPri ses an inlet port to
receive the process fluid, an outlet port, and an injector inlet to receive

initiator; a process, fluid flow passage through which the process fluid
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expanding portion in that order; an initiator fluid fl ow passage through
whi ch t hetd rmtivatler procey dugb sinatlpiepnt, tand annpjectoo ml¢trib eecearedingiatarnpect or

tlet al i. nj.ect tral ical axis, . the initiator fluid
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passage and further conprising a shaped injector tip formng the injector
out | et of cemsEiqting trogtans a thrgitdand ynexragdiag @ortigidn dhat fpsdarpgreipttptordiitiet i s
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injector outlet along an injector central vertical axis, where the initiator fluid flow

passage intersects the process fluid flow passage in the constricting portion; a stylus at

least partially containing the initiator fluid flow passage and further comprising a

shaped injector tip forming the injector outlet of the initiator fluid flow passage;

20  where the injector outlet is located in the constricting portion of the process fluid flow
passage and upstream of the throat by a horizontal offset as determined along the

central process flow axis; and where the injector outlet is located off the central

process flow axis by a vertical offset as determined along the injector central vertical

axis.

25 In other embodiments of the invention, a ratio of the horizontal offset to the
vertical offset is from about 1.0 to about 10. In other embodiments, a ratio of the
radius of the throat minus the vertical offset to the radius of the throat is from about
0.45 to about 0.90. In other embodiments, the expanding portion angle is from about
23 to about 48 degrees. In other embodiments, a ratio of the expanding portion angle

30  to the constricting portion angle is from about 1.0 to about 3.0.



passage and upstream of the throat by a horizontal offset as determ ned

al ong the central process flow axis; and where the injector outlet is
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determ ned al ong the injector central vertical axis. In other enbodinents

of the invention, a ratiqg of the horizontal offset to the vertical offset
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injector tip conprises a squared needl e-1i ke shape. In sone other

enmbodi menbeveladne shaped injector tip conprises a rounded or doned-1ike
shape. I n sone other enbodi nents, the shaped injector tip conprises a In
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fluid, cofipid, sespsdieslaeasist omefrtstefehd se@de Sousupplyiny ethylepé yitog mbbaskene into
a process fluid, a primary conpressor. for pressurizing the process fluid to
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of the ethylene and optionally at | east one conononer wthin the process
fluid intocomluitowrchensitthe fot byhverterghapatiopof yhresthyaek andreptnaling lpostt i on of

ethylene in fluid communi cati on with the i ry.conpr,essor, .a high
o orsure G oHpETOr OB AGS BRHS THE POV ATy GRS hA eI y rer
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reactor tube, and the recycle conduit in fluid conmunication wth {he hi gh
pressure sappicstoora high preysvesysepgratdidor sepaiatingghp dow idonsiofeteylhgd-basedt o t he
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reactor tube, and the recycle conduit in fluid communication with the high pressure
separator for conveying the remaining portion of ethylene to the primary compressor;
where the improvement comprises a reactor tube that further comprises at least one
initiator injection nozzle in fluid communication with an initiator source containing
20  initiator and the process fluid, where the at least one initiator injection nozzle
comprises a body that further comprises an inlet port to receive the process fluid, an
outlet port, and an injector inlet to receive initiator; where the at least one initiator
injection nozzle further comprises a process fluid flow passage through which the
process fluid traverses between the inlet port and outlet port along a central process
25 flow axis, that further comprises a constricting portion, a throat, and an expanding
portion in that order; where the at least one initiator injection nozzle further comprises
an initiator fluid flow passage through which the initiator traverses between the
injector inlet and an injector outlet along an injector central vertical axis, where the
initiator fluid flow passage intersects the process fluid flow passage in the constricting
30  portion; and where the at least one initiator injection nozzle further comprises a stylus
at least partially containing the initiator fluid flow passage and further comprising a
shaped injector tip forming the injector outlet of the initiator fluid flow passage;

where the injector outlet is located in the constricting portion of the process fluid flow



initiator injection nozzle in fluid comunication with an initiator source
containing initiator and the process fluid, where the at |east one
initiatorwonpeowism nozzl e conprises a body that furthercearspetiosesnsan inl et
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fl ow pmssage intersects the procesFIGURES fl ow passage in the constricting
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the follow ng detailed description w e better understood when read in

conj unct i presetitt invertenapdeneded, fin ghe ekawings,shioulrefelvacainmadercstlo aldsighaaever ,
that the invention is t ljmted to the precise arrangenents and

instr urrenf%F?SPP%(gn%H%#&OFﬁEO%éﬁ%%?HS §1CVVFH)' the drawi ngs are not necessarily
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reference nuneral s desi(gnat e correspondi ng parts throughout the several
views. Fi gigrescclion) anh by magaiicdr rordemehdbs exigl tpsssectioa)off # dens, g b)  si de,
(c) afl; ax b@lltion 100 of an embodiment initiator injection nozzle.

Figures 2(a) and (b) are schematic views of (a) side with a partial cross-section
of an injector portion 200 or an embodiment initiator injection nozzle, and (b) a side
view of an injector portion 200 coupled to an axial cross-section of the lens tee
portion 100 of an embodiment initiator injection nozzle. Figures 2(c), (d), (e), and (f)

20  are schematic views various shaped injector tips 221, including (c) needle-like shape,

(d) squared needle-like shape, (¢) rounded or domed-like shape, and (f) beveled.

Figure 3 is a diagram of an embodiment tube reactor system 300 comprising at

least one embodiment initiator injection nozzle.

Figure 4 is a chart of temperature versus distance from a first initiator injection

25 nozzle to a second initiator injection nozzle for an analogous system under
corresponding conditions using an Example and a Comparative Example initiator
injection nozzle for a first initiation injection nozzle in producing a 0.25 MI ethylene-

based polymer.



cross-section, and (d) a magnified portion of the axial cross-section of a
| ens tee portion 100 of an enbodinent initiator injection nozzle. Figures
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t he appended clains. The present ) )
invention is not intended to be limited to the embodiments shown, but is to be

15  accorded the widest scope consistent with the principles and features disclosed.

None of the prior art references indicate the use of a nozzle to establish a
turbulent zone of mixing immediately downstream of an initiator injection site to
maximize initiator mixing. None of the prior art references optimize the position of
an initiator injection site position relative to the center of the process fluid flow to

20  ensure maximum dispersion of the initiator in the process fluid flow upon entering the

turbulent zone of mixing.

Embodiment initiator injection nozzles use a Ventui-type shape process fluid

flow channel to help provide extremely fast initiator dispersion in the process fluid.

In combination, a constricting and an expanding portion of a process fluid flow

25  channel are designed to quickly move the process fluid through the initiator injection
area by compression of the process fluid and then creation of a highly turbulent wake

by expansion of the process fluid. None of the embodiment initiator injection nozzles

use mechanical restrictions or devices to create drag or turbulence in the process fluid

flow. Mechanical restrictions in the process fluid flow create drag which allows for

30  the formation of high molecular weigh polymers. High molecular weigh polymers

form in areas of low process fluid flow that contain relatively high levels of initiator
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exposed to longer reactor residence times, meaning additional exposure to elevated
process reaction temperatures and chemical initiators. The longer reactor residence
times results in an increased likelihood of forming high-molecular weight polymer
20  chains in this viscous sublayer. At high average process fluid velocities or by the
introduction of turbulent flow, the build up of highly viscous, high molecular weight
polymer chains in a viscous sublayer may be minimized as the boundary layer near
the tube wall or the in-line object is smaller and faster moving or turbulently
disrupted. See McCabe, Warren L, et al., Unit Operations of Chemical Engineering,
25  56-58, McGraw-Hill, Inc. (5th ed., 1993).

The turbulence generated by the expansion of a compressed process fluid
provides for the suppression of the laminar flow layers near the tube wall in the zone
of mixing. This has been found to be highly preferred in the area of the reactor tube
where the highest relative concentration of initiator exists. The turbulence created by

30 the embodiment initiator injection nozzle significantly reduces the probability of

undesirable chemical reactions from occurring based upon improper mixing.
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wall of the constricting portion so that the initiator does not interact with the wall of
the constricting portion and that the initiator injected into the process is proximate to
the center of the process fluid flow upon discharge, but not so far into the process
20  fluid flow so that a wake downstream of the injector tube does not significantly
impact the direction of the process fluid flow. It has been found that a balance can be
struck between these competing interests by extending the injector tube far enough
into the process fluid flow so that the shaped injector tip is close to, but not on or past,
the center of the process fluid flow, and that the injector tube is upstream of the throat
25  far enough to compensate for its drag effect on the process fluid as the process fluid
approaches the throat but not so far away as to permit the initiator from decomposing
and initiating the free-radical polymerization reaction before reacting the turbulent
mixing zone. The preferred location of the injector tube is upstream of the throat of
the Venturi nozzle in the constricting portion along the process fluid flow axis a

30  positive distance, and for the shaped injector tip to be proximate to, but not in or

beyond the center of, the process fluid flow.
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fromt he \Il)\ﬁ)lcl:sss vessel of high-molecular weight ethylene-based polymer will result in either
lower heat removal ability (resulting in higher adiabatic process temperatures) or
greater energy inefficiency by having to use more energy to create a higher
20  temperature differential (the temperature differential also known as a “delta T or

“AT”) across the reactor (i.e., lower inlet cooling temperature to drive a higher heat

flux through the insulated reactor tube).

In conjunction with the improvement in heat transfer capability, additional

initiator can be used with the initiator injection nozzle to improve the single-pass

25  conversion efficiency of the process. For process safety considerations, the amount of
initiator injected into the system is restricted based upon peak process temperatures.

This temperature-based restriction results in a limitation of the overall amount of
ethylene that can be converted in a single pass of process fluid through the reaction
system. When the production of high molecular weight polymer chains is minimized,

30  the buildup of polymer insulation layers is restricted, thereby improving heat removal

capability. Improved heat removal capacity permits a greater amount of initiator to be
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facilities, unless another meaning is clear from the context. Process fluid flows from

an upstream position to a downstream position, unless otherwise noted. Upstream and

downstream may also be used to describe relative position in a piece of equipment,

20  where process fluids, streams, and products enter through an upstream entryway or

port and exit through a downstream egress.

Figures 1(a)-(c) show a front, side, and an axial cross-section, respectively, of
an lens tee portion 100 of an embodiment initiator injection nozzle. The lens tee
portion 100 may be comprised of an inverted “T” shaped body 101 as viewed from

25  the side view with a block section 103 and a shaft section 105, although generally
other shapes and configurations may be used. The body 101 has an outer wall 107, a
block inner wall 109 in the block section 103, and a shaft inner wall 111 in the shaft
section 105. The thickness of the body 101 between the outer wall 107 and the inner
walls 109 and 111 at various positions of the lens tee portion 100 will vary and are

30 reflective of the material of construction of the body 101, the operational service

pressures and temperatures the lens tee portion 100, and the service provided by the
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axi al cross-section, respectively, of | ens tee portion 100 0O
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a block inner wall 109 in the block section 103, and a shaft inner wall 111
i n the shambodigenisotheldeck mner wall dRAedss ipfludercarbeatet foting Epiddrihathe out er

val | %)7 gu%cgtaﬁlﬂglblf pyﬁﬁl{irical and that extends upstream into the block section 103 from the
outlet port 123. The dimensions of the outlet fitting lip 127 may vary for similar
reasons as the inlet fitting lip 125. In some embodiments, the dimensions of the inlet

fitting lip 125 and the outlet fitting lip 127 are different.

The block inner wall 109 in some embodiments includes an entry portion 129

20  that is substantially cylindrical and extends downstream into the block section 103
from an inlet fitting lip 125. In some embodiments, the block inner wall 109 also
includes an exit portion 131 that is substantially cylindrical and extends upstream into

the block section 103 from an outlet fitting lip 127. In some embodiments, the
diameter of the entry portion 129 is substantially similar to the internal diameter of the

25  inlet reactor tube, providing an even surface along the block inner wall 109 at the
interface. In some embodiments, the diameter of the exit portion 131 is substantially

similar to the internal diameter of the outlet reactor tube.

A constricting portion 133 extends axially downstream from the entry portion
129. In embodiments with an entry portion 129, the entry portion 129 and the
30  constricting portion 133 meet at a first circular intersection 135, which is normal to

the central process flow axis 115. The constricting portion 133 is preferentially
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vary and are reflective of the material of construction of the body 101,
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100, and the service provided by theinner walls 109 and 111. It is
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lip 125 mpy vary accordi-ng.to the te i ter. and thickness of the
renctor t i R doiR L ke PR R bl AR es0 e hat poi nt and the
manner of connection (for exanple, welding, flange, screw coupling),

al t hough a wel @he @bnsarittirgn pbsiopr Efehieed. with shoskpaadingdporamt S41tdhethbl ock
inner wall 109 alsq includes an outlet fitting lip 127 that is
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may vary for siml reasons as the inlet fitting I'itp 125. In sone

enbodi nenbsthetfivet dicubmsnterssctafn t3detoi the dirofiti 143i indrdnm pbdiz 3 .4 ndatidue 26Ut | et
fitting lip, 12 re.di fferent. The hlock inner wall 109 in sone enbodi nents
i ncl udes éﬁigﬁ‘?gﬂbgpP}%ﬁmigbt?ﬁ@P“gg“substantiaIIy cylindrical and extends
downstreaminto the block section 103 froman inlet fitting lip 125. In

some enbodi mentrfe ekprdRleOsditibiNAT eXhds AN RHSAnitRahUEeS BE teshd 14301 ti on
131 that is substantially cylindrical and extends upstreaminto the bl ock

section 1dBe fexpanding dortioat 141 ix plag nrefgrengiglly ifinstooraacisab odithendigmetere
G el ShB IV PRLLER 358 ScBRLADIIA] o L iR At o
bl ock i nngsrtioal113110headxit prtion 131 and the expanding portion 141 meet at a second
circular intersection 145, which is normal to the central process flow axis 115, in
embodiments that have an exit portion 131. The expanding portion 141 has an
expanding length 147 as measured along the central process flow axis 115 from the
20  throat 143 to the second circular intersection 145 from about 15 millimeters to about
40 millimeters. The expanding portion 141 also has an expanding portion angle 149,

which can be measured as the angle formed by opposing sides of the block inner wall

109 in the expanding portion 141, from about 23 to about 48 degrees.

In all embodiments, the process fluid flow passage 113 comprises a
25  constricting portion 133, a throat 143, and an expanding portion 141 in that order
based upon flow of the process fluid from an upstream position to a downstream

position relative to the initiator injection nozzle.

In some embodiments, and as shown in the embodiment of Figure 1(c), the
constricting portion 133 and the expanding portion 141 are asymmetrical in that they
30 are not similar along both sides of the throat 143. In some embodiments, as in the

embodiment as shown in Figure 1(c), the constricting length 137 is not the same as
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opposi ng gosEies 200. tAeinpcasikeéddn@s 1 \Wadt lcomprises a threaded coupling 155 suitable

for the operational service pressure and temperature is preferred. In some

embodiments, the injector recess 151 also comprises a gasket gap 157 to permit the

use of a gasket between the shaft section 105 and the injector portion 200 to seal the

20  process from the external environment.

As viewed in the embodiment shown in Figure 1(c), the shaft inner wall 111

forms an injector passage 159 along the shaft vertical axis 153 from the injector recess

151 of the shaft section 105 to the process fluid flow passage 113 of the block section

103 so that the injector passage 159 and the process fluid flow passage 113 are in

25  fluid communication. The length of the injector passage 159 is measured from the
downstream point of connection between the injector passage 159 and the injector
recess 151 to the downstream point of connection between the injector passage 159

and the process fluid flow passage 113, which is also the closest point to the throat

143. The shaft inner wall 111 is typically circularly-sectioned, although other shapes

30  may be used as necessary as depends on the configuration of the injector portion 200.

As shown in the embodiment of Figure 1(c), the injector passage 159

intersects with the process fluid flow passage 113 at the constricting portion 133. In

13



109 in the expanding portion 141, from about 23 to about 48 degrees. In all
enbodi nents, the process fluid fl ow passage 113 conprises a constricting
portion 1788, 20m/mihrseat 143, and an expandi ng portion 141pcm/ush@b/oesider based
upon flow of the process fluid froman upstream position to a downstream

position relative to the initiator injection ngzz]Je. In sone enbodinents,
and as sho¥at §Rbdi@eHy BiSH%'f‘ltVeHFak?’&ﬁrlég JPGH)CPgFH ¥ RGeS tthhgeE ti on 133

and the eﬁgﬁggiﬂbgv p}ggqipﬁ%s%;mq{f%@tgymg;i cal in that they are not simlar
al ong both sides of the throat 143. In sonme enbodinents, as in the

enbodi ment as shown in Figure 1(c), the constricting length 137 is not the
same ast he expiging(eshgivih alppttial [silepried of pr dnjestbopiriem8). Flaaredibst ri cti ng

|l ength 137 is greater than. the.expanding |ength 7.. | u e i ments,
theorat i oy b SRGREH roril VGRS e, SR 108 St 3¢ FaRGE AT s
from apoutoublédl HWthadeidt \dew,of ARRcIPPRrIEIE ablyint aeEnddaithent .iditia@rabout
1.8. In sone enbodi nents, as in the enbodi nent as shown in Figure 1(c), the

expandi nginikstiondiezalagl Ehel igedtey pardan 2P0 (aeapriserea GRS sldRsenddlpard pdn angl e

pori i on- aigth RSe 205 TIGARLERERE bfoR290Ts Rt T bgIERARGL i 20
f rom gr eateerpokticn1 0. OTliedingdeauttpodidh. 200nis Sonie:r eohakddesit S cornbetos katibni nner

wal | 111 forms_an_ injector recess 151 along a shaft vertical axis 153 into
t he shaf t 2428Rq siylupgsction g0 piheughegsneradly ARersshaies andiconSigiptioni MRY and i s

per pepgli cyl ledt Ol“ﬁeh}ﬁ{e%ﬁf? btlon (f@C@%?ef&Jax ncgalﬁﬁséci-éf a ddle fled &TREGRLI al 1y

centered in the sha section 105. "An e of such an ‘injector recess
151 ar ea hswesteowmn nmay #sagbe eorfifriged ar dwireng madre edhténmlHfagtened fqgddher Tikieg

di mensi ons apd conf.iguration of the injector recess 151 may vary according
Lo the di RENUPBIENHAGERIRNE o Ghe SRkt (e R PBIOPERE BT Bl H5YISF | ange,
SCrew couplekfids dtmpdigrukddi ect or portion 200. An injector recess 151 that
conprises a threaded coupling 155 suitable for the operational service

pressure and tenperature is preferred. In sone enbodi nents, the injector
recess 15Msgeen it bigie 61, thegasieturigap 295 pftthe puedtor peitien 298 formyagasket

betvepd g R0Ahkia YRS baRadd31 5 ANk 1R ih2bGE bR QLlicR'89913 Q@ fdhg t NE
from an injector inlet 215 in the connector section 205 to an injector outlet 231 at a
shaped injector tip 221 in the stylus section 207. In all embodiments, the initiator
fluid flow passage 219 intersects the process fluid flow passage 113 in the
constricting portion 133. The initiator fluid flow passage 219 is typically circularly-
20  sectioned, although other shapes may be used.

In embodiments where the initiator fluid flow passage 219 is circularly-

sectioned, the initiator fluid flow passage 219 has a fluid flow passage diameter 223,
which may be from about 2 to about 3.5 millimeters. The fluid flow passage diameter

223 is preferred to be wide enough so that if a process disruption (for example, an

25  ethylene decomposition), start up, or shut down activities causes a partial backflow of
monomer (or comonomer) or polymer into the shaped injector tip 221(and possibly
further into the initiator fluid flow passage 219), the resultant material can be easily
dislodged and expelled upon restarting the process without having to first disassemble

and clean the initiator injection nozzle. A fluid flow passage diameter 223 that is too

30  small is more likely to become clogged during process upset conditions, and therefore

be unable to then dislodge or expel material from the initiator fluid flow passage 219.

14



process fromthe external environment. As viewed in the enbodi nent shown in
Figure 1(c), the shaft inner wall 111 fornms an injector passage 159 al ong

t he shaf twoentomalsiaxi s 153 fromthe injector recess 15pcwfustée/oshaf t
section 105 to the process fluid fl ow passage 113 of the block section 103

so that the injector ssa e 159 and the | uid fl ow pass 113 are
in fluid comu é%}’flf’c?ﬁl et rfge 1Puis Sﬂlﬁfég‘? %ﬁé’?& © \FRuReSHE sEsdon éggreasured

fromthe QRYM”&%E raﬁélﬂ‘e&%f @éat%@%@fﬁ@%ﬂ Q:'&hf?gftl’{@ﬁ{‘e&ct}epdr{ibr?%@ra pass@ge 159
and the injector recess 151 downst T eam poi nt™ of conne(%tl on bet ween

t he i nj ecteos tqrapstige 106 %o mbhtet ﬂe ;p’oomsessln fsbnm: dnfobdlmqmaasslmgeutm&rfaml chis
i nner wa

al so the e oint to t 111 is

Cyptcal Ty 0 b iiearorsisat PR £6° oAb agh “beReM e iRy e Belie ae
necesssar Wxﬁ&t&%&ﬂﬁvé}ﬂczﬂ hQiCory. i gHE @@)ﬂﬁgﬁr&tfontzhﬂl dhﬁieﬁﬁbﬁ’é’ oPMetih Btogoo As
shown in the enbodi nent of Figure 1(c), the injector passage 159 intersects

with the W@@@Qsmym@y facemudpgs tha the 911113311&1011'@ Wéldc@lﬁ?,ltqle,ﬁ Forgeplaent fon 133.

| nsuch errbodl shaft verti C?t) tﬁe 153 ean hg{ell i ntersects

t he cent ra’fampl? fﬁdm\gi oW 23X Cre%fgupulm PR IR rre r(S)a i gtﬁfr: es 2(a)

shows a ppdsﬂuloalloel de view of an injector portion 200. Figure 2(b) shows an
axi al cross-section view of lens tee portion 100 (simlar to Figure 1(c))

coupled with a side view of injector portion 200 to forman embodi ment
initiator injectfSHChEPEIE 20t hajcertcsor ses o 200 kjtiptq SEsnirtobut er

sur f ag® Zgﬂ-etaﬂ@ 1ﬂ9lulic9sn£{ 1I§Mtéla§5%rc,%0§&1ng c%flﬁercﬁgh 32’17' r’l’h%%ﬁ’i@ns‘?&{st (’)fotﬂe 200 is

shaped to couple with the lens tee portion . The injector portion 200 is
further confiatossoraf figingaoneation H&ahay na@%camidlgttoyﬂnames exf tcoomecH O,

al t hough eraII ot her shapes an con urations e

R R B S T S T S S
however, énndBior2h$ Shd¥ 1%QH@ém§@cﬂm@flt ihWog13€ 2(H9!1§ reRdsd. al S fast ened

t oget her usi ng bondi ng techni ques known %o one Sll()l lled in the art

appropriate for operational service pressures and tenperatures. As seen in
Figure 2(a), tHecmhpdimesisrysirgea 198-component asjesehlr sysorasi tba cptodfemnis an

'22'; ! ?i or (s]ﬁo'w‘ﬂ fh EL QW PARS YR, Sl RADA LY SHREL 26PN (! st LdofiBh 2X1 S
ext endl ng

207 of the injector portion 200 form a stylus 225. The stylus 225 has a stylus outer
diameter 227 that permits the stylus 225 to be inserted freely into the shaft inner wall
111. The stylus outer diameter 227 may be from about 6 to about 10 millimeters.
Preferably, the stylus outer diameter 227 is such that the stylus 225 frictionally
20  couples with the shaft inner wall 111 of the lens tee portion 100 so that so that the
body 101 of the lens tee portion 100 can provide mechanical stabilization to the stylus
225. The velocity of the process fluid flow exerts tremendous force on exposed parts
of the stylus 225 during normal and upset process events, such as ethylene

decompositions. It is preferred that the stylus 225 remains relatively immobile.

25 In embodiments where the initiator injection nozzle is made from a single
component, the shaft inner wall 111 may act directly as the initiator fluid flow
passage 219. In such embodiments, the stylus 225 may take the form of a tube-like
extension of the shaft inner wall 111. In such cases, the fluid flow passage diameter
223 in the stylus 225 may be the same diameter as the shaft inner wall 111. In other

30 embodiments, the stylus 225 is a tube-like insert that is bonded or coupled with the
shaft inner wall 111. In such embodiments, the injector outlet 231 at the end of the

stylus 225 is still formed by the shaped injector tip 221.
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froman injector inlet 215 in the connector section 205 to an injector
outlet 231 at a shaped injector tip 221 in the stylus section 207. In all
enbodi nernwe,20tome1ismi ti ator fluid fl ow passage 219 i nt er PeTiUS2a10@25I6DCESS
fluid flow passage 113 in the constricting portion 133. The initiator fluid

fl ow passage 219_is i cal lrcul ar] ysectioned, al ot her shapes
may be used. " Reterins rbie STYRGE Bk 1y T n VR iR Seagel 210 1 s
circul arl Ml%eﬁ%l'ué)%ﬁér dﬁﬂﬁetéﬁkﬁ & EHe fhidi efhvd Qé’é/ag@ﬁﬁl%%‘erzzb% 1?@? b@ ffdri d 1 ow
passage di ane , may be from ab t o about I'l'imeters.

The fl ui dathduow. &o@gémgw d i ardeplefer@ﬂﬁ fiiogn bBe&b abogd.4.0 The raMOdmdeat@ﬁl ¢imtso t hat

or onbt b P biadRebitk s8R s S B Gl R BE o BT e monone

or polymethel §iks 128 Shan@delyNh@kt A thée Radd Lieadds ROSE Yorf Meth@lcaiipt 0 t he
initiator fluid fl ow passage 219), the resultant material can be easily

di sl odgedstabidiziagptie| srug . eepsctallyi prgtietre op e esduswPhobat Havdiregtlyo fir st

di sassenbl e an cI ean t ini ti ctl n | e %w d fl ow,passage
di amter 555 Tt PRED (DT b L shBof P St o B bt g

process uﬂﬁ:ﬁh]eﬁt@ﬁghishgﬁ”\’g?59 andhat therseiRdenjeetot ﬁplzlze ah@ phhen til glladgesor expel
material fromthe initiator fluid flowp assagg 219.1n sonme enbodi nrents, the
out er sur fsalosatodin gre pigeese dhne dlogr Pasdss bly- 205highen %@rsdlaﬁleteﬁjt‘éém@r seat

209 up§ B%Eer%%&{) 9\/1&% a&d}h&ﬁﬁ Qhe 9151&1101%11%9"1% %19 Snstt Qﬁmla DSrdift

portlon 1 ]8 to iso process. n sone e uter surface
201 at t hpraldijgedteaposeato 3&&ehaﬂula fdew els 2dlll aatobﬂntsaamgl debniet popertipndi cul ar
to the inject cent raI vert axis 213. The configuration and di nensions
of the inf*@’élf%?og%éﬂtﬁ@éo‘ﬁﬁ%/ y ry according to the di nensions and manner of
connection (for exanple, welding, flange, screw coupling) with the injector

recess 151 of trhe dleﬁgﬁ of BR RPLE DO a4@bhe Jﬁge@uﬁ&&oﬁw t@pﬁn@aﬂe Shpbiae

connector section 205 proxinate to the injector inlet 215 includes an
i ni tiat or gyourhyethe; quiynb()lcoﬁrﬂ@:tmmtommectmhenmwems@sm@albf 1mh@rtanmm| at or
sourc ection

i th G | RRERE RS MG Ml Y B s A RRE ROy B 0 afY (570K
t hreaded injection nozzle is exposed to high and variable pressure and temperature COIldlthIlS.
During ethylene decomposition portions of the process system, especially near the

area where the decomposition initiates, may be exposed to very high internal
temperatures (1000 to 2000 °C), pressure surges (4000 to 5000 bar), and stagnant

20  process fluid flow (compressors may go off-line). As safety systems automatically
engage and the process is ‘“‘vented” (usually through pressure-relief devices),

depending on location, portions of the process fluid not yet affected by the system
decomposition are pulled through the affected areas and act to cool the affected areas.

Also depending on location, the process fluid may contain solid debris as a result of

25  the decomposition, such as carbon particles, or polymer in various stages of
production that has not reached separation or refining. During venting, the process

fluid may travel in the opposite direction or through a bypass from its normal flow

path. In such a situation where the process fluid is traveling in a reverse direction and

under the influence of a pressure gradient of near atmospheric pressure at pressure-

30  relief devices and above-normal system pressures, the process fluid may be traveling

at a very high velocity (subsonic) through the system. A decomposition event may

last from several seconds to several minutes, depending on the function of safety and

control systems and human intervention.
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connection, as shown in the enbodinent in Figure 2(a), is preferred. In
enbodi nents using a two-conponent assenbly, such as the enbodi nent shown in
Fi gure 2,wohelo/mnsn surface 203 and outer surface 201 i RCThms2&pb31S1 Secti on
207 of the injector portion 200 forma stylus 225. The stylus 225 has a
stylus outer dianeter 227 that permts the stylus 225 to be jnserted freely
into the shaft Bﬁ%ﬁﬁlelfp%@%? dfi%ﬁpc%ﬁéms%fmréo S{YFérPrﬂil%H?gX’éPe POHIORERf e rom

about 6 tQtyﬁQQ% i&ﬁlerﬁrbéésﬁﬁﬁﬁrﬁow Eﬁ@fh‘é%ﬁ?ﬂe}‘bin B&r ﬁfmb}'%laglﬂeeerx gieanster 227
is such that the styl'us 225 frictionally couples with th shapt i nner wal |

111 of t hehelfeHswingesepey off onreb@Cconditiohat Fyet, thegiortdreobid tyl@1225 intthe | ens
tee portion 100.cgn,provid chagnical stahilizatjon to. t stylus.225. The
Vel ottty BPeFReGRoRBE S G R OWGRr Y op bribcbLamp et By inetiited par (<
of thes Sf[}ﬁ_fe'é@rgzéa@!”(é NGeRQfTBEPIROY HBSCthdPKAGE DS £USHEH-wRMCBhgRnet hyl ene
deconpositions. It is pref erredpthat the stylus 225 remains relatively

i mobi | e. deqempebibieon narang aiheeis efhibe irpdctipatzones. nNext; it taneperdtere| f theide from

a single component, the shaft inner. wall 111 may. act .directly as. .the
"t at or DR g S it B0t dorte dlmb B 4 [ EatyPietdzs may

take the fediptraifiredeleld)esgetinfly exthepsicess ffid floe 1@ fahd btag@iteswahla widkdt- | n such
cases, the fluid flow passage dianeter 223 in the stylus 225 nmay be the
sane di anBEscEriohe sEHePtWids desompasitionipay pecugim e EaterYbein SUCk fe styl us
225 igya 2| i pseLt.: th i oypl i t . i nner

wer 1 AT, R e Rk el e e R O Y500 PR e
styl us 22frowghsti the chbrenesttytubhiendsprapéing mosctherettyilgnead theRehaor tubg back to

enbodi nents such as.  the one shown in Figure 2, the ratio of the stgl us
out er di affefssPMPOSE NG H3EHaR] GRVFORMGH- p%@gﬂgaﬁs ofj therBitiator Jmsctpmnogaledy om about

1.8 to abgiite @nerAlds RRG1AF ABIYsel £AMLofisitd s@RPMimButts ddR@dlRididnt ndi cat es
that the stylus 225 is a'relatively thick tube versus its intérnal

di amet er . néxt jesiepradf evensd Neat, s$ysenstpydsasre2@bef slevietsanetinaley wbitalg for the
Zgggc; ?IS §r%§%’??s iggalﬁlveengfa&i%%\% rt%f {1/‘1%{]?%‘? glé*!é,f%{ ?\gi?ntﬂé]:gia %Pg?%t?ﬁy&%%g%éé %{5181 process
{1 Ui d {1 oowlcnldineBReaimemon debas sho/LoiR RaSmer piriudesndeyeRtde ! nj ect or
passage 1grisssu?e Equ[f dtf::\bigessz[]taﬁ?ghd sﬁeggi.e%e?)gn(gihg on Zrél:-latai‘\rf]eddi?eac‘:rtiton %Ldttlrl]eespse%gl us 225
of the venting (that is, how quickly the system is fully depressurized), the portion of
the stylus 225 in the process fluid flow and the shaped injector tip 221 may be
20  exposed to a process fluid where the temperature varies from normal operating values
to decomposition levels (and possibly alternating from one extreme to the other),
contains solid polymer particles and decomposition debris, and passes by at high
speeds for up to several minutes. It is preferable that the design of the portion of the
stylus 225 and the shaped injector tip 221 be able to withstand such flow forces and
25  temperature excursions without significant deformation or damage (for example, a
bent or broken stylus; a particle-clogged injector outlet). It is highly preferable that

the design of the initiator injection nozzle does not require removal or maintenance of

the initiator injection nozzle after such a decomposition event.

The shaped injector tip 221 may take various forms; however, preferred

30  designs of the shaped injector tip 221 are ones that help reduce drag and prevent
backflow into the stylus 225 through the injector outlet 231. Reducing drag and
preventing backflow impedes the formation of high molecular weight polymers on or

in parts of the stylus 225. Preferred designs also resist significant aggregation of high
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is located in the process fluid fl ow passage 113. A higher outer dianeter
to inner dianeter ratio provides additional nechanical reinforcenent

agai nst daoagm/®imM pr ol onged exposure to process fl ui dpCirasa@as/ovasi as

obj ects and debris potentially carried along in the process fluid. The
design of the stylus 225 and the shaped injector tip 211 and_the support

gi ven by méecafﬁayvei_ BOrmehe TS BB CHACBRIR, PedroeseEpeciary

I nportant ¢ Ropd ErHé‘étth%oM@ s€yﬂ% BBShaThdEha §&'f1ﬁé‘c&o&{ﬂ"‘2’ile®ﬁh dagipqgposi tion
and the initiator injection nozzle iIs exposeg to high and variabl e pressure
and t enpeflawuliguptoordatttho peint @ulrighgyt atittbrermacerdmtiop as ittei wocgeofltidahev of t he

process system .especi near the area er he, deconposi tiop initiates,
oy be. extBABaNGTSRRhTh o R anAme RN s TpIBo0 T Exsenhe
pressus e gihg®ion (if G0 aRPBoRakNe hdAort&URAABA oPriREiaRS ak lthik ot oW
(conpressors may go off-line). As satety systens autonmatically engage and

t he procegsickly moasgt awiry {rogiute ligjeetar ouddt 9 exnduras peraitied fto desak cdogyn,
dependi ng. on IocationtiﬁgrtLonﬁ?gI t he Proces%:fluid not ygt affqﬁged by

initiate, “and ass]s ormin olecular wel olymers, on, and around
the system Geconpositi on are e THrough” thePal 'ect €u 24t 845and  act to

cool the adyfugcrdonltkasnjedbs oud&pE3idi NthioPrévendt ederal hdespibleesPectd, ui d may
contain solid debris as a result of the deconposition, such as carbon

parti cl esinchidingoingtiaser feqd \dasripfings stugde clegeing slathet staus 2hator Kbk shided r eached
separ at i op,; 4N J i ng, i - Lr | in the
oppos?Qe gpg%%{ﬁ Hﬁ%f%P%Pngﬁgé¥§9%£ggt?%?ﬁ???gﬁﬁgfﬁ%%q??%g?%a%hﬁg n such a
Si t uat i onmafeeniar t Wweight goégserf feinthtios, tandvelsieny mechanicel déssses dvitlectheon and

under the_influence of a pressur adi ent  of near atnpspheric pressure at
pressur er @rm@flmaém? clusling Og_ﬁeﬂeﬁwg%we E}@Qtr@%ﬁﬁ@syaﬁgﬁ%%%ﬁp\mléss fluid
may be travelchig fhé ﬁf&l?e)és ALK URAIJNE FURSORHEhe IBIRUIR g seystem A

deconposition event may |ast from several seconds to several m nutes,
dependi ngVath rdliebleumatistenteed fhaf,etyyteandpaamensodre ssyesitlensind nahphagheiable

nCer e 20 BaRE MRS, 0S ARCRIESIA LOR SeRsL L Altanyprevtouely; (he
tip 221 nmay be exposed to the follow ng series of extrenme conditions.
First, the porii esm®bmbb@inehisl Ysch2&5sHoknt MEFigure 2(a), the shaped injector tip
221 is flat, such as the end of a tube or pipe. In some embodiments, such as shown in
Figure 2(c), the shaped injector tip 221 may be an angular plane shape such as that of
an injection “needle”. In some embodiments, such as shown in Figure 2(d), the
20  shaped injector tip 221 may be a partial angular plane, where the leading portion of
the shaped tip like a needle as discussed in Figure 2(c), and the remainder may be a
non-beveled shape, such as a stair step or square notch. In some embodiments, such
as shown in Figure 2(e), the shaped injector tip 221 may be “rounded” or is a dome
shape. In some embodiments, such as shown in Figure 2(f), the shaped injector tip
25 221 may be beveled. A variety of other forms of the shaped injector tip 221 are

imaginable to one of ordinary skill and creativity in the art.

When using the components described and coupling them together — the lens
tee portion 100 and an injector portion 200 — an embodiment initiator injection nozzle
is formed. The components may be coupled together using known coupling

30  techniques for the pressure and temperature conditions of the process. For example,
as shown in the embodiment of Figure 2(b), a gland nut 250 may be configured so as

to threadily connect to lens tee portion 100, frictionally connect to the injector portion
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process fluid flow and the shaped injector tip 221 nmay be inpacted by an
initial pressure wave (a pressure "spike") fromthe start of a systemw de
et hyl ene wecomposisti on in one or nore of the reaction zeoedis2iexn3iist he
tenperature of the process fluid near the initiator injection nozzle may
quickly rise tqo deconposition tenperature | eyels, especially if the process
fluid F1oa0handdensiaa Y SoHede IIRCtar pRffigp 250 & ey 166 PoRI08y e h%i de

deconposi {HeQmBBRYMAR SHEwh Th F@%ré BBS AL dirdtR fers iU AnéetRMRT ﬂ’m%r et he
entire reactor tube is isolated and not vented, halting flow throughout the

entire reagtaor seatid)daan intpeqriontaf e impstor phesagt hyA ankethe mjedter ieemstldl t ube to
deconpose | stagnant environnent. Exposure of the initiator injection
nozzl e tosefaﬂse@%pfoégrﬁgf?oﬁl G elnég?mfl‘lggm several seconds to several

m nut es dependi ng on the next series of events. Next, system pressure

reliefs devi cesFacties ah®odigdedatihftigtor ipfeeEonlmdzele aghodmt iR EiQss A(bp wystem
After "venting" has started, the process fluid, now contalning
deconposi HHOIdeBkplsveiten] ¢isi 2l 3pyidythe shafh vestispleaxis 153 qeerdapviicornothiss

pressure f i i gh speed. Depending on relative direction and
t he speedgug értgﬁgggé%ﬁiﬁt%@%{lgat is, how quickly the systemis fully

depressurized), the portion of the stylus 225 in the process fluid fl ow and
t he shaped i nj &cuibrenitiodir@éhts, thy sbhduseXosetkattopaatighyoc@ssininguthd inttietoe t he

tenperature varies fro ormal operating values to deconposition |evels
(and possﬂmdﬁ%‘f’tpé?sﬁﬁ? %a\ﬂﬁm_ﬁ@ow{lw #rd @@H&Jeaméw)%c%ﬁwg ®sol i d
pol ymey  Pijddi&! &irledndl @?@t@”ﬁlﬂ?%tésﬂ BRd IRy B?sgaﬁaltgp 888e LMt thehBhes§Peeds

for up to Several m nutes. prefera he design of the portion
of the st {lhidsfl@®Daasage tié sshhptetheiinjeetor outleti 23 12R1lobsedin éhet onairichisg and such

flow forces_.an e rature cursions wt t .signifi t defornation or
damage (1 B tERat & 05 Bens A rEReATret d2 o eoityins 2BpBHuE T ect or
outlet). bhough AMbrpihy iRfeblof ettt veltdhl b6 208SbaRatahe ifjectbNbhdl@tan ik nj ection
nozzl e does not require renoval or maintenance of the initiator injection

nozzl e af taspted ith the eratishpesess Bawerent 15 Phievesticah edfspin? & podeterpingd 1 may
take yari %%ﬁgftﬁé ”{ﬁﬁcﬁ%g"’é%}{giﬁr vglg@il%{i?gzﬁ?s'I%stt%s 1D BNakad LdbegLor tip
221 are ones®that melp reduce drag and prevent
constricting portion 133 by a protrusion distance, which is measured by the distance
along the injector central vertical axis 213 from the injector outlet 231 to the
intersection of the stylus 225 with the wall of the constricting portion 133. In all
embodiment initiator injector nozzles, the protrusion distance is less than the radius of

20  the constricting portion 133 at the injector central vertical axis 213 as measured from

the central process flow axis 115.

The ratio between the radius of the throat 143 minus the vertical offset 229

and the radius of the throat 143, expressed in terms of the throat radius, offers a
dimensionless measure between embodiment initiator injector nozzle designs that can

25  show the potential impact of the stylus 225 extending into the process fluid flow on
the throat 143. Since the stylus 225 is not extended through the process fluid flow
passage 113 farther than the central process flow axis 115, the value of such a ratio is
never 0 (which would indicate the injector outlet 231 is at the central process flow

axis 115) or negative (which would indicate the stylus 225 extends beyond the central

30  process flow axis 115). For embodiment initiator injection nozzles, the ratio is about
0.45 to about 0.90, and preferably from about 0.75 to about 0.90, indicating the
injector outlet 231 is barely visible beyond the throat 143 if viewed from the
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backflow into the stylus 225 through the injector outlet 231. Reducing drag
and preventing backfl ow i npedes the formati on of high nol ecul ar wei ght

pol yner s wo 20r0/d9msparts of the stylus 225. Preferred descgns2@bosesisesi st
significant aggregation of highnolecul ar wei gh polyners by being

hydr odyna ern1 ting the process. fluid flow to nove snoothly around the
styl us 2235%% eeﬁleswi%fg%e h?fgw%trmtqafprzwfcw prr ﬂpﬂ&rherqeawldwré?%au on at
the point g, Righgst initiator concentration in the process fluid flow (at
the injector outlet 231 at the shaped injector tip 221). By preventing
significant disruption in process fluid flow, the high concentration of
initiator at thigﬂp@hhmﬁﬁ@n@uﬂEkhﬂﬂ%@V@dkaWé9,ﬁrbna@ﬁemiﬁreﬁﬂﬁﬁkduglet 231
and not pernltt t initiate, ssis i n for hi gh

ol ecul af PHRGHE s YT csh AL GY alndef Ha3 SRy e Bheh Ot dthatfor

out | et5 23ReriZdnig cﬂfsewqem S5 Ferahiled LHI&%Sthl’ead}Jn&ale lfoe@stsSﬂow n&lsudisng Thei ti at or
feed disruptions due to clogging of the stylus 225 or the shaped injector

tip 221, Pedrongpaffsetylod apryrhs fresp abe Oftpghputgdgriliémetgife t o excessi ve hi gh
nol ecul ar wei ght pol ynmer formation, and system nechani cal issues with the

formation and sougRnge Pl e g@zr}gﬁ"ﬁepé GNP e orBh A LrrRe! yrer

whi ch may cause further proc I sruptions | econe
| odged |anhmuB&@h@ﬂumN%ﬁhxpehnahhheunﬁﬂmahmkttﬁbdmimmmnﬁ$MSﬁmmn09&rat|ons

are steadie d un dictable s upse i ke et hyl ene ositions
can be rmF“éf[ éggl? g{/g?edé%lmall Prs &&ismiﬁ% ﬁag egler O 9\%13 i gure
2(a), 14 hepshanpd 1h R®6diRent hﬁ?m%@r mje%tﬂc)lll Abzz18UR @u&lsa Bﬂﬁn&r&g R4 1§1t15€<')!?e or
plpe I n sone enbodi ments, such as” shown in Figure 2(c), the shaped

i nj ect or paqsmgzmrmiz the saapfzeinlglwcmr tip 2Rk Eivapimts aoh 1taswmbta:tlong barthe nj ecti on

"needle". |In enbodi nment s e aped
et or PiBeS I R uned R & 8 Shhecnali Gtk e lRAET et on
of the shapgénit o tHek@n@r BEGRIRo@ss Hhigiquss ad céitraFp@ues R hxis amsh fohe

remai nder may be a non-bevel ed shape, such as a stair step or square notch.

In some eﬁﬁb@“@@%@%OfQG@HW§§C§MmeW¢%fhﬂ@ﬂﬁ@ﬂﬁﬁé?eﬂﬂﬁ@i%ﬁad@@“ﬂﬁﬂéétor tip
221 TRY D6 (A0l RSIE ARSonl o BT ERRTTRY Py e oo
ot her f or n&tiofl dffset Blveipeldde, jue ateaiot linfited 2d, pro&:ss fluid velocity at the injector
outlet 231 and at the throat 143, initiator fluid velocity at the injector outlet 231, the
temperature of the process fluid, the rate of decomposition from organic peroxides to
free-radical bearing molecules at the process fluid temperature, and physical
20  characteristics of the initiator injection nozzle such as the lens tee portion 100 and the

injector portion 200. The ratio of the horizontal offset 161 to the vertical offset 229 is
from about 1.0 to about 10, and preferably from about 1.1 to about 7.0.

The overall structure of the embodiment initiator injection nozzles make them

much more operationally reliable and easier to clean and maintain than prior art

25 nozzles. Because there is only one part — the stylus — that extends directly into the
process fluid flow, there is no need to remove, repair, and reassemble the embodiment
initiator injection nozzles after a process shutdown or upset other than what is done
normally with the system itself. As previously discussed, the stylus in embodiment
initiator injection nozzles is partially reinforced by the body of the nozzle itself and is

30  preferably a thick gauge of piping so as to withstand process fluid flow forces,

including upset conditions.
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i magi nable to one of ordinary skill and creativity in the art. Wen using

t he conponents descri bed and coupling themtogether - the lens tee portion
100 and awoinjoaimn portion 200 - an enbodi ment i niti at ®cTiusp@oezIsl nozzl e
is formed. The conponents may be coupl ed together using known coupling

techni ques for_the pressure_and tenger ture conditions of the process. For
exanpl e, as shdRHOFNTAITES D SARTRHOBPT FB° JRFROD (THFSHIOR "GFERI AN W80 may be
confi gureds 30,8540 td Biigadhd _Yhecl‘?%U??%f tﬁeohigﬁ RpetaBfe PRIk adPBhax it i onal Iy
connect to the injector portion200, and t nS|onaI%y connect the 1njector
porti on 2@0ctoo t¢rheerhtares dfehyeretbasnd POFmeFqrodussorniodi preferred batnthen Fi gur e

2(b), the direct tensional.connection nmade using .the injectaor at 209 at
"t er sect PHH 1 FHBPYRPBA oo JALGR; dMIPRE Rt Ah eI ASeTBiIopetfodBe 181 seal s
the procegsthbafdhad 8omxinehe dro@EYAfPIBRMpositih préficRNEIoMt AR eihiiché at or
injection nozzle shown in Figure 2(b), the injector central vertical axis
213 and t Hecosmpgbitiopetiea¢tionl  dikils prEerablgethiah pheomeaterids weed amdharieitiewsent i al |y
the sane. 1 l'é]cti%l Ino%\z € O%i crzrlez%lg of %v}ﬂﬁ Srtécﬁrllusotzozré aérda?%séra 1gnrat1 ;:eal"l’ll le¥ tﬁr%g]t ai ni ng
the initiator F1"0i Fﬁomppassage FHF BOHQHY REMat rising shaped

i nj ector hhdpR2duréObid A tHeeacuty @alperatdttanetpr@s3ireodxciRfonk Ruéh at eosé | Ui d

fl ow passage 219 protrudes into the process fluid flow passage 113 so that
t he inj ect®hn dyiingap egylenedergrmpeslirn. nPrefrsatle mwtariaty ofrrgnpieiatiopAnelade. of t he
procegs flui d.fl na: The. ;s ruge eno al ong
t he iﬁ?ec%@ﬁq%%ﬁgrg?ﬁ®%$?§c§%%g§ig%gléﬂégétﬁ%@uﬁ%gkyﬁﬁéégéﬁﬁ%ht1ggEZSI IS
| ocat ed oINCONELG¥ (S palialgyrMemabLdrp oWeaxarttbid NJ). verti cal of fset 229 as
determ ned al ong the injector central vertical axis 213. The stylus 225

rotrudes into,the constrictin ortion 133 a protruyusi.on di.st.ance, which
P e o by AThEmRpaRi: AR AaSTeT ot dasE gt T S bO e AR aRT S 210

from the if®iohQozRtih&ondbddatibf Wile otk %BE?Gﬁén@dqthEuﬁpBﬁ ShiphUsieddr, W th the
wal | of thé constricting portion 133. In all enbodinment initiator injector
nozzl es, fraergshic initpion pelysnaireeon gracesssusingaethyleae.randi apticmallyha least
constricting portion 133.at the injector central vertical axis 213 as
measulba PROSORIREO Bhe PafiBt dodk HeFaW ey ghed Faei pRtE “n
embodiment system may use a number of physical means to convert the reactants into

the polymer product, such as and not in limitation of, a combination of one or more
autoclaves and a tubular reactor, operated in series and in sequential order, or a single

tubular reactor system.

20 For purposes of describing the invention’s use in an embodiment system, a
non-limiting description of a free-radical initiated low density ethylene-based
polymerization reaction in an embodiment system (a tubular reactor process) is
described. It is understood by one of ordinary skill and creativity that different types
of reactor components, such as autoclaves and tubes, can be used in combination with

25  one another in various setups (that is, series, parallel) to produce the product polymer.
Besides feeding a tube reactor ethylene and, optionally, at least one comonomer, other
components are fed to the reactor to initiate and support the free radical reaction as
the ethylene-based polymer product is formed, such as reaction initiators, catalysts,

solvents, and chain transfer agents.

30 Methods are well known in the art for using a system partially comprising a
tubular reactor for forming a high pressure, low density ethylene-based polymer

product. In such systems, a process fluid partially comprising ethylene is free-
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The rati o between the radius of the throat 143 minus the vertical offset
229 and the radius of the throat 143, expressed in terns of the throat
radi us, oWbenm/midinmensi onl ess neasure between enbodi memrCTiUsREt0ARTIST

i njector nozzle designs that can show the potential inpact of the stylus
225 extendi ng |nt the process fluid flow on the throat 143, Since the
stylus 228dicall MP YRR ét&lfferﬁ %'E@lﬁr fq%étobﬁb&ég%iﬂsf PR Ol S derm 13

farther thafodbenaRhe BhsclRRRRS pHdi. 21ho rchdfon Sh8rglilpnih eefing ratio

is never 0 (which cate the i njector outlet IS the“central
process f pmasm«[]é)ombal) tooclfOOﬁéJgatdumeg (cumhulcht pmcﬂssiﬂurdmlm(@ntchh)vxsdquw 225

ext ends beyo he central process f 115 initiator
Chj ect; onCHeEDr bESedr R B E R0 D TR STIRUER PSS AR abl v
from aboutenthefiule? 1@@1@Liﬁbeoreg&or hﬂéd&}ﬁ@i] Jnﬁoﬁn%ohtnl GriOto Mdut 860 Q@:hnﬂs barely
vi si bl e beyond the throat 143 if viewed fromthedownstream side of an
enmbodi nenthei rmtqﬁioatlmtlatlm @mmratw@zlt fr@rrazlthmg12@1eCé@ﬁb@la|249r°67ce1§ghefa|tlegv axi s
115. In al th%nbrgdéss q?) elo t?zltl%%ta%ﬁ coo#1I et rlogesls?lc &e& | nlt%a 10
constrictr ng portion 5 € process Ill% Bw passage 113 ups?r eam of

t he t hr oatypldhlylycars hCSlhgl@@ia@J et epetoh@lsias Vﬁlﬁésﬁ‘fdi‘i Mebe atang proeessent ral
process flow axis 115, The horizontal offset 161 nay be fromabout 6 to

about 15 FANEE ifhoEt dhogt 2o byt HoPYeaN- MPdFFIgWPElaQ{f‘BWf hetets ipgludes f or
both jhe hoL s%8ﬂézgnfn9ﬁ1£ﬁr%kyc}§ﬂofoareﬁ r{]ﬁ igg;gﬁoﬁgé an%ﬁoﬂ%fﬁﬁ?ﬁy.' ons the

i njector out upstream o slig of f the central
process flow axis 115. The injector outlet 231 is positioned in enbodi nent
initiator injetor dre pogokes of nlesurdiing ansystan g et einbbdiiha:ht)rininats)si ng

t hrough the shaped injectar ti ows .into and i s by the
O S e e A LA UL St R e S

| ocated pROYWIBhEodiRehttBbE RAERE s@erh 360 REAGRSS: 4 btbcBss(fih@imdySoonfeRé  al
process flow axis 115) for a short period of tine before thé process fluid

t r aver sesat lqasttonge deesh fergl. sopzast Blostor Repplying eﬁyé@et'«mdd@ﬁlemtﬁm@t lteikﬁé onecessary
di rrengg ons for the. hor zontal of,fset .161 and t 3g) tca of
e, Ci

nrogb, urokPRTnBE 1 RRFES 08U Tl Rl e B 1 e RohaR fe o
outl et 23proaed fatid theatthdno@indikibas in fliid @h@iurfiéadsiod Wil @eiat eagdtonkHgesh nj ect or
outlet 23%eedtsr(1)1elrce 306, a reactor tube 302 for converting a portion of the ethylene and
optionally at least one comonomer within the process fluid into a low density
ethylene-based polymer and a remaining portion of ethylene and optionally at least
20  one comonomer in fluid communication with the primary compressor 304, a high
pressure separator 320 for separating the low density ethylene-based polymer from
the remaining portion of ethylene and optionally at least one comonomer in fluid
communication with the reactor tube 302, and a recycle conduit 322 in fluid
communication with both the primary compressor 304 and the high pressure separator
25 320 for conveying the remaining portion of ethylene and optionally at least one
comonomer from the high pressure separator 320 to the primary compressor 304.
Typically, however, modern systems use additional process components to achieve
the temperatures, pressures, throughput, and efficiency necessary for global-scale
high-pressure low density polyethylene production. Additional system components
30 include, and as shown in Figure 3, but are not limited to, a low pressure system
recycle conduit 329, a secondary or “hyper” compressor 305, a chain transfer agent

source 307, upstream process feed stream conduits 312 and downstream process feed

conduits 314, initiator conduits 309, a reactor tube outlet 316, a high-pressure letdown
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tenperature of the process fluid, the rate of deconposition from organic
peroxides to free-radical bearing nolecules at the process fluid

t emper at we,20end13hysi cal characteristics of the initiatraomr/usegemeiien nozzl e
such as the lens tee portion 100 and the injector portion 200. The ratio of
t he hori zont al ?ffset 16]%%0 t he verticafl offset. 229 is fromabout 1.0 to
about 10, VA€ 3ht -t &t BBMY FPomIAHBMP FCYClE 6 197 adowBHesSRFei RITRIO¢ r uct ur e

of the enmbodi mElch febAIOCoAMNGST 32N 4 N bRIsIRKE yERESHTIGHodTRY fem
operationally reliable and easier to clean and nmaintain than prior art
nozzl es. Bgaamslea thigr pressironysteronmirganent- 33 e Refeyéness +that hatludx fertus

directly into the process fluid flow, there.is no,need to renoye,.repair,
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As previously discussed, the st@gll us in enbodinment initiator i nl ection

nozzl es i Kyla.jehplyfiledOst-of 2808 mndtiiel Batayt Ryfblicaeome V& 2eEEIF463hd i s
preferab!%:a Hhick ége of piping so as to withstand process fluid flow
” )

TNELISSeNn, et d HIE . . .
forces, ihchd i'ng upsét conditions.Various materials of construction of the

initiator injection nozzle may be used as appropriate to withstand the
rigors of the hiighindpstoati bigthose s widisargndtilimand rRrsmiv@adi die ertharteur es of
et hyl ene- based pol yner production. It is_preferred that the parts and
conponent ¥AHUStIERRERE H HDG TS| YiteAb29Y avill\fiferoresiediyettnd Es 86l e t o

Wt hSi@nd%}g{gg SROER! e Ry B LGSR BOGHEHRIROThE I BRIALANC ik 1fle @Bpacute

et hyl ene onposition reaction. It 1s preferable that the materials used
i n the i nhtiibargrequippeat such anealzts haatexclapabls @andsenabtshsdtahovng not only
normal operational tenperatures and pressures but also the acute

t t ' . h h dur i et hyl
daconposi 11 on. NEREFES Hb i REDGRMENG o sk R RTE M L, YB0T R ot

limted tand shvalB SdreRl Fidhte@YISandt 2.t A0 Ul kdns pdykddiEkdrh Mh, upaftéhm
| NCONEL(tm) (Specialty Metals Corp.; New Hartford, . An enbodi ment

syst em i ngdt pothareastaittubeedt anihewarb Siuie At thravigh the kadyi 1Nl e thedansise zl e i n
combi pat i g th B0 GhAGHc SANPAE ReckiSy SURROST0 ol B (RIS 1. hisfge ! adi cal
initiated polynmerizati process’ using et hylene, and, optiondlly, “at |east

both the constricting portion 133 and the expanding portion 141, and out through the

outlet end 119 back to a downstream part of the reactor tube 302. As the process fluid

traverses through the constricting portion 133, the process fluid is compressed and the

process fluid velocity increases.

20 As the process fluid traverses the injection nozzle, free radical initiator is
continually injected into the process fluid. Initiator is transported from the initiator
source 308 using conventionally known means into the injector portion 200 via the
injector inlet 215. The initiator moves through the initiator fluid flow passage 219,
through the shaped injector tip 221, and into the process fluid at a point upstream of

25  the throat 143.

As the process fluid (now with initiator) transverses the throat 143 and into the
expanding portion 141, the process fluid rapidly decompresses, resulting in a highly
turbulent, non-laminar mixing zone that extends downstream from the throat 143 of
the injection nozzle and into the reactor tube 302. Within this turbulent mixing zone,

30 the initiator is rapidly distributed in the process fluid in a sheer mixing environment,

breaking apart any localized high concentration of initiator leaving the shaped injector
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one conononer, to forma | ow density ethyl ene-based pol ymer product. An
enbodi nent system may use a nunber of physical neans to convert the

react ant swonvm/whesipol yner product, such as and not in lpCcmusatiooesisf, a
conbi nati on of one or nore autoclaves and a tubul ar reactor, operated in
series and in_sequential, order, or i ngl e tubular reactor system For
pur poses HP 2&%3&&1%?@“%1% Ui i v ifhﬁsréplﬁrﬁl%gﬁr%%aﬁﬁnﬁ@mr Wy a
non- i m t hpgL AeSE hieRhd S1U l%_fmﬁliﬁﬁﬁf%‘ f@%ﬁ@hrdéﬂ%&tﬂhé Hl‘j\éc@%nl%oto)ﬁ the

et hyl ene- based pol yneri zat’i on reac%l on 1 n an enbodi ment “system (a tubul ar
react or pflowedstheigoaes Cluidbbelps k¢ preyeninater Bcalotdbyuildnp obfhighlgireatiye ski | |

and creativity that different types.af. reactqr .components, . such

RUt ool aveltEah Retbate sk b heyroll] S ifliahE ARG RR R o P SR ¢

vari ous sSghitp &t Righlyl @actBRr dr8snic PRfAide8! thay GndirQHER feh@iddr @fdfionpol yrrer .
Besi des feeding a tube reactor ethylene and, optionally, at |east one
conononer (angdt ¢seecigbnbaHendowastecane @f tthe iecticaarazale whetenthe jtabe reag@r suppor t

the free radic reactign as. the ethylene-hased pol vner . product i.s formned,
such ae.r i oied FlerplC Tl a0y SR RRORED RO AR HRlalibu,

agents. Madab@sis) asu€h viflan dingse deborhpésitasit, for using a systempartially
conprising a tubular reactor for formng a high pressure, |ow density
et hyl ene- based,yrﬁol ynmer product. In such systens, a process fluid partially

conpri si ng et hyedéehly Ty RTARMPP Ny Fovd "Pherliehd tabtifest of eact or
0 a1 oniufeahRqh g fathiRR 6@%}9&@:&1@5 QidGtor SN ENRNBAGA el yIer

product. The reacCtion octurs unde operating pressure (1000 bar to
4000 bar ) pawessnfjowvustbaaire it pitsoc @spactd thed pfddontigrheficegh onolderisi tweight

et hyl ene-based pol yners al.so referred.to as "high pressure" polyners).

Vexi mum ¢ BABEFE OF SSTHCE: HE TP (A 1T 2FY Dy eLie 14 FERMIBBUCT60 C t o
about 360wgeRNHe thh@ATIH OMinithkdriidhihn BRARR! AL Yo biSthE pPeReaPANl 1420 C to
about 240 C. Preheating of the process fluid before initiation and cooling

of the prboeedentfafigr travdrsiog thenihrgaat +drihe Jamioal flgw dayeu st f@mgigeinpiabs
R E R T O i A e R e b R A e

one MONON®YitHoRAE ¥ GhiekdrOSBwE O mownghemidaPloaV R g UeAS hed vaft high eniéidtor

concentration, the initial formation of high molecular weight polymers is impeded.

This results in a polymer product that has better overall optical properties because it is

known in the art that high molecular weight polymers cause negative optical

20  properties such as haze and cloudiness. The prevention of high molecular weight

polymer formation also results in a process with better heat transfer capacity since an

insulative layer of product polymer does not form, which may further result in more

efficient heat removal, better downstream initiator use, and better overall first-pass

ethylene (and comonomer) efficiently.

25 Non-limiting examples of free radical initiators that may be used in the tube
reactor system 300 include oxygen-based initiators such as organic peroxides (PO).
Preferred initiators are t-butyl peroxy pivalate, di-t-butyl peroxide, t-butyl peroxy
acetate, and t-butyl peroxy- 2- ethylhexanoate, and mixtures thereof. These organic
peroxide initiators are used in conventional amounts of between 0.01 and 2 weight

30  percent, and preferably from 0.1 to 1 weight percent based upon the total weight of

the fresh monomer feed.
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For the purposes of describing a systemusing the enbodi nent initiator

i njection nozzles, a non-limting enbodi nent tube reactor systemis shown
i n Fi gur ew8.20/wersbodi ment tube reactor system 300 cont RCmiUSg01@/0p316CESS
fluid may conprise at |east one fresh feed source 306 for supplying

et hyl ene and optionally at | east ope co oner into a, process fluid, a
primary conpr egbéPmScF&n'?%]ﬂmﬁ‘Ftés%r 5 ﬁ@fg‘?aﬁemg}améée Qitiplred n gt on

condi ti ongyjidhed | hhithbGOHIERCAL ] @Pe%&frﬁrgle,taﬁiﬁhﬁ{c_ ﬂﬁ?&éar%‘ﬁ@ shdieshhctfedr sour ce
306, a reactor tube 302 for converting a portion of the ethylene and

opt i onal | yereend,eastinerte seloemnomeh wi tchblorbdneensr ogebdiekdngi dri ntethaaol. ow

density ethyl ene-based I t and a remaini ortion of e e.and
oot onat T ERn RGeS SOt inelits Bn bt o Rt enf T e D A
conpress %oiﬁgg} raeel gh isBLgasdtth ¢ 8%@%&1%01&89 (9(?2403 e@ae{oﬂ;ﬂgngmg@ﬁ ah@W
density et hyl ene-based POl ymer fyromthe remai ni ng portion of ethylene and

opt i onal | yiggrall eikbased selvenivonldweonpentiation @f dnengaiie anitiater wplvHonsh@ay eact or
tube 302, ,and a re l e, c uit. 322 in fluyidco icatio i t.h h the
primary ¢ B BCuBt {8 SRR ubigferosh sl e SRR RO R0 Mty ng
the remai Riend@it perdehi0badell @ionythe n@tadnceighit bfonad Irydiadl inkasdrs GAE @gamaoMer
fromthe high pressure separator 320 to the primary conpressor 304.

Typi cal | ysolhgetpestheirnder n syst ems use additional process conponents to
achi eve the tenperatures, pressures, throughput, and efficiency necessary

for glgbal - scalphObmBEGRRHI & sted¥, 46Sid the RAL XREDY liff PEuPt 9dKEH @An

Addi t1 onal system conponents iI'nclude, and as shown in Figure 3, but are not
limted tone embalimpnemginte igjsti@maoztytllemeaypbeusdd t8 28itiae the froadaligal or
"hyper" conpressor 305, a chain.transfer. agent source 307, upstream process
(ooh st r cBVEBHATI a3 s bt P L 57 BEBLLDPIOd eGH AL ARG RS
initiator ¢eofdyd hhaRe, corvESRAL QficieHBe iP b 84didd Gigh? piissile PbRS&Hs Ry

| et downval ve 317, a jet punp 318, a jet punp recyc%e conduit 319, a

| ow pr essbelecthpigae PobmeRgtiomyyexner dalsomgcsubalimonis spstems 3ghere andig gh
ure system purge

pressure recycle.purification st e %%6 a g a _high. pressur
Dent  5oe. REHE BBHG! afon REriE PR ERCro ot Rkt PR R RS bed
conponent gagd ih fRid cotfMuhidadidrghwie 8sdIHan loawiklanst tour@Qlsuet by fanae
production 1 nclude U S. Provisional Application No. 61/103374
purposes of example, a first initiator source and a second initiator source. In some
other embodiment systems where more than one initiator injection nozzle is used, one
initiator injection nozzle is in fluid communication with a first initiator source
20  exclusively. An example of such an arrangement is found in U.S. Provisional

Application No. 61/103374 (Karjala, et al.; filed Oct. 7, 2008).

In embodiment systems using at least one embodiment initiator injection
nozzle, the single-pass ethylene conversion efficiency gain compared to an analogous
system under corresponding conditions is greater than 0.5%, preferably greater than

25 1.0%, more preferably greater than 1.5%, and even more preferably greater than

2.0%, and most preferably greater than 3.0%.

The term “composition” describes an intimate mixture of materials as well as
reaction products and decomposition products formed from interaction and reaction

between materials that are part of the composition.

30 The term “ethylene-based polymer” refers to a polymer that contains more

than 50 mole percent polymerized ethylene monomer (based on the total amount of
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(Karjala, et al.; filed Oct. 7, 2008) and PCT Patent Publication No. WO
2007/ 134671 (Cornelissen, et al.). It is understood by those of ordinary
skil | andwonremidovisty in the art that the various conponeatraiSediowedisl r eact or
system 300 wi I | be connected by conduits as appropriate for the flow of

mat eri al between them The conduits y include suych auxiliary equjpnent
such as vBPNBETIZIGMOBRRREN s ORIRPAL ¥ndaY gonta atdpighAne %ﬁ%r&%wg o the

enbodi mnhoﬁlgﬁél&%ggﬁfétgl%iggﬂeﬁ&ﬁlk%a%d%lﬁﬁé{y descri bed and shown in

part in Figures d process uid I's transported froman upstream part

of the reactor tube 302, as shown in Figure 3, through the body 101 of the
| ens tee porti dhe k0@ figerpohygngyarefewsfto galymerepepond hp2he polgmerifatiomof he i nl et

end 117, through both.the constrictin orti.on 133 and the expandj ng
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nozzle, f r.adi [hitiator is continually injected into the process
fluid. Ianﬁﬁ?%&bgghF#gnsported fromthe initiator source 308 using

conventionally known neans into the injector portion 200 via the injector
inlet 215. TheThatdrmdl ®@PHou@salkdbodirrddte as (thighairasutleth yierel polynpassage

219, through.the shaped injector, tip 1, .and into the process fluid at a
boi Nt upst ARt Pﬁlzs‘léﬁylm.anﬂgs ¢ iefl o E1eas 1t (e B TP UHY i%i t i at or )
transy®r sggirkRepdiithe@edift IR thve HrQubiif: R¥ABRA: e RAES WBEV 1 1HLo00 pgg Pr ocess

I h

fluid rapidly deconpresses, resulting in a highly turbulent, non-lam nar

m Xi ng zométhtthatseextimedsdidavingiataea ruch anpardradeshisesaforiekdmpte, he Ramgnect i on
nozzle andg in reactor tu 302. Wthin this turbulent m xing zone,
the initi O?B?%5$§Hw§€§m8¥§%ﬁf§uted in the process fluid in a sheer nixing
envi ronnment, breaking apart any |ocalized high concentration of initiator
| eavi ng the shapedteinj egdlpmed P rees lﬁ@f@r@)rﬁp’oﬁﬁ@rfﬂep@eﬂ hsytllsmg@briﬂiﬁg. Thi's

y

rapi d dispersion of initiator using nonnmechani cal neans and m nim zi ng
the flui dgnagerspphethenefl theesamg)os Gffereobtyps afieonomer. The term polymer

15  embraces the terms “homopolymer” and “interpolymer”.

The terms “‘steady state” and “steady state condition(s)” are a condition where
properties of any part of a system are constant during a process. See Lewis, Richard
J., Sr., Hawley’s Condensed Chemical Dictionary, Wiley-Interscience (15th ed.,
2007); also Himmelblau, David M., Basic Principles and Calculations in Chemical
20  Engineering, Prentice Hall (5th ed., 1989).

The term “analogous” mean similar or equivalent in some respects though
otherwise dissimilar. As used, “analogous” processes and systems use the same
process equipment or system to make corresponding process runs except for the use
of an embodiment device in at least one corresponding process run and the use of a

25  comparative prior art device in at least one other corresponding run, in no particular
order of comparison. For the purposes of demonstration in this application, the
analogous processes and system differ by use of either an embodiment or a prior art

first reaction zone initiator injection nozzle.

The term “corresponding” means like in a conforming respect. For a given

30  free-radical low density ethylene-based polymer process, “corresponding” process
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flow of the process fluid helps to prevent any |ocalized buildup of highly
reactive organi c peroxides close to the point of initiator distribution. As
previ ouslwoawmdisit he bui |l dup of highly reactive organipcTase@xioeast may
under certain reaction conditions (and especially further downstream of the

i njection nozzle V\%(Ere t he tube reactor system 300 tenperature rises
rapidly fFEPBTASY RGO M0 RETCCRIPCTS MYt Bt 13REore REICFSnMRBUE R of f  an

ethyl ene deeonpagt tdigBrendd Befie3h! t}’let;&éraEuﬂeﬁl'ﬁEpatd?an‘ah&mf&aéadﬁi éﬁz@&go%%)ne_ not
only has the effect of distributing the highly reactive organi c peroxide
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i nitiagor g Wwithih ®%, ﬁ’@fé@d&gﬁw‘itﬂﬁl 39, 0MoRS p&fb‘i‘a‘tﬂfr QG@%S 19, dhd niost preradignt af ter
traversing the throat 143, the lamnar flow layer that fornms against the

i nner wal Withgfl tlhe expansi on zone by fluid drag effects is significantly
di srupted. Wthout a thicker, slower noving lamnar flow regine in an area

with high initiato centration:.the hnitj f.or ' [ .l ecul ar
wei ght pol yner gtalltssﬁl}d%gbd)gdﬁy %h‘lg %ﬂ}llgguﬁt %Qia# glaf)cl) f @ﬁlﬁtg‘?%%%‘%gp tg ﬂ%tl has
better overasbds apki Gabnflo@per pioesseeonusetents that onwess ivaridties aidt drbat hi gh

mol ecul ar wei ght pol yners cause negative optical properties such as haze
and cl oudfPiEdled pRd St QRAHTWH UGS (§p cAlide cRsss”” WaTTHES: SBFR AR PYHSR mat i on

al S0 {@SubiSaid AnPERE RS Enath lnbRE bELnc el Sélﬁt%ﬁgé?r%aﬁ&%%élb’ iRleRGE) an

i nsul ative layer ot product polynmer does n form Ich may further result
i n nore efdgai@hylehe&ted retepvallingbeedien fthovwnaey aaihnilatit¢mpdraurasgeinleand bett er

overall first-pass ethylene.(and, comononer) efficiently. Non-limting

exanpl s BHCTHECSRSAI L PR FaE PRIy P g s e TR PR act or

syst em 30fetnR6Eh H&%sﬁéﬁ&ﬁ@g%@@s@%ﬁ@'ﬁ {s2Hl QY $hde HEdbdaRatHod adhGolk&S protddes (PO) .

Preferred initiators are t-butyl peroxy pivalate, di-t-butyl peroxide,

t-butyl pengblesaet prossssavatiableluhyll agerdsgrvient techytirdlidarmsiases, prasrss mi xt ur es

e Dt o TR A RELR R0 hY REGLAL S HSBHo B SRMKER'jronAL amount s
conditions or to maintain the controlled and set process variables at their target values.

The basis for comparing corresponding process runs is for a period of at least
24 hours of steady-state conditions using 1 hour average data (as opposed to “spot

data”, which are individual data readings at specific points in time).

20 Melt index, or “MI” or I,, is measured in accordance with ASTM D 1238,
Condition 190 °C/2.16 kg.

EXAMPLES

Corresponding process runs comparing performance between an embodiment

initiator injection nozzle (the Example) and a prior art initiator injection nozzle (the

25  Comparative Example) in a tube reactor system are shown. Reaction system data and
calculated performance criteria are compared based upon operating analogous tube

reactor systems at steady-state conditions using corresponding process runs.

The same overall tube reactor system setup is used for both corresponding
Example and Comparative Example runs. The tube reactor system is modified

30  between Example and Comparative Example process runs by only swapping out the
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percent, and preferably fromO0.1 to 1 weight percent based upon the total
wei ght of the fresh nononer feed.In sone enbodi nents, the free radi cal
initiatorwoanw/missol ved in organi c solvents. Suitabl e sorseds/oasier; for
exanpl e, aliphatic hydrocarbons such as octane or benzene, or intert

sol vent s giuch as. chol or.benzene, c¢ycl ohexane, or t hanol .ﬁig.xa, | e of
organi ¢ sHIY RN FOPE dBEIA, TRICHUT PPTZE Hy Bt SEhSF SISy e ICUgHs 24D C

boiling r ed@NDhSRs E’&lﬁﬁfﬂfei ;S}ogéégr&&a{h@% 1&/ €MEiath P $hjdddn G2kl ik N9
range), and m neral oil-based solvents. The concentrati (‘;n of the organic

i ni ti ator usdl for itlenSrsiregachen Zpwammnaticort injecta abolet KO UmhppratiweExxamle and
preferably fromabout 5 to about 50 weight .percent based upon th ot al
Mot ght - of PREES Thauiae SRR et bramBlsdnypasneeEs) tertla totbrde ik "some
enbodi srenteasiisit I iniiHOR if&téRDz2RE THE QWRerhd) tidr&di€ ad anARgBud. han one

enbodi ment initiator injection nozzle 310 may be used to Initiate the free

radi cal polynerization in reactor tube 302. Multiple initiation injection
nozzl es are kndin tibe fasetonrsystey snyimmlae it ooaHsitBistuse ftp the gapofiment

free-radi g@ge | Gl el el QW GRSy Fc%'c%?tir})éleﬁ{‘%?m YELILAALI QRq Syst ens.

In sonme e i ment's systeéns Wwhere nore an one initiator 1njection nozzle
i s used, Chbmparkiee ERampleneontainkiagirotess Apkricindosont@zzd & Sresyecdsoiure folf ui d
conmuni cations with nore than one initiator source, such as, for the

M 3

purposes BHYERGHPENAY GOPHEESS P APERIIR YU B arfg MR S o i FAteY fepdr
Sourcfy | Roalre Al iraRIBC e MeSYREETD RAGHE WY & iBRBRARe IALLAL Of

injection nozzle 1s used, one initrator injection noz isinflurd
conmmuni cavales avhigh @refsuresseparakdri atrecyckococlpitex dbwgiressting. sepmawxampdve of such
an arrangenent is found f@? UdS. Pr ovi si onal Agpl i Cﬂtﬁon No. 61/ 1(1?{3374

(Karj al a, PEFSULE SYS9 reqycigeiondyit. ugm pige &b dndd S feteeiiyy S at | east
one enbodhiE&nnb&tidnk a8 RerbStR6d th® BysRQR 2bBporldies WitNBhEaRAR?. ThiYdaene
conversion efficiency gain conpared to an anal o%zus syst em under

cor r espontiibadiag airldast Fom sifigogingegtien nezvins aorgihe fpngtherfdhd seagioetbeand han
1. 0% re preferabl reater than 1.5% and even nor ref er abl reater
9 . 0%307‘2%80%1%% r F@gne%ogﬁi; g:/xtaqtglé% g?w srtlrgﬁm?%\ég/g% 1?1%1a?orqnjectlon noz%leg

t han

The length of the reactor tube between the first initiator injection nozzle and
the second initiator injection nozzle is 1540 feet (469.4 meters). The inner (working)
diameter of the reactor tube at the inlet end of the first initiator injection nozzle is 2
inches (50.8 millimeters). The inner diameter of the reactor tube at the outlet end of

20  the first initiator injection nozzle to the second initiator injection nozzle is 1.75 inches

(44.5 millimeters).

The Comparative Example initiator injection nozzle has the physical
characteristics listed in Table 1. The Comparative Example initiator injection nozzle

may be described as an insert with a combination process flow channel of a

25  cylindrical portion upstream of a single stylus protruding into the process flow
channel and a constricting frusto-conical portion downstream. The cylindrical portion

is 2.0 inches (50.8 millimeters) in diameter. The constricting portion is 2.0 inches

(50.8 millimeters) in diameter at the stylus and shrinks down to 1.75 inches (44.5
millimeters) diameter. The stylus protrudes from the sidewall towards a central

30  process flow axis at the point of intersection between the cylindrical and constricting
sections. The stylus has an injector tip, and the injector tip is located away from the

central process flow axis by a vertical offset. The Comparative Example initiator
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20

injection outlet formed by a shaped injector tip that is flat.

The injector outlet is

located away from the central process flow axis by a vertical offset.

Exit Entry Process
Throat Portion Portion Fluid Flow | Vertical
Diameter | Diameter | Diameter | Expanding | Horizontal Channel Offset
Example —in. —in. —in. Length — | Offset -in. Length — —in.
Nozzle (mm) (mm) (mm) in. (mm) (mm) in. (mm) (mm)
Reaction 1.0 1.75 2.0 1.72 0.10
Zone 1 (25.4) (44.5) (50.8) (43.8) 0.25(6.4) | 3.95(100) (2.5)
Expanding | Constricting | Fluid Flow Stylus
Portion Portion Passage Outer Constricting
Example Angle — Angle — Diameter | Diameter | Length -in.
Nozzle deg. deg. —in. (mm) | —in. (mm) (mm)
Reaction
Zone 1 24.5 25.2 0.083(2.1) | 0.24 (6.1) | 2.23 (56.6)

Table 2: Dimensions of the Example initiator injection nozzle in inches (millimeters)
and degrees

Based upon the values given in Table 2, the ratio of the radius of the throat

minus the vertical offset to the radius of the throat is 0.80, and the ratio of the

horizontal offset to the vertical offset is 2.54.

Corresponding process runs Example 1 and Comparative Example 1 are run

on analogous process systems using an Example and a Comparative Example initiator
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of an enbodi nent device in at |east one corresponding process run and the
use of a conparative prior art device in at |east one other correspondi ng
run, in rwoparwadacishar order of conparison. For the purp®s®ased10/023151
denonstration in this application, the anal ogous processes and system
differ by use of either an enmhodinent or a prior art fi reacti on zone
i ni tiator VeIEEPEHS oot BrstyHuatQay ioctian P%&owoﬁrﬂ@weﬁeéﬁi MiREF- o
conform NBade@$BRMAer. TRE offer 'Ngeihdfﬂrg&‘sg adlidE@dnslapWndesi 3y et hyl ene- based
pol ymer process,” "correspondi'ng” ‘processruns neans that for two or nore
process runs using anal ogous process equipnment or systens, the difference
bet ween t he pedkP®ényandat faret-batyliepefany-2 athylhexahogousn r ergenic operenide (e. g.

the first.reaction zone ak.tenperature o anple 1 and.the.filrst

Foact | on UTRSHSR bRt EPRE i ubud bubt BRSPS REBR" <1 a o
condi t3 onsahds Mrtddicbubopeix@degaibl 3h Wighhic heBShiddTHiCatdr edr@makllyyusel tihi n 1%
and nost preferably wwthin 1 C. It is understood by one skilled in the art
that in e(a¢tredi¢ahgthydaednsrshaelgep prmdastdon. ydbe intiaaselyentsusgd dtas des or
systens t r vari Iy nLyHeH ed. et to particular
val ues (sEg%gﬁpgggi%ggﬁé?ﬁgbg?ﬁé@?@?&ﬂgﬁgﬁ@gg g}% g%ﬂg?(gsure, ethylene to
chain transfer agent feed split ratios, product nelt index (12) target,
ethylene feed rate, cooling mediumflow rates and inlet tenperatures),

unl ess ot herw se specified, are maintained at equival ent val ues during
steady- state operations between corresponding process runs. It is also
under st ood that non-controll ed process variables and process vari abl es that
are subservient to controlled and set process variables (so called "slave"
variables) may fluctuate in reaction to changi ng process conditions or to
mai ntain the controlled and set process variables at their target val ues.
The basis for conparing correspondi ng process runs is for a period of at

| east 24 hours of steady-state conditions using 1 hour average data (as
opposed to "spot data", which are individual data readings at specific
points in tinme). Melt index, or "M" or 12, is neasured in accordance with
ASTM D 1238, Condition 190 C/ 2.16 kg.
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Pure
TPO

Flow

1st

Reaction
Zone

0.89

2nd

Reaction
Zone

245.7

207.7

Initiator
Injection

Temp.

1st

Reaction
Zone

170.0
175.0

2nd

Reaction
Zone

300.0

299.9

Reactor
Peak

Temp.

1st

Reaction
Zone

(*C)

300.0

299.9

Reactor
Press

37.80

37.97

Production

Run

Units | psig)

Comparative
Example 1

Example 1

Table 3: Corresponding process runs Example 1 and Comparative E
injection nozzle for the first initiation injection nozzle to producing a 0
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the first initiator injection nozzle to the second initiator injection
nozzle is 1.75 inches (44.5 mllineters). The Conparative Exanple initiator
i nj ecti orwoaaml®11sas t he physical characteristics |isteacrstabloesist The
Conparative Exanple initiator injection nozzle may be descri bed as an
insert with a conbination process flow channel of a cylindrical portion
upstreamof a single stylus protruding into the process flow channel and a

constricting frusto-coni caI ortio dovvnst ream The cylindric orti on is
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stylus h Eca&FFf%ﬁ P n‘&%{q %VPVIES? ﬁ%‘&?r Wcﬁs%h Bé%‘xinr% et FHURPpIYeEsen; s
flat. Thgah ntlh@%% ﬂ’z’lﬁl/e,etE)Ja é)%tzﬁg Ry §rem rhengent Bia|msQlﬁaQRz%5§1 fil ow

axis by a vertical offset 2. Dinensions of the Exanple |n|t|ator
i nj ect i omokecilar Wmst}(yﬂnrﬂeihaagt pcplsyneamjt}daegagw zone downstream of the first

15  initiator injection nozzle.

As can also be seen by examining the data in Table 3, because the heat removal
from Example 1 process run greater (and therefore process system temperature is lower at
the second initiator injection point) than during the Comparative Example 1 process run,
more initiator may be used to achieve the same second peak reactor temperature (~300

20  °C) for the second reaction zone. The amount of TPO and DTBP used in Example 1
process run to reinitiate the reaction in the second reaction zone is significantly greater
(0.65 gal/hr TPO and 0.47 gal/hr DTBP) than used for the analogous point in
Comparative Example 1 process run. (0.54 gal/hr TPO and 0.24 gal/hr DTBP). The
ability to use more organic initiators may result in an overall improvement in single-pass

25  ethylene conversion.

Corresponding process runs Example 2 and Comparative Example 2 are run on
analogous process systems using an Example and a Comparative Example initiator
injection nozzle for the first initiation injection nozzle to produce a 2.3 MI ethylene-based

polymer. The operating and process conditions are in Table 4.
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Based upon the values given in Table 2, the ratio of the radius of the
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from Exanple 1 process run greater (and therefore process system
tenperature is lower at the second initiator injection point) than during
t he Conpawetwmobrsanpl e 1 process run, nore initiator nmegThs2m8@eB16D

achi eve the sane second peak reactor tenperature (-300 C) for the second
reacti on zone. The ampunt of TPO and DTBP used in Exanple 1 process run to
reinitiate the reaction in the second reaction zone is significantly
greater (0.65 gal/hr TPO aqg-o. 7 gal/hr DTBP) than used for the_ anal ogous
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process vas BeBTAT efo? GunthacaiVpal@biple2 FXBRPh@oentasferEhand DTBHFugdrie 5. As
can be seen in Figure 5, the tenperature decline difference in the first
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decl jpe I
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fluid fl pint enPenpiratie Brarhple 2pmoodss ofin.i(0i26i gat/br TPO) et (.09 galdir DPTiIBPsecond
reaction ﬁo e.show a significant. differenéﬁ.of aInDﬁt 20 C £127.3 ? for
Exanpl e 2NS/@HE{Y0 Ho® MOrEoreapic ARiptor Ay, &esei dnph eyl impov it SP¥'°TPO and
DTBP usegh BEcarRbfvedigf.0ce€ss run to reinitiate the reaction in the second
reaction zone'is significantly greater (0.97 gal/hr TPO and 0.20 gal/hr
DTBP) than used for the anal ogous point in Conparative Exanple 2 process
run. (0.26 galt/ihmoRChantdr Gh® Gxgaplen?/CompRiativy xanipld  tryng thatighe jrokes

orgaji c | at or

Wkt L RE 0L 5, TR HE @Sl e {dh Al QVElAhL JARNOVEIPL, LA 131 DAL EPARS
et hyl"eneEShvarsT ohS ™MMS's n%ﬁéam%ﬁa fgﬁ ?N@q%xﬁﬁgpg‘ﬁwfb&bgrg 'VE®Exanpl e
2 runs tpatesshie sjgaefi@htly cooler for the Example 2 run versus the Comparative Example 2
run. Although intuitively it would seem that a process with cooler jacket water would be
favored (that is, cooler heat removal medium creating a greater flux flow through the tube
wall; absorption of more process heat; lower process fluid temperatures at the point of
20  reinitiation; greater amounts of initiator can be used; ethylene efficiency gain), lower
jacket water temperatures are known to cause fouling to occur— sometimes within the
matter of hours — in the reactor tube. It is believed that the improved mixing of the
embodiment initiator injection nozzle prevented the formation of significant quantity of

high molecular weight polymers in Example 2 that would have normally *“plated out” at

25  those jacket water temperatures under prolonged operating conditions.

All patents, test procedures, and other documents cited, including priority
documents, are fully incorporated by reference to the extent such disclosure is not
inconsistent with this invention and for all jurisdictions in which such incorporation is

permitted.
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wat er tenperature, which is the tenperature of the water used to renove
heat fromthe process, is significantly cooler for the Exanple 2 run versus
t he Conpawetzbwmobrsanpl e 2 run. Al though intuitively it womhd2eeemishat a
process with cool er jacket water would be favored (that is, cooler heat
removal nmediumcreating a greater flux flow through the tube wall;
absorption of nore process heat; |ower process fluid tenperatures at the
poi nt of relnltlatlon ({eater-anounts of .initiator can be us et hyl ene

ef ficiency galyle AbGkrcd sabodingitteroft ifpdhuentip shayr e brstows eéaw

foul i N9 pRGOAGIHY: itSQTEDd TR Whbd kifhe LRGoRBEhES mfaalfﬁ%& wﬂl Pe aﬁgaréms_t or

t ube. I's believed that the inproved m xi ng of the enbodi nme Initiator
|nject|ommhamjkempmbwemd@UyﬂhmeﬁbMWQUIdmzmﬁwgh@nmkpmangﬁ@uam&mpyu@mdhigh

nol ecul ar_ wei LS \in | d hgve nor nal at ed
oot~ at  1be st e BRYCrRb o AePuSERh: S a0l AR Bro M e Bpan bt eyl
condig | Oﬁbﬁ)end’éd' hdP@baRtifmitd Lt thP eRABHLS 85d d&REpQMakt HRGEUNR FhtheCihhethe
including priority docunents, are fully |ncorporated by reference to the

extent sdeimsdbesetsgueday encapassingons fhstferttrogiof ﬂvatehtablq rmﬂ@hy vdncharedideor  al |
jurISdICII ns._1n i.ch.such qi n: |on s..pe e ed
bod el Qeare LAt MHERuRt B RS P B o bRADERT ter el n P RS

will be wmﬂﬁfsyﬂﬁdemhﬂaiﬂﬁmeamaathﬁ&h@ﬁﬂh&k@Qkh@ﬂﬁ.mnII be apparent to and
can be readily made by those skilled in the art w thout departing fromthe
spirit and chﬁé of the invention. Accordingly, it is not intended that the
scope of the pwn&ﬁﬁ@dewar Hé}ltétaﬁdﬂ’é‘meflﬁi‘ltléﬂ’e’f Yty rg Lsteh| r@agegfgom

descyqd ptiRNSweetimiqb L fiatingt cbhdtplfg cl ai ms be construed as
enconpasgﬁﬂg af*nl QYQ@%¥SS 0 Batenpéble novel ty which reside in the
present invention, |nclud|ng all features which would be treated as

equi val ent's tBep@dfngbgponhhfseorm&t lirk whiChwatdﬁealarctesqrﬂoevl.mrxdhmﬂdse spavifeqatly on
pertains, imts and imts.are

Prot ear s StheY i s valb ey Bt E bR B SRt 5iPPRED ok SHBHRRS: e

Dependi ngy epmnperigit, COMHefXfer i udMaiied] risdeUpish vl et RIS dnd amdpped Ihefﬁs
specifically stated otherw se, such values may vary by 1 percent,

per cent , RY. perdissased.opny semberi fabling pathir thzeora}s@pclérﬁpemﬂmlbevléﬁloaedqu&ér| cal
rangfs W IBJ}tlgulLtrOVYﬁé tlohglvsﬂg mbgrrgd I‘?‘)n wiBRE rth<l: Ilghée are specifically disclosed:

R=RL+4k*(RU-RL), where k is a variable ranging from 0.01 to 1.00 with a 0.01
increment, i.e., k is 0.01 or 0.02 or 0.03 to 0.99 or 1.00. Moreover, any numerical range

defined by two R numbers as defined above is also specifically disclosed.

As used and in the claims, the term “comprising” is inclusive or open-ended and
20  does not exclude additional unrecited elements, compositional components, or method

steps. Accordingly, such terms are intended to be synonymous with the words “has”,

LN Y4 LN Y4

“have”, “having”, “includes”, “including”, and any derivatives of these words.
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RU, is disclosed, any nunber falling within the range is specifically

di sclosed. In particular, the followi ng nunbers (R) within the range are
speci fi cavbypotvmcisesed: R=RL+k* (RU-RL), where k is a varcahiseomangsng from
0.01 to 1.00 with a 0.01 increnent, i.e., kis 0.01 or 0.02 or 0.03 to 0.99
or 1.00. Moreover, any nunerical range defined by two R nunbers as defined
above is also specifically disclosed. As used and in the clains, the term
"conprising"” is inclusive or open-ended and does not exclude additional
unrecite@Lgﬂ%nts, conposi ti onal conmponents, or nethod steps. Accordingly,
such terns are intended to be synonynous with the words "has", "have",
“having"y "i nghufgsater 1hjP&ldadinBele BPMmAMYe dQr i@y &sidPla PRR]8& fluid, .
words. CLAIMS: 1. An initiator injection nozzle for mxing an initiator with
a proceseomipnsing: conprising: a body conprising an inlet port to receive the
process fluid,,an outlet port, and an injector inlet to receive initiator;
B orocess 1 ut B0 SifhRindBhinkot Bl of s eife RlochRubis o hIEERYT apdib e

bet ween fnf@tdrihiet toRedeivedinfia@tt | et port along a central process flow axis,
further conprising a constricting portion, a throat, and an expandi ng
portion in thatresesetuidsflow magsage gronghuwaich) they ppeessaleidt tiavsirgh baTeEA t he

an i ectsr M RLRean G EN TR A80e Y GLALolReS, 108 B AR e oo

i nt er sectsstriveingpogieasa thiretitchnldl apwxpagB@geortion irhéacadst ri cti ng portion; a
stylus at least partially containing the initiatar fluid fl ow passage and
further conpribimiater HRidfder ipajess giovghpWhishtha dnitipfer FAYEasHetuery BE of t he

i tRAL ofn;dckdt dliek | QW RARFAAS outfee raﬁ)n?hﬁl ig{]i?fe&t OnQ¥bRical $xikOGALRImEN the
constri ctl]ng portion of e process flul ow passage and upstream of the
t hr oat binitatdrofluid dhitvalpashfes stterastdét groiase dlual Gog pakege emtthatorptratiegs f 1 ow

axis; and where the injector outlet is |located off the central process flow
axi s by B8Pt cal

a stylus at least partially containing the initiator fluid flow passage and further
comprising a shaped injector tip forming the injector outlet of the initiator fluid flow
15  passage;
where the injector outlet is located in the constricting portion of the process fluid
flow passage and upstream of the throat by a horizontal offset as determined along the
central process flow axis; and
where the injector outlet is located off the central process flow axis by a vertical

20  offset as determined along the injector central vertical axis.

2. The initiator injection nozzle of claim 1, where a ratio of the horizontal offset to

the vertical offset is from about 1.0 to about 10.

25 3. The initiator injection nozzle of claim 1, where a ratio of the radius of the throat

minus the vertical offset to the radius of the throat is from about 0.45 to about 0.90.
4. The initiator injection nozzle of claim 1, where the expanding portion angle is

from about 23 to about 48 degrees.
30
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of fset as determned along the injector central vertical axis. 2. The
initiator injection nozzle of claiml1l, where a ratio of the horizontal

of fset t owpheiwmiutsical offset is fromabout 1.0 to aboutci@s2®@o/0iiel
initiator injection nozzle of claiml1, where a ratio of the radius of the
throat mnus the vertical offset to the radius of the throat is from about
0.45 to about 0.90. 4. The initiator injection nozzle of claiml1, where the
expandi ng portjon angle.is fromabqut 23 to about 48 degrees,5. The

i nitiator inj B IR cHOB MogtIg 0 C%}rﬁv%é?v@rf‘aa 139 of e FRedIHaNIrRg
portion & thO coEiEARHoftl it dnB i Blokd %ualng!t@abo%tfsr(pm about 1.0 to about

3.0. 6. The initiator 1njectionnozzle of claim1, where the shaped
injector tip conprises a needle-like shape. 7. The initiator injection

nozzle of claiml1,. . where the sh d.i.njector tip conpr.ises.a squared
noedl o- 1 Pxe <REnEr St hEehd e Coeh hSu SRR Uf e BINR o ¢ he
shapeyl | pde@fel@e dhbpe.conpri ses a rounded or domed-1ike shape. 9. The

initiator injection nozzle of claiml1l, where the shaped injector tipis
bevel ed.

7. The initiator injection nozzle of claim 1, where the shaped injector tip comprises a

squared needle-like shape.

10 8. The initiator injection nozzle of claim 1, where the shaped injector tip comprises a

rounded or domed-like shape.

9. The initiator injection nozzle of claim 1, where the shaped injector tip is beveled.
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