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the MAD of the polynmer by previding a blend of a HWV
pol ymer with a | ow nol ecul ar-wei ght (LMA pol yner. The
goal of such a fornmulation is to retain the excellent
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drum or autonotive part. The invention al so provides
a nethod of making a pipe, conprising: a) selecting a
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and in particular, C3 to GO aliphatic alpha-olef ns.
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percent, and even nore preferably less than 0.5
percent, as neasured according to ASTM D 2765-90. In
yet anot her enbodi nent, the conposition is coupl ed
with less than 200 ng/ g of pobysul fonyl azide. The

i nvention al so provi desfor conpositions conprising
conbi nations of two or nore enbodi nents as descri bed
herein. The invention also provides for articles
conprising at | east one conmponent formed from such a
conmposition, including, but not limted to, sheets,
such as thernoforned sheets, frlns pi pes, bIomrnDIded
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The term "nelt processing” is used to nean any process
in which the polynmer is softened or nelted, including,
wheioenetsel i mted to, extrusion, pelletizing, fPEHUS2005/044674
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avai |l abl e from The Dow Chem cal Conpany (Test Method

PEG #510 FAR). For all resins except filmresins, the
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prior to extrusion by thoroughly m xing 0.10, 0.O05,
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0.62 - 414.2 L =- 414.2 - T (2). For a given nelting
tenperature fromthe DSC nelting peak, the

waeorsmesendi ng | anel | a thi ckness was obt ai ned PEDIB2005/044674
equation (2). Lanellar thickness distributions are
al so di scussed | (1997)
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15LDthe saandaestieat of Figareby, equat i on: LDI = - L" (6). So
LDl is a quantitative characteristic of the breadth of
the LTD curve, Th fI | ow ng rocedure was used to
determine th ' RIETH QN QR HEE IWVENTIQNs
pol ymer conpositions. The chr omat ogr aphl C system
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mm 13 mm col ums and one Shodex HT803M 150 nmm 12 mm

colunn Th ol ve used was 1,2,4 trichl orobenzene.
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grans of polymer in 50 milliliters of solvent. The

chromat ggr a ton

- sol vent confdglbglle %gm%‘;l%gghﬁsg}ﬁ?a{@sé%ﬁg@g@ ol uene
( BeR§reagiog the amoenitof distitate fualepreduiddrdugieg hydarcgmiting;
Pol yet hyl ene sanples were stirred gently at 1600C for
4 hours. The injection volune used was 200
mcroliters, and the flow rate was 0. 67
mlliliters/mn. Calibration of the GPC col unmm set was
performed with 2 1 narrow nol4cul ar wei ght
di stribution polystyrene standards, w th nol ecul ar
wei ghts ranging from580 to 8,400,000 g/ nol, which
were arranged in 6 "cocktail" mxtures with at |east a
decade of separation between individual nolecular
wei ghts. The standards were purchased from Pol ymer
Laborator| es (Shropshl re, UK) The poI ystyrene
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zeroing the gap between the parallel plates, the
tenperature was increased to 220C for sanpl e | oadi ng
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normal stresses, and then decreased to the neasuring
t enper at ur e, t
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taken fromthe clear, transparent |ower |ayer of the

30csPags Pla@thylenesrackesteedhder a gently flow ng dry
nitrogen stream The resulting residue was di ssol ved
in5 m of isopropanol with gentle heating on a steam
bath, cooled and filtered using a 0.2 mm syringe
filter into a HPLC sanple vial, and anal yzed by HPLC
according to the foll ow ng procedure. The HPLC
instrument was a HP 1090 avail able from
Hewl ett-Packard, Inc. with a Therno Hypersil colum
from Keystone Scientific. The colum packi ng was
Wat ers Spherisorb ODS 2. Columm size was 150 x 4.6 mm
pore size 80 angstrons, and particle size 3 nm The
|n|t| aI soI vent was a mxture conS| sting of 30 per cent
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The Pennsyl vani a Notch Test (PENT), a slow crack
gromh test, was perforned foll ow ng the procedure
waelewenedserl by in ASTM F- 1473-97 at 8Q0C and 2. BCIVE82005/044674

unl ess otherw se specified. In the PENT nethod, a
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General ly, depending on the test tenperature, a 1C
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failure by 10 to 15 percent. PENT test at 800C was
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testing of the pipe sanples. This represents a nore
sever test than the commonly accepted stress

| oadi ng. The resin environnental stress crack

resi stance (ESCR) was neasured per ASTM D 1693-01

Met hod B. Speci mens were nol ded according to ASTM D
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i ncl uded herein and di sclosed herein. The nelt flow
rate, 12 1, (1900C, 21.6 kg weight, ASTM 1238-03) can
wheoosnetshe range from0.20 to 5.0 granms per 10PCI/DSL003044674
and is preferably in the range fromO0.25 to 4 grans
pe h I %
F anigBEe BB et SR UALIORBLE v Bl 40 el ToRicR
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subranges fromO 20 to 5.0 g/10 mn (12 ) are included
her ei n Tislensses thmeHothesatilysts ddrebd Ecomanzitalyreplacsd during

2 RS Lo B BB i e e
pr efpitabey, reg@mess of nowenucaraddmmél fpe@fsegeabloythé fisteador
to 35. Al individual values and subranges from20 to
65 SEYINY)Stages- i ncl uded herei n and di scl osed herein. The
Mv of the HMW conponent is preferably in the range
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Pereat i on _Chr onat 0 rag_‘r%) nore preferably in the
r angeHYPRACRSICINOR A RREFERBED EMB@DMIENTS OF THE

preferably in the ranggst WI@\?@NQR&\NO 450, 000 g/ nol .
10AI I individual val ues ranges trom 100,000 to

600, 000 g/nmol (Mw) are included herein and discl osed
her ei n. Fighee Mildirates aicheverlivial @nglage hydrpsrapkeasf er abl y
relatively narrow. That is, preferablythe My~ Mh o of
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g/cc (ASTM 792-03), preferably in the range from 0.910

to O. 94@hgbﬁ€onvbﬂe§ 0006 BHOH cBRiSed Wﬂh 461390 wd LRREYCle
from0.915 to 0.935 g/cc, and nore preferabl e{ﬁ rom
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e flo . ,0f the lyner i
25} ooiaine SRS e Adtid Wt 108 pba OF b Bt BBferel otp thag the
up olunig éi;%rnabhxduﬂ;ﬁg hi@oerapkiBd aleabb YhaiPndre tHad. 40706 bpd of
nmol ecul ar wei g as neasur Per meaittbon

mrﬁfﬁﬁlﬂ%@?rgﬂﬁwe&d irwﬁowp;h%rofg%ed;ofﬁwao@éeﬁe IS n
t hegis e, Wl b3k BobBluftte,P@Asieh Betursand nor e
preferably from 200,000 to 440,000, and nost
preferably from 250,000 to 435,000. Al individua

val ues digliresbr arilgifsat‘retb'fﬁslsagtﬁoﬁeﬂo 445, 000 g/ nol
(Mv) are included herein and di scl osed herein. The
density of the polyner is advantageously at | east
0.860 g/cc, and is preferably in the range from 0. 890
to 0.940 g/cc nore preferably7in the range from 0. 920
to 0.932 g/cc. Al individual values and subranges
fromO.860 to 0.940 g/cc are included herein and

di scl osed herein. In an enbodi nent suitable for blow
nol ded articles, the nelt flowrate, 12i, of the high
nol ecul ar wei ght pol ymer conponent is advantageously
|n the range fron10 01 to 50, preferably in the range
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"propyl ene-based i nterpolynmer" refers to propyl ene

i nterpolyners containing at | east 50 nol e percent
w@e@ppbwnr, pol ynerized therein. In an enbodi NREL/US2005/044674

suitable for blown filns, the weight ratio of polyner

(or copal I repar t
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35Rydr8gerfline’ BBy 86tord Bhigling fédondrtigs W&bcracadeu ¢30.and
subranges from 18 to 30 pounds per cubic foot are

i ncl uded herein and di scl osed herein. The bl end has
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CaP fﬁh‘ﬂp ALt & eraed shve TH EdrRAAON inkhE filtt SRde was reduced
wel ght distribution is reflected in a PDI
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bl end or f|n rate
(1@6 e@ a?gr#ﬁ(qeebeﬁ/g%gngtﬂ ?V(\)I?nr%@%% O g/ 10m n
preferably |n the range from0.05 to 5.0 g/lO m n,
nore prigeeadl y fricceased EirstStagd agd BecondiStage IFeed
i ndi vi dual val ues and subranges from0.01 to 5.0 g/10

mn (I are_ i ncl yded osed . her . The
25rre|t fI ighreat dustjases a?@?@@é‘ﬂ%‘t% ’%0? @“%‘6"6}“% ﬁ‘tﬁ“s
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4 to 15 g/ 10 min. i ndi vi dual val ues aag\l&]

f r Girdregerpied hgawoorﬁtiwt whishyis gf gighH [ygegu an gty

dlegrb . The flowrate ratio, 12i/15, ofthe

bl e can be |n the range from10 to 50, preferably in
the range from15 to 48, or nore preferably in the
range f T hererhBodimenRof Bgure iBrdaximiresi unitdhrosgruhly increasing

m_ 10 ergil d

30gi derheat Hf SRS 2hRupasho Begibde EHdSegRchef vy
characterized as having an overall density of greater
than, or equal to, 0.940 g/cc, preferably in the range
fromO0.940 to 0.980 g/cc, nurge preferably from 0. 950
to 0.975 g/cc. Al individual values and subranges
fromO0.940 to 0.980 g/cc are included herein and
di scl osed herein. The conposition conprises from75 to
35 wei ght percent, nore preferably from70 to 40
wei ght percent of the HMW conponent. All i ndividual
vaI ues and subranges from 75 to 35 are |ncI uded here| n
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Preferably the catal yst precursor has the formula

MydTi (OR) e Xf (ED) g wherein Ris an aliphatic or
W@e@m63662 hydr ocarbon radi cal having 1 to 14 cBCDUS2005/044674

atoms or C(R 1vvherei n Rlis a aliphatic or aromatic
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provi de the reaction pr oduct of titanium conpound and
el ectr CFE%LQQ NQfiystihi drbil efdbalnist oPiHRGHVeR@EN.CRNthRI NS
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t hprocessing.ant solid has the appropriate particle size
and shape to produce polynmer particles with relatively
narrow ow.amount s of fi
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reactor The catalyst is fed using a slurry cat al yst
feeder. A progressive cavity qunp, such as a Myno
punp is typically used in commercial reaction systens,
whil e a dual piston syringe punp is typically used in
pil ot scale reaction systens, where the catal yst flows
are less than, or equal to, 10 cn8/hour (2.78 x 10 9
nB8/s) of slurry.A cocatalyst, or activator, is also
fed to t he reactor to effect the polynerlzatlon
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wei ght response of the catalyst. The activated

catal yst may al so be treated with reduci ng agents
W@eri06/063662 use, such as carbon nonoxide in a flRCHUE®AS/044674

bed, or other reducing agents, such as al um num
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at a tenperature from 850C to the sintering

t eRgaeisedcler e of the supported conpl ex. Catal ysts such
as those described in US6022933, al so containing a

Cr 6 | f i Thi
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is couple y an azi de coupling process as descri bed

herein. In one enbodinent, the Cr-catal yzed pol yner
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B0 SR CL o FErPEf Bl Sy ol nd ko biaqiRouls
hi irghute vecbadigas oll shelig alr@osphetiegas oihdight QMCleequQﬂd ligbt
10 min, and preferably the polyner is
chﬁ?lg'ftgé‘Pl %ed as having an 12 of from0.5 to 10 g/ 10
nmore preferably from1 to 10 g/10 m n. Inanother
oemp:@(ghmt the 12 is from0.0085 to 0.017 g/10 mn.
Al T i'ndividual values and subranges 0.001 to 20 g/ 10
mn (12) are included herein and di ggb % Eered& The
mel t f 1 &b ingtaat inventipn is dgectgEprimanly g0 Righ gl &TM
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from1 per 10 m nutes, i's F ‘X
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val ues and sub ranfg1 from1l to 50
259/ IElgde a@cmeeﬂ wbecatm aickasepioce pid aifylear sEacseeiged.
herein. The flowrate ratio, 12i/12, of the polymer

be in th '

e e A S e SR
ot Wlll@t@bﬁ%ﬂ@@%@llngﬂﬁﬂ‘]d anyé Ioﬂam%taﬁebffladlogn’émgg CG.871-C.).

e from65 to refera rom to
12\ RIS e terion i figing v 2 et O0E GORAsopY
1/1 d q rog1 &-thd BEmPedts of
thl%bppoﬁé:/zggﬁl ?@%{aé%ﬁiﬂ /i’/dérg%ltréfwbzﬁgbaﬂgeﬁf rom 100r5%H0
to 600,000 g/nol (as neasured by Cel Perneation
Chr omat ogr aphy), nore preferably in the range of from
200, 000 to 500, 000 g/ nol, andigmost preferably in the
range of from 210,000 to 450,000 g/nol. Al individual
val ues and subranges from 100, 000 to 600, 000 g/ nol
(Mv) are included herein and disclosed herein. This
pol ymer has a density that generally ranges from 0. 890
to 0.975 g/cc (ASTM 792-03), preferably in the range
fromO. 920 to 0. 970 g/cc In sone enbodl rrents the
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hi gh nol ecul ar wei ght reactor contents. The nole ratio

of hydrogen to ethylene can be in the range of from
wO2@80d8566D 3:1, and is preferably in the rangePOf/US20051044674

0.5:1 to 2.2:1. In an enbodi ment suitable for bl ow

di t.he, hi gh I I wei i
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net al | Q44 drabRkbnsther pldiusisTeni€ Mventicre ik Sallyaoflsial the
site metal [ocene catal yst may be used. The
15 et rapgeenbadb . ol Sfhérs of the invention may be
prepared in one reactor or in multiple reactors. For
ex e ethyl ene may be honopol yneri zed, or
coggﬁéﬁ%gﬁzed with at | east one conononer, in a single
or multistage slurry (tank or | oop) polynerization
pr ocessklydropracedsitg) eonoitionsist 2 gérsg@ teras wplthgefers primarily in

ot reeatr R RSE g sl Rl Brordbl b Rlackine
of Bpal HrEBsNZREbANSRYE CeSIEs ars preferalsly fueds biydrgergaiers. The

phase pol ynmerizati on process, 0 s -phase-sol uti on

20 hof ielRs v e cseberim e &f aled 20 RAca he s 8h
pr @@§§$§§ct&fr%s%ec&ﬁﬁ/bm lelel Jf & lefat3pnics %, 047, 468 and
5,149,738, the entire contents of both are

incorporated herein by reference. Two or nore reactors
may be Hydroireptipgcanpiéipng ncluge adpacdion tnperaiyge between
conhhratdqpne thgi-eof g " RS8P €C.-454° C.);
R e A R S K G i o
notprasisoiet feam 660 tca56AMPsg (Euinds el saseresipsh @ﬁvgiﬁ%%-ﬁr%yﬁ

dri t al , i i o
25 T SRR P sl R AL or o
conmg dite 28 hst(peR [?lhd (bv;el‘aﬂnwijtdgen comdLmhptionrAdoL0 08 dcfa:xelr
' . ' t iti t
cotBUaHY ToHE S eRcaeRny ERL 4 e O e Enal 11 on ot
conpl ex. Supported catal yst configurations typically

cont ai NTakicd| odlociAeRINE LoVaBRZiAtILI@Na A64dtiva témberbture of
compound W t h”a porous sugr))ort, such orous sjlica,
|

as
Ty fiooaf0§ F.-PB@F a@0A Ve -ad al), rrelephlinedq k-39 FeiaiCedto4
wi thin the porous netal oxide. The catal yst norphol ogy
may be nodified using size classification and/ or by
nodi fication of chem cal praperties. Other forns of
catal yst configurations include a spray dried sol ution
or slurry system each containing an active netal. The
catal yst systemnay be spray dried directly into a
reactor. These spray-dried systenms nay al so i ncl ude
fillers, binders, slurry agents and/or activators.
Exanpl es of spray-dried catalyst systens are found in
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of a first amount of a first polynmer and a coupling
agent, advantageously at a tenperature | ess than about

W0 b@emiessenposi ti on tenperature of the coupl i ngPEES1005/044674

preferably by nelt blending, and then form ng a second
adm, x . Of e fir ' 1R 0 unt
o BURB b B Ut B0l s secepeaey

c quplerably HaPOrtd 380aipsied10i4t24. 2MA2asHSYrengss! fyare 0,1 nth

optiional Ly .ot her itiyve i n i I '
OB P D55 200 Syl e YA iy Retfdoo o
o500rsaf per batrrehofdichiey hyaidetiathorefeed (89. trddb iy HEAE feed)ond
polymer(s)); (d) feeding at |east one coupling agent,
preferably in solid form nore preferably finely

5S¢ ed, for exanple, powder, directly into
softened or nolten polyner, for exanple, in nelt
pr oces | GrRYEdARRI zonk FfayoAEM Bnlyiohe@AtaB)t, loi@everaPr
conbi nati'ons thereof; (e) taking a side stream of
potafaissts irepmiizgatiopar ti cl es, and a sol ution of coupling
agent in nethylene chloride solvent, conbining

t oget het,, hgar:g&récﬂﬁ%; Jg@&é%?{%@{l%g&ﬂﬁiﬁe@% @88Mg component,

solution c ete al e stream™pol yner
grahydragenaéion compenenidint ladindhry iSugh catalysisare well dhowndn
met hyl e ' : [ i: .
e s e L
depressetand/oon Zebiter sigihrgs afityde ¢rHédY ceaolitbeCdtalyists having high

oty Sl Bt SR A% o DRICEAE. o oMY

anger(egallyatiiea jor efuetingdThevhydrogenatiandoepnerdmdl be a Group Vi,

referred. Eor le rocess (g), i § convenientl
(Bt B BB o R shifbed BieRly GeFabiy bne or
15 CORRASHitrhéNbdeRvi) Burdystemesbarebit mibigel  @the s@fideseor oxides
advantageouslx at a teBperature belowqthe ¢ I
detsrRshsi PresaNt iBribe FalelyFR e tHErogsiRTI e MagaRbts wngrally
t hgakONE BB ARt 5% RIouDA®P B9 didht OF BeSREMM. PREYEEVElY,
conposi tion having a Q%%her neltlng%tenperature.

_ To
coRlpiiedne gickie eelalsi PRRPCHEH BIEliDHM AHREE Refiad! g8, may be present
ar ?gﬁf%.erfé/ﬁ%gkﬁﬁﬂrﬁécﬁﬁﬁcﬁ%n%ﬁﬁeﬁa%%%ﬁﬁ YbRBindfiéh with the base
suffrciéently high to result 1n loss of coupling agent

20 by metad pytragénsiion compenaie sialibernumetunosian arfaticor nickel. If
re n - [ 0
| BRAL Yk A RAb YIRS i oHER, 0A S0 61 o
coapbut 2t cwaight diuhe egtatyse bl endi ng of the first
pol ynmer and coupling agent, but sone of the coupling

o A SRR U AR Ak e oove

poly pwtal or capepyumertheres) @ad tiGroup Vil neés oatorhpastd thaesof

honopol r, copol r, terpol r, .or.interpo r

25 AndUSB PR REIA BT Itasons A b e i ERARERE i o
t hay@bireatiif @atdljies sRUDIMME sapsdited cobatdeslyidenamd ickel
forn} it is preferred to m x the aaggt ng ol yper in
. Slid® MSHEGHINGR PP FDalAiG S epAnsfIHeE TEBOERIAIE] | YRiGAIY:
t eqp&l RidwitRafhg Ch@nee RbipRGuRRBRL . and then to heat
the resulting adm Xture to a tenperature at |east
equal to the deconposition tenperature of the coupling
agent. Yet another nethod to conbi ne azi de coupling
agent with the polynmer is described in US 6,776,924
which is incorporated herein in its entirety. The term
"melt processing"” is used to nmean any process in which
the polyner is softened or nelted, such as extrusion,
pelletizing, filmblow ng andzcasting, thernoformn ng,
conmpounding in polynmer nelt form and other nelt
processes. The polyol efin(s) and coupling agent are
sui tably conbined in any manner which results in
desired reaction thereof, preferably by m xing the
coupling agent with the polyner(s) under conditions
whi ch all ow sufficient m xing before reaction to avoid
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nol ding, the resin tenperature is typically between
1800C and 2500C. The above nentioned coupl ed pol yner
W@ 0wp06i6t: on havi ng a proper tenperature i s exPCUUSIO5/044674
through a die in the formof a nolten tube-shaped
pari son. Next the parison is held within a shaping

. ly a gas, preferably air, nitrogen or
gg&%éﬁ%?%%q@gglg fluorine for inproved barrier
performance properties, is blown into the nold so as
t oshape. t heApﬂéthscha)rayd:opdjcagsnm@aﬂyeropambhb@oors fedrstock,
nol d el d| a ho article
o1 5 HEIGE By BHer AP aerion PR P FARTELE fpatlion
aubsBid M&n@ﬁénh{ﬂ@&‘ol&mﬁg seps& fuel tank, a seat back,
a head rest nee bol ster, a glove box door, an
i nstrunent panel, a bunper faC| a % bunper .b am t.a
center ( @ons@?%smgh%h)/q’ff"éq{@o?%?io?%ﬁf ngcg‘gbﬁi fiEst reagtign gane
mol di ng, a pihigh theXe8@RbcK 5 icBhtaBlRdithkAcht8I9¥iead @nd
HVAC duct, a spare tire cover, a fluid reservoir, a
rear wi ndowhydrepen, wherels saayession is atleask48¥al% or an
armrest. Adequate parison sag resistance and pol ymer
mel t streng Qi eAGERmoARlR
bl ow tF)dedkger ribe[ﬁgéggéétcéfg?&(aﬁar ge bl ow nol ded
articl es sustcasl rdaction zand autonotive articles. If the
polymer's nmelt strength is too |ow, the weight of the
pari so an_cau I t g
D obi on) suBreals P TRRRLGe (P 8 RRLGRAS, FWRLRD |
t he bl ow nohdseriabbilicd belopar tefdrboee Boperat@eks d@mra@dd

he Iike. |
rough par i s0Rg MRt e By edRRb B Bl

times and tlembvddeas piotigstnati vel y, the coupling can be
carried out in an extruder which also forns the pipe,
film sheet, blow nolded artjcle,

mol di nddhac REREVIRG S aiPEodich alipas) %/p%orbeﬂP%%ﬁ“b‘Pf&R?p

nol di ng mach thﬁatmsas&}é/mfereac@wmdmgr@munt of a
sul fonyl azide and optionally additional corrponents

are introduced into the pipe, film sheet, or
mol di ndekxt wageing the raeiizg p@wsﬂh@f tha@m%ﬂfﬁfe%’feprﬂ?e that

adm xture i g4 ﬁé(Qﬁ’é\%da Fe(f’er@ 2 Codﬁrré’cﬁl%sﬁ ol LIXBRY ?éal&@n zone,

sufficient toresult In I ng of the r
form ng a mih wéich tb@tl]@l%l@i ﬁmoymtedc\wmgatﬁiY§£beo¥W@

Tt en oo BhgRR oY ATRbn GRTBATAD P B b dor D Vioshd Nt o
nol ten cyl i nder or “prpe or or

t ube- shaped parison for the for rmtl on of a bl ow nol ded
articlef)s td@mtﬂﬁn@tk&&ﬁdmwi stiepl (devithithabiivent dRiste(apgnd

nodi fied pol yners . are. ful own film
for better t%’ﬁﬁ'lng tiag @Bﬁﬁr@?@ ha? r%égﬁaq%%c sglej) {%k)w shear
viscosity. Polyners rheol ogy nodified according to the

practicg of 'ItHéeprbﬁéS%rﬂfb@nna[ﬁ?nﬁmaelalbebnt@lstrhamtamed
correspondi ng unnodi fi ed

ol ymer Stal‘tlnﬁ Cqurla
fonbet"\f?@é‘éh%tﬁ%‘f"?rﬁ'ﬁﬁ Pbihe rerrdiops opgarieg iB\eaC Fracipn zone in
Vi 685 14 dhairhin R @néfanblolumé of P@%ﬁcﬁbdﬂl@\@%ﬁw arefeice
shear rates (< 0.1 rad/s) ficiently high nelt
st tempgarakire.o avoi d defor matl on during thernal
processing or to achi eve bubbl e strengthduring bl ow

nmol di ng, an 0 (gglt‘eﬂﬁ

a sheargof 2815 8# (% d?tcﬁ%f WO\M'?IEE%%%%?@S rb}%&\glrt}mhe
ex tefflushbof. stéyl (a)thaig boilssaliove gimatesencariempenatiire grist osten (),
of the starting material is maintained or inproved.
Filmand filmstructures particularly benefit from
this invention and can be nadg-usi ng conventi onal

blown filmfabrication techniques or other, preferably
bi axi al, orientation processes such as tenter franes
or doubl e bubbl e processes. Conventional blown film
processes are described, for exanple, in The

Encycl opedi a of Chem cal Technology . Kirk-O hmer,

Th| rd Ed| tion, John WI ey & Sons New York 1981, Vol .
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00000000 Meets Cell O ass 345464C per ASTM D- 3350; **
Meets 1000 psi (6.89 MPa) hydrostatic design basis at
WO aD6E06366F Meets 800 psi (5.51 MPa) hydrost at i BCTHES10051044674

basis at 60CThe pi pe burst performance data listed in
Tab € RerRbRRAR Sk &ﬂ%amtalna
i ShOTsR N RIREH; AR BRERrRhRRAR NN aldgintain g
anmn6taahebltres bEohaperial KSTePOCESD8 and anal yzed per ASTM
D 2837-99 and | SO 9080-99. Table 5: Inventive Resin

Pi pe trusi,on_Condi { o
Cont i nuedTa hee @ce?%éfecﬁgﬁmv’?;%gwﬁ%ga %O-F‘%Fatn e(glmﬁg ?pe
Exdffluesit Oﬂsté‘p mjlthatdmﬂs beiow&nreéstreﬁ@stelmr@‘mbtess @roduced,

Contin npl es aratj v Lar ge
DI BHEIERS Of DAV AT ! B ety T el e s

Pi @#%itioRs 6r Peepesued of efuertsf aepr(d) tRasiisebo? ange®nas
shown in Table 5. CS Bis a conmercial pipe resin
Ddepweiye '%E'}”Wv&d DGDB- 2480 enbodi es the sanme pipe
technol ogy as CS B. DGDP-2485 is a chrone catal yzed

pi pe product and is nmade in accordance wth US

6, 022,933 which is included by reference in th

patent 5.n i T8e errcepe o claim hripbiching feferenge %?”@@r%t”re is in
re eqa %rﬁ%SWtﬁrBuBﬁ"TS@Fﬂl azide levels of 100 and 150
ng/ g, spectively.  The equi pnment used was a standard
sm)oth barrel extruder (30 to 1 L/D) with five barrel
heat zqnes r is i
2489 1 (01 Ba0s e BB AP B AR Pl e s n
( OtHeQuf&ferpd rdrrgessaum €08ite ¥ 2fgF met hod was enpl oyed to
formthe pipe. The pressure sizing nethod for |arge

di aneter pipe is one in which a series of floatin

pl ugs i& enfheyeatess of elalm &rid vaticuthe Mlupss of(eguent tghagpoils

Cnb3Em A e e impeifiEfe Rk Rp Bl LR hbalR RO

chgagsideby adj usting the openi ng of a smaller valve
that is attached to the end plug. This also allows for
i nfl ow and exhausting of gas fromthe interior of the

pi pe dugi ng TheQrbdtds IPeRIrh 2, hhﬂmdireﬂ@tdamyﬁﬂaﬂ daeh reaction
internal volunme of the 24 in % n%) Swge Si ze, heat
di gene oyl arpPPFRmatelhihp samedat Qefﬁ@ﬁ9 YliangeYse
ev iQ&lnconpared to that of the Iar ger
SIE Iéwanﬁdﬁgjds:ﬂpr}e vvanl t hi ckness, for exanple, 24 in
(0.61 m SDR (Standard Di nensi on Ratlo) 7.3 versus 36
in (0.944 S tﬁwe!edét&kqgaaéét d¥idmh
is equal to t%??gutsr}g\élazs;n@{@hl%dl vi ded ©
m rihergroup@F tortskatiog 96 ¥acuUThggsedilsy Beawy; %mzapherﬁle@awl'ﬁl
MY t f @sid
é%?ﬁgéc%r oila\/lsty}gﬁke{glggs dli déf‘ﬁétéih%{\o:?nﬁ; ?chgmcaﬁl ua,
sucextreesﬁhehb yeside lighttayciz4ili, hgm‘. C(OBGlﬁaaSrﬁll Iesagghaliaf (o,

t likely b
0 sl T Be PR R ARG Dl s wi th at 1 ost

equal or heavier wall thickness. The pipe extrusion

line used for this trial .has.a sizi chanber
feet 2 1 1 ol Ropes Hgmani iEh b o ERealp Sarabiises
SI4?@&mQQ%WEOh%ﬂ§n@ﬁﬁ©Ry%Qmay chanber is 10 feet 3 in
e water spray chanber is 57 feet |ong
(17 4 n) No further cooling takes place after this
chanber except by anbi ent cooling. Cooling water was60
OF ( 15.6 0C) which is reasonably consistent year
round. Vacuum sizing is not enployed in these |arge
Sizes due to its cost and pi pe buoyancy i ssues.
Extrusi on of Exanple 2 produced pipe that was within
the wall thickness tolerance of the 24 in (0.61 m SDR
7.3 (3.3in (84 mm wall) size. Switching to the
Exanple 3 for the sane pi pe size also produced pipe
wi thin specification. Moving to SDR 6 (4.0 in (100 mm
wall) resulted in a uniformwall thickness around the
entlre plpe dlaneter Inventlve resin plpe fabrlcatlon
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON Thi s invention

has several features for operating the two-stage
whyasoewerker to take advantage of the hi gh quedT/U§2005/044674

hydr ogenat ed heavy product. These nethods include

mai nt aj pi ng..a conver si rrel

that (He proEateosaRbetind8n TP HaThrb R isne

derddoatinalitséddidbat e fuel s. Al so included is a method

for severity balancing the two reaction stages to

ensure that the catalysts in each stage foul at

appr oxizmat efne grbe ssaelalatie whereirsthedonvegsiontie thedtrstragage

has substanti al | y. nor exi bl e two-s :

Pinges B bR Kk st GRR duBn i gesecond
befRyess infthe raptifine Soafiroube 80 veenpeopesal | ow t he

refi'rner to: produce a highly hydrogenated heavy
stream wi t hout decreasing the anmount of distillate
fuel's pgodupgr,Hssdsnsd dBfr s ekt gecdnastanseonvbsidnae th
rate to a two-stage fuel hydrocracker w thout changing
t Hee sngerfiony 4G Braithe’ beeliers NAEE t wo reacti on stages;
mai ntain a constant number of conversion barrels in a

t wo- st age hydrocracker while renoving a deeply _

hydr ogddat efheneraosssrisiaiat 3, Mmhereit e FRNPERIQIRIRS firshsigoe
modi B | 1 80 vol%,
nyaPUEEn s angi Panitiop Pond B e & 4/R2R
hytde@oy gickeng avhighlyrhiydiofaieddiebec proguctisyéal|a 401 @ipup HEwaxy
q antitytof the fuel products which are al so produced.
Pr Péﬂ§‘¥%o-stage hydr ocr acki ng processes enpl oyed a
bl eed stream sonewhere in the process to renove a

smal | unt. of materjgl. from:t : QLess
ctabi | 16y ante peproredent hE TR frapaeandtoigse
Houki$ise d REBIGNMEMpBI AUt fetaea £01.eH00'Fe (2BL0V4AACHE

desired fuel ducts. Th i nt | di h .
© harergite GgeTalia ORI LS EIE MPFb e 4R (TS B hr
| Vg l@rnﬁﬁ*)f %}lﬁf &/Jrélplq%'(drbgerb&&%qmﬁﬁére@m &f 5000 scf per barrel
conventi ohal” hydrocrac

|ng. 4 n, conventiona

pr ofdissisi hygrocarenifeed (b&4-388m 18 feeMended only to hel p
stabilize the reaction process, and the anount renoved
i's minize = VR Ty BRIERIR o @RditibSs TN

| oner vy eldgh%Aﬂ%Egggggb?ﬁZ#’progﬂgv§. Thqrg isJHo ‘
appicrde at reactionfternperatak wé frof 4067 -9l er(e4” Gs514 C), reaction

feedstock to ot he f . b L

t welespagaangase: ek SR IEER e e LR 8o o
e oo Tor o Seu ar vt gne
r eQDUﬁLii%hY“gr ARONeRS 2%551,@4%5%1},2&% fg?éﬂf unctions is no

| onger used. Recent two-stage fuels hydrocrackers

mai nt ai iz Si GikelrS@RE of BRURMSInAIitHthelefident 8t step &y thaaboils
well as in the second stage.  The recycle stream.i

a
hi ghovriaréferenge siReratyre sQBPIRPGICSER PWd‘YPéQQ@P?tSa heavy
zo%%ﬁrﬁptr1lom1annunts of sulfur, nitrogen and
aronmatics. There are greater demands in the refinery
for deeply hydrogenated heavy products for use

el sewher@ (elhg.préceSsfadetiim|1dbini wiaeh thestrangiaeply

R R e

having nultiple functions; thereby reducing the
capital investnent required to achi eve specific
processing capability. In brief, then, this invention
i nvol ves producing a target anmount of fuel products
froma two-stage fuel s hydrocmracker at an increased
feed rate, with the extra feed being recovered as
varyi ng anmounts of a deeply hydrogenated heavy
product. The process includes operating the two-stage
hydrocracker in such a way as to adjust the conversion
bal ance between stages to optim ze the quality of the
heavy unconverted oil product or to maintain a

. . . a



i ncluding G oup 3 base oils. Feedstock A wi de variety
of hydrocarbon feeds may be used in the instant

wo pwensicon. Typi cal feedstocks include any heaRgT/U82005/044674
synthetic oil fraction or process stream having a
bot || ngnﬁg’t‘i of QY feedORbficatind A HakestSE Bink @BHUARCM Scker
i HOMBGR"VAL mgas oi[s, heavy atnospheric gas oil
déJedyed coker gas oil, visbreaker gas oil
denetal lized oils, vacuum residua, atnospheric
resi dugl , asphal t e ' Fi - -
FCC st arrsd",?‘ee[ﬁ 8?esl§o°? C‘%h‘léqf L|'r:]r S &?{ehgﬁl 0 g? g%gfﬁg&“t
t R eédorfdaedstioni dAdneb erevsrtenied fras thé broupaengistaker gas
oi | or deasphalted oil. Typical feeds for the second
s$%§@”9ﬁﬁﬂQéﬁqiydﬁﬁga@%ghﬁﬁgﬁéé oi |, heavy atnospheric
gas oil, light cycle oil and light coker gas oil
Produchs Thend probeuatoficia el inomhicis tai prefetred fpedstenkiis y
to high quality mddle distillate production as well
ayaewmpeatigéti on of clean deeply hydrogenated heavy
material (boiling in a range greater than 650F, but
typi cally above 700 F) which nay be used in processes
requiring clean feeds. Such processes include FCC
feed, lubricating oil basestock and ethyl ene cracker
feed. The process of this invention is especially
useful in the production of mddle distillate
fractions boiling in the range of about 250 F.-700 F
(121 C -371C). A mddle distillate fraction is defined
as having a boiling range from about 250T. to 700 F
At least 75 vol % preferably 85 vol % of the
conponents ofthe mddle distillate have a norna
boi ling point of greater than 250 F. At |east about 75
vol % preferably 85 vol % of the conponents of the
m ddle distillate have a normal boiling point of |ess
than 700 F. The term"middle distillate" includes the
di esel, jet fuel and kerosene boiling range fractions.
The kerosene or jet fuel boiling point range refers to
the range between 280 F. and 525 F. (138 C-274 C). The
term"diesel boiling range" refers to hydrocarbons
boiling in the range from250 F. to 700 F. (121 C. -37f
C). Gasoline or naphtha may al so be produced in the
process of this invention. Gasoline or naphtha
normally boils in the range bel ow 400 F. (204 C), or C
- through 400 F. (204 C). Boiling ranges of various
product fractions recovered in any particular refinery
will vary with such factors as the characteristics of
the crude oil source, local refinery markets and
product prices. Heavy diesel, another product of this
invention, usually boils in the range from550 F. to
750 F. Conditions Hydroprocessing conditions is a
general termwhich refers primarily in this
application to hydrocracking or hydrotreating,
preferably hydrocracking. Both first and second stage
reactors are preferably fuels hydrocrackers. The first
stage reactor has a conversion |level of at |east 40
vol % and the second stage reactor has a conversion
| evel of at least 30 vol.% Hydrotreating conditions
i nclude a reaction tenperature between 400T. -900 F
(204C.-482 C), preferably 650 F. -850 F. (343 C. -454*
C); a pressure from500 to 5000 psig (pounds per
square inch gauge) (3.5-34.6 MPa), preferably 1000 to
3000 psig (7.0-20.8 MPa); a fl®ed rate (LHSV) of 0.5 hr
1to 20 hr 1(v/v); and overall hydrogen consunption
300 to 5000 scf per barrel of liquid hydrocarbon feed
(53.4-356 nB/nBfeed). Typical hydrocracking conditions
i nclude a reaction tenperature of from 400 F.-950F.
(204 C -510 C), preferably 650F. -850 F. (343 C 454
C). Reaction pressure ranges from500 to 5000 psig
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