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a copol%) Preferably, the ethyl ene-based pol yner can have a nol ecul ar
wei ght |str|but|on (Mv Mn) from about 8 to about 12. At |least one film
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[00013] Figure 6 is a schematic of the tenperatures and zones used to nake
Exanple 1; [00014] Figure 7 is the nol ecular weight distribution vs. the
Log LSCDRwbanioiaersexanpl es of this invention and conpar @CITS2@0ABBES;
[00015] Figure 8 is the maximumrate and haze for exanples and conparative
exanples with LLDPElI from Table 10; [00016] Figure 9 is the maximumrate
and gl 'Hrrrgﬁ l e 10;
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et hyl e Lan a
ComanonePagIRe A RAH TRl SRR LA 1 AGIP A GuBior xp &S phifyro
i nt er palojmene, @@t@alnaquyntamoewlmIaeﬁefheat*el efn ﬁHch@reﬁfﬂ?bP@'m@ﬁt pf‘léhQJEQKpbut
are notmybidphkefst an pbgﬂmbeeememsegm ¥49N8Bepek %l’rhe downstREM eRBceskifiexene,
and m xtures thereo? | ene iIs uent? P ynerized with at Ieast
one C3-aopditigns| & |G\1Pa'§'9@|ﬁr gxapplepéie ﬁpbmt%@@r ideshegierbe Biegaredolor bavne.

[ 00024] 4, ﬂﬁe;&ﬂ?ﬁé’ QR tat %érﬁ‘%r%‘ﬂf‘ep‘éﬁ&uﬁg olHCthé( %ée tAhe %Bét@b tor %eﬂ}é'ﬂ@f i g8

rel ations bet ween internal "haze, surface haze, 't i ndex of the
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| og_LSEghtent slfeﬁrsabdsmrssmolatboatac{woom] Met hods are well known in the art
for using a tubular reactor to formlow density ethyl ene-based pol yners.
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parti al I r adi I a
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t he i niwheaginitimd trarg isomet esnpentalf (umearfiotikatbipgrezioe ranges Hetyetenedto 829 66% t o
200 OC. At certain points along the tube, a portion of the heat produced
during the free-radi cal polynerization my be renoved through the tube

wal | . Typical single-pass conversion values for a tubular reactor range
from about 20-40 percent. Tubular reactor systens also include at |east one
nmononmer recycle loop to inprove conversion efficiency. [00027] For the

pur poses of descrl bi ng the process, a non- I | m t| ng tubul ar poI ymerl zation



tube 2 wwth a length typically fromabout 250 to about 2000 neters. The

| ength and di aneter of the tube affects the residence tinme and velocity of

t he procewe 2bini4a7sas wel | as the heat addition/renoval eapaseaip/oss28t ube 2.
Suitable, but not Iimting, reactor |engths can be between 100 and 3000
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intern tem
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procesqof12yi d tfntnrﬂtetrléntm(merﬂs ORGSR | Rl HEINGPE §CB||th§ngl’%|nQﬁhélé!r at the
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hyper ciBRUERSO170 litdrs pdi HaMae gesUlt iNefrSater MAd 71598 of %Cédhfalnérrbrtth'é Rartfic@uct i on
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froma tbt theh 30%. corrpressor with several discharge points) may overl ap
each other (i.e., be partially or totally "in phase” with one another)
resul ti[A@13]In aninapepticiarcethbadimentsstin emtglidtioofsysteen & pokided esopwirisiagiaody upon
conbi n " [ o] re IS . ragi
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process fluid is spllt and fed to tube 2 at different feed | ocations. In
such processes, part of the process fluid is fed to tube 2 through conduit
12 as an upstream process feed streamto the first reaction zone and the
ot her parts (dependi ng on the nunber of splits made in the process fluid)
woul d be fed to tube as downstream process feed streams to the ot her
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conditions, start the reaction of nononer/conononer materials. In disclosed
processes, the main product of such a reaction is an ethyl ene-based pol yner
and heat .wOnnto/ae™s or catal yst may be added to each re&criuseoipossest o

i nprove conversion of the nmononmer (and conononer, if included) in the
process fluid as previously discussed. In a disclosed process, different
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and co i i ;
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vanadluntbase catal ysts, ma e used sone odi ment s e catal ysts
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or gano I y r | exes
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t han orfigserines gkaveijte aipegonin @e§9§|ﬁ@ﬁ@f i The gngdfpast e@mer@e@tmmlalﬁsﬁrloettelayst
gg}g;?y%b{%&f 2SN bEWEAM I huBRES 'c%ﬁ@[—ué’t néym%kfp%ﬁtcléshsf lﬂﬁﬁébrylr Hﬁ%ﬁ ot her

der the conditions of rization. Desir ata yst is
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than 1 of
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al .); d00%19M3ZEB0E INKBAZESISENcel secreton0dysiBBlios ianee cagy-phnse releans of
2007/ 130448, I()é%@tebﬂclr@atlc% _cé fuhctiodt BE oFH h&@étﬁ: ﬁ@él%l iéﬁ#t oh@%lsfo din
U. S. Patent I'i cat1 on . 2007/0167/578 (Arri ol a, ). The

f r ee- r d0li @l ePbPYiment. Zhe i v Rowalet icompriegsuinskiy ilm qﬂnﬁf @lﬂb@d'@@@@ the dry

et hyl enguRRs 8o e PRIcaBS Unlex@AGH! & dp-gach reaction zone where initiator
or catalyst s present. The reaction is an exotherm c reaction that

gener at[e615 |arﬂ@otﬁetanérhb()ﬂ|ménthetﬂ§clos\éﬂt hewéin C adludeg, athmeﬂ@uabﬂt infaking
tenperature rJ F%f rocess fluid and the ethylene-b sed mer adduct
(whi ch 'B'BE%?PB%"eﬁnEI“' Caiftfs PHERRNP WA B tERtiGN a?n% PAVBYVES eC? %r %n@. Such

reiact | GsyAtheBiYing e Hugpaiohwoaﬁ@ hdﬁnggram@nst is@mef wﬂté@t mdﬂdtbemﬁwxado about )
po eakKs wn lIna Co us n SS eactl on | (0] ase I ogucCts
0057100 RS B S na e rahs froniet,FoRlet af BeoFDRBarpuaa o aRares Pel buced
lﬁy rerrman@gulshaet cbﬂiteﬁuﬂihgehe fegrh | atsdfut Mlgl%e t@ ddyui B|5%¢Id)gjls%dwﬁ}j tI‘Ld ermtr)miht h a
eat renova nova nmedal e apsqr eat
and r erfOUBOHES BF P PR 4 Suicn SRer e PRy L fogb an S S () IRBIGFoor
wat er, galutiah lof a%emetdmj bm:m) rrem:g/mb AP Setutich Wit theWollitiod oh@&blaﬁlé%@nger

30, mhlch S 1 cooling "jacket"” or a, co ex nul i pass
ot 11 gdporten SdEsHeaRRy s BDeod WeanPoBarirlsR Itons SRR, LEettoR e

p][ OﬁeSSdeftérHir;rdng’imlﬁb ttdaaaeédsm%reaewtbmseﬂtr@omxer c@dﬂ@h fHd. |széHé¢rmetjltE)wra@>hegmpl es

of heat exchangers and tec r enovi eat are described in, Perry,
Robor ¢ eSS T v gmalogiany JHPTEh ol MasIEsrahe, AR S T SOT! Ctierbis 1 |
Book CajetdrbifedesiibseduBdo punrtbldmabion. Varren L, et ah, Unit Operations of
Chem cal Engineering, MGawHi|Il, Inc. (5th ed., 1993). When t he heat
removal nediumis a gas, fans may be used to convect the heat away fromthe
reactor tube 2. The heat renoval mediumw ||l have a mass flow rate, an
inlet tenperature, and an outlet tenpegrature. \Wen the heat renoval nedium
is used to renmove heat fromthe tube reaction system 100, the inlet
tenperature of the heat renoval nmediuminto the heat exchanger 30 is | ower
than the outIet tenperature The dlfference betmeen the |nIet and the

o r o r 1 n Y o,



systemrecycle conduit 8, inthe inlet of the primary conpressor 4, in the
inlet of the hyperconpressor 5, at the outlet of the hyperconpressor 5, at
t he i nl etwof2otona4tsabe 2 or together with the first perorcaaseopesi2B8dn. For
t he process shown in Figure 1, the CTAs are injected into reaction system

100 via CTA source 23 at the inlet of the primary conpressor 4. [00039]

Al t hou t sh tor I re 1,

sel ect ﬁge@eedl ﬁ%#%&?ﬁ% Q %&i@?g%ﬂeéﬂngaeﬁ&gg@*%hpe'ﬁ hglé

pr ocesdesns Ismetpr:mieetsoff amui 45,% stplabtout 6% @ndlapigwobathe pretbed cofrpdsingt r eam

and at r rhZat by the
a0 2 ShERThe O SURRISLLARNENRG R LEE YA SR Y BRSLEIAR! Lo

sel ect idiksdtgpipgraze¢ iy a njddeeef Wwaleo a@dr@lmatt@-rm@mbie gavént st enlagi€ plkiang t he
CTA so r el & Ya

i nj ect gé&g?%@nz {g\grgt:ogmf@zgﬁl ) Eilﬁatagpct)rﬁg%ﬁ%rfgt r gﬁiﬁé@c}ggﬁo eed a?@r ergjren Vi a
condui tglagal apid q:haor@e@l@et rameramlngmérommm@#ﬁo @beuir0. B resprciively ruthisi ggide
Stages forl dibdtimeh@SuRs AEERASH Mkl MBNeDBoSRIEingNily 3 URSLY Rt fCCSS
feed an east one downstream process fe streamat the rnlet of the
hyper c qeptirussior a periochofsahont ¢ hewers, orgreetqt’m@ 4bgurse sel ectively fed from CTA
source 23 into either the upstream &pocess feed or at | east one downstream

procesd99tdd belndte gpkediment]themelipdi ¢ sYRppEEchRpralyIBiEciEle soivenkis an

previ ousdahost acRling, NiheetisaraflUicifanbl @F JsbpriphR6l. Pr eSthgr | Zehidn@. sudhi Sas
flexibility in the disclosed process regardi ng the |n§eect| on of CTAs from

CTA soufEaivaiyapfioxang | agefqnge and;asetqn H'eo‘?a”c%&% Renbsed: niry Hig@nd; ether

react i aiinzdiitBentdthy meidd fEARE BMprkés Bk stdifofafetdr@@fing BBEradk M eafthoN
zones. |t al so germts the injection of different As, including CTAs with
di f f er NN H5PIAPIPREAEPer const ant (Cs) char acteristics, to be injected from
CTA Soﬁbﬁﬁﬂ% 'Irﬁté)sd' fI erere)t Izonfst %ne react koen S sterr]n e\w;]ormance
and et iyl erle- based 88(1: 8951?0 ?opeé af‘t%’o% C?P Ofe % 84 des,

t he CT Arameusmer?@onmvyt dfeatumntrmﬁf’/:seﬂ abtbuts%%r aihhzesnda dlkdlloaipemlzmenham@ﬂfeer

agent e t L Vi c
t ransf e augeés% ?l'kﬁ ggq)nsgﬂ e crl? 'rs]?t?u%ﬁ)t Zﬁrhedl V\ﬁ'%f% P{j'sorsgfég Prg thr?t 0 a
common gbupeeoststiag of fslmalnyl,emceldylatnateyt‘,(andgmtmh b an[e@@n@pﬂa}y &emenentg theack to

giolgwrgrd% nrgr%%a %H gﬁaug ??ﬁﬁeﬁ% @?@ﬁfumﬁ%%rearem'(]%@glg%%rﬁ rrgasedand
unused 1hGASS. SMC&rﬁ&JIa?Oérﬁﬁd&rﬁer?ththgrﬁétho&’rfordr%QlEuﬁg%tDféﬁ c%ﬁ%oﬁh&’%a&uﬁ&%“ on

product's, passes fromthe tube outl he separations part of

pr ocessDKPrFfen%ega\eapmigntarﬁagln@&yml q”ttwglt &ﬂttoebowtrﬁsﬁ GoEPiesct ﬁpoegf@@@m 100
processehfphuscs aareﬁfﬁ{éﬂ%ﬁ‘érﬁ %a%tuér’?p%a&r%r eﬁw‘dgé}ne%g th%h&t'ﬂo& %‘%ﬁp‘(@és tah‘i‘
product polyner and process flu m xture fromthe outlet of the t .
The HP§aﬂ?8n'g@9é'§ﬂa'19é§t'Qﬁupf mé*et@plneh@rrmﬁ@we@urfok GAMPHIENG taRy e8lee - Ftﬁ@’@@ﬂﬁg

pol 'y merg el edudinl) 8 iyl ést@ﬁsdch%s'éﬁ@l é8cC QPHRYR B&eR Ol VIR eRBGHRENARHE any
remai ni ng unreacted mononer/conononer and ot her unused feeds that m ght be
di ssol &P af $ythaszingorry FEKPapapound thaving @ Irasg- ippraeisendens digar ab@t 460Pw)  20.
The hi ghg( 56D g‘ﬁséé %Ho%lf%é BABSRATH 88 FOKPHIR sbi0EntHUBR BT LRSHeF- BagiSt em
recycl e conduit : include a refining system 24 to cool and
purify Lhensaneanding @ *@Qﬁegelnméﬁ'tt'ckﬁfars@%‘boﬁﬁ@”? dheimeshacheorpprises sissplvinad
passi ngné bRD oA a@rfhrﬁﬁfy}’d&%gg@%%"e Ayl @steP B NYAGEHR ATBY 85 RafermethdHOPAR]

Referring to Figure 1, 20 sepdrates any renai ni ng nononer/ cononomner

and unus@go Pe&dgo Bbevh Y haegrsc) valy- @dﬂfu@tenmpdéb@?t&tqtfmj watershisgikte splMepSpheri ¢
over PIERS Bed, VAR BRI UL RRS otBifolcRiad CiiGRFALESOR ol ARBUARY T ange
fromabout 4 to about 2 bar absolute’to draw out entralined gases. The
resul t ithg) likehylinepre |gabedingat.yher st can eamnrisengatee @nlyr oM ﬁT‘%@éés@thq
passes é?ﬁ(b&dhﬁeﬁ@' lh% é)é(pomﬁ@atiopsreggtldrpflfrﬂh@f' %Bﬂntse%t E(H’fﬁmg SUEIRD GorhBrishigeN
guenchi n% l etization. The lights fromLPS 20 ‘pass throu?h the | ow
pressurs® %h%*‘%i@i@&@ﬁd@@qﬂ% mmt@rqgaqqganmeéggr@rr@nglgg Femsakeyt P9 énicar ound

at ”DSpfb%rohPG@@eéﬁférr%fIG%@EoHo@t%% filfR8ing A RGP HBIFES v aﬁft%‘?@rao‘aﬂ%at' on
of primary conpressor 4. W pressure booster conpressor ave a

nunber a5 aggiggwyitiorHe theélmatte @ﬂdpﬁa@leemg 6! sakdrmaterigle aeefé@yd‘ﬁtrai@naqudl e
reactants and overall systemefficiency is inproved by the recycle of
unused nononer to the front of reaction system 100. [00043] The recycle
streans in both the | ow pressure systemrecycle conduit 8 and the high
pressure systemrecycle conduit 26 typically contain a portion of chain
transfer agents. Mre often than not, 4he high pressure systemrecycle
conduit 26 will often contain a significant concentration of |ow Cs chain
transfer agent as it is not entirely consunmed during the reaction process.
In sone dlsclosed processes, upon reachlng steady state productlon the
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wire and cabl e coatings and formul ati ons, cross-1|inking applications, foans
(for exanple, blown with open or closed cells), and other thernoplastic

appl i cat iwo=o10fiae78di scl osed et hyl ene- based pol yners ar epraras2usmBsg7 as a

bl end conponent w th otherpolyol efins, such as the polynmers described in US
provi sional serial nunmber 61/165, 065, DONEX LLDPE, ENGAGE pol yol efin

el ast o I Ysdig! i I ners,
VERS P4 sgﬁgggr'ﬂ'@an e&(%é'?%ngpg B Rl Cérﬁﬁyi%egﬁg%k%?m&)éégﬁr&%owp%n
and EXA@Fsmﬂngaf@pstenEo(mEEDﬁalgam® fomn@rAl\/Axx pol ynmers - both nmade by
ExxonMobi | . ASTUTE and SCLAI R nade by Nova Chem cals al so can be bl ended

wi t h t HB02{\ | DBE agpadrdaeampedigient, egoabpd mREPrise ewystalizing e 5PKFake be
pr OdUCQﬁat@ﬁal%dﬂ@ﬁ\?m&ﬂh@taSstb@Iﬁﬁl(’érh@f EbRP! ingsMliorddRKti€ B6iu 8 eBduPah O TRY S

i ncl ude | am_ nation , sealants, silobags, stretch fil ns;
bi axi al 38906 P en iyl J iy lee Keabas Zohays padkeaghng thes Frachie:adchag, glaoial

over W afstic A8 kb the Jolltidh ant %b@l#}‘gethé s(ieJemsidAdornRVIY 1 EIBNOUE 21 INRURat SBBKS -
Addi ti onal | y, bl own, cast and extrusion coatings (nonolayer or nultilayer)

al so n&d e Br%‘&ﬁf@tépqﬁ?'ﬁgtﬁ%@yﬁ?@@tﬁ’é‘eﬁe%f:wp% FRg-eHNgh G (readion at a
DEFI NI Tdrfd\shii {060 4hpethiard @ngihg fidheasbut a6°C RPABOTR D518, es1chboBenabal thiabaBaNS a

m xture of two or nore polyners, A blend Ior may not be m scible (not
%Cﬂ}ég

phase <epaPyisdd HeolHERLEANBSIIEFERgroagets AER! %‘Fet'ﬁeﬁp dhaesrsstiyhade a

separ atrgfib rafglgertin BBYUtQN4 5B3bo0b.7C MMt BmBOENRht, tRY @etiddBirther comprlses
configurations, as determned fromtransm ssion el ect ronsmgect r 0SCOf

i ght  stashtngrtha geadtiop WX@EeaWI”éEIaHB' acalig BArrePlingiRJBTPRIBYNR Of e 1kacidn: . The

term " carpaita bt ﬁomrmms 78@:% Iaebutom Ei fe@ - holiRe GtRéMBoohifgPaes @Mbe LSk wdes a
m xture of materjals whic nprise the co 05|t|on as well as reaction

pr oduct®t %?18”5955’@6@?‘?'|W“§rd@8lﬁ%q ISOMSF AXHeHom i nt eracti on and reaction
bet wee mat I S of he 9 03| tion term. et h l.ene-.based | ymer "
refersqpéiﬁ po|§ ool ° RRdRssEg e g n’sdﬁsr?o'f‘sth% EARTVepdy '”ﬁ%"’szjoed

et hyl ereepatienbimeree(] thaa&reof cmxnpnlamgta(dtrmmstanm)glatjr}o;bovptdrymmpnsnm@deetmprperazrma)
and, optionall aln | east on 0 no f
et hyI ennFéI cia a”‘ﬁ%ét‘ﬂg %r % tg y . @Hg qcy n?lgg(?rhﬁ eneﬁﬁl g % y oy the

i nt er pqdayiemr In aspbets&f tms embodlmenlpphryirrmar febrescofrananimse maystent damrspéeiﬂeml e
percent polynerized et gl ene nononer &based on the total anount of

pol yrrerl zabl e nononer s) BRIGFIDESCRIFEEO CQETHEd?%NNANGfPhe t erm "honopol yner"
I's a pqhysR’ thiiﬁe fbﬂ&kﬁb%?avgﬂéé’foﬁn%aﬁgif%érXrB@erﬁ f and BR: h&UERd to
|nterpo ymar refers to pol yhers prepared ymerization of at

| east tfuﬁflﬂldelf@fﬁﬁﬁtet%ﬂﬁ@@ ﬁpeﬁ’@rﬁf $§Xa"ITﬁL§St Iﬁspﬂtf@F%IW?eﬁﬂ'S@ﬁ%Ir@ld@%/
copol yrB‘é%*etteP%H@érEt\So&'Ep'rQﬂéF‘é%cé % bk BF mofe BPthbééEHr%wlﬂIg%ﬁ%%bmé%ﬁ WP the
di fferent nononers, pol yners prepared fromnore than two different
types cﬁet%ﬁ@ﬁw@tlow&we&éw@mb@mw gresmﬁgdh@qem LDPE may al so be

o vt 002l ER OL RBRR BT Py AT Bt Gar 4 kPt 19 by IR i r el y

honopoliysreérd coatentn aut ocl ave or tubul ar reactors at pressures above 13, 000
psig with the use of free-radical initiators, such as peroxi des (see, for
exanpl €0024]S. PaliGeriz dBlicts4steed jr8 @2syniekic revbgmeethatkar) Yoe ddmérotied sv "gsotoy mer "
ref ers;ﬁ’er e%m@wnﬁapﬁﬁ%%&ﬂeﬁ’é’o?ﬁe%X%d&h?%Q@&?g@f/s whether of the same

or a di ent  type of nonomner ner enbraces the terns

"honopqbyr8yr " apd. "3 AbEERY MRS isohBe chitem a§taafuaIaf<sI1 dexioat NaOH Additon
guant i t whi ch nmeasures the Sﬁl‘ ead or dispersion of the distribution froma

nean val4igg t@e%appé'lf'ﬁ@t'o”ﬁé%ﬁaftt ¢schegee denided i IGchReni cal Engi neers'
Handb ||B Kk 6th ed., 1984 lsp.Mller, lrw
b obabitPR8)” andl 16 afi SERCE o; iRy saars SOpeehiarRs Rilbrropsith et TTEAb).
The t errseryStaliizatiby sinatefasecudlingtagdy state condition(s)" are a condition

where properties of any part of a systemare constant during a process. See
Lew s, [P&O%?Hard BIG. Ssdepicthiansehgmatica e progeissCieemiaoefiactDie: insolitalogded FDKP

W1 ey | RISAIRAGRN AT i8dner AARA) or Alc?RablomrebBliaissy Doyi d M, Basic

Princi pl es an atrons in ngl neering, Prentice Fbll (5th
ed., 198628]The fie.ng "dapietd-2 éupbAss @UHEG Infdthddor@lyuBnalysis def ivaad idsméme
sane as the term"Log LSCDF" and cal cul ated mat hematically in Equation
13- 15 HENKRtas | og(LSCDF) +3. 5. TESTI NG METHODS Density [00047] Sanpl es for
density neasurenent are prepared according to ASTM D 1928. Measurenents are
made wi thin one hour of sanple pressing using ASTM D792, Method B. Melt
| ndex
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[00048] Melt index, or 12, is nmeasured in accordance with ASTM D 1238,
Condition 190 ¢/ 2.16 kg. Melt Strength [00049] Melt strength neasurenents
are condwwoeadioon4msCottfert Rheotens 71.97 (CGdettfert | mcT/USRmolo3gdst |, SC)
attached to a CGottfert Rheotester 2000 capillary rheoneter. A polyner nelt
is extruded through a capillary die with a flat entrance angle (180
degrees) with a capillary d| d an aspect ratio (capillary
| engt h/ capillary radius) of 1 %E?%%SgFméng i brating the sanples at
190 0C[P949]110 nisstated, otrttr@dplu\@noto the Iungs effera neaysadvantagiest dinissliedt tof

0. 265 d :
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are useigenh; thethpes tofsmakingt themmigrapatielas sandPinueibeds sq@ee@atmeot 216619 the
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[ 00051] OESU]O ShRs’;lrusé!d PERFH, tile t&nﬂ%u@f’foﬁhm@ﬂ Rafer8eP phr@isiei Vilth aslighaeussed in
Sami er P. Karjal a, Huang, M A Mangnus, L. G Hazlitt, and MS.
Johnsonabouké)r% t‘?st?é’&t’t Wé%dg‘ﬂt W%BP%’SI ofr ”\%P@%‘f’csel\/%%tﬁrdﬁf PlointefRs BEICLEE] on of

Long- GhigidpaRicRBGVIAG d Miafmetey oF 8&iwasn abSHED. Q\NEE@bBDloﬂﬁﬁ‘ﬁHr&ﬂsseanQ%b&ﬁ% 1023
(May 17- 2 2004 00052] A zer o-shear viscosi t%/mval

oaes al 4o SRR BOTRAG gl P et ral BATHSe, SR TESE of frse dn BRI ed on

an AR- @ickdnk 5 feqtiR8d tohdveshts HROUET 6thé Todtnidr Ml mMetsr oNaBoltarss hcrodddr Usi ng
25-mm di anet er parall el E.Qat es i ntai ned at 190 0C. Two thousandggpm of

ant i oxiHSRET IS&equirgdiip 2yQld ehp expriade £a8" RISaPRANNART 280/2( 9108 ¥PEG al ty

Chem cahgst dfigadrit Qﬂbﬁé}ﬁtlorsw t>emet/écmwbecurs|t adpeebricd Bt mdkiizeethe3kchFRIbe
prl or to conpresst on np e testl n‘?ﬂ 1 enper ature a conpresst on

mol ded RE&HRASCAARE] § thhs@?%?&"%@%%@nﬁﬁ?eg e47INACERRICA 1P BRAPEPAEYIRS t o

equi | i byithuga E@fod§néﬁtlﬂllﬁeﬂﬁeteﬂ-5ﬁam©r5 R absuti5s7 hi@Bnd, aMGIgAGscheVeféren&ds Mm
above the desired testing gap ( erfluous material is trimred

of f and'SEHOMAYHE d ﬁ?%ﬂ”&r?@e%ﬁ%?‘%s@t"ﬁ@g&é@ B tegap duRie AP EMAIR SVl o

done UrHﬂﬁAndérEérO%Bcédér BhGtorl Gthbt AMpdcidre c@ﬁ b‘é ttééa Ruieasute&efdEBBmid NE 1S
set for hours. [00053] A |ow shear stress Pascal s i s applied for

all of Ftaﬁt&'%%%ﬁ'é %thér{%'iﬂ@%% H@NéP{@étCTﬂ%ﬁ @‘@'TO\M%GGQW o n the

Newt oniviHicH g@i reBpirableefabtiontiattefined slesinia aaddymantiakizegfor ekamplar< ea@mﬁsm on
for all the data in the last 10%¢tine w ndow of the pl ot of %é@ %
ey d ope of

| og(t) ,'MRBIeCTPRYMPRISC A d§ST CHIFICAmRPAERS 5 yeedcioedss erm'fﬂﬁe parig

the |i r!ﬁ(@ﬁtpréagh@az%é?mlﬁrﬁctﬂfneabﬁraﬁjbadlsdpos% |nS(fJ®d3)’at§ﬁtaA9plic§t|&pSéhéierﬂ@d to
be reached.. The steady state shear rate is determned fromthe slope of the

i near T&TeNS dfpdopn AYiarchiid 7 T PP PPN PEE MBI rifow of

the pl ableQintetewshings, WHEER thel SollMetrRt Maban Jéenare aisherr (VMBISHt Yhd S
determned fromthe ratio of the applied _stress (20 Pascals to the st eady

stat e JIREUHCS K5t @eapBBFA]aSARCTHRPTOHIANCE tAhdBE dRRAIFTORt BSIEehEaT X8RS

C0ndUCt@ﬁo@@érﬂb@duﬁt@ﬁts&faﬁﬁagé ERpHINal? 213898, 85%, o0 HAHIR SPRIGDTBMNthE kAittdd 1 tO
100 radi an?/second The n‘rg%l eX VI Scosi ty val ues of t %\/%Ewo tests are
conpar &#Miqes i 2 F'F‘ergnQ:H oP" £ied YINseassineliGatg| RIREestVeY ReteIAeRlNe®nd i s

gr eat erperfdafa¥ Enftdidéns euscﬁ)sé@merétersﬁdwttﬁathraidea@r@ﬁeut;letuwnm9 fris creep
Det erm nati gn [00055]

test, and the result is discard stalli n|t

Di f f er d3TE CORteH R Rft ‘&%‘F%@Pﬂ’ﬁt‘f@“(t%%o%éﬁ %X*UE'E& G IRESNGS Renepgal to

cryst alddivéry ¥f @fugs teheplirysaiuch agindgovéLanoaniani€ pb@srmanke.de range of
tenperatures. For the Exanples, a TA nodel Q OO0 DSC (TA Instrunents; New
Cast| e,[008)] equResedble frdctiam ORGB (RIRé‘ﬂIy r@eewntsdthé‘délaf rpgwﬁylsinem)josmthat sy
acCes S ol fofi A ST TR 5 S G dofieRPEIRBY iad 3! ose Dl 1O
testing, a ni e rogen pur /mnu 'soused sarrpl eis
pr essedhatnisosudtablii for frédpmatord ireel thedoercertttté parides fromatheufilled 7d0s8CGhat hee

mel t ed e o] r e fure

sanpl e eﬁ@%@%os'%gsdg% beer ,(f‘gﬁ E)Lﬁg]oh%'?/ ?ﬁ%&a%?%m S arpré?s%%o? Q'C%\Rért'jcﬁ

pl aced aetrpca/nhmghmerwrmanwmnﬁ\spdasc(nbad béreny ), REfitvalne mpé@%sjmgreaté'l’rtealséﬁ‘izﬁl e IS
then tergttlecgs tgtﬁ % lanﬁee n)%Wo anc,[eogh)érg%tegaﬁs.t h% rE%hatReQ%\Sb&h ms the
sanple Ts ot er ed y “changi sanple T énperat ur e upwards ang
downwar ds to create a response versus tenperature profile. The sanple is
first rapidly heated to 180 OC and held at an isothermal state for 3
mnutes in order to renove any previous thermal history. Next, the sanple
is then cooled to -40 0OC at a 10 C mnute cooling rate and held at -40 0OC
for 3 mnutes The sarrple |s t hen heated to 150 OC at 10 C/mnute heatlng
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tenperature (Tm), peak crystallization tenperature (Tc), the heat of fusion
(Hf), and the %crystallinity for polyethyl ene sanples cal cul ated using
Equat i on WO 20400uymsal linity = [(H (J/g))/ (292 J/g)] x POO/USEE0/03828The heat
of fusion (Hf) and the peak nelting tenperature are reported fromthe
second heat curve. The peak crystallization tenperature is determ ned from

the cog d&eﬁLfLeY&E_rt{ﬁ%Ur V\Eﬁrrab-grﬁélﬁl%ﬂ ﬁll”ééﬁ%@%re%?(ﬁ%éﬁ’%@%yln(%zﬁr élg 57]

Unsat ur a |ons re measure on a i col et node
The folerqungemsarmqmrrabledmcb@ ore ffilk cao be ovadd abeit O, SNhﬁﬁlanOQt @%Asm D2238

£ e A ST D B g0 R e

physi cqbomaoperAs @8e@herdifE andl idth @y fpbﬂdér' Ir@@rspfoosﬂlﬁﬁ@%art.cm&@ho&sy@ml 1),
Surface and I nternal Haze: Sanples neasured for internal haze and overall

haze arB2idaRpl wpaﬂ%?dp?re%oéwdae@o?rapﬂen{ SRSt diguid; t ereaMesaLe was
obt ai nefc¥ssarifyapRcd txrfpleleddsefae sl NGtdtshd8cukdieral oil on both sides of
the films. A Hazegard Plus (BYK-Gardner USA; Colunbia, MD) is used for
testi nqoozﬂ]rfacle shaald besurtietrstood trexdl saecmd’lRFtﬂllf\fada.reerm dimieneem theenkdlér haze
and intueraql £ As sh vvn 'P Eguati %rr'ﬂﬁt rface haez dCs stt eDrK(E,I at ed
to the SGrrace ¥c§ Rk&e<Cor TERECT Y A0 o, Apdel) {%8 se¥ Wrﬂ%

i ncr easmng)pamcfeacferm magiuumls coﬁhevswof/vaefs hi)meot thei fuhetional ofhazjey paWder is

t he SUI‘fF’];I eer 'IS—IZ gea allue rd V'hgedwggrs terren ant |cl\(/aa cch)e alge,sa e wt)
Equat i on G 8299 QT IFaN® RRYES SSTFf ﬁﬁzé‘ Péﬁ 2)COBPIISE ASER RS
Haze/ | rftaetm)mlsuft%)mafo(' Eqlive8hg a%s@b@sshald&@'ﬁM H»vizABT, . dea@g{oﬁiecailnh d‘ﬁ/bdluéswe— MD

(nachlne dlrectlon rect.ion

H menddrr el PR ilele i Do Bl S8 Mee ARTRME S v, Pis e,

D- 882 tﬁnrrd%sdlrabladtacﬁvbm esgiehveré(SBMdb-lﬂJﬁﬁ@r whurat tnoarteh Ster sm@tdfsintﬂﬂormtoﬂtfﬁe i's
rreasurednmoan a ;l-t|n 9] ?Pl le EF%t e\(,:vhrT stvvorhsleSoft re é/ser5| on
3.10. TE er)é)(a, S|z§ |s %ro Q\%' mea gdjr rent e m 8 deter ni ne
an aver\agewpthuemtaﬁfr(mm:alaﬂeieaggiemiardtlnn mddhuh theoatm(bluﬂ@wame dﬁG{Fr/de albgeved i | m

product i on i anATM l ed_I Qr at qr, A.100 Ib
| oad cel'9§ @ﬂ%r ed d%\ﬁ? A roffh'cef peg_l| TEN cfpé tf-{f?tl%asgfg% Fer Om%rhccture
pr obe |®nt;3nlm1l@anmréronpmhaleh@dnlsalan nl ess steel bal | vvlth a 7.5" maxi mum
travel length. There is no gauge |ength; the probe is as close as possible
to, butloﬂ%fﬁ t outhiufgd hetedn. §b@é¢rﬁ’e"rﬁb0tmés epers Ehisdigatpibetausle ingludes hiei nut e.
The thigkness deSiallBR" ®E nBadiemBhdelrenar Fé\h@e PEREMBA- belhiF hifiGeaess of
the film the gl stance the crosshead trave and the peakK | oad "are used
to det eleigraenathe velyect ure by the software. The puncture probe is cleaned

usi ng a[%ﬁmwl Bﬁ af.ter each specinen. Shrink tension is neasured
accor dilfgPl a ribed in Y. Jin, T. Hernel-Davidock, T.

o) % dogdly DEORE e e 0B ook g BB AL S0 e W R,

(2008) .thmr@rmwmltlcmnam el @ rr@utipsiabiliRat @ndddr Bb@wabﬁirbhmr{ @0&)3@6} 51 m

ot r o el e S Blhlifibides B8 EPIReRRY B RHINT B gl o,

of di e Farmolant s eimaven b&lowevhenain dﬁ1andllz'arme e’rdeperedbnrtlwf\l omelreeparhmmrerﬂMUt
trials s i h I n e
converslbooﬁ e‘?mg(gdn'%Fﬁt%htF 8%9 Qr% ncﬁ‘ggr\?j hﬁga@ r?gn[? Z)rr Zane'?‘s?s S ot\r/'vng%th

Equat i ovhetein Sithér ene of the swtbstituentsfoa ki ermd Eais dreonygen ahdtheoother isreatiwsgens uch

as the \ t tj.an

ot er i 1S PR BRI, 1Rt BEaher HhabR At EhOE, bE b RehoTo e grd e ale”
Clrcunﬂaygmc@eim@ﬂ&@ymbmﬁhqSWBUQHOnpomcgdmebﬁuxmﬁa [ 00060] The maxi numrate
for a given sanple is determned by increasing the output rate to the point
where bubbl e stabilityRes _the Figitin® factor. The extruder profile is

mai nt ai ned for both sanpl ey (stan d rate and maxi numrate), however the
nmelt tenperature is higher [for thel maximumrate sanples due to the

i ncreased shear rate. The X|nun1 ubble stability is determ ned by taking
t he bubble to the point er not stay seated in the air ring. At
that point the rate is Qeduced ?o whe the bubble is reseated in the air
ring and then a sanple is collected. The cooling on the bubble is adjusted
by adjusting the air ring anftPralart ai ni ng the bubble. This is taken as the
maxi mum out put rate while nmaintai ning bubble stability.[00061] Note that
all the filmsanples nmade for the LDPE-LLDPE bl end
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maximumrate trials used a polyner processing aid (PPA). The PPA was added
as 1.5% of a PPA nasterbatch called CKAC 19 nade by I ngenia Polyners, which
cont ai nedwB%oi14Dxsnamar FX- 5920A in PE carrier. [00062] pitbruskaymss2BT | ns
were produced. The die dianeter is 8 inches, the die gap is 70 mls, the
blow up ratio is 2.5, and internal bubble cooling is used. Triple Detector

Gl P , T t .
per moatl e cny of o Sgr S Paks BaeTG Feyb el Sholitdo il Bt B S Uey(FHL, ¢
(M | f orrdrtiovigsly thdse0®@aning IaCtﬂe:riﬁearwt Rz grogps asrdesgyibagfin, fotdxempiuiltt-SbPatent gh

t [ - Lre, UK
Vodel B andorrgn SaUBRcer AScH{fingCDKBRIpiRc R S Dk RS ReRe: 11O
ref r actodtt @02 eRlitled Adethed dieal Meldne SedirAsseablingh Hikedepipgrazice D rdelivery

det ect R - ¢ Apdher st ,
Vase. ) eieniTB0p 1 407 op R nhoiBbka ol RV Eh FEbRp R BB et "
Vi scot etad( S@aét%& eﬁﬂéﬁd) CasER-Substiptdd Bikgtopinarazinm Dalikergn@ysiem,” AeaghCofni t h

th I
det ect ofLoTE b B ERSREN AR e, A0k RR%h UL allE RBRIRD,

" GPC ailltﬂﬁ@m@@aéﬂ@ﬁ ppd diketapiperazinsomediatadodrat dgPEry Ddpiketdpingragines wgnmpl e,
ei t her fBJPﬁea\]wﬁtoaf% aﬂrclets*lﬁat%’c Fe é’&rup%‘? nluér%értuél%%ﬁt%%?% Q'ﬂhfgcéa@rbe' S
used for cal cul at1on purposes ta colFection i1s per or ned usli i scot ek
Tr i SEC aslsptbaer eThevepsbinati®, ohadirag 4nd rmldﬂs@top\negameekam@art\/un@rgwd DM@O
Th

€ Sysstt ysana o$%b%8@gﬁﬁ%ﬂamc¥e¢.s ..0% | nggbé(rﬁaET %%82‘%55@'3. ta from

Pol y ora ories ropshire ni t ed i gh
t errper a:tauo@s GRescof admisistralipnb eAti dedpevdss éthfadnlproz@ert@teslqang)esﬂﬁiuesedmos 13

m cron ﬁr?élé{fgﬁstﬁﬂgge&ﬂ%reég?ﬁ% PéHpYrgBFy é;{%‘?&n G094 th%ﬁurﬁg%’ m cron m xed-por e-

si ze packin ymer La he 'sanp caro el conpartnent is

oper at q0038] 140 S6h m&obmc@@bwﬂypr@amw@wta.ﬁa@bylpﬂ @é@@aadr@ap@mo%ﬁtr@%eThe
sanples ar e at. a concentration of

mol il iact @rggse“g)dP%tmg inpRi-agsRoMed BYT ARl @e%6‘?’3%“1'?(3‘1%&98@83@9&&%3”'”9

prepar gjiites Tl stehlity &P Hedpdiicld Gal B epharhddddy ShAPSNSeNs of 4 eBiactBat Buch
sol vents are sparged with nitrogen. The pol i/et hyl ene sanpl es are gently

stirred®af® !L%Iﬁb% ol HEuPKR i ionfirpep Ny fhenParlislesmere erestifaiadc(see iferer .

The fl aapplee UshPatah Fubfcda0k NS 3607/605937 81 dnirilétt tRethbd 0868 Lig B EHRfoncol uMm
set is calibrated by running 2 1 narrow nol ecul ar_ wei %ht di stribution

pol yst JasRe catngersnsthepiinitof sogiadineRiciprerticigurigres 18 astiverzagnifs Whighges
from 588 ihérSordfQ, RERIn BY defehghcst MNARIASredf %mglntt@étnuedeadhe§ reg@@idgatte’

m xtures. Each standard m xture has at | east a separati on between

i ndi vi dEIATEBI WEPAFINQSS SHFS m'el"ﬂ%arg?'%éaﬁjd’ranQ‘f"ﬁ?résth%ﬁeg)pHft%@ééo\“’%ﬁn

Pol ymercahaltoret &l &8 - obTéw apMyY&iMeeanp&bW@rn%&h&fseomcﬂ\Mﬁ e6madal hdldle g i n
50 nL of soqlvent for nol ecul ar vve|% hts equal_ to or greater t han 1,000, 000

and 0. 0¥RyiFAIAHN SHIAY SbYive feer I6F ChMeleul 2P aei! givbleatiea Ng: QR 7R T88000.

The polarsitiyd 6N eneth@N e lifBrovigethei ghaahyeditidtoréierie w m&r@ﬁmdlé% @@m&r@mgon for
30 m nutes. The narrow standards m xtures are run i n_order

decr ea! ‘F?éomﬁ"ﬁﬁ%@? ape 18N AgeNyIRNd doRpoAEHE NPOGrﬁ4ﬁ|2|?rﬁz‘aé‘t'H%r%LH%§‘P?t€ﬂﬂ‘ The

pol yst Wn@rseawtzan&abﬁbdwa@ ah® befdih BhaBiceliical agénts @a¥E bt RFich & .a@drps&bmdl ene
nmol ecul ar usi ng, as, described in WJIi and

Pol ym N&&gin g‘FfﬁFﬁ”C?_éﬁ 'f%%g'ret%?oréai i'g?t 1i9BBINFS ro@rsriagd g fé’”’f‘ﬂé’”rﬁﬁﬁé%%ﬁ%ﬁ Ofwe| ght

of pol ymiyhighrDaficleBOhNS tdyy %&/déﬁs_stHﬁﬁédf)?dThe @m&oﬁam@legmlogea HerBin hie 1 s
known to those of ordinary skill i

i e of
about CIEgct O’BBB'G'EOF’GH'&ES&HH‘FW"%‘*%@‘E Qk 5@38 %"ECht F‘I’?é“‘f'?%%reotﬁ’p'&%'l'y fBF’B?‘?g?? usi ng

a brOad)plbﬁlséfﬁitdmh@@)ebﬁTs@l%@a(ﬂr@mga%sﬁluhbl|Hes§bhbﬂast am/@p@&Bp&éea@ mrag dingex by
3D-GPC nethod, infra, and specjfical atl Jﬁz
pol yet W@H'&OL{?&%'tb(@atOPB?F%tPr?oﬁe% 8‘“86’( é’?’ﬁ Tg]éhi 14 %F'@?{F'Cé' BB%S'C%'Mch as

t he mla&@Uhﬂfrpwmmm%ddugﬁrrct R ititi @) (W@p‘resém// dBdlosiad Orefeb afoe#DPatd He Cs,
is defined here aﬁ}‘?t h g met hod of WIllianms and Ward. [00066] The
syst endt'y Erséﬁ%’r%a f‘??raoﬂ ¥ tge @Fﬂliv?l #PigR of nulti-detector offsets is

perfolvgﬁr e)l andﬁg l%gg f%%ﬁs?nt?]%gg%g h&o@g}@az%?&%h?&cﬁﬁﬁ S@Z%L}?@al ke,

Thi ti r fasetialdk), etely,J. @mn@herﬁm&o@m 8}&&8ﬁa(1@gﬁ)aapﬂWK@mlg/mt ,al Chapyethdm,
(1992)) p | t i i

rosur 1 DR BHE! THsh e TS P i APl Bl e RS i
Mentor, OH) or its equi vaI ent to the narrow standard coI um cali brati on
resul ts fromthe narrow pol ystyrenestandards calibration curve. The

nol ecul ar wei ght data is obtained in a manner consistent with that
published by Zimm (Zinrm B.H, J . Chem Phys., 16, 1099 (1948)) and
Kratochvil (Kratochvil, P., CI a55| cal Li ght Scatteringfrom Pol yner
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cal cul at ed nol ecul ar wei ghts are obtained using a |light scattering constant
derived fromone or nore of the polyethyl ene standards nentioned and a
refracti weoiznthedssdncentrati on coefficient, dn/dc, of OPL@AIS2Genss2at |y, the
mass detector response and the |ight scattering constant should be
determned froma linear standard with a nol ecul ar weight in excess of
about : It 2 he v : al i i a Dl | usi ng
fhe merhide (58 s S ihob e o (RaEhaRH 579, FErePuE R o Ehehe
publ i stesdydride)een ofisos bé tredrlaced Vimeryclodingiidatials ok NehP-a4dydreaimdenoierRehenaince
Mat eri afisid- SBMhel , r i G
concentasl r"gltlal(rons gr gglg@%urﬁréﬁgﬁowg\ﬁ%%g Eeiﬁ%é?r?‘{ E@‘?g?%@ggé@%%n\gwiarnal
coef f i cireraprigfef wagent(anshexditions.i dor ekdmples CBa-pnateetingl grpuptetayhbg rempeBR

Br anchldgf;h '4‘.@% H@’irﬁ%e%gc[dqoﬁ(ﬁg}o ke rhﬁe ﬁBTéﬁﬁag Gé&%hé@wu@éé Qraomtnm:r'cially

pol yet hy gne and pol ystyrene stangar S cah be used to neasure the

Mar k- Hayallatie stattingamaderiak Hndvelves refspen denditignsf that essie Tepdrtadhéo tovgsepes! ymer
t ypes, - ; ref

Wi e s Poane sRRNERALERR, 1F1raR.F AR B shBEEaA Bo GBSk o1
of t he foonleoulagtyreretMetbieds facyellesizng djkeiBRoeiazinesiang alseddescribedidn &k ned
by fir | L Rr at he i ght efqd J i L GOpGent: i-on

dot et ara RN oD Bl P o P o B BT AT ' b he

| i ght decarperaieddy refesersadieeain fauifd taashingaregardiomthetnapreat ogr ans. | ntegrati on
w ndows _are then set to ensure integration of all of the | ow nol ecul ar

wei ght [P&4Unt i ohuRVLKePRIRGEZING (RradikgtePi6-Ris@-tusarvlef-ammoby ¥ brinereepe:

chr omatFIK RS ohd Befdriedi GiRStEpibEYAZIRE BSRUGRorthy Helieaficial e pol ymer from the
refractive index chromatogram Linear polyethyl ene standards are then used
to establish pol yethyl ene and pol ystyrene Mark-Houw nk constants as

descri bed previo y. Upon obtaining the constants, the two val ues are used

to construct two ere\pge conventional calibrations for polyethylene
nol ecul ar wei ght and!pol yet hyj ene intrnjnsic viscosity as a function of

el ution vol une, as own in ti [ 00069] The gpcBR branchi ng
index is a robust nmethod for th rization of |ong chain branching

as described in Yau, Wallace W,
Pol yol ef i n Characterization", Mcronoll} Synp., |2007, 25 29-45. The index
avoi ds the slice-by-slice 3D GPC cal c@ at i onsHN adjAN lgﬁ/ used in the
determ nation of g values and branching frequen carcul &flons in favor of
whol e pol ynmer detector areas. From 3D- GPC dat a, e can obtain the sanple
bul k absol ute wei ght average nol ecul ar wei ght (MNV Abs) by the |ight

scatt er[bﬂﬂ]_( LS) FDRPQﬁé\ﬂdes!Jé bBBeflche nﬁ@réharﬂél@&néfﬁi B@@hus@hﬁhéfﬂbﬂ%l@‘ﬂ@} gs the
slice-by-slice ratio o i ght scattering_detector signal over

. f I the
concentdcigt PYis eredibe srPle pfReitra or basitiPHed Nese BroPpHigs llom&PKG to crystallize

det er mignat iheNery$t8R060delMidsBmBle MRCorAl fidrupftived URter@dE1Hi8 dnAMbLAS Ul Bie
wei ght (" and intrinsic viscosity are also obtajned independently

("Mv Abs™ ] . Y.
usi ng E&u%%ﬁ*i%scgveaﬁ?ad@': urgss @rygiolepisalgoaditient wiemet themH i§ neytiak i oh"@eef f er s
nor e preigicphRidiclenIMge Asmater QY BElcen BB €5 ahgabblit 1B mMBeAE tRseadieli tive
to variation caused by detector noise and 3D GPC settings on baseline and

i nt egr d¥79n SEEGeEseiklly 9 medh A dhe npturl harrisssPallicles aihsutigR 129N st
af f ect edadly gréysaréetre@trokrol unme offsets. Simlarly, the highprecision
sanple intrinsic viscosity (IV) is obtained by the area nethod shown in
Equat i dA04R]wher EDBEPossensds tWmasynmeetdt cEeteenihitiod digeepipearazing rinyal FDKMist or ed
directly fromthe anlipe viscometer, 007 T [ M ne » BR

or anc iy AdE &5 s B SERAE SRkl T a5m Gl ie 5 R ED 88 HRE HRary e

i s used-DKPdatcerdimgeo tiie amahgeauérar ofwsdeg lthaiob reladve aonphe ceftng ‘ving'c ok they

detector, el ution ar f t | o] [0S e . i.ne _the

o na e RBangy TR 0P8 AR MR Rt KR G Sp BB U8 S

nol eculmojevidiggindm dimsl same mpilanar sidei o dlos dikgtopgeraxina rrea(A pod Betbdigw eared steandar d
sanpl e,, such as SRML475a or an equi val gnt, are deter i ned using the.
conventngh e B8] Raeon Rprel PR FRUSE cobf dodiias fh MGt “hE hrifine <

Vi scosiftom appesitt yartar gidesfof éheltiketopipetanme, ringe(C Bgloa) iaod$s idermedtitalds the

Equat i qpan%%s in§erused to determ ne the gpcBR branching index: wherein [h] is
the meaSured IMtrinsic viscosi ty, [h]cc is the intrinsic viscosity fromthe
conventional calibration, Mvis the neasured wei ght average nol ecul ar

wei ght, and Mwxcc is the weight average nol ecul ar wei ght of the conventi onal
calibration. The weight average nolecyjar weight by light scattering (LS)
usi ng Equation (8) is commonly referred to as "absol ute wei ght average

nol ecul ar wei ght” or "MWV Abs" - The from Equation (10) using conventi onal
GPC nol ecul ar wei ght calibrationcurve ("conventional calibration") is often

Y . o




descri bed, and the concentration (Cl) derived fromthe retention vol une

nol ecul ar wei ght calibration. The non-subscripted val ues are neasured

val ues baweadoov4#tse nmass detector, LALLS, and vi sconet ePCarusasio/03d2e7 val ue
of KPE is adjusted iteratively until the linear reference sanple has a
gpcBR neasured val ue of zero. For exanple, the final values for a and Log K
for the determ nation gpcBR in thi sHpartl cul ar caspf,- are 0.725 and

- 3. 355, respectiveRy. pol yet hyFF1e 0. 72X, 0993 for
pol ystyrene, respectijel [ 00075] he K and a a es have been
determ ned using t Qure di sg “f{ eVvi ousyY, rprocedure is

repeated using the br afiched' sanpl es. The br anched sart'pl es are anal yzed

usi ng the final WMark-Hquw nk const ant éaias the best "c¢" calibration val ues
and Equations 8 - 11 are applied. [00076] The interpretation of gpcBR is
straig rwar 0 r I §eaq 12
w | | gbo‘fsgse tgmégr@'églsdr%g@% ﬁ)e va uznsthgrr&el'g:sgﬁi % %5'1"? an'g %ﬁgﬁ%@lﬁ ;Hgvm |1
be cl ogeeasvrachdy dFdnfilentithomateratdly leffsient ninhsalers daictl . asFthe MEANEND® pohajerer s,
gpcBR i ghe | v t i I I ain
By anc hitig 0B 1, S8°PaRf Rt ¥ . KPR YLl poed B3ubiye o oy PRASRE:

t han t Hehajen cwhigh d¢l ineceoratad doyt Wéere@m:heretretorlltedeasmlmgs tegatdinghére tsemaa the
measur f : fp=act Y
Change T8 tpRTPloduten lim'Afke W CREHRAG Pk FRLBREH o B A2 e
br anchit¥ge. RajpleBRvitraisomenfcodtebt dr thais Orangeilatbonperforen wellewttt Aighséffieiency

cont  aGh{AR.LEESk Rlnd doabedi 1 U 8YBlcAl ATBHOBARNEODNARS SPESYCYDryer SUs
Pyive Kal &ﬁ e

a linear poly nol ecu equl va ent ese

parti CLFI’caNdeExmﬁb&ere@nd Shetemdtoarﬂra@@ecbf/erusufﬂ@ gchlReHﬂ c0npaand oS .t Batant
traditi o BNY b d chi 5} to the
i gher SpRgatieR NO- A3 Aol Bty bl TRy e Bl B A et R
det er miMarch dh 20118, vbichi disclosuiresh agbbdrepr wcoiomiedmy refesenst fodétsrieaghmgsl | y

af f ect ergggr)ﬁlngnﬁe ) me?’%é%\%e gr ¢ o Pl&ﬁ%rnﬁgl?)ggﬁ?l@leé Fta%dﬂoﬂﬂ”aﬁ%#'h%m from

t he concentradtion et ector. ctor vo gnnent al so do not
af f ect ROMEP gertitei lmyeolowehendpmBRe ivadae deit/8lf itfikat 1)on. Tr@RCidomer-enriched
Char aCtrﬁ.EIogﬁFtIc%@ &fopﬁl@]hﬁﬁa%lt’e%& n‘PJr |8S§P8ﬁ5'taI & 28" 10y I%ubzﬁgplar% ns .

mat ogr am response curve 2"partie sanpl e using a pre- erm ned
rml eculwriciwerieghfficulelogeodess.usef ul i n d| fferentiating enbodi rrent poI yners
from anal ‘g‘ﬂous and comercially avail abl e conparative | ow den

et hyl ed@M¥lsed PoPthfeP¥RerimsHgs dpneryad @rcﬁ@ﬁ_%a%étoae'ﬁ'@ﬁ Kathash: reB%{F%ﬂrIé‘t er,

Y, is dasi gl“ﬁ]ﬂ:ré@rt%ﬂ’ég MBS FO/ ABHUE9S%CRIRLERChan FDf(Pl\éNa lﬁ&ﬂmtﬂ}@dtﬁ@@dns
profile for a specific material. Figures 2 - 4 provide the exan‘gles and the

gui de I/l %P@Ut o eereas @I&t%é@f@?'ﬁ%mth@ﬁr%t'%ﬂert@nte@éﬁt@W et ve
enbodi MgbsinslIfO8SntAVELdY RENR-dIabedt PREYIE(datd Abt Qﬁﬁvd)o%&mgw an

branchi n such as, | ow density ethyl ene-based pol yners,

di f f er SN RAIBErORGS; PRV %YﬁIgygltganﬁe'éwﬁFhG%”tE%ﬂ PfeabO‘@jéo/Ego “about 65%
Char actéviddd h Powdet With %c@ﬁ%lb%e@éﬁhéﬁﬂ@bﬂoﬁéﬁleé)nlnn@fehﬂaﬁe ehﬂﬁ)d%rﬂ’é’ fﬁenat ion

is made_using the light scattering (LS tector res or a

pr oces e HY2as EGREE APTBRIRNgeT HPT I ERL B 2 @@t(%c/&%@(?t)oub@%% g arbSHbe of
ol eculepe, veirdhtabo@ 5300 SHP6S% (ddeFiphgcul ar wei ghts of the sanple are
converted to logarithmvalues for scaling purposes. The LS response is

" concer[0048]i onnBaswal orz the"foiegoinbeit sSesiraplens @ravine hecropaarpdeembm/detsvtmmg
sarrples as_ it skn the art t t.he . noy e d LS signal s can
vary orbltrs sopishSARAT oifis' 08 v3hee W Bhali il abPlbesgn. Mirei o Pitetl,

| ogar i tdisolosateiessedins dred érao$ isbhier ccnt&t@vcmhdl effedt &re mo@mmltamﬁctrtmence of
concentakd o BOLELL 2adoRoy AbUSTicbalM HGAREE T §AL bRBORIIPILLE fibrbiR

chr omato amcu gftc\% #he §)ﬁ \Rl/n N ur\g 2 8 T]p %ce t he
concentooaslsteneyloouhmbemthlrtesl Inghcammlly)goramllmgrme Isoerm\canﬂeabbfetheﬂ:IDe(P used

determnatlon f t he cterizat.,on value i s str.ai
Che B e oke lrePhrics. mHIASH el RInERLINE bireReis titeh t8ifh ) |1
det er mameldhelSBﬂ@dtdmwe‘ddinbma\pnger&qtmetorteFBdedYIoweL%j% IcSﬂménGe Limg (OF SIBR)ng+3. 5

( Eq. 13 A/ B F E SF = Lon =

(Eq. 18] REPF AR Scqer The meticetfhsned oy o 2uBs MRS o R o e eBoaih | scor
represefnrtmdérentplamerrmodnnt&mdlngosedﬂneraml ve detector fractl on. [00082]
Essentially, the GPC-LS Characterization value is a relationship between
two associated areas (A and B) and an indexed slope of a line (x) between
two points on the concentration-nornalized LS chromatogram curve at the

| ogarithm c values of two specified cc-GPC nol ecul ar wei ght val ues. The
speci fied cc-GPC nol ecul ar wei ght values attenpt to bracket a nolecul ar

wel ght fractl on that |s knovvn to cont a| n poI ymer cha| ns wth Iong cha| n
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response val ues versus the logarithm c values of cc-GPC nol ecul ar wei ghts
for the pol yner being exam ned. [00084] The second step is to draw a

st rai ght woneimswsen two points on the concentrati on- necwalscaem3s287
chromat ogram curve. The straight line and the points will provide the basis
for determ nation of areas A and B. The two points, a first point and a

second BBl 3 FBRRLAILN, KBALPONRERISIGNA AR e Sk R ATBY 0T am

curve d epresen e concentration-normali ze response va

first ad&@lciedsledﬁgmeé’oncf@ti‘ deplotﬁ stensnala we@hems scleme ittt canalbaaoptreltedtisoe

| ogari t f C b f &8
second oga |tﬁ§ne CF(E{:KCF{ W@Bé't %@C%@% t val ue %%./yﬁgg?mr giﬁ%poﬁgﬁ} (for
exanpl eynthefiait schepre, Fihpue ear®) Seyetaaéf paratheiass bendigr orgactien steps including,
concentd;pbh i BRIRBI S dalf t.snramg,%%m S0 KBKPIRRIER BelrbHGal:ATo b
concentration-nornali z response Va corresponding to the ogarlthm
val ue dhe dargeled erodesiratl dsoneyi r@h@ o, @@mpdﬁ awsrifiolpargmeipisegietheiregctione, fir st
| ogari t; e I

appr oxi Ha G B G ReeUL R WAL Ko 8 (5] of SN ool lBle uEld, opn bey
bei ng @entrplieddo ischa pmduohwlﬂohhmlemmwruggetﬂddmtsmﬁceuteﬂe at the
concentrationnornmalized LS response val ue %r esent i n? t he second

concentlP¥4lon- nEPAKPS QfetBeI!-S"‘Ieégﬂdr%féh?/ﬁaﬂgf OE PKESBRafsAmeConteshari t hm
second WREH, 1 i Y i qraheRansytiargntudt fesoripe i Egs g ik Bip ™

appr oxwmgtteleystﬁonlﬁt?asel tIni meknnamwfactnrlmg”uetear ¢thylhabtediifd groeps iaed reymoved byong

h b I d / -
ol eculsPoREige . Wbosaam R TR Ml Gl AP RS Mfecween
t he st rmrgéﬂzaltlonne)eam;brt Iserrmcaemrroam beiowow\mhbutzm@atosf@hwbln‘atlecgﬂamscmr ve

bet ween théa t ﬁ]al’l t hm gdlﬁo e%);é“raarctlm' ht vrz]i ue?art hAr ea Ou d
def i ned 5% Sbe Pﬁ% 7950 & ' Erhad| %8%’%‘8 “he
ar ea Aoommbeéd rmédfof @lxamble l95%geramsf ispalen esanbge desn FDIK@ Inawllal t:mrpnrsdduef of

co- are BT Eatral AEEHb«d 0 oa8! SPEHERHEr E5MebbBuey IR It S Kl (e
ar ea baqhdthet faeers 'cahre ak;brurg’rmjtd tcnmearugutaltlen rof trama s usmnbrLcS)nbdm doratatignam
curve wh con?% a‘%{)ﬁ R/nntnor rra ¢O= scﬁ\%nl’f eei@ﬁé‘%%sp%sgnd Pemgeb%u;set Ial ght

line i s'n%l# easﬁ ef t T on- nor rha [ ponse 'v Por the
concentthateastiemor mal i zed LS chromat ogram curve between the two logarithmc
cc- GPC nol ecul ar V\BI ght val ues. [00087] As can be seen in Figure 2, the

area definedrg s t)llls entere rﬁnge between t he two Iegarlthmc

cc- GPC ol ecul i ght ef or & . I'n_fény_cas raight line
will be' abo concent ation- i zed mmat ogi urve for the
| ogarithmc cc @' Rol eculfia? wei gft” ring&and wi®H- not %t epns St with the

concentration-normal i zed LS chromat ogram curve except at P0| nts 1 and 2. In
these cases, A@mnfl = a positive value, and A2 = 0. [00088] A2 is defined
as the inverse of AI. A2 is the area bound betvveen the strai ght |l i ne and

e CONBEAYIT 2t BBl SRk Tffhel ErfiUrIRE RAAREBY FBRYS ARSI SrhbiContent

concentration- norna I ze response o ine s Tess than the
concentip@s010Nn- NOfEFINcES th b&ubuﬂ?%ﬁﬁ&eﬁ ﬂ’\'e lé&ﬂer%oé?f%%mrfeaFDQP lékﬁﬁé’m&dnl&ﬁ LS
chromat ogram curve between the nol ecul ar . wei g

val ues.FaEdpsiange. ERARpFD Qbéﬁﬂyﬁtﬂ"ﬁdgfu‘?’@ t@ﬂuoﬁ@aqegc ?ﬁ'é (EEF AhapeolascEh a?ﬂt‘

concentdef | GK)?O"TWQM ZBRP héleéegaqseen @mg YEVEN QSR thih BisHUKA.I necob@hg%en
Poi nts 1 and In these cases, = a neg atl ve Value and

[ 00089]°onAitigRsnihak FRYSH PABFIHS, prﬁ@p'@é'ﬁ”b’ét@e@ﬁs |Sﬁ|UI7|iegtCﬁﬂ§ igomerganshg HP%fhto 1 i ne

may | Ntigersgsd th\éntréhstlgtﬁn@rommrommé)rha%wctzedcrLgoW&ﬁaﬁ&gd@ab@reéye% in at
| east one ot her point besides Points 1 and 2 (see Figure 4 at "Additional

| nter sé@?’N%tﬁ”'F%tloﬁt time, anseRivend iaddigpn Ghdow Apmperafise @NRIOR aPId Copling, Ph gt v

def i nedsifubRIackiteadxgrRlaCasdlieMdid (TFALONAPkturdl (FMD W) dit bl die b@%bﬁebIéﬁeoar ea
bet ween the concentrati on-normalized LS chromat ogram curve, and the strai ght

li ne bdbale®Bvating thedenst IRAAET ceening)y seeh metfmswpv%% @erestdughprletiamet el y
5.9 to poer bedkrel ihie\ed iyemelfs. cc- GPC nol ecul ar wei ght 350, 000 grans/ nol e.

In such situations, A2 is determ ned as previously defined. For the exanple
shown in Figure 4, A2 is the negative area between the
concentrationnormalized LS response curve and the straight |ine between the
| ogarithm cc- GPC nol ecul ar wei ght val ue of approximately 5.9 to the

| ogarithm val ue of cc-GPC nol ecul ar wepght 1,320,000 grams/nole. [00090] In
calculating a total value for A, Ais again defined as the area Al
(positive value) plus the area A2 (negative value). In sone enbodi nents, as
can be seen graphl cal I y |n Fi gure 4, the tot aI vaI ue for A can agal n be
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curve between the two |ogarithm c cc-GPC nol ecul ar weight values. Area B
does not depend upon the analysis of area A [00092] The fifth step is to
det er m newOheilwiah1se of x, the sl ope indexing val ue. ThepPcaluseoiof3g2Re X is
an indexing factor that accounts for the slope of the straight |ine
established for determ ning areas A and B. The value of x is not the slope

of the -,satbrea.Lgﬁg(eranlglgOI 4 %@Fn@dﬁéng%%es represent a value reflective of the

di fference between he val ue of x is defi ned by Equati on
16: whefe "LS respo rms are the concentratr ed LS response
val ues tor Points 1r':$a?arlirn%t% respect ivel \ and "| nnﬁFEﬁl\gt?r} nrp the

| ogarithm c cc- GPFfgGAAtIRatio wei ghts for Points 1 &ner 20. 05espect| vely.| In
sone enpbodi ment T ine nay intersect th mal i zed LS

chr omat Dgram m.(?%taEFatlo.QirPgRWF}: het ween Points 1 anﬁ igf)% ()()()Q?] Einall Y,
once X, |A and @ystalizaohdalms(ieyd, the GPC- LS Charact dbizati on value (Y) is
det er m |

ol v V- Cophld Reppp oBl SRR GRA L o LT OTE 12 aps b eyl (Eq.
14) SF *DertsrsérBeomﬁ@qumﬁ glapipkydid adid0. 1 (Eq. 15) where, Abs() |s the

Eeanpl dR0STL. 5 PRyIEG MRuiibaldriculbdh e covianpindes sbetJapicte s 55

[ 00094]rahge phosidus giidtgpdrtide EvATPERSicRNGeroayRatiathatactenatizp) es, several terns
are defined. There are three Exanple conpositions and sets of process

i nf or r0D62] f or Setegitioncard incorpoEatioplof ActivexAgehnés 2, and Exanple 3. There
are two Conparative Exanpl es conpositions and sets of process information.
The pr qoesy runAstIhrag asr that edcrGoarpeleatdegeridedahpless rdtaanthe2 reajueednsdragous i n

h h d d h 2 d
5. compatiaivaBERaERa GhaR0dFand FrRERAFTS biBPabe VY B il 12
and 3 e[rﬂmg@g Wm;rptpnortﬁSsP?:tenmg.imm,meirditleddmsmddmdamngrmd 1o thee

1 . 1 1 1 t ,
P oo P B | SRR S Fapleh AENERE I 4B AN ond & R RrAR0 1 2
Cghearr)gefeeaﬂzedfereﬁuzmmtseteéér)mgs[ %GWEdEEMMeeSU hEe Pf;enngm g ,444, 2@?1 d;rggll?gn
Svap o bl el RSt g ion o BEplie RS Finlh, ERF AT ONENR 1 FREHRL | e

physi catienpﬁmies(sthaamdforradsmblngsjrlaagseoradairagmemcsucfaeemm ibentso ﬁmgpmeté:‘ﬂ is a

simpl e bIo k di agram rocess reac on to roduce t he
o or et st eRR Bt i IFe BB IR BTl b T S5, S helt pres
reacti cmmsbet mlampnlaE}dgmm eachidve degadt k:hérbyteni;tm:seds | desorilkealin rl&rS)(CIPaent

eact | APLGER NE ot 5T ieL el ShBaaL BLRTERL AR XRhE by oo RNigy B
boost erAffimityrafr ¢r3csmﬂpreeM3mopanBﬂe Suafabgqo@rc@ﬂwee@mﬂs \Mmplené m@rpidnaatee aone

t ube reagc t or ich i of 144 hi ressure t bes

ot or o TEEtooTRue 5 RE Gepytls, fedbudihd M8 LSRR Ui teb Aepliton, 5.

first perzsdessd entitied dMethodosfdiut Ebrmahorebtamﬂ bo Ira:réasrrsg trrmeAtﬁrN|t3def Aniivtel at or

source #11. ec [ 1 at,o ndui t nnect t second

or o digehis Br SRER e TRE B e SRy e Ao Ao RE PER S adsd oS

connectae:dvé oa@nsaeccmttd mieropzitidiesi nil.Sat I@atestodrpphacairan Nool1i1rap2j ok &t salfousi ng
pr.essur e heI | of the tube reactor

hi Un ut er s

ond oy RETRE YT resE oBB b B e G el B8 S o essure recycl o
l'ine 7 ow & and
a chai 10¥4ner of RE S Eo RS 2‘3%@5@?5%%@‘“‘%’“@“ B R e PB P fher
conpr i SEssusds ee'erne@@twa)ﬁgqrﬁneeedelﬁarcaamwblyywmedrugca@femwt%mhaa@a@&ut@el

i njecti r t 0 The
firot ronsPReth Jnodiiiy ot ERELS, GRRat HEAP, DioRloBRoM bRt LEbTe: 2%
met ers %nﬂdefmﬂe gapdret nalgrady ft)crwrrmgocfewblm%ntdoﬁ at eynthetic origin, instushingon
zone. r is

| ocat e gtg%t Py 5%%%?%%@%{3}0?% Cla%edrgéﬁg?ﬁ%%rﬁ ba}le%esjypglgg% g\r@é‘gﬁ{; ends
at inj e‘@mwnn%rmysmcfransies '«mé offier stgpier By sidsnnd dipigp. ard aolitediEseind o t he
t ube reaaf?wntsarheréufe%rue Blifthotfinkitdd3o, nIRENBAMRLHIRER! LAMbARAC FRAAr L s at
i nj ection point I's about 520 neters downfube fromthe front
of the Ft(alb)e ﬁe%t@Sﬂ'@ﬁha"Fh@“t@@dbrﬂ!prreeé?&tf%ﬂﬁ* o pEhes ripdyreptides et tihesapgdicner #3
(9) . ThfiadrebficlnicRBObAANiB8FeS RbhiueR nlidRC TAD aBRleNadhs 6 falltildeh d ©

| ocat ed about meters downt omthe front o e tube reactor.

[ 00099] The preheater which is the first 13 tubes starting at 0O neters and
all of the reaction zones have an inn tube dianeter of 5 centineters. For
all the Exanpl es and the Conparative Exanples, 100% of the fresh ethyl ene
and ethylene recycle are directed to the first reaction zone via the first
reaction zone feed condurt Thi s |s referred to as an all front gas tubular
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per oxypi val ate (PI'V) and an iso-paraffinic hydrocarbon solvent (boiling
range >179C) are used as the initiator mxture for the first injection
poi nt. Fowoi2njoeiasisen poi nts #2 and #3, a m xture contai rCmgsSRNiB®3s2and TPO
and the iso-paraffinic hydrocarbon solvent are used. Table 1 shows the
fl ows of the peroxide initiator and sol vent solution used for each of the
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-2 OW' : Ve it rative
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el t irndess] t heTexanil Rstedt td b@dbl%ﬁémromdtayeﬁnétésgtmhembtn sHKEematiRg\wal ues
than their conparative exanples as a result of their broader, MAD shown in

Tabl e 3anghiFMPhEPUaRERCIMERY 4 éndt fres'stypirallvagregter dben t0|«ﬁ1sﬂ> mat/Bréng

bei ng agmwidiresitl MBe POlugRbnteRt abdbé ndélN@rdan\V|ma$l%1 mw;trcmat-t.da‘s daling mhehen
used al gne or in conbination with other pgﬁ/ roduce a film, for

ner s
exanpl EMPREMENBONGANINS| HPMEMeenta)tseAn FnIRd: 9b‘2}ﬁtﬂ Q/a(E é‘htab%l%o% AUEKD 1St he
exanpl egpigdl ﬂoh%ebﬁdt’@sn%u&ﬂ aBamsulm. hiFdhedxaA®Ie |$hleéirdru’g S§Qr$duﬂ|b{ 'tHeaBretsBﬁfll r
conparatjve exanp This is also related to the of this material

to pr oma@p?ﬁtstee\;éecﬂubmreoreea%ﬁ| Yimp &ﬁﬁ’rpqu“?tﬁ'lyrﬂq 8? rtﬁt/‘t) dﬁ’is““%udﬁ cestahn a

bl own fdrhtsBdirh&es, tBQ@ﬂkf@dnt(ﬁﬂrofT@b&tlées the vayaispkedin®@bn tthe forinmarRINize0Bf have

| ower vjnyl per 1000C | evels and hi gher nmethyl per 1000C | evel s than the

conpar a{t“?g@getQQPrﬂle@éere‘f 000104] Table 5 shows the TDGPC properties of the

exarrpl d co tiV ing the sanme conparative exanpl es
TR0 o WRRHACHE IR EResroleS i

shown i have hi gher Mz or high nol ecul ar

wei ght [hgs7] val Weshe Qﬁ%ﬂﬁéntl\éﬁ@oﬂma he@}glslﬁ@ﬁufe&gmeegqheteca% peVel t

i ndex, den5|ty DSC (thermal) properties, melt strength of les 1 -
3 and C5RP4A? atqd\weeﬁi@ @sopﬁrtlcle@ comeiisgsp trqma Iﬁorpsebgeﬂtritég from @@Aﬁrﬂng%s 1 -
3 and Gonpai@seysndEkanm.es 1 - 2. Table 5: TDGPC properties of Exanples 1 -
3 and Conparative Exanples 1 - 2.[000105] For the Log_LSCDF, additional

conpar g0058] exard.es de@toes beechemmeempteseﬁimwn thE‘a unasiienessy pfocele for
se data are shown n TabI e

Exanpl es as co are tive exa
5 and SRR oGP AR RPLiARh P TG IRMIT T8 AWM Mg e IR
show a HigH shear h&ke&lﬂoﬁ@ﬁélmﬁlevwsi dﬂsd'osedhﬁg(S%ﬁbloﬁaﬁﬁem%pﬂbar@n\&dnbl MM\M I'n

P oy 177 e RN Ny oSt 2 Rlog whial GBI epormied RRBrY et nan

agout in iRr erﬁteetgbbyuélaaasstel@a@f atbsatt 1 OI0:I5 5vt%aa@btm§%d pihaf @cm:vlzys Ictsa;gos FD&n
about Stl’ I’ r at t | I w -
o e tafitions FAbo L BB 4 F PErE v B BBt 400!t BYeuie 3 08Rbun i

Tabl e 6, where a | arge nunber of LDPE resins of simlar M range are
conpared. The conparative exanples in Table 6 covers a M range fromO0. 24
to 8.19. The conparative exanples in Jable 6 also covers a broad range of
branching | evel with gpcBR values ranging fromabout 0.62 to about 4.72.
The conparative exanples in Table 6 al so covers a broad range of nol ecul ar
vvel ghts W|th the cc- MN vaI ues rangl ng from about 70 000 to about 260, 000
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[ 0002] Disclosed herein are fumaryl diketopi perazine (FDKP) conpositions
and mcroparticles having a specific trans isoner content of about 45%to
about 65%OThw/HDIKP m croparticles can be used as a del PCEUB261YHBRRT f Or
drugs or active agents in the treatnent of disease or disorders, for
exanpl e, those of endocrine origin, including diabetes and obesity.
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| ungs, for exa vasodi | ators, surfactants, chenotherapeutic agents or
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nucl eotrhifled df lk@st abbtay a5 hesited edidvperdirbRdiith ds@34heeBbse!s Wey dgaesrsent a
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(] r ]

h all of th
that i tN§UndRadediPRP rycrgepitigles YUy e i30S ISANET| RIS AL AR n
get ti Nthridh@s I BAMKPEDKP Shicrdarticht® &t Bé dhaAsdtiirel Sderftidgiy andsh@eCinkilm
lining the trachea, and in trying to admnister a uniformvolunme and wei ght

of qrud(.’?(brﬁﬂ)%’}d A @givgimegit §tePehere is room for i nprovement in the pul monary
del i very b?é‘%_dlrogg;%@c%&%?§o[uﬁ§97] The present disclosure provides systens,

m'cropara[lc es a t allow for inproved delivery of drugs to the
| ungs. Enbodi nerqts—drstiosed tiererm et eve jnproved delivery by providing
di ket opi per azi ne_mi crof QrmtpiOEF’é}s compti si ng"&°definéd i somer content. In
particul ar, the |di ket opDp@raa&i ne m crfopar tgogdoes are exenplified by fumaryl
di ket opi per azi ng{FBKP)y—Ccopoundtaviing—a trans Tspner content of about 45%
to about 65% FIDKP mcro icles having a@%%4hns i somer content in this
range exhibit charaqbeyp&siddsatbeoefi¢ial tgsdrug delivery to the Iungs such
as i nproved aer (éy"r'ﬁ‘ﬁl;té’r et formance—100868—Cne—enrbodi nent di scl osed herein
conpri ses FDKP 'c“ropar?l cles conprising a trans isoner content of about
45% t 0 AU HSYordKP g&t]f;(f)n enbodi ments of the FDKP mcroparticles, the
trans i somer content can be from about 50%to about 65% from about 52%to
62% or from abdut 53%60%&)138% 65% [T'n anoffper enbofi ment of the FDKP

m croparticl es, lent s fromabolut 53%to about 63%

[ 0009] In anot hegr enmbodiDi¥¥eter t he FDKP mi cro®pHrti cl e conprise a drug or
active agent. |In various_.g dr ment s [of tne2§b)KP m cfoparticles, the drug
can be, for exanple,_a peptide_ incluyding THAsulin_ [l ucagon-1like peptide-1
(G&P-1), glucaggn, exendiH,Okparathyr¢i d hortdée, cal gitonin, oxyntonodulin,
and the like. |Inang enbpdi ent  ¢f _tne P—mcrpparticles, the peptide
content can vary deﬁb%?ﬂés% gtﬂﬁnqtrpam nrgg ssing tonditions. In a
particul ar exanplZeimfitgsreDKP ni croparticles can be prepared to have

drug/ peptide content that can vary depending on the dose to be targeted or
deIiver[Bé@qFor (ST G g?r%e?@}“ﬂ"tt erartgdhqgqur{g iy in gypich u‘f“?t'ﬁe@%ﬁﬁtonent

can be dndoficadpatticle3ald wBthed.” ahahbuid ddt m8 intergréed ROWRiref thaaI adrhdhents
conpri si the mcroparticles. %0010] Enbodi nents dj scl gsed herein al so

n
i ncl ud@rE?@S%'HU\%lbr DIEBHH MM NTARCERI LB Rt YA reteR I e b BIeRRAL M t he
dry powdqgrsthedBlobseickePIsR sispeaday.ticl es conprising a trans isoner content
of about 45%to about 65% In other enbodi nents of the dry powders, the
FDKP m croparticles can have a trans isoner content from about 50%to about
65% from about 52%to 62% or from about 53%to about 65% In another
enbodi nent of the dry powders conprisipg the FDKP mcroparticles, the trans
i soner content is fromabout 53%to about 63% [001 1] In another

enbodi ment of the dry powders, the FDKP mcroparticles conprise a drug. In
anot her enbodi nent of the dry powders, the drug is a peptide of various




[0012] Further enbodi ments concern drug delivery systens conprising an
inhaler, a unit dose dry powder nedi canent container, for exanple, a
cartri dgevoant/a4powder conprising the mcroparticl es dipstiuss@d/obse2sei n and
an active agent. In one enbodi ment, the delivery systemfor use with the
dry powders includes an inhalation system conprising a high resistance

i nhal er i ng & t e Bhdi
througﬁ?@ﬁg con UN%EQFQH{Q%gwgioﬂgé é“%% b gﬁgﬁgﬁhgﬂ%hogg MB@B#QP% one
enbodi reisaigsed H@relnmnatak@nnmﬂlé‘meha@rmr@m gtcamoeeteahw differend dregsasml e,
appr ot 4B Lo 0o Dot biufh RO CHAPE) bt Sl dFtdl oyt ot e

enbodi ment s powders can be I'vered ectl vely by i nhalation
with arfOﬁrTﬂﬂﬁamm@wﬂioﬁsﬁwmamﬁ&mmermn@ebﬁ ah®hb455% ‘t@abcpﬁéé%ur e differential
can range from about 2 to about 20_kPa. which can produce resultant peak
flow rates of about between 7 and E’)éAMPf-Eﬁs per mnute. In certain

nbod | at t fi d t d d
by di SAROY: ng Do Eib e Rt a ST g e Rte b bR or -
nor e pulisbsedf mpmmﬂaetrclahellt wbodd tba) aapmatat&ehby those@mkmrrlnomerrenhttbammacl osed

herevmth t he d nhaI |se redetermn ss flow
bal ance HIHIES (ﬂ%éooseﬁd fhg; o éﬁb%@w ' r%%ﬁ”ﬁ%ﬁc [ ?"S%"pv&fe(ﬁ? Cely
10% t o imHtafto fumetidrotvall mfthe)wae:met ofithe bl‘usenMailmurarad\dlthcatnhm qmisiderdd i s

del i ver, ed b%ntot e QF rrrrg 8 gen |nr% I—gd W ct 38S ttﬂr ou}gh t he
area cont BRI RY PRETSOWIRTCT & rln RS NG Whe'd aBpHrb)EY e el'y

90% ai rshblidwini I@hgehteeairﬂénf dledbmrheappm@Maltmaat mﬂnytdlrengem%relne rrMUeem)tk@r
bypass flOIC n d Wt t(.?l%ntrerlln |I\ Btaln r‘r% r m%OWdelrf ithout

cont ai AERL s?uc g%en[%w ucghag % ??‘? da'% raecg |en°e %M% e Y 88}1

exi t i nglepheingdadethe despeofsha@amvpotdn. wi t hi n the inhaler to dilute, accelerate
and ultimately deagglomerate the fluidized powder prior to exiting the

mout hpi ece. I n one enbodi ment, fl dWAMPbE ranging fromabout 7 to 70 liters

in, t th 750 th th trid
Gont entEOGHISporis BaAHEENR Brseaaaat (saerer L e B A Th cortain
mbodi 1 bl
Fract andl | "oV ER R B b AR AT T LORP PORGISTRORP RS Dol €
i nhal atin @nyequseldt £2H ttmémm%%IutyvreaAéeeot stearan® 0P4hisosolgfiomawas carhbined Qdth o 0013]
ur, Par UL BeaRbOdh TelibSue HbADUALA A7 5¥3h Sebe nBk g o R LRIl S
ry powdeér I'n fal &r ornul’at’i on conprisifg mCI’OpaI’tIC €s of

funaryIsudi)anmfpmcmanelehaw ng an FDKP trans isoner content between 45%
and 65% and one_or _nore than one active agents. In sone aspects of this

enbodi H80€Slof t e FRKBIfeR] Hutiopsvasnprepgred dith abewider WteriRifRatabet 1-8 Wiveovi ded

in a UrHothﬂl%?ed?RHwHC{Q@out%ttgra%ht' YeWyeo NHIS ofl8 YabBeMeles V\ft%rMs%FBa@é‘SQan be
preloade in the inhaler. this enbodi nent, the structu

conf i gulgt aesliefacithieed rﬁﬁ’&lt'aﬂ .%e@ RipRererh ailabeus 19. ﬁewté’reéwi 6%@8@¥t0910%@%an| sm
of the Jonahspie 80 Bbﬂ*ﬂl‘é@@ sbRESHY ROlesilbrRCthHRYA B £RBUED.2L IR MeRSfand Badr 1S,
nor e than hal f of the powder contained in the inhaler (cartridge) Is
enittedod&€particles of less than 5.8 mm The inhal ers can discharge

t 85% of wd d wthi d
dos: ng 0PGICer + G BBk rBee] fEFReRer Sre il erk g an GRRh B R tian 5otk
of a pdVEED SOND oIt emmﬁnp@tjrvﬁm the #8 osificw (0001, aichhnThd mireneuephad ment ,

t he |nha n dis 0% of, t artridge c

cont ai e N5 & SR IPLEeF RS ek GHaa Ard b S Aot s bt 20 Bet ween
2 and DskPahairédeivind Lessebs@gainaddeiogizeg (DD vﬂﬂern@;]ua[ @0 thé] mes oideithen feed

di scl osed herein a i ude t hods thod o

Cr oat | ROURT dfo 19 EDKEF IneaCe lodaal 4% PRACIERS P ard Baimeter i ng

to a pehsagh the %N@Lmeﬂé@ﬁntatrcérrxec@mmdeess‘ed)casmdauahgdn(gomfrmmmmg FDKP

m croparticles conprising an FDKP trans isomer content of about 45 to about
65% and086dr ug &he tesblting suspensian veasi epnderyesdgrbang weshagr jemeanef tangandpirent
et udRuPaTEIdOGE o0 £311 Bs Bbrhifiaht. ik QB el SR Bhd

adm ni sterin powder conprising mcroparticles o descr

above tapodt $ersobids than diesitiered avitbdd|. warereandefinatl cemepirated 4o abentriiogs @@mhgl to a
subject a dry powder fornulation conprising mcroparticles of fumaryl

di ket opi perazi ne having a trans isonmer content ranging from about 45%to
65% or from about 45%to about 63% In various enbodi nents an
insulin-related disorder can specifically include or exclude any or all of
pre-di abetes, type 1 diabetes nellitugg(honeymoon phase, post-honeynoon
phase, or both), type 2 diabetes nellitus, gestational diabetes,

hypogl ycem a, hyperglycem a, insulin resistance, secretory dysfunction,
|npa|red early phase release of insulin Ioss of pancreatlc b- cel

o . o o T o o



determning the trans isoner content of the FDKP conpound is perforned
using high pressure liquid chromatography (HPLC). In alternative

enbodi menwe,20imsiawmBs content is determ ned subsequent toPpariseelm3s287
formati on. [ 0016] In another enbodi nent, a nmethod for synthesizing a

di ket opi perazi ne having a trans isonmer content of about 45%to about 65%is
di scl 0sgflas t Afie TR P BRAAPEORIEM: O TRhE] Bsrdiol &} APHBERARLAB) Nk an
ester group; saponitying the ester group o i ket opr perazine 1n

m xt ur edrgifighat er and a water-ni scible solvent at a basic pH and

recrystal lizing the diketopiperazine in a reaction nmxture conprising
trifludPBBeti c/ngeling siesl ﬁt'l&'é’f‘%lw%[& rrepered ¢dRINipg mbauht 0o W angsHily ﬁsom

about Qedeiled) abaWoent compases bbMe! Y widh THORE §n BNdael-hey fehediterat Sthet he
reaction mxture in the recrystallizi tﬁt,eSte is held or allowed to continue

for a pedGkasiwipn s dttereddBiaugh Gr0-¢¢ wat Bier PHAHOMskofaged podersolidh capfent

enbodi f&rtheoiusbélﬁ*slémtt'ﬂ@daﬁﬁro&léﬁé %&ju%t df ookt SIlitidR %’sbé(ﬁje‘élotoVﬂtet nlixed@n
al cohol, includ |ng nmet hanol , et hanol, or isopropanol. O her soIvents such

as t et rARRRISHr RS raPYlnghalCraRaTIgRnsUlh iEE WA e 2055170aF 3B DEruged. I
thi s anghodt Heto Qlﬁsbﬂﬁlaiﬂi@mﬂﬁﬁ ubiRg aR®iniRchifid My bRkide@aRtibses the step of

determ ning the trans isoner content of the di ketopiperazine. [0018] In a
speci f i[00€91hodi T imicrbparticetirsntn alispadsiongwas dhdeepelfatiped daryorgranalatett) By tr ans

i . % i ze. di k

havi g "BR8 PERF by ARl A1Pder sHa %K etq%@warempﬁiéa? LR S
X df | i nyl I d
o ut ar yPOr o TRkl AR BT on b e Bk pefdF 8 s BhE¥ 81 ol
2 n‘gog: Iwrr]mwaﬁudomm(rctbﬂ;‘a‘rmmmsyb -ddtstramtlnolwtj)léd; hpiepellt}adlhyetelst[n@(wlﬂj thIerArpmrr]mnc gloftr; r
cont entoareas: P, 38 b dEFT Yafety CRtfiRs f By Ot Buk boddedrimng,
react i alischached thamgysa MEDE@NE@nmhelactat éA. L/min. oﬁl'eheepdnmiarnmﬂected loe eathhod
CoMpr | 518, SARLIL HbEALY o HEARLHOTRler Roflldst ROABELAFNG BRTRAN Afhount
conprising an ester such as

et hyl ditleerin toe CHHtltﬂ'gdS esé\t:ecnrdmgty cRFeéﬂIlersbpdemnd:qllectlaé @t m@sefstsgest bediezi ng

an FDKh, &B%ﬁgqs@ﬁ% fle PedrirdbR f@%@%ﬁ@g&gﬁ%}?i}%w&éﬂ%oaet% succ%ﬁ/&é% about 65%

conpri se saponi 4R ester o a sol
vat er - hggef 50'#(@@50@'{‘111 e@un@ eré Gntﬁ aQ@éﬁtétSlé”a%Foo?ﬁ?rﬂQ‘ FEfdtmandae
nmet hod conpri ses di ssol vi ng such fumaryl di kétopi perazi ne et hyl

ester i"ReaLUEH| 9§rﬁF/§|UBﬁV%§e%P@9%?¢I6{W FQtKPantﬁthO“tm ag: 45f% tigangHeemers: 1,
" eSPectdohehy (FIbN1 Pl AST0RTRAAL ARl forehAiPES RS FDIGEIchliE) EPINBNbReCAY be
used, includ m& ot her al cohol s,” tetrahydrofuran, dioxane, acetone,

acet oni'ferelvariapla RFWd. | i ke. In one embodi nent, the sol vent can conprise

wat er hi s .and ot her .e i nent s, the saponj fication reacti.on

o herBiz, L8 Sorfiie, et S CBRRs et DR ek oSt R el ng

t he rem]tcr?cgmgnwbwpgrt@b aTHeEPE)FtrﬁcUdjr% Héﬂ@bégexbéﬂmeatbmdnda&e@tb@vlagetﬂ 60 C
or to refluxing c i tjons ilt eaction m xture to yie a

P11t P ot B taSARons hal G denatat oo rfied BRTer S d Sol Lenting (he
solid {)ﬁrl al f,og qmlp t’foln|é6’1?éﬁton andwashi ng the FDKP solid material. The
solid r]| can e anal yzed to deternm ne the trans i soner content

of the [b&KT par Ekﬁérlﬂ%nﬁ&h@?@%onﬂ&ga@]o ddlermiR@ihel Fabalr aﬂm(ﬂhé@lﬁonlf%&%nmt hod

conprises recrystallizing the FDKP mat erial conprising heatin suspen5| on
of FDKEONAtiens PNutP 8B EITScisaerl cppteabdUs: Aoc £ omxbbetof FHekR eta otitten

m nut e (CerRBANd 084)hsHd Socamd &Qé‘édtlﬁg solv@nt @éétﬂaﬁ% 5)6\%’5! ﬁ‘&t&lj achiBdutdet] C

acid to the solution and cooling the suspension for about to about 24

hours dfteapBat reagin t¢'ﬁprﬁ@r%rﬁ?Hd§WEWFed th@%r%@aﬁ*?@%a?‘i"éﬁmst"@ﬁ 2k i ses

conductdrw,v,géte,,ar S@&tidroinAl vk rpstiesd ngaiten Theeséth U Ss haagbnabdut@n about
15C to about 25C, for _about 1 hour to about 6.5 hours in a solution

conpri s’T"ﬁ@teﬁrqﬁPF thsr Maes additige; wagrerplsie ardines Tiered, torregre Eny divjeactad a

ratio rengd.NOnd figaleARMihciifidd With 286 adld 1o a lph éMibpueFRAdIthERdsultih§ 8oligt hod
further conprises washing the reaction mxture with glacial acetrc and

cool i ndSQ#ed ¥ Hipeatian. d’i’@thj V‘t"l'?é"’?t%ra@tq etene driechined ¥aCUPbHAYeRpaLd arayzesl about
100C peb’a/ HIUE to §3tE@hiné 618 lahB GrahalsemeByntbft. used to obtain an FDKP nateri al
havi ng desired isoner contents. [0021] Anot her enbodi nent disclosed herein
i ncludes a nmethod of delivering insulin to a patient in need thereof
conprising adm nistering a dry powder conprising di ketopi perazi ne

m croparticles disclosed herein to the,deep lung by inhalation of the dry
powder by the patient. In aspects of thl s enbodi nent, particul ar features
of an inhaler systemare specified. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0022] The foI I ovm ng dr aW| ngs form part of the pr esent speC| f| catl on and



recrystallization using a fast cooling ranp; [0027] FIG 5 depicts a
schematic of a process to manufacture insulin-|loaded FDKP m croparticles
with a trao0icawss content of about 45%to about 65% aow/UsCQBBs2BT G 6
depicts a response surface nethodol ogy analysis for trans isoner

content . DETAI LED DESCRI PTI ON [0029] As stated, drug delivery to the Iungs

of fers [Ug-{ﬁ]eadvg ﬂ%ﬁ@hﬂv{e differ@ht dolveHt %ysﬁ&ngﬁalnb‘ﬁgrfro‘iiﬁﬁ du@ ?at%lg'ﬂ Agl ot

however I'n transporti the d ra phy
bar ri eragganic (aTaInIﬁ #,oE)rrwe@I eMal gt Imemeﬂﬁfral,ometda@ thr Taple Eb|9§1@deetdhheptyent are

i et onlBeRAEIATE RN ande Lha e AR DB 2 EORL ARl o TG ARBENLRL 5 28

drug del'rvery agents, ods 0 e m croparticles and methods of

treat menipldpi Adedt Iaewaiee ﬁfémarnu Sbigsnt ﬁa@@%@tteﬁ% SIS ROKPeshd}. Cdnlténtt er m
"mcroparticle"” refers to a particle with a dianeter of about 0.5 to about

1000 mm i rrespgghpapof theV\PeIt@rQI/létﬁaﬁéItF@artuva v)Or '”t%r'ﬂréﬁs @Kplcture _
M CrOpartl Cl (J.IIISL CI UI IJCL \I\ICCII (J.IJUUL U \} (J.Ilu (J.IJUUL 10 m Crons
can reach the lung8, successfully pad#lng nost of |[the na®lral barriers. A
di aneter of |ess tgan about 10 mcrogs1 is required to nayjgate the turn of
t he throat apd—a—dareterof—about—0-5—mecrons—ortgreater—s—+equired to

avoi d being exhal ed. To rleach the de8p2 I ung (or_allveol ar5% egi on)| where nost

efficient absorptign is believed to qocur, it is preferrgd to ngximze the
proportion o Atatned—n—the—+espirablefraction—(RF),
general |y acceptedEto be fthose parti&l4es with an derodyn%ﬁmc di get er of

about 0.5 to about 5.7 mcrons, though sone references use sonewhat

di fferent ranges, as neasured using standard techni ques, for exanple, with
an AnddP8d§] CaslladRecrygtaltieation Qomditionspact ors can be used to neasure
aerodynam c particle size such as the NEXT GENERATI ON | MPACTOR(t m

(NG (t HPI7RsP CoPKRBrean bayecygaliagd &AM Ael e dsn!vamby @A r(@eti-pelMents migeiened by

si m | arFrer odypank g Sd:érﬁvollfa@rpr&‘(%@pbé‘raﬁwe@eré VBT &VhIRREE t6 THR@FHIBRE Sthis?
| aser |ffract| on apparatus is used to determ ne particle size, for

exanpl gecrypialliraiionr Ppgerp adbd oits apifrdiat s PSR! dsosieri gonleys. Patergeneral,
Appl | C@Iebrgé‘taﬁ%ﬂow rd¥tions2 (it thidh! Yield idRdgae MRkFh Wik a ?o(e%Ped Wahs Nsdrier

incorporated herein in its entirety for I'ts relevant teachings, wherein the
vol urretqof‘tenﬁeéIP‘é{rV'@@6%@¢W@a|ﬂ¥9&'ﬁ>ﬁtr§?0@0ﬁ/mu”8@' iR ﬁ@vgf&ﬂttraﬂ%gomer FRRired to

assess RRhHQY MBRESsGhel R drodial by FVRE BeBrydtaliza83AEBEnt syBteMAr | OUS

enbodi nents cartridge enptying of 80% 85% or 90% and a VMED of the

em tt edopz8]ti cl Rseadtordds bharged with.coudeFDIP (sbaut &5gyraedMFANdbe@tas0 mL)
Chow ¢ e ks it PUBER | e oRFeTioh e HRECH Lo TR AMRARD o BRtddercabout
45% t o amlddield fib Ubexthi Mminutdsasrasitiesll sélide svepeddboloed The nielileness cafleditougs t o
Fracti Gh PPy S By FIRAY el earpow it/ b beasdi i 'he GBLBOFnaa <

em t t edniktuesrwas cbolbdlagd hefbfor dirsiaimaung ef eboatmehcnmyvdeabcmnoemto ﬁbédt@@ ¢or use
as the IS sujitrable e r o) pe ent of
o 1 o1 irpeRfR PRI s leE fd Sttt Boa it rodiyol "l SR oy

pul monax gibele 0o eily andiiatdt (il X @bdue a8Qme). ofhmpmuoaamas @rled s@bodtyasaBiuader

D oos ey (SR 52 5 o858 20 5t Hellrar 206 12 b hhacc oo Lot Peer T ooctain
erocl gpH i S8 (15184 48 ERPERBLS SRR OB ah kb AT BRgr et e

than 5 n an exenplary enbodi ment are Ira t|on on an be
up to atyiallizgon tigaeng oy siiiRatios BypRsfrattiee Asolveﬁtguenﬂtvpé@bQMtQI%pmabpuI e

si zes g%ﬁdéf u

her ei n% §11e term ORR d&%o&ﬁtbﬂl@#é?tf?ﬂ%%%&eﬁ ?ﬁiﬁ%gr??gh&ggg?dgoﬁépggﬁgﬂ@n t hat
is not @Ié?)eafueldameptﬁbesblghema%nlsampr cpetehtiwes predudedr Tlm' aowdvet of iagtin d. 1t

IS not i - (,‘,:gp@]

nol eculsreagéﬂf 8'@%13%?%@%%%&]&} %ﬁébcgp)u% g?stood%%ﬁe?lagﬂg@? EJF%OV\?P% aII) ues can
depend Reduciig aniikealivent ggadity a‘roaethev@ntrpheymvweubst%mﬁheps)dgemraa%l yansend to
aggl om@ggg@% %)ﬁé%i?&d‘r’aﬂ%mp m croparticles formparticularly cohesive

powder s unctions of a dry powder inhaler is to deaggl onerate

t he povgego)so tlmaéprhmeheswmt a@h fradidt Glehs &wrzaﬁen Ainfeedii iR Rigaiflca@et i on
suitable for deliverin dose tr% i nhal ati on. er, deagql onerati on of

cohesi VAepowdENS LK { ITI?éPP@}eI‘ éIPﬁPé‘P@U’sQ)O'E %‘éPOIIrﬁe 'ﬁ%’F‘FI ntendj(etrans

di stribution seen when neasuring the respirable fraction as delivered by an
inhaler will not match the size distripution of the primary particles, that
is, the profile will be shifted toward | arger particles. |nhaler designs
vary in their efficiency of deaggloneration and thus the absol ute val ue of
RF/fil I observed u5| ng d| ffer ent de5| gns WI I I aI so vary. However, optinal
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I n ot her enbodi nents,

E1 and/ or

nitrogen so that wherein either one of the substituents for
oxygen amsiotbm/@astser is a nitrogen the formul a yiel ds treTaisbemwioss2s? on

anal og di ket onor phol i ne,
yi el ds the substitution anal og di ket odi oxane.
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entitled "Carbon- Substituted Di ketopiperazi ne Delivery
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be first concentrated to about 4% solids then washed with dei oni zed water.
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a feed Leasd Sodfindiy SRl DddMe SR thbsd ol ingtedin ¥R aouddy m an
aqueous suspension of mcroparticles. [0065] P feed sol ution was

pr epar g6a¢ipg kheahyagoing Sieﬁﬁ“%tlpm(ﬁhealﬁwamton eEDWS’/oSl&'B‘?ftéHtSﬁ% &l emmrm—ﬁl{@bout
28 10 ahntfiordhsMptdiale, %H@t@hﬁ\%nt&s@rﬁew %)rﬂ%llﬁt?é?ﬁlgﬁ“t@bggracﬂ_&ﬁj (ﬁﬁ&{/\hs{e acid

feed solution was prepared at about . and about

pol ysorthai ép%ﬁ'caﬁbtiftﬁcf'b@fﬂh%@!%t?\‘éﬁ@éd'ﬂﬁy éh'ﬁl'm\teéi'@fd'rtch#déﬁlgh ”&?@"@BM&S f@]‘dZ nm
membr angyuRialohfs bPtHESSubidcR Al FoLiRk .ﬁrmerttaﬁmgbabpeﬁééa nBle £ behBRdasgl uti on
wer e punped through ALFEED SONOLATOR(tm e B he #5 orifice
(0.001 aPDBQ?blq la¥h) MorprEeRAY EophiRpliauagl e rbpye- @%" 50 el@mﬂ@FS in| ahvpasgibles of
each T egflafdrisCREIAR® kheorhSRLoRIHSHYTIRvHtEn AR ARONRS Indicllid hessl ¥l ng
vessel contalined deionized (D) water equal he nmass of either feed

sol ut i cihgnwisg clegrly goptrdicted ey caextt i on and 4 kg HOAc feed sol ution vvoul d be

punped ugh the. S A he. recei VI vesse| contai 4 kg
of D v@&%ﬁ [%6%0?“ ?’Fﬁ‘boﬁ-ﬁﬁ?& St%'ﬁf}"% bsrﬁgt HP?V\AB% ré*??ée'H‘E'Leéét Bd""4n aig hed
by rreart&w@fcdneieg@gwbt &l conbigtng éés‘ehﬁéliy(m latgubge.aWher usBd REherordnipe anksthdine

suspen5| s, were first concen 4% sol i en diafiltered
o e e P & f g etk de Taraio a0 S B9 amis Y A e
gct ual s@@)’@ﬁﬂigr@d?éntdtii)t opediflea kumﬁltaaumsp@mremowaemdgioaéumurrge@b_seytuaugws 28
ryi ng. ulin stock sol utions. were a cgont ai ni ng ahout
k6 1 e Sored & o i SCHPd aRIcTAN: ST b6t (5 dp I CRETH o
wat er and sterlle filtered. The stock solution was filtered through a 0.22
mmfilter prior to use. Based on the solids content of the suspension, the
appropriate anount of stock solution yas added to the m xed suspension. The
resulting mcroparticle/insulin mxture was then adjusted froma pH of
about 3.6 to a pH of about 4.5 using an ammoni um hydroxi de sol ution. [0069]
The ntcropartlclellnsulln suspen5|on was then peIIetlzed (cryo granulated)

o o .




aerodynam c mcroparticle size distribution and is determ ned by testing
with the Andersen cascade inpactor. To obtain RF/fill values, cartridges
are fill esownton4lsissk powder and di scharged t hrough a MEPTONEEeip/08seal er at
30 L/mn. The powder collected on each inhaler stage is weighed and the
total powder collected is nornmalized to the total anmount filled in the
cartri p ted: 0 LOf the
|npactg$%?%%¢§%§L %ﬂgh%ﬁégﬁé%thgg%; frac(?@ﬁh%ﬁﬁﬂ@%gﬂggﬁﬂbaggéhﬁgg ed into
cart r i defessent]yon2xpreasly showibed @anilecableéd heibkP powders wit h accept abl e
aerodynanlc perfornance measured as RF/fill have been produced from FDKP

wi th ad0993lt | e Bythesmotes JvenarasEsereprmenav] brep myde EhRatans epftRiintiong

nor et hupli&hi¥ns HrosgHIKi¢ epstertation. h&¥en loP RS altdd ¢t eeledricablaRd Fﬁﬁ/ntédl .
[0072] The studies determ ned the trans isonmer content range with

benef i A&l 'C%'QP%GW?'E ngidghally incorpotaied Rusafewaes Indher BRYEN: be experi nent s
duct t te th fied
" comor B0MIcn: o utBbsfY B QR et hB S bl s aha Bl PR er ¢

conductheteit aralidtgrative ef theeriatipes tof thefprasmt ml’enndTe @mponioﬁrﬂcattdnemmmnmy tions

CCompodiiat BBy S AT R Ihe Shode blei e ol shtlr pluel Al elbplauut FREFLG <o
about Sin@atiéd, taiuerrtduee rcenaftguramn*sexfmm ptegert ihaahtish atay be etil;zeelbmwbcdiﬁ%d‘da(]—l

solutlonﬂaﬁstad 28§“j§§cv mﬁf |t”%n ﬂuqﬁgh over .a ut 631?‘Q¥%§ The
react i ohTwhg RET A9 A0 i *°YE R NV HE ﬁa% 7' RESCehpl et e
and th&mstWhemddeB@ﬂxﬂane any unreacted solids. The f||trate was
acidified with acetic acid to a pH of about 5 and the resulting solids
isolated by filtration, washed with water and acetone, dried in a vacuum
oven, and anal yzed by HPLC to determne cis and trans isoner content.[0075]
Accordingly, five different solvent systens rangi ng from aqueous (Tabl e 4,
A) to organic (Table 4, E) were evaluated. In general, the data in Table 4
show t hat the solvent systemused in experinents A, B and C yi el ded FDKP

W th acceptable trans isomer content. Table 4. Affect of wate nethanol
Solvent Ratio in Step 5 on FDKP |Isoner Content [0076] ///.

Recrystal lization conditions [0077] FDKP can be recrystallized froma TFA
(solvent)/ GAA (anti-solvent) mxture (FIG 2; step 6). Controlled process
paranmeters were evaluated to characterize this recrystallization process
and its effects on FDKP i soner contents. In general, recrystallization
reactions with high yield also gave FDKP with a desired trans isomner
content. Low yielding recrystallization reactions resulted in elevated
trans isomer content, because the cis isoner has greater solubility in the
recrystallization solvent system [0078] A reactor was charged with crude
FDKP (about 75g) and TFA (about 250 m.) and stirring was initiated. The
suspensi on was heated to reflux (about 800C to about 85C) and held for
about 10 m nutes or until all solids were dissolved. The m xture was cool ed
to bel ow about 600C. d acial acetic acid (about 375 m.) was added to the
solution. The m xture was cool ed and held for a m ni mum of about 6 hours at
about 100C to about 20C. The precipitated product was filtered and washed
with GAA (3 X about 100 ml ), acetone (3 X about 100 m.) and water ( 1 X
about 100 m ). The product was dried at about 55C under vacuum (about 22
to about 25 in. Hg) for about 12 to about 18 hours. [0079] Initially, four
factors were tested including solvent quantity, anti-solvent quantity,
crystallization time and crystallization tenperature. A solvent quantity of
about 2.68 or about 3.34 m /g FDKP provided acceptable %trans isoner of
FDKP. At around 6.68 m . solvent/g FDKP, an unacceptably high trans isoner
content was produced. The anpbunt of antisolvent did not significantly
affect %trans FDKP i sonmer content at up to 5.0 ml _/g FDKP. Reducing
anti-solvent quantity fromthe control quantity substantially produced a %
trans FDKP above the desired range. [0080] In experinents with high product
yield, crystallization tinme did not significantly affect % trans FDKP

i soner content at up to about 6 or 24 hours. |somer content (% transisoner
of FDKP) fell outside the about 45 to about 65%range at the high (35C and
| ow (00C) crystallization tenperatures tested. [0081] Subsequent
experinments supported these findings. FIG 6 shows a surface depicting FDKP
i somer content, neasured as %trans FDKP, as a function of

sol vent:antisolvent ratio (TFA:GAA) apd crystallization tenperature. Over
the ranges tested in these experinments the values for %trans FDKP vari ed
from59-75% The data suggest that trans FDKP isomer is within the desired
range at a IOM/soIvent ratlo (0 43) and hlgh crystalllzatlon tenperatures

L PN~ P L o o —r— N T '



used was 20 nL. Retention tines of 3 1.7 and 33.3 mnutes (cis and trans
FDKP, respectively) were observed using the follow ng HPLC paraneters:

Col um: PBNeromere’ssLUNA Phenyl - Hexyl Particle Size: 3 mrCcCalsaomo/oksagyt h: 15
cm Colum Internal Dianeter: 3.0 nm Mbile Phase A: water/trifluoroacetic
acid, 1000:1 (v:v) Mobile Phase B: nethanol/tetrahydrofuran/trifluoroacetic

aci d, PaF99:k AiMEW %) I njection Volune: 20 nL Flow Rate: 0.3 nL per
m nut eq&un %QHC%L %5 mgh. Col um Tenperature: 30 3 0OC Sanple Tenperature: 8

3 0C Detector: UW Zaflapmuikebperazide IHOKP) &dmsbistidvh &mpriaiNg & arkasémiéVPLE 3
[0084] Georetric Particle Size Analysis of Emtted Formul ations by

Vol unetGonenielaboyt 26 iR 8PP 6Banet er (VMED) Characterizati on [0085] Laser
di ffraction of dr_P/ powder formyl ati ons emtted fromdry powder inhalers is
a common methodol BYy TEAPI 69BBOTON: ASGAPS P Zdaimd: I"\él\?é%/'” 1§ & 288 dPYRET at i on
subj ect@dtdn@isFrapP et 509 apettesdel ogy i ndi cates a neasure of geonetric
size rather than aerodynam c size as occurring in industry standard

i mv)\gcti on lrradI hOdOﬂr@grBKP I(Yrﬁbﬁ@tidnYa%édﬂ@in@et@hﬁ&éifﬁ q, &@rzaeeC}@Lsaﬁdwﬁraam ig(_ﬁrﬁdr
powder includes a vo tri istribution characterized by the nedian

parti clcé’”g‘?”gl?,frwu"%@%tpt Rt %’,i'georretri c sizes of the emtted particles

are discerned with hei ghtened resol uti as .co red to the aerod i C

ol Ses provi ded by ITRMCA G TGS (ERE SHCEPBRLeS, BB (B8 NS esul t
i n greajoafpokitisebf &igiad1.of i ndividual particles being delivered to the

pul monary tract. Thus, differences in inhaler de-aggloneration and ultinate
performance xan RDKRgIi@bpdrdcleeacdordingitd blathh #f whedeirosnid traindé B@&®@r content

experinments, inhalers were_tested with [aser diffraction at pressures
anal ogdﬁﬁo?‘&‘b%{]ﬂgg t?)ﬁ?‘?“éﬁ?/ﬁ' nspiratory capacities to determne the

ef fectivene of i nhal at.i on_systemto de-aggl onera owder

Formil at 1 ond. SpddiR B PYAH RS 2RviR it PalfS 4 e Giear . GABS Fpger content

di ket ops fremambione53tovalebcut8B%h an active insulin | oaded ingredi ent and

wi t hout. These powder formul ations possessed characteristic surface areas,
i soner ratiods, arfDKRamiitepantidies escorliagotot @daim 4, Tathke cémprigng aVMED carecth an
effici en(t:%/ of t,[he contai ner enptying during the testing. FDKP powders have
an appra& $¥%carr' s index of 50 and TI powder has an approximte Carr's

i ndex of 40., Tabl 0086] The data.in.Table_6 show an . inprovengent in
ponder de- adyl ottt SICPHPT e Far LA BRI 2o B8RSR LA TR e tone 1)
i nhal eris ay&ptda orlpré&tetnopi per azi ne formul ati ons with surface areas rangi ng
from14 - 56 nR/g denonstrated enptying efficiencies in excess of 85% and
VMGED | ess tHan 7 ROKR ansrop8ititidsantgardihgr touklatnn of)s wheese ssichgepiidd $o regr
ratio r L [ 45 - 66 %trans denonstrated i nproved performance over
the p_reegllraggr?r% %)é&%%. However, it is worth noting that even with the nore
erficiant Lo ereite RRIGLAANSS SORFARY 1d B8hEo MRS SRabrBAEN O ohdls
cartridge enptying Indicating a fa ecrease) I n aerodynanm C

per f or rmesutie, parathyenid hosaorer caloitdremtglaegant glu¢agom ik eephaey ésoxiintarhaigo,

her ei n'an"a?r%'icl or.#ﬁ&%ﬁérém%ﬁ%ﬁg%idtengo-rﬂg%l_o%or%{ﬁ emwth formnul ations

characterized w CesS 0 were shown to be inproved over

t he predicatg dewce : I - 1 oLt ey re
bel ow 7 m cr@hs. vlthgog]%]%ﬁi“gesss Ogtcﬂalé'bvxfg\gﬁ?rﬁ@i Q%t Be@B Irastl ‘ﬁg?l%nber%@lg&g)?g@gi ng
quant i tgreateothan Agreddieofithe nicropasticless such as nol ecul ar wei ght, reaction
conditions, and so forth used in the specification and clains are to be
under st ood a&. beiAdryrmouider eemprising theinrignopartieles bf/clained.t er m " about . "
Accordingly, unless indicated to the contrary, the numerical paraneters set
forth in thel3ol ldiympwsiseeonprisind iba nigrgparticlas kelaiol &i ns are appr oxi mati ons
t hat nmay var1y dependi ng upon the desired properties sought to be obtained
by the presert i rfvemtherh of Aeatinge apegngdorengstelateth @isegase 95 dgpPraart eamrrising | i mi t
t he appl4.Gatd 1T i qal t : SC - i s,
each nljl‘clr(rfenﬁﬁg:ﬂa(aﬁ gér) aéngtgrggﬁghodlﬁé g @%reﬁgés%‘@bg&g%er;sftemﬂgt@nQ(Prﬁgﬁm%?ﬁ?ﬁgla
nunber difeteripripziag (RPIGAI Miccepartidieeensrriping &y FENH Yansgisomndi seiitgntrad @haiihg
techni Q6510 Mt AL oL ndEng YRRl rda? 886 2isRBCL BAUSTEL ST S
setting forth the broad scope of the iInvention are approxi mations, the
nuneri cal values set forth in the specific exanples are reported as

preci sely as possible. Any nunerical value, however, inherently contains
certain errors necessarily resulting fromthe standard deviation found in
their respective testing nmeasurenents. [0088] The terns "a" and "an" and
"the" and simlar referents used in t?g context of describing the invention
(especially in the context of the followi ng clains) are to be construed to
cover both the singular and the plural, unless otherw se indicated herein
or clearlycontradicted by context. Recitation of ranges of values herein is
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as if it were individually recited herein. Al nethods described herein can
be performed in any suitable order unless otherw se indicated herein or

ot her wi sewol2earisy7ssont r adi ct ed by context. The use of amgTarsdoialoBs2exanpl es,
or exenplary | anguage (e.g. "such as") provided herein is intended nerely
to better illumnate the invention and does not pose a limtation on the
scope of thed nv i ersw chai : a i speci fircation
shoul d be cglr?ét rﬁ@% g‘gbtﬁ‘?]daléc%?ﬁ’é gﬁy%gﬁlryﬁg%ngg&gggﬁeﬁ?&@gge%t iqﬂla{d“ﬁ’o t he
pract i qarathyroldehormosat icalnitonirg (d9jagvheglusaganflike hieeptide rih, "axyritomaedline aclami ns i s

used tQIRANf 3AYUAbcriddHEssngXplicitly indicated to refer to alternatives
only or t alternatives are nmutual ly exclusive, although the disclosure

supports a gl | Nl feGhethBAbr SEHPI4 WiRrGfine Ald-BARAINEP o RBSe 1B Gles. [ 0090)
G oupi ngs of alternative el enments or enbodi ments of the 1nvention disclosed
herein are ngi o REHRNS G ARrdd-Rddl dABSle 1SS InGR QY RAFRIREHIONBK e
referred to and cl al rr@gq?fn I VI dualr(%ldfl or in an? conoi naﬁJon W th ot her
menber SrpPoweer GAINIBINGr ot her el enent s found herein. It is anticipated that
one or more menmbens ofe Ar@onn SRYFHR | ARG hlindlandBDRECHahE ABmer Or OUP
for reasons of conveni énce and/or patentability. Wien any such 1 nclusion or
del et i giontsneofapout 2% dpakoytib®¥ti on is herein deened to contain the group as
modi fied thus fuldi Il iqgohhe e FDPeRsmnbiR b QBuBdn Rhind Rb44IS BHAE Riths used
in the appended cl)ai rrv@.I [00(') 1] Preferred enbodi mgntns ofmg[\/%i S ?Evenﬁ*on are
descri bed heaneiPKP salgtierdi ng t he best node known to the inventors for
carrying out the dynven i @fing XsokPHh S€a v¥iafilb akigogsy on those preferred

enbodi ments wil | dtgeco%_ _apB%reSr?t to t%gselq% ofdinary skill in the art upon
readi ng the foredbi ng naigserthetsiobonsT kagethey dmteohige-speart ixekitd Peagluge tspislans t o

enmpl oy iddpaMdlcsdt 5%U§pé’1§ioﬂppr opriate, and the inventors intend for the
i nvention to be practiced otherw se than specifically described herein.

Accor di ngly,1gt hi Sreni@fHddosr LR YeeSurdek d&ﬁﬁiri@i‘n@%ét&ﬂﬁniﬁ@%@q}é'ng%&ﬂérs of
the subject nmatter recited in the clains appended hereto as permtted by
appl i caontent alihe BKEover, any conbi nation of the above-described el enents
in all possible variations thereof is enconpassed by the invention unless
ot herwi se i nd caté¥ Rethedrfgiaig: herwhereincthe #i¢R ot epleraiaingt ba tFRpsdepnext .
[0092] cenemi Bftﬁe?ﬂik@%%ﬁé&néﬁj'&%ﬁ%@p#&%é@bmqm@)&hﬁnd‘t . limted in the

r .
clainms using consisting of or consisSting essentially g?b?anguage. When used
in the claing, Wiahaethdd of claffl 197 furtldesomisisiRRBCHESHid nlidBpdrti@dBs With@n term
"consisting of" excludes any el enent, step, or ingredient not specified in
t he cl SOHHION PABPHFIBHAU DN t erm "consisting essentially of" limts the
scope of a claimto the specified materials or steps and those that do not
mat eri al | yaf4lect theemethed of dain hoveereim e e s ai srdoprineheiainfent s of the
i nvention so_ clained are inherent]ly or expressly described and enabl ed

herein. [0098} FUrEn@FRoAer %We?bd’%h‘?f%‘f"etﬁ%r?é'é% I ASFtEAE hYMeatent s
and prigalceenipugilésgahi @Uf@agtohflmél@B?we 1, lixgntsmeailin, epdh afalodracdai®frughe above
cited references and printed publications are herein individually

i ncor por at ep3py refetRAGEr $yntHdaRing Laikétopib¥razin@®R¢dingRUrdndesomértcohtent 6f be
under Stﬁi{%d %gl?t the enpodi nents of the invention disclosed herein are

i |1 ust raopleP a0 ?wtgﬁ/orfa”m@g‘gof the present invention. O her

Thus, by way of anp|EPOBIEE SOP Fi LGRS 0o BAHERT e LB GOR 4 | ons
of the \tes@rtiblewsient e bayic pie; aid | i zed in accordance with the teachings

herein. Accordingly, the present invention is not limted to that precisely
as shown and desa)i bedelM¥Eilikify ChéldWeRgigEradine A fursatydn diketommetsarj ne

(EEXP) GRS S0y B2 5 g e B P R0,

i somer contept is. from,ahout 50%1%o about 65%. 3. . The FDKP conposjtion
hocordi ng. t Gl ar oL TeRE o FRnr s WPERD 8 ale ik SO e S oI B0 53v6
t 0 abouttr&3frofdran Faloeany| atd kedtopirifzer azi ne (FDKP) microparticl es conpri sing
the FDKP conposition of claiml1l. 5. FDKP microparticles according to claim
4, wherein 25.d tTrenmatismirel domt @t wherdin ahe addoatol 58 %methaadlp uthamb%o o6.
FDKP m.cropartjcles according to claim4, wherein said trans isoner content
is froMAbRA"53%t o about 63% 7. FDKP m croparticles according to claim
4, further conprising a drug or an active agent. 8. FDKP m croparticles
according to claim7, wherein said drug or active agent is a peptide or
protein. 9. FDKP mcroparticles according to claim8, wherein said peptide
is an endocrine hornmone. 10. FDKP m croparticles according to claim9,
wherein said endocrine hornone is insulin, parathyroid hornmone, calcitonin,
gl ucagon, glucagon-1like peptide 1, oxyntonodulin, an anal og or active

a A N - .



greater than 0.01 wt% of the mcroparticles. 12. A dry powder conpri sing

the mcroparticles of claim4. 13. A dry powder conprising the

m cr opar twol2en/afi7ssl aim 7. 14. A nethod of treating an eoaaszemwmsset at ed

di sease or disorder conprising admnistering to a person in need thereof a

dry powder fornulation conprising fumaryl diketopiperazi ne (FDKP)

m croparticl C risi - r i ent %t 0

about 65% an 'anolgﬂr%dﬂgglr@ﬁe&%(l)drfﬂ%é%%%gg'ﬁée)Wfé('gheﬁ](raggst HS%%I teg?rgaeg%ﬁebi)/grﬂo

di sor deandiag froime!: frist desdit 8f1. ¢l ai m 14, wherein the endocrine hornone is

insulin, parathyroid hornone, calcitonin, glucagon, glucagon-like peptide

1, oxynt onodili n,Thermathodwaklagn @b, aher eonarisinonide stemeideterténing e manshod of

Clai”‘%&mn&ﬂ%ﬁﬁ%?oﬁhgdﬁ@ﬂgﬁﬁﬁﬁﬁﬁielated di sease is diabetes. 17. A nethod
Ita

of making mcroparticles e for pulnmonary adm nistration as a dry
powder conprdesi ngg t i Zi - : Vi ans
i soner qontéﬁ§.o?”§@§8§$§ %?Fg%a Q&?@ggaﬁﬁb§?%?g@gﬁgﬁgdé?ﬁgﬂggﬁﬁmgé%%ound
i n a solikate-gif-bistN-1¢-aminakuty)piperagng. orharein HFpraelestidirerothe gioupreonsisingg a
solutiqgﬂgﬁ%?ngg&ﬂ'Jﬁ%| jé%dsﬁmgwﬂ) m xi ng the solutions together in a

ar

hi gh- she xer to produce sald mcroparticles in a suspension. 18. The
met hod of ¢l M Yo hehbBSE SGATRS! hdieindRé ABIBIREARSS DisiRelkSiBls¢ont ent
of the FDKP. 19. The nethod of claim 18, wherein the step of determning

t he tr dH@anysémerinetuipiperagina he FDKP i s perforned using hi gh pressure

| i quid chromat ography. 20. The nethod of claim 17, further conprising

m xi ng sai d 3% cr ogier etedsof\glaim 23, seheieindhe deagion gnirlyire, id thegrecyysiallizinge

met hod @dp Glha|dford fem%feab,%umﬁo%léggite_%t&rﬂha%miﬁ&mrgne hormone.  22. The

met hod of claim2 1, wherein the drug is insulin, parathyroid hornone,

cal citonin, glucagon, glucagon-like peptide 1, oxyntonodulin, or an anal og
of said drug. 23. A nethod for synthesizing a di ketopi perazi ne having a
trans i somer content of about 45%to about 65% conprising: a) saponifying
an ester of a diketopiperazine in a mxture of water and a water-m scible
solvent at a basic pH, and b) recrystallizing the diketopiperazine in a
reaction mxture conprising trifluoroacetic acid and glacial acid at a
resultant ratio ranging fromabout 0.4 to about 0.7. 24. The method of
claim 23, wherein the water-m scible solvent is an al cohol,

tetrahydrof uran, dioxane, and acetonitrile. 25. The nethod of claim 24,
wherein the al cohol is nethanol, ethanol, or isopropanol.26. The nethod of
claim 25, wherein the methanol is in a watepnmethanol ratio ranging from 1:
1 to about 3:1 . 27. The nmethod of claim 23, further conprising the step of
determning the trans isoner content of the di ketopiperazine. 28. The

nmet hod of claim 23, wherein the diketopiperazine is of the fornula 2, 5-

di ket 0- 3, 6- bi s(N- X- 4- am nobut yl ) pi perazi ne, wherein X is selected fromthe
group consisting of fumaryl, succinyl, maleyl, and glutaryl. 29. The nethod
of claim 23, wherein the di ketopi perazine is 2,5-di keto-3, 6-bi s(Nf umaryl -
4- am nobut yl ) pi perazi ne. 30. The nethod of claim 23, wherein the reaction
m xture in the recrystallizing step is held for a period of about 4 hours
or greater than 4 hours.

26



