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METHOD OF MAKI NG ELECTRET ARTI CLES BASED ONZETA
POTENTI AL [ 0001] The present invention pertains to a
woewdret7bod of charging polyneric el ectret artPCI/8S2009/043144

The nethod i nvol ves using an aqueous liquid that has a

conductivity and pH where both are selected as a

function of the zeta potential of the article.

BACKGROUNDPQQOOZ#gglectret articles - ggat i S

di el ect r ROTAREPAISCKEEH S BINERLINEfE OPENING

quasi permanent el ectric charge - are known to exhi bit

good filtration properties. These articles have been

fashioned in a variety of constructions, but for air

filtration purposes, the articles commonly take the

form of a nonwoven polyneric fibrous web. An exanple

of such a prod i ' ﬁ?ﬁﬁ d furnace

filter sold byq§%%k§§$?§ﬁ%g?§. %&gggﬁk%glyneric
Fieldedfahé eenddd t ers al so have been used in persona

reégiratory protection devices - see, for exanple,.

U. She pgsenitiaventignas gaprally @ecipd tawapimupiue dischyspaeifisglly reverse

. al , 6 . , .
R e R e R S
a rec6$3anges ANM3NGE S rhétdagibhll hilinOdpeifinNORMBYEMee fefoved from the

capture particles that are suspended in a fluid that

bulgeskpasben efthe dign witheutadisringeradisiopiinatbn supstrntighhy ewfqrp metallic grain
ont ai.ns_fi;ber t nprise dielectric - that is,
ﬂnmﬁ%%8@%@6%??6§ﬁ§aggﬁiﬁ%§§2 A variety of techniques have
been devel oped over the years for producing el ectret
articles. [0004] Early work relating to
Desceiptien pf balPripr difar gi ng pol yner foils is described by
P, ST SRl AL SRRt Gding a e
wealdBRlrecdSbiScotent in oRdhcd 8f thPeke biige 1972]inesdif hehlhess or score lines
Chargi ng of Polynmer Foils Using Liquid Contacts, Al J
have gepxp@iy beppivgss scawy e g girguipietspéipl lngrdwealonasdiaspigtin e concave face

or 0 - BAES PR GTds RILRLIRLREIYAERS, ALYEE! topes
upondRPdr2d WHERH 8 Nind-FoRAUAdsk Rebebd dfinthgt thabp&ng 86 St the disc upon
foil surface. [0005] An early-known techni que for

seveinek oh @eadipglamrﬁh@ leleeftweakngys e¢dss.ondulkzed mijeswill reverse but not

e S e S T el AL s, e

line & Wb GHMalGhRIRY cBAftUows Bfe, a8ud fB¥entias HRidJeOFAthat prevents
die orifice. The fibers are created using a

fragiiengdtiondfoh pepitrap eeed she dise npomreyerselaandodpeging, Avkioshscored disc
is blo t high velpcity next to.the die.orifice, .

formefoya g it e ot Breli it eyl of sl i BB Gagmentation

of the PERIR SRéundefdnBl JcoRefinesTHAIROTPAHER sIBclprBleR¥A in low pressure
fibers accunmul ate randomy on a collector to create

applititent bbeaussofshe b gee bpevehg prEbentqatpeniseveeing iobths difeaiong the arcuate
filtering efficjency can bei nproved by a factor of two

S““%ﬁ“%@ﬁ%”%ﬁ%ﬁI Héaﬁﬁs§fﬁP8 fiSfi bers are .
el eatd b GalakYess RaredRebrd fard thled fdiARN PRy erkORBL Bl s by a metal
el ectret webs al so have been produced by corona

scoripatigyi ung. ofUa SasePahanerod¢b883r687 i thd dms.eorby adhemidabretching or

examl e, shows a fibrou b that is.continygus f ed
eleCtTOﬂi’PgEﬁg OBy e dPed ?léletﬁi‘jgke?Fé‘ R il ‘ggfl‘f-i %\ﬁeqf these past reverse
actingd&li%eﬁﬁyet ?r&&ﬁe@%r&éso_ﬁ}éﬁf ﬁ%ﬁu@étuﬁn% difficulties, or haye experienced

ubstantially-closed dielectric foil. The corona is

opergiondiumeblefus amvaidvisghphaitipageessour ce that is connected

to oppositely-charged thin tungsten w res. Another

hi gh-vol tage techni que for inparting an electrostatic

charge to a nonwoven web is described in U S. Patent.

4,592,815 to Nakao. In this charging process, the web

is brought into tight contact with a snoot h-surfaced

ground el ectrode. [0007] Fibrous electret webs al so

may be produced from polyner filnms or foils, as
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a stream of water droplets are inpinged onto a
nonwoven web that contains nonconductive mcrofibers
W 0001¢576€@ t he el ectric charge. Subjecting theP@EDS1009/043144
an air corona discharge treatnent before the
hydr ochar gi ng operation can further enhance chargi ng.
The resulting charge provides filtration-enhancing

D SRR kRS B A1 e

dens?fg df §ie Tneld a@tﬁg sdde ARG alid (A alg ndun%aféio% IYn%?foﬂ@eAd With a metal
sley et al., for other nethods ngwat er

scoripg @lthuic evark datdeatd duririgcthe Scorh:kgrmﬁmaesq ususpat@asihg thftl bjlﬁtleness of the

meta‘i glgie%ga\é}%ggg%zéafesd é[l h,g @g;?tggggstafgh %{q? s ét%gg %qentes ?%tﬁ)lg %e?asl limit the
" I

selvx’gfi gge[}g gt%e%gﬁk%rh?rg%cge 1 e¥ ?’of{fgtl Lﬁ% dé@ﬁﬁlg@?%frr%@ LO¥6Hon. Metal scoring

depthiseeisirahfoe shidsfaditbry- dpeﬁihoﬁ@mfsmhcﬁy altexcthe @agmadﬁulggd dome strength

melt ocessable fl uorochem cal additive such as a
makmg i &wgﬁ? prdich e spssHicHdimately efygrdde neyredhe rupture disc during

a I
v AFFETE RSl RO HMORAA S AR KR, R4 MO it o
prodadfeta Ieivass axingfooiged xapiptealisdhaSingRedcordNise. fofm&Pwith23caid die that
26 to Crater et al. and U S Pat. Nos. 5,41
will '10% ?eerawépa@ywé wistapd niiple suacegve pressure cycles.
r e
PRSP R okl R RERSRRl S e oo i e
beanprideesgbpgsatzdiads h¢t@iﬁ@veﬁ|&aﬁnr&ﬁ¢ia1%8ﬁdsﬂa&of}dbﬁa htﬁlﬁbérlob&faSOns The
in the electret webh-see also U S. Pat

reflegtyyitpef theangial@pakss it diffcybigicontsel tl@qpegetﬁqgop_oﬁﬁ@é)ég@ ilfﬁg the thickness
of thg??ﬁ%ﬂ? gld tuzrlégf fo@ﬁta%gqo% e r5§\¢e osfu% 5 Eié" \fﬁalﬁ n&t%l of%he intended

e 1n an a

11ne-6ﬁ%ﬂtrﬁ§s &césisuq)“ﬁttﬁﬁ'nfc@ﬂtl@defﬁ ﬁ@nﬁé&ﬁﬂy@f@a‘@eﬂﬁ kﬂl’ﬂn tHeediéc, oxidize the
gas and then applglng an el ectrical discharge to

mateprplggniychapge the pfead Birghekhihs tnitf*}aloﬂ)w%élabmlg)lmif pEwaalmiesd burned by a

laser 1;1:396 %(l:e%citolil & % bg Iuﬁ%aafa%% rrary ]é%t%ggl% n(?,ngxz ?ro oéqe ﬁfeglgﬁ%mt of unreliable

suc as an cor

openfﬂgbl af teqaiiéDOpreHRCRES \Ga&kb%e&tfals@ﬂakfﬁg uAH& E’fabIeQ:lybl@Q
present on the surface of the polyneric artic The

f | esnigal eehipe P§ Aevptoreatiss bavingrayedrecns¢deresist bt gefining a line of

wea RS s B0 eneb e EATR D for 48 [HFESREPRIBoP ang fgipribed in U
Paterﬂme$322,59ﬂe§m,mg 41669 &20.Hraer, 83 1 3d. SheRak&MeSin the *595 patent
6, 397, 458, 6,398,847, 6,409, 806, 6,432,175, 6,562,1

suggdsps scgeeg GO ot aicsisengegalzsya fay rumh@svis_wme the Saﬂeen has openings
ectr e &8 t at ave fl yorosat,ur

prese i b bl BELE AR 1 R Bt e SRR 8 PG g sotuion

is sp@fed&into tha Bfdc R R 4 18ie FrichEde@Scdif@le VA tie elr@eW)f the disc unprotected
uorosaturation rati o, in conj unction with

by thhé@%ﬂda@tm T@ mieteb surfred of theUlis: mpteriahis spnRavhap gfegubr and not
hat . di.scl

perfeb | PPk tognF SRR e el Bl 1 Pafiganith vally strucure
betw&orthde@inb, TheréRBe,4fn a8 adiittPIra @m%él%,pll%a to t@e 9681ce9Bihe metal,
4,557,945, 4,508,781, and 4, 264, Publ i cati ons
that ag@nz@@snotlmsn@ormly s UBe 20020e0 TH86@tal Instead, the etchant is more
I nter 012

aeerqraE s Ty R R B R DB Hees R of the metal

grainPO¥he SR 'a%ﬁlt Qbniafle8Gh HRLVaNEy céxhﬁ’es i lB@l‘ie?/e@ ko B&%nfl& Rete rapidly
webs - see U. S Patent 5,780,153 Chou et .

erodefthpmetal artbe malthy atqa@ﬁparnpaxpd Wﬂhﬁhe mmundlagpealgesas ﬁ the grains, but
copol ymer of ethylene, 5 to 25 wei ght percent of
(meth)acrylic acid, and optionally, though |ess
preferably, up to 40 wei ght percent of an al kyl
(met h)acryl at e whose al kyl groups have from1l to 8
carbon atons. Five to 70% of the acid groups are
neutralized with a metal ion, particularly an ion of
zi nc, sodlun1 I|th|un1 or nagne3|un] or a m xt ure of

______ — o o a o — . A NN N
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[0014] O her Japanese publications that disclose

nmet hods for producing electret articles include 2002-1
wazm?84872002-1 15 177A, 2003-013359, 2004- 6602PCT/US2009/043144

2004- 66027, and 2004-195357. [0015] For a brief survey

of the ion chem stry at theé{nterfaces and of how ions

may be transferred, facilitated by adsorbed water to

produce el ectrets, see Carty apnd Wi tesides, .
to alsp RSP BRE STHGS aﬂaxeﬁ&e%et {eax%ggfi\eﬂ%ﬁ% BOCrs togpxaggerate the
rougrab L5 {RE BRial %&&CWitﬁltﬁ&ﬁ{g&éé Sl of ﬁlgﬁ%]éh&%ﬁgiﬁé $vith time of
47 ANGW CHEM I NT. 2-22 (2008); see aﬁso Carty et
exposire pf thometal B detatdtast agehe ckhreospiatd discSteae giangfactured from materials

thet 3 IRy RIS BEeS 5O SB (206 S AN B Bpstalfoy-C, and
- i t: ter .
MOI\@)&(1 A gcyﬁfﬁﬁenc%ﬁ%&%ﬁﬂ&pgﬁ%h% 635&915‘{9@%‘?%8!0? 1 n%%t?ﬁ%%aterlals to an

rged?, Al recei ept e ,

etchaRO&7] rdGuDSSARNMhE @a:h6jt dgant einaindiaconeot with @@lst}face of the metal for

"agueous" _neans that the aqueous |iquid, contains at .
extenri@ggﬁr% 8htma goeTa tererftf@ w%vaﬁgeovF@mwlee@as iR 25 gP-90% of
the tHQBLS FiRGhetall W%X&géleﬁﬁﬁe%été@ﬂ isa(§;.0(')4§in.s{h‘§'t¥k(,j Subias 0.0036 in.

pat ent term nol ogy, I'ng an open-ended termthat is
must @e erdadl Hyrisgy the rycimingspraedsh " i ncl udes”, "havi ng", or

"“contai ning" .. Although "conprises", "includes", )

" HevAdHYon, dm@rdes datasromplieh watpnghli efirisRs ctorionedt theseecorrosion
rsis ol MR o B RS i P ond B Gk PO R B of et
Thus, ©dififsiehit scidisgaitiiatdgyired forwhtichr the vari@smetalge Mhe Bpdlic material

termin that it excludes_only those things or elenents
used foRanUieRivE apiiculer gaptarecdisconast bepalseted o mp@ the specifications of the

-perfo I r e t ' | i
o ORERLINGS 8l A FhREhhe BLLHBIR L RHEL Ml et when
an etGHilS p@ReRSs akydl tbtiyrrh @ line i swakne8b GCEdriddidnyresib@i2@$c material, the
"electric charge"” neans that there is charge

manuaehigpiphpdld haygyailgble ametphanpgeentibaiismasteReetitsdy araaing that specific
I subst ance, represented by "H' where H =
COHO%Ogﬂ%%#%%g%gﬁU is the internal energy, p is the

presspient Apslicitions Publécaioh Q0es/023 Al aldeloskl fdrfind€ laser defined,
internal energy of a system plus the product of

clectrgpelished bnefdveplsnassin a eyerpaaching Fiphige disp. A regpaiedinclpak is first pre-
[ I - : t nst ant
bulgels,ffélgag ﬁ;ﬁ g;eé, ?}B{l) E@ffﬁ?@ﬁ?{% \?%lgyga#rgoftr&?stt %}r%lge%rfsaw ﬁtlas(élo 1% Els%ﬂg remove

epro on” “mea
at Ieaﬁﬁfpbﬁioﬁ)ﬁf {(Ho14ydpo{ rE a6 uhAt€eh] b rdspHRULY @ aleSitddinet TV éhkness recess
nmol ecul e; [0023] "fibrous" neans possessing fibers and

in thapreasivsl fpcanfiibe bilged amtwadise. [1hgziife is theprsybiscieoewtelastropolishing
operaﬁ@ﬁ it%?cfngor{ié %ﬁt\lpgortnr%ﬁé la%gfn%r%é Big{elrr?etﬁli%fil?% éfle%alt&ro%ﬁning a lustrous

Si - pernune
polisheldi el wdRAS rddass intiRd @isOf TIBtdcBRiqhehMwaB e sAcEPhdtle RBElts when
a gas; [0026] "nonconductive" neans possessing a _
used ipotamrectioasyigh relativglyothim lyoatl-digngiar dises dhowevegrasdhe thigkness and

diameé?r? tee %%?rte%%g t]$e§%ecg%)pgli§$1?%tg%m1jc2§%%cgcrg)lnﬁsgaelgspssatt?active means
of for&AAS tHetliHe&I wealBesd redek R Blisca 6Pl it thiSRSHREHAY géherally require
means ot her than weaving; [0028] "N substituted am no
longentlgetariotishing simss anowenivachicver mepssthaainghbsdasited tlepth. The longer
three. fused rings, .e.g. benze napht hal ene,
ctectrpIE5inad TG alsorpag i 9 B Ey B u i Phha P Ea g frgess becomes
too wilébk 'rédé&sﬁﬁayaﬁéc??@togdfwéﬂth@fbuish Breb R of RJLRRL M Bl in a loss
group Rl is hydrogen, alkyl havingl to 20 carbons, an
of confra}loverahe dige’s openiBg chargeetisigs. may be connected or
fused, a heteroal kyl having 1 to 20 carbon atons or a
substituted al kyl having 1 to 20 carbon atons, and the
group R2 is hydrogen, alkyl having 1 to 20 carbons, an
aryl having 1 to 5 rings that may be connected or
fused, a heteroal kyl having 1 to 20 carbons, or a
substituted al kyl having 1 to 20 carbon atons. [0029]
"pH' nmeans a neasure of the acidity or alkalinity

____________ S N
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[0032] "polyneric fiber-formng material" neans a

conposition that contains a polyner, or that contains
worenwois7e0 capabl e of produci ng a pol ynmer, and pOBBEs10NY043144

contains other ingredients, and that is capable of

being fornmed into solid fibers; [0033] "proton

affinity" or "PA" neans the hegative of the ent hal py

change when a pr ecule in
kil ocal ori es pergﬁgﬁgﬁéﬁgé&aﬁgﬁ?N%ﬁﬁﬁggﬁl ‘quality
f ae Rk em¥B@RRent HEhE PalstdiindARLRh&E idsbee Q%tdll@c reverse acting

accordance with the Quality Factor Test set fort
ruptuoe e, cofPAisp 4' uiged pperondreitg’ opppssiiscdritate b convex faces and a

cirouEs ISR e GO TG T 2D GREedErtih S Gatg pordon senerally
0,

BTGRP B B PO 0l O i s

comyr368H§ingviat drinetaad hadP@ptlatidt §:0aR1E]frohz eha@ofiibt esricaed dnd convex

means_the el ectrjcal potential difference . k. a. .
facesgpwaidlploved e %B%ré#ttﬁg Fyncgye 2@? BPIEFR 4555 ¢ (T?ﬁ PRigRd portion of the

USRI S e W A oG
I Nveanbihen ePpdodiaiens of thegprewent imeeitng, dfere‘m;lq:irngdetha metallic, reverse

electret article. The nethod conpri ses: provi di ng
acting rypipng giseicemprising pduigsdperiondieyus: Opaﬁ%fd(ceycade ﬁﬂ%e@rwﬁg faces and

oo DR PRI 964 5L ol DDLCOREET ML T, SHER o e

compr fsest aifop2hinig@tea hlaalslg at leadt anmteﬁmhioally ffrmlke@ §ige-bhapenig fecess. The
millivolts (nV), then the contacting water has a
openggaEdeenypiyhase sybuntialy peife: lro@eta}hcar%ﬁfé%vr@ tfﬁé\dghout The line-

of-op%ﬁﬂl% 55%5%6 og{ﬂaﬂrsgg é}1 r%ge%gﬂ% I egme %ngutr Bf'ﬂ)agedat ggs intersecting

one of fi’RRonchve aﬂdbon&&éﬁcé&&dﬂiﬁdrﬁﬂ‘girﬂ goﬂb&tu@’aslffl gispidg away from the edges
conductivity of about 5 to 500 m_croSi enens per

towagse ﬁtsniré@ e@eepw&t drodyg/ @fngh eaﬁumae pHTBE linew-opeaige regess is created by

mech%ltca remov n)%t%%%glrffo%gth% %hér;ﬁ%é/ree( Mﬂ%&t a{s}’%ﬁlﬂg egplé%%ﬁfahy uniform

ass| Ve
metaflﬁ%ﬁ@h stth@uicnireid teviinlBi Eﬁl‘ﬂioﬁ bOWHedpeniag Ay, r eci pe for
maki ng an electret, which if followed, enables

i ko YU o thier pmépdlmnb@f sy prigpRIG iR VSNEEN.SlBBTEay droYided a method of
r et art c es adapt e

form ntgvaeh{l% P]g e tah%?taflpnéqrss\ljsérﬁe s ip (96%’?(%@' f ethod generally

comﬁgemme% Bbﬁ:silﬁ‘@ rdd RO YFecRRbARBLRY a gtbaéuré Yelfe"ﬂ?)bﬁfon conﬁgured to
can be achi eved when charging the article with

rupﬂmm@@e@ugon Eixqgme torreredesergdnasioverbressuti goredition and a circumscribing
conducti vi

fang G0 3l B G SRR L ptif e o b £ Pronygg an opening

area ﬁrvﬂﬁél{‘th@ﬁﬁé Bf- bﬁerﬁ@‘)@c@@ ¢ ferh ¥R TRY of ém@ﬁé@ﬁz@@%ﬁbﬁzﬁmlally uniform
also play a roll when certalin additives are

metau@egtaunrstm@lr@duquub MNeKE rthalmettlmit caeprpics seeshartieally removing a

art roved f erformance
port FahF Bl it A ETRec o oty bl PP iaes ¢ portion of
metaPB §8ded RitBEIR BYEpERELHSANBtARENIG inebrrh inhdtA18E ioffin siNicture of the
enhanced charge | evel or a nore optinmm charge
remagtiing metaliod e openingerepesul ting el ectret article may be
responsi bl e for the enhanced performance. BRI EF
DESCRI PTI ON OF THE DRA WNGS [0040] FIG 1 is a front
perspective view of a disposable respiratory mask 10
that may use electret filter nedia of the present
invention. [0041] FIG 2 is a cross-section of the
mask body 12 illustrated in FIG 1, showing a fibrous
el ectret filter layer 20. [0042] FIG 3 is a
perspective view of a respiratory mask 24 that has a
filter cartridge 28 that may include electret filter
nmedi a of the present invention. [0043] FIG 4 is an
illustration of a non-fibrous electret article 40 that
nmay be used |n connectlon mnth the present. |nvent|on

1 o~ S oy Y s
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m croSi enens/cmand a pH of 7 or less. And if the zeta
potential is less than or equal to - 7.5 mllivolts,

w0 ban/1#8160 aqueous |iquid will have a conducti vPCTUS005043144
to 9,000 mcroSienens/cmand a pH greater than 7. If
the polyneric article contalgs an Nsubstituted am no
aromatic additive that has a’proton affinity greater

enthai py of _ddRbaRarREHor e adfie PraEiNGBout 555
) e AR i S R A2 i

of reo¢rsd asmganstuse diandueatdovddnye ofithShd refenb¥entiar,0S/ c m And

if_the polyneric article contains an N-substitut
ant 1802 redrgmeataagpipn viee Afithg metaksheet of Kich drpg Shﬁwmg in dashed lines

r
e RS DIRoS30p ARSNH pRBL Bherd bt
anBiga3 éangdtematd plyn ofewboflaali&, KKK fotédbbeithe dHeet material of Fig. 2;
desi red pH val ue and conductivity of the aqueous
| i g Hiseaphemeativsenseisedions! EprseRn{ation &F eRPagSeIPERTS I Eng arupture
disc Ellaﬁk J[h%f 0o, %‘ﬂe%&@ﬁ %c%lt %dr rf'(grn{ﬁg?ﬁ f’flﬁgntgtnc% in one ﬁurface of the blank;
ncen on of vari che spec
vvaFlgr 5 1sE®1br120£r&ﬁlIIHr@Ss sbetidmal ¥iew pdiea @lﬁbsmﬂdﬂlﬁ@n t\hb liyte 85 A Fig. 4 and
sodlun1hydrOX|de (NaOH) aqueous solution may be
look @%é@@@ﬂ@inHbﬁﬁé@@ﬁﬂEVJé@%@ﬁ@”ﬁnre sodlun1hydrOX|de
( %ﬁeﬁé%bclagsoﬂoﬂc?{gﬁalf ?rap%seﬁ&ggﬁ %& ltl‘fe @% 1ng steR dlsmg the
fixtutd ﬁlu@t@aﬁ&ﬂﬁﬂﬂlgl 4 yndowhidb adsults I et 1Wgto|ﬂ df b&uﬁtﬁﬁb diboblank being
of acetic acid into the water. The pH of the aqueous
deflecieqdican thgrimajs brépef bemlanknt while the conductivity can
Egg&g %i’?tg%?lﬁa%q?p dmegt sccgﬁ i nllegl%ggn\’;%t} tniyor%‘?l{etphsfg %h%o sc having

an in@éntB@sHohzht B Ldn e %ﬁfaﬂl? ‘Bufg@@ Ednvek @ﬁrf&i!érd)@tl@tdlééllﬂ%k produced by
control. In a continuous grocess pH and conductivity

the defigction meta@drveluclwm fqmp@@ ¥ yhet dpfleetianepstid ti me

peri o artl larly e. onsgt of ..new

ke 8RRt Bt Blonsl FieSiakln (hoRaHe3P¥ 5K T, g and looking
domﬁlvaﬁ“@Iyrﬁtth@dﬁdcﬁbﬁéf&B%bﬂo% good perform ng el ectret

articles to be prepared, whi ch performance may be

pakigi 2 s spschgmpémespsscieationfad repa@St:thU@SOﬁthgﬁX@r@awgwnunm Fig. 4 and

fi It t t
s T AR 68 BT AR BRI ot e
dmcﬁ;aﬁktﬁﬁalﬁﬁlﬁﬁgpﬁgr gheG@gef 1 gurations. The articles

be solid, porous, fibrous, etc. [ 0049] Fi brous
ar Fugcl (i a§¢h€m§1bb eroﬁsrseqmgeahrqrplmn@tlpn okthe figireasshpen in Fig. 6 with

f t echni. udi n
the R0l i Sl S bESERLT Foh Ui Aok it BhStied to the
%’ﬂﬁ@@@ﬂh@ R[S ARdiIRlote R ONL] Bﬁ%ﬁ%&ﬁf&ﬁe fille @S¢ and effect
eone descri bed Pn VaﬁﬁifpV%nt% §Lperf|ne her nmo I§?t|% ¢ ane et
returfrioh éhes pr eﬂ@uslmw&m@l\@gme@t—mom@mme helged @e¢tmnﬂ@p@r initial position

4364 of t.h I, R h L t
befoRgdgrisgon e RPN i P g G e op] gec o BF e disc
O ggni £idd Qﬁéﬁa@é/ cr¥8dlsetioN ¥ RASy 6f th@lﬁnalTlIS\ﬁgéd BEOHSwhich the initial
articles may be in web form nmade using conbinations

indemhtisrhieslee ¢eatrhliequasoizhe disohty brat irongl @ft dsuehiihalibetgng of the disc
M crofibers, particularly neltblown mcrofibers, are
bla'nlf)artlcularly suitable for use in fibrous webs that are
usegd BSiship Hnaﬁé)v ofthe YaRE] HRdc bR WAQE BB iwith the ironed out, initially
n1crof|ber means fibér(s) that have an effective
indemted paeiment of thaldoatbed depictedripttbe siradar daslsed liEfefect i ve
fi ber diameter can be cal cul ated using equation nunber
12 in Davies, CN. , The Separation of Airborne Dust
and Particles, INST. MECH ENGN., LONDON PRCC. |IB
(1952). For filtering applications, the mcrofibers
typically have an effective fiber dianeter of |ess
than 20 mcroneters, nore typically, about 1 to about
10 n1croneters Flbers nade fron1f|br|IIated films may

o o o - o o ~ ~ 2 . oa
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percent staple fibers are present, nore typically no
nore than about 70 wei ght percent. Oten, the

WO eovailggier of the fibers are mcrofibers. ExanpdEESmNI/043144
webs that contain staple fibers are disclosed in U S.
Patent 4,1 18,531 to Hauser. [0051] Active particulate
al so may be included in eIec@ret webs for various

pur poses, including sorbent pur poses, catalytic

puFigoktis an é}%]&f%?gﬁé?% -seqifogal rpgieaiatignes élemwrbofé%wuged section
of thﬂu{pﬂ}rg 8 sgtgfeld %@h@@m@%ﬁ%ﬂlﬁ@%ﬁgéﬁ%‘n ?r\?ae %%g? %t%caxﬁg%'f € initially
mdeﬂtétﬂtegh&ﬁt =@foptdf\iee bllg@ﬂfebtlels of ths déde thes hasbésnateehned to its original

carbon or alumna - i ncl.uded in the web to

positiosp s onERagRhvith \%ma?tgl %ﬁ}h@ Frpainipg peition Rt Sisdiigsdoetion:
hl% ?fsl's é grotg% 5%(%1%%1%&1@0 B%ga gé? gg ﬁfrealh{éxgé %g?s\gg(g}g‘%ﬁ in a pressure

reheﬁlﬁvtdeﬁisﬁrgb@dﬁdrtmomwechn@bs are described, for

exanple, in U S. Patents 3,971,373 to Braun, 4,100,324

t oFignkids g@WSS-QWogaILp@gtog(pphpga lag- Bf Wednesy rece[sg @gg]ed in a pressure

Y use in producing

reheﬁ? Ié’%:lct%%g kl?loé :gg[s? Ié%‘ao ﬁgnrg?éﬁg(%l astic organic

NOFig OTES Gl chreyss - sB@tEQtﬁEplﬁotog'Ebllﬁﬁ@f PlalcysespnRigec@ssneaed yn a pressure

capabl e of retalnln a high quantity of trapped charge
lfhﬁhhﬂuﬁﬂ%a@@ﬁkmp%“’ PisEEHBEBEYEd i nto fibers, such

a_melt - bl owi ng ra :
AT e 2 RS AT i
durir@ffotn@ioR O F ¥ il-o £ ORI &S5 8&es§ B thObul s ytioR s fRfrevei ®Acting rupture disc

pol ymers include pol yol efins, such as pol ypropyl ene,
in acpastignes witht thy praseigenteatien; blends or copolyners

Olﬁgla Lf? J n%ﬁas%?rgefl atrq{] gr%as? Eeocﬁlopr% Véew @fuﬁ%?ge n&(ﬁ syeﬁ%r%d Spass of a mechanical
mill & lf&%aﬁ@hﬁﬁi Tyd- @ﬂ'—’@penﬁig"t@d’es@@'th’@é&édd&ﬁ)rtlon of areverse acting rupture

perg | uor opol ymers, pol yvinylchlorides, polystyrenes,
dwcpﬂ&%@d&b@ﬁﬂﬂé@ﬁpﬁﬁﬁ@é@ﬁvﬁ@ne terephthalate ot her

p such as | ac d.co ario

ke Sk PP ResRRed R YOS R BRI AR B Rnanical mil
dunr%%ﬂﬁ'@lroﬁ oPBNnd6f-bi5c@eh 38 c RO M RERII Eed foR@s T dfAFEFeRE acting rupture disc

material or for producing other electret articles.
lnacpﬁdﬁﬁﬁVmﬁéhppkyﬁﬁﬂﬂﬁmapndcIes used to produce el ectret

IC%& con ection w.t f sent in enthn % o

ma@‘ %‘?f BRSSP va ¥18Wr95 é’ TR R s 6SC having

line- PR pLRYy r@&gpﬂﬁﬁeﬁ $n the 68alk fice Eﬁﬁﬁ%lg‘%d S8iod ok tEeQilsc the line-of-
Krueger and Dyrud and U. S. Patents 4,795,668, and

openmgfidﬂessmﬁng cutistantigléy Uaﬂhdpwhm@n‘oSS‘Fﬁélom fferent pol ymer
OO e, A SIS SAESIL ALY S pur i havig

line-&fF (?p'%hﬁr r&%ﬁ%ﬁ‘ﬁﬁ@i fh the cBhGOERRE BN he uRRE portidd JfiREdiSk, the line-of-

be arranged to forma ' nacroscoplcap
openhxgrre@psmb@ug Substsinfialia NMedhgpedainwedsstsé@dion] s made from

fi a each have.the s eral coppositi,on
| QAT BPaATC o 0 AR ER STRSNBFATG! TR AT A g gy the present
mvelﬁfbﬂtkﬁ'\fﬂlg% rﬂgd'hu?éd' lhﬁbckfeo;ﬁgﬁiﬂgtrbéfe%§ in 1BED8IgRH oA thérdESwherein the
i nclude thermal |y stabl'e organic triazine conpounds or
line- mm@angnsqesmmes@ts:mg@wmik}d?ﬁhammcgmﬁ@n&tlcwnt ain at

| east,__one nitroge ddition to thpse in the
t riigz3 4 arﬂqﬂb“e & @n@ adé‘?i‘ ag@FuFghse ascergegdhe present

t 10N
e R PR Eﬂmﬁ%?“d PRSoRaRk: Faumapugomled pori
therepfts of water is Chimassorb(tm 944 LF

(poly[[6-(I,],3,3,-tetranet hyl butyl)

am no] -s-triazine-2,4-diyl]

[[(2,2,6,6-tetranet hyl -4-piperidyl) imno]

hexanet hyl ene [ (2, 2, 6, 6-tetranet hyl - 4-pi peridyl)

imno]]), available from G ba Specialty Chem cal s,

Inc.. The additives may be N-substituted am no

aronatlc conpounds partlcularly tri-amno substltuted

o o o o M Y o
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[0055] Other additives include |ight stabilizers,
pri mary and secondary anti oxi dants, netal

walemet#sret or s, hi ndered ami nes, hindered phenoPGT/USZINY/§43144
acid nmetal salts, triester phosphites, phosphoric acid
salts, fluorine-containing Efnpounds, nmel am nes, and
the additives mentioned in U'S Provisional Pat ent

tion_.Serial No. 60/992 45, U._S. icatio
20 6 doGor gt Tats Sartiongl sievpgt éﬂten?o Sig s e disc

aclir?;hog{shg I%%Sg {I %:na\{‘tg I on %ﬁn§g%1§%gg&e%0gé?géi%%%r i%rmed in the
convth &ice obthicdiutped pdirtianvefshe disc;oe quenched after shaping a

heat ed nolten bl end of the polymer and add|t|ve -

f ol IBotweld ARFISRRFAERI ViFY kR EFVEWS Py ety disg gpserpllytipaccordance

£t article. Enhanced filtration performance

WHh%ﬂSﬁﬁgﬁéiﬁarted to the article by making the el ectret

I NFightGismaraploded see df.the cdiapadivhts tndkad; viPBe reveRRUBBEIANE rupture
et al. The electret articles also can be nade to have
disc ggsemalyl evel of extractabl e hydr ocarbon (<3.0 wei ght %

t Opi :

TP AR B OB LIRS R oy BRL S pthereverse
bucklBg Afphat disoasehblypseRigt 26 RiththicCitheasT opbliaf cRbrlRKisitle;e

accor di ng to t he method of the invention may have a

volf igm8 is@dilan Yigwtof apgtharembpdiment ofp syptyicehiceccendingde e present
: r tivit
mverﬁt](? %%%}@%h%}?e%gﬁr/n%a %g Jocessin t%é gﬁ}é ? ﬁé&&%ﬁhé}ggfj \!Vhereln the
line-$it (RhiieQESBs NG ovBliglired |s0 QﬁﬂtH@Qhé&Qﬁédéﬁ@dt RBGIhiidegoktions and upon
standardi zed test ASTM D 257-93. The pol yneric
Hm“ﬁ¢8eﬁﬁﬁd¢ﬁ¢@bﬁﬁﬁﬁ%%laI used to make electret articles
ulg g, 27 t | aI 1gw f%r eerresfnbo ﬁcth%% Rtggﬁe iS¢ ac%ording to the

ree frontco onen sesuch a I'Sta
preseidd ﬁ%ﬁtloﬂ\ha\ﬁﬂg a0RAh$ncelodb & - pdﬂt@ﬁﬁ@&ﬁletdf ﬁ)@ﬂnﬁg tréde§ds in the bulged
conductivity or otherwise interfere wwth the ability
portl@ﬁi therref evleseip dhe meessed do nad infeseqt atgind  hol d

stat ectr ts t hat _conpr
UER st P P sy SR b Byt PR TR Wi of a ine
of Wefa'kh&ﬁ fiat i e dbinYed\ @ Bpridtasi ded@ipehidhin®leciati@ud Wﬁh&ﬁ’ adversely
500 granms per square neter (g/nR), nore typical
affectibgihe bRt ¢harackyistjcnof a raveeselsgngrupairgdisc versustiee dralslstepefrthe dome
nit area filter web. The thickness of such
Orb%%ﬁ%ﬁ9%§ﬁ”ﬂgﬁ #¥i c fibrous web is typically about 0.25
to 20m I lineters (mm, nore preferably about 0.5 to 2
mm Multiple |ayers of fibrous electret webs are

conmdPEVAUSEY DES GRIPFHBNéPfeﬁHEtEREFH&REBIEMBOPIMENTt e

R RSS R ARSI D PR bR RIS of i

1nverf%ﬁh§£rﬁh§t&at5@ﬁi Figedd é‘tecﬁe Hheise! Isisc 45@/blyA0 ihdluddi® rupture disc 12
article. The inventive article can contain a genera |y

and aisifornrichdrgecdiedtthetotet i dhe tchmgmpf aughigr §ed assembly 10 are

prefe R0y ERRH ! SORPERRECE s ga] PG SHGosof i ofa number of

convérme%at wfssfdne&tlgﬁht ﬁ‘a%ia'l§iu%ﬁ ag%yalhessbg%&qi aﬁ@ysf Hatﬁney t:n MONEL
terlng masks that are a apted to cover a | east

INC(DMEE anldickelit Ruptireadise b kas.a de@@aul gedGectioni 16, asd maaramlar flange
| e of filteri f e, mask.10 th
portiGop SRl R Bescpestredirooch FRatiqry s ap JaaY theTnner periphery
of f1ABERENBR 198 tHeRkter HrcREPHAFEH o AGAREFiBGort 06 ¢ he present
i nvention. The generally cup- shaped body portion 12
may be nolded into a shape that fits over the nose and
nmout h of the wearer. The body portion 12 is porous so
that inhaled air can pass through it. The el ectret
filter mediumis disposed in the mask body 12
(typically over substantially the whole surface area)
to renove contanminants fromthe inhaled air. A
conformabl e nose clip 13 nay be placed on the mask
body to aSS|st in nalntalnlng a snug f|t over the

o o o — S o -
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Layer 18 can be an outer shaping | ayer, |ayer 20 may
be a filtration layer, and |ayer 22 nay be an inner

WG bapilegyed ayer. Shaping | ayers 18 and 22 suppoPCT/US2009/043144
filtration layer 20 and provideshape to mask body 12.
Al t hough the term "shapi ng Igyers is used in this
description shapi ng Iayers 1 so have other functions,

an out. | ayer. en be a
ﬁ%wﬂ%ﬁf@ SEEHBni® Sl irtus ol LBt sadbivalnsmel eear nvhich is
e S L1 . B350 5B s
Howbeaart it sovithin e ssepeeif tle md:sbhtayﬁmﬁpn assegitd Eitotbe oﬁb&téi‘dm the central
I n. some_enbodj nent's on

sired thlckn ss or m5|
axis @ﬁé‘ ﬁ }Oéll ]1 qr ﬁ?‘?é‘flp € §‘Jh%’ﬁ“ﬁlgn F%y%} The mefal qf aeedon %2 125513 an altered

gralgﬁ%gﬁgﬁﬁngg%tﬁVZ%}ﬁ ié%tgfly |1f69§th%zﬁﬁap|€lrﬁ€ﬂ?ayer S %ed section 16, and

has tgse thrnded by dxdemphe 1hemmavanswﬁleh 164, dad dfentrit@rding theatdedtation to its
| ayer., as shown in FIG Shapi_ng Iayer exanpl es are
initigh geitiphaa 1 BAEOREMY %}Wfaﬁ@ Ipaoéhlged gedionphy gmpmooth without any

&gm?igéﬁ?rg%rﬁ‘lgpﬁo%s Bg; Quqa.cé&% tg%‘t% fs%gﬁl?f% IH% s@éph gdf i?%%rg?eéhgx%@ntmn for

bulgécbseSk@N 16 1‘& tbdlmugidetﬁ héthold tutreg@bedf aestd patystsbamedépending upon
has a generallg round, cup-shaped
theP@BWPP@@H&FPBﬁlﬁFH@uﬂﬁ@Rdﬁﬁd@ sHighcthave ot her shapes -
%i@{lg%%gm@s%f E?Jop&ﬁt%td‘la&tl 2% nggg\%dg(f'\zntﬁg sejrﬁlp &i% cﬁcr t11me -of-opening
recesxs QY elfat (AN e bmdtsectwh(l‘bl of ﬁle&h&rfﬁlﬁiaﬁ’d Md(‘g@iﬁr@lﬂ}t &hSlemental with
contact with the wearer's face and/or to preclude
transgtiopezone 20.cvhis Hesrahimbigadtl filtration |ayers from |

OBk 9P35s 4 I A5 TR0 0580 Rulls B GOl e porion
18 ofaliptardtac 1AVEs & tfd s@éﬁ 0belet. 78 Siat bRl E@é&ﬁ‘ Emﬁdl&’fbo@y 30 presents
nol ded mask gggé - see, for exanple, U S. Patent

a tOOél Boxropotng & vaKeH aaqh slightlygmwanily toovabbulgeksastiomL6. A tongue 36 is
integ[‘acf%3 IzrledFl bod I”ld LAL SR C?&%ﬁdpyaaﬁ dr e%ﬁag&lgiovgar&%y{gga section 16.-

I ve e
Reﬁlﬁtsra@_*,éﬁﬁblé’cﬂcdﬂalﬂidiﬂﬁ& aanuiet B&dy%’f%ﬁbﬁorﬂﬁﬁé@@@ﬁééc&@d to the flange
that has a filter cartrldge 28 secured to it. Mas
18 056@9 126bx Yastanars| 40 whédhualey campeibaserower tagk fveadds, mdlacﬁeve or other

equlvF?ge %en%}%gﬁga%g?gl?g tofg{gilef % %&febaﬁg e, 0o i%ﬁtpé? ggﬁleposﬁloned between

termi@hGidE 86 ahd b8 6f linPeH GhHenBiee@ss o4 thcﬂag:@ & dhReki %8 hinge area 42
i nvention to capture contam nants before they are

of bujggd apasigngy of H&DU\?U@ diserl 2 dgtieedrtiyl 1tr@rofeipem@atecnw241 rTchle @Q@f tooth 32
tret filter artic

s copifrBRlY R i PR e Recttnp<FineeiesS o imvteb ifar Rhest 84 thereby

assisG@d PQRe BEShing oMUl QiSse6OULT6 PonSeV @8 08disBBY. B& annular gasket (not
provided on the filter cartridge to protect the

showax eyt provideddie agsociatien fwilht the flahgavportion Exdspprst dhg of the disc
1her filter cartridges where the inventive el ectret
SVt er nedi a may be used are disclosed, for exanple,
| T diptubdis® 8F Lsrthisleiddator a kRSP § BF &frrosﬁiﬁ%m@t%mt Merial (Fig. 1)
filter cartridge disclosed in U S. Patent No.
as PT%OLGBQdQSQYﬂ&dO’éIaY mﬁ}’ bt uolledfroinrm latg8 rolPaf @nsel&t%&ewﬂm supplied
in these pate

h
as st ot 8 IR PER 18 ST TP RR SRy 5B 93 SHRE oG pgauachining

EDMY $6nTRyshRer 1emyRRibS;, adlidchac
( tjhe nventive filter Pym=.\d| a may %qgissgg eflghe?éhiginhwhﬁnmem tang

17. hehricatiod gpé dufruptunedise 1 2isprgfarmblyydcngmpléspd imtver gages. The first stage

(PAPRs). Exanples of PAPRs are shown in U S. Patents

6, 666, 209 to Bennett et al. and 6,575,165 to Cook et

al. Further, the inventive filter nedia can be used in
filter cartridges for escape hoods - see U S. Patent

D480, 476 to Martinson et al., and 6,302,103, 6,371,1

16, 6,701,925 to Resnick. [0063] FIG 4 shows a

perspectlve V|em10f a flltratlon nedla array 40 The

o Y o o
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[0066] The article that is to be charged in connection

Wth the present invention is contacted with an
waeuweonussed i quid that has a pH and conducti vi t yPETIES2009/043144

vary depending on the zeta potential of the article.

The zeta potential of the ariicle may be neasured

usi ng the Zeta Potenti al Te"' set forth bel ow . The

wat er nduc%|V| and ured usijn

% be ne g p ¢
invol¥RIGAH& T §1 e Slh‘iEP pHP Plahanin e 8n%eé<t surtace ot a
disc G141 1. Bl Qonh IRBJ ] nv'c')'MQE ﬁﬁﬁ%@n@ofqﬁé BOGsHERIRfonk 91531'1 that the
positive and negative charge onto the fibers such that
inderttdt®npo shd ¢oneeandiave @ﬁthe\bell@kiaegmm of theatidos rymdvapler sadning the

ghout the ndom char ge. d ersal tends to
mde%?({oi?ge@marﬁgmwév%bw SReten t?ﬁﬁgmﬂa | iSHigdven 11 brous
el RGLAgE 2658, @&'gﬂ He6H ul?d/en‘;:alﬁerl Qe Eﬂed&e&ﬁnﬁ:d%lnﬁguﬂahgﬁ iflthe metal
i ke water nay bes bstantla npol ari zed 1 n"a plane
ruptufeodisablatloiststienpitizaly viistrdied mEBDg 4Filtie tesbet ungerstraden Heemrspect that
charged i n .thi exhibit the_ c

mann har ge .
the seAAG GeBCHOM O WS 1 iF quh reEjes RIS On e foiginiended to be
I
L
base ﬁi@M)(bﬁﬁ}aule Heygecle orifsipgefemed rmss crﬁcbfhmdrical donéiguration, has a central

configuration shown in Figure 5B of that ent. A . )
openipgz 0. g be %@dﬂp@mlamm@g dng phelfedusdpdpga %@Inﬁgpassage 54 aligned with
r e d
and kﬂ%ar gs% h§r% o%'g% U%B h%k idn aE eriéeaoggghﬁﬁg\ég oV BPRERber 56 closes the
opencSlpsdr and bﬁbeisyagd:rﬂmifaﬂarﬂlﬁdg tihg ppedncdpeniagg 'S Srikfoapss thetside wall of
fibrous electret web that exhibits | ess than 1 nC/ nR
clamping giag 88 s leweap schas it énescaRs ﬁ;@m the interior of clamping ring 52.
Alth%I% %%%Xt%%gﬁj llt% ?odkgeddrﬁi%g?chggheg[rﬂgeg lfe@é 1& ip: E}fﬁhﬁmng ring 52

eriom nator 1s ace ar ea

have Elgr&w@(@@fc@ omPlincatil @iredivia@ihe bangsSawtn régpestiile) cemblm 15, so that
the web to TSDC. One exanpl e of a useful hydrocharging
the blgplst bs areialdpRiisiy ey ipsais mghff Bryredo ipghe pangs P eam

f o@ﬁlvaltogé éjd c%?féa ut%(?n U & 18 E(?Slt% 'cl%!ﬂ%wﬁisas?algg 5& ﬁﬁ#r@femqjy is coupled

i ent
to a s@ blﬁ%t%b@@}tnﬁg?égamﬁﬂﬁ entl& f&d&:&)f \OBNEr SGJ’IAfl‘Ehlﬁlcdﬂﬂidnlt 6fmetal disc
the article - see U S. Patent No. 5,496, 50
blankahew punparidbast rigg 48:Tthe disedS g6 £lampee e%ﬁlﬁ?fybl’ ane é? iafl pase ring 48
posH{oElgd f%slr ﬁl:h!:ogl?ltlrll cl Fxlleag Ii]eeigt?dngﬂ%)g ggstségse 54° %ilﬂgﬁ%ﬁ ﬁ[p%#rgﬁgre& gmbodlment

var
the olBBH0st bR@erhYPEF ffst GDisHeRIisphe0enl whiehmtin €185t ihe Ité?nm’ial end of post
formed, the type and concentration of additives to the
60 mpbb%ﬂeﬁre angh-tehieonally slerekapedid adﬁéﬁtélﬁlt q;esmd ¢oméigaratipg| Bhe post 60
is of e E@gfng ﬁ éllbar‘gﬁg %rnéllpglgeglg%fél gss%%ggéaﬁ,]s HeQ SPL efé6 c?fcplscoglank 15.
st ARG preibalgitt pRbRESs Qﬁ’t[’ocﬁl@e@fn@(y ﬁﬁ'@@b dg/viaRk¥ntral opening 50 to
suitabl e spray device. One exanple of a useful spra
effectiprei lpdging of e dippblenl 48, whisH chueses Hiedsegienicrgiop 68 of disc 15 to be

cene SR PR R0 kbR rovmin i

6. ThBephdrasdaidthid @gﬁeﬁﬁtegﬁmoms Ghll m@c@ﬁzg\ﬁ@atmnm &t&ht of such
Patents RE 30, 782; 31,285 and 32,171 to van Turnhout,

inderdatibnlis Sfunpaercofitke diaBe®T Ti® st e stk and xlius ofigwdworisherical end

S. Patent 4 588 537.t0-Kl asse, gt . v and
o4 ofggoaf i dinE pieoas anie LR A & sEEREL BNy Gty pase ora pou
60 hatvhfé ARLNGHS 68 S6d bHeKE inBeltbd SeofREUREIDH 68 hes SabnkAMl Bemispherical
for use as, e.g., electrostatic el erents in
portien &%t emd.aa@pﬁygi sameyehai eerdca getiaces Shileadgygo gad terminating in the main
headphones and speakers, fluid filters, dust particle
control devices in, e.g., high voltage electrostatic
generators, electrostatic recorders, respirators
(e.qg., prefilters, canisters and repl aceabl e
cartridges), heating, ventilation, air conditioning,
and face masks. [0069] Nonwoven m crofi ber webs usef ul
|n t he present. |nvent|on _may be prepared u3|ng an

oy o s T
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liquid sufficient to provide the web with filtration
enhanci ng el ectret charge. The pH and conductivity of

w0 b@oaegredus |iquid are sel ected based on t he PEL/EHS2009/043144
potential of the article. The aqueous |iquid contact
may be achi eved by spraylng,1 soaki ng, condensi ng,
etc., the aqueous [iquid on fre polyneric article to

pocy LA e eSS, 155 B S5 o comtat gnerly
heml SR AN ﬁeﬁﬁf@ oﬁ’BSaSlB Efﬁlﬁfndg by ?Tét}j}{%?e%lﬁzo%%uﬁf' or oval shaped

ol ymer from e article i1s
1ndertthi pknms&ﬁnnhdda&mgl dLyWﬂlfdl}t frematlei mﬁmtechnegmmmmgm 68a. During

pr et reat ment ch as rona_dj schar.ge treat nent
appliggiol g baish o ﬁ?@dﬁ% P @he P iy Wl&‘a’lere@g Gy defined
A A A A i
c ouperctdnvpletyorndt thdpratbulbgih@stOp, @lﬁ)&()cd%ﬂf@eﬁildmocvdnaiﬁetﬂ&enon post 60

zeta potential of the article is -
are rerpQvegdiom GlgpiRg ANE v4 Giceuels aPHIé‘?fl tovthfscqwavet e lth@f disc blank

15 s@ﬁ@%@% E&ggfg eg#]{a‘ijkp ﬁllg%f ?l?eﬂ%:l‘g 4 s\-’:&d(}ﬁ l%fofq‘&ﬁg}e Bsd 2 s depicted in

mcr tuat

Fig. 00onThecarhatidt Yoftprgisal dpplied dutin® €inabbulping df&u@tu@@alsc 12 should be
nicroS/cgi and still nore typically about 10 to 1
adeqygte Fosyt Oy opruetel dulgsitinecls torraipgibelasd seinarl 6vlawt@é%> Sufﬁcwnt to

retur}l h e ‘? eid %e eglﬂ‘ egrlor{ é?% f%tljts 1 1t18 o%ﬁf’o‘cl'l a¥ @ﬁé\%@ l Ibléyld nl"hus as shown in

conduc cont Fnuou
Figs. pm%asg tﬁab@wei @ﬁrf@é&iﬂl%@ of lbﬁlgtedn eeduahg@tls @ﬁlﬂdtﬂﬁ&tﬂd\ﬂnﬁmerrupted
is 7 mcroS/cm there may be variability of about plus
throughoyf itfyentire/arga ipchidingosEment TegemnAe deERIDgPEIPR 2 2malpdpetation of
segm%ﬁ(thrle%m%l%g £ #0\9&@@' et P&%ELrgeB{agﬁ? t&nm&g&%u&ﬂ%ug&%he metal

erc erence 1S ess

of refi¥eh QE td BavRl@f terddl geaih Gtrt@preVad £hemdtiellGH@OH FlngLB d
purified water, made through, for exanp

lythia$ besni fonnd thay &y Jermsawsiiadenggtioneisoni thadison rblc'mift heduring pre-
bulg%g(agg c{r;rg O?;n ﬁﬁh%% rmatlgﬁ’l oF tf I edeta el g?]atsP caﬁ{yelzr‘:}rone direction, and

ureé et er'dan Contal nune

then PlaS@ i eordlativh OF e MhekaliodPuE irf the sppdiat digedtioRidRERS final bulging of the
effective fiber charging. Water has a_dipol e nonment of

disc blbniut 5 1h®@3yuéby@maﬂu: Theig! ta itgiosigmet msﬁl@dﬁléh &lﬁppmsed concave and

COllVS)f Sl,g aCFSe%I(h\ 61‘ C% %gi;%g%sco I%e&Fga gﬁ \F/gw%at%:ll'\%) ?](: tg% 8B}EO§I %COHC&VG

and Bhvd:xea&ds o AbulRIedtitRl 162tk ¥rsOQ¥heillgeditsettion®h Bredetermined and
typically 80% wat er by vol une. Preferably, the agueous

presellqcmﬁail patespulelis ipgrated in teessents. Al Hwnm@% vkcEersiyt the syategic position

of th%\g?aegfg g{lg%tgﬂ? gc%:};'lg %8 PrBTeFtrgsﬁ%% 1?0%2)? ﬁ]g%lrelay ande not as a result

of geblﬂg{rﬁ 8 8B b8lged sReeh 16 VBSoauseome B dthickire b @e hitV2 i1Sfe Qfea 68 has
el ectrical resistance, may be neasured using a

been elierddies & xesuly ofibe épﬂca:ml@n jo§ thatarer irbe dingetidg pod then deflection of that
Si enens/centineter. [0072] The liquid.ets or liquid
very SGAER TeTRBAE B s ee Bt R R rytor e metal
caus&lihé A0} 63 AP AYMERANSvershN BeBRIABE Adntkindts 8F e shifice area of the bulged
hydraulically entangling fibers are generally useful
sectigml G. KEherreoteaeliabie tehersplrand dwlt opqw@nf thmbulaed mt;@h 16 along the line-
operation,}s r.ried out at. r pre res
oforRREataaT 4t Rt et ruripedtHe BHERpIPGeeRigiinghe orea 68.
[0073] FIG 6 shows an exanple of a suitable spray
means where a fibrous web 65 is transported on support
means 72 below fluid jets 74. The transport neans may
be in the formof a belt, preferably porous, such as a
mesh screen or fabric. The fluid jets 74 emanate from
a jet head 76 to inpinge on web 65 at i npingenent
points 78" . A vacuum nay be provi ded beneath a porous
support to aid in passage of the aqueous |iquid
t hrough the web and to reduce drying energy
requirenents [0074] Clher exanples of ~spray neans
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Conpar ati ve Exanple was neasured at room tenperature
using an ORION 3-Star Conductivity Meter (Therno
wo-e@bass78ci entific, Inc., Waltham M) . O her PCT/US2009/043144
conductivity measuring instrunents may provide
equi val ent results. pH Measurenent [0077] The pH of
each hydrocharging fluid ust d-for each Exanpl e or
arative Exa was neasured at roomtenperat

Co ml e . ure .
us | iy Suposlutipgrat it 2t de drnee [ € ohbeigsareriutordieN] 2 using suitable

o BN e A0 T BB A O DR it s
area YAbf baged d&)ion (6tdndnhglange? of fupomy djzcagi de eqhi val ent

results). As described in the literature (ASTM D 5464
- Bl mpawrridiseiasresblyNSinwtantedto brmpenisd petiveen flyreedgeulings of the

ove B R OB, PRSP RGNSk SHRES 5o

disc Opmebind fowiaty the "PBacdss bide Bashesquibas us begraktied) Kighi4 on ring 30
Purity Water", WF. Harfst, Utrapure Water, Cct. . )
provigggihe ipstalier of thediserwsamhly U withénfgpnaonasrig Prangk orientation of the

BB ) PGP LI D A b o 16

of rupelde N1 X Gackd Soveard aBPtprdtekd tide 1o? (OB EPIBRL | The BFrBMM is also a
the environnment, especially fromCO . As suggested in
contingmEIviuslipdicatpr thaeas instatled disc i isgEPRSH Os6RiatedNS Wit h
UHER o SRS Foh ARG A1Se OFE) P Wpining v
by rufRAS ik €4BEhBly (1 6, WhiGh [¥sGfFRFE fHefRbiGtN dsdd6f thak@BedfRclidi o, bulged
Just before contacting the article-to-be- ch_arged as _
sectipie @ Apaniabuhgithe INSTM-05nP® 190752 86 hile bepeadiaied by hinge portion 42.
envi ronnent al _cont am nat i nt i nuous gk :
The (eSSt PR CO SIS bt AP TEd oo PRUB 22 bSRAg Of e more highly
stresRIdOSIRS SESaMBASIL RN BIThSscB IR B WR 68, Badaake GfIhdkHiskids ofithe higher
possi bl e after each hydrocharging fluid was prepared
strespaul regider22tio hvlgedriegiéon he the bearpressurdicsataddmathecenvex face 16a of
however, in consideration of hal | enge. of .
buleSiERE 4G pRfIRYeT SRt teral Cyreigsofndr 4Tt pigusicy to effect
openigl &t teRRAUEL 0wl 116 BSnd B FHLf1ThelTF-cheRing r&seksa. Or
I ess, the pH neasurenents were considered to be _
nolrhasteen ahexpsctodly discPrapedihatdfyfdeAeeting Rsegm¢ro078hat il become the

e GELRE 214 SRS RIS 1 S b gpgmen o
initidVDsitiBA%S prest OB s %8@19)&1)1&[!&“&&!56%\0@)( WgHadd) @ eANof the disc is a

Sham formal i sm (Kohn, W; Sham L. J., 140 Phys. Rev.,
functddn df3BscOADBBYy)of dw graiplsenentea tHersen@iiergiond | Oris 5.t@be contrasted

... (Byl.aska, ..E. J, . et al. em. A ut.at i onal, .
with G S11Pe EREIETB) TP Ao UG JeYRREp dh S g etent No.
6,494 8@{%@1 H@thubhe Nohithyesss datianals akak@N@ddicbmetry and subsequent
Ri chl'and, Washi ngt on 99352-0999, USA.) and the details
stresflistrtbationbf leanédhicde@vdebunfeed. by speci fic _
géglgggwge-lé&r 'ell fﬂ;ggga%ﬁﬁg};@?&a%lg%%&gic}%&?éf%l:rgq%r%gg_ns?, glgtl?l{ssmvention

% . . H H . | .
and ci\%?%c%l in ‘Iﬂ\:lle %.Vl @és rpspf(eﬁa‘g%i;a)gr}wvé\éﬁgés{g q th ﬁg fé)ltéas?%rg?%%@é'ey and has an overall

diamsteashalhot atindwrs.t Bredieflging of e dipetd 4s chembtwmdly illustrated in Fig. 6 is

(Foresman, J . B.; Frisc JE in Explorin em sty
aceolyp] HAeR RO RS 1P U ik feden 5 dgprggpion @I@%ﬁ st blank 44 as

i [ | .

o R et R e TRk B R e B B T e 20 ngried o
undef apedsswnal alfdst SpH erig préiucihg; a dgdd disc # whiich the height of the dome is

Chabal owski, C. F.; Frisch, M J., 98 J. Phys. Chem

11623 (1994) and the MDI! one-el ectron basis set

(Easton, R E.; Gesen, D. J.; Wlch, A; Craner, C

J.; Truhlar, D. G 93 Theor. Chem Ace. 1432 (1996) )

The conputational requirenments of a calculation are
| argely determ ned by the size of the one-electron
basis set, where a |larger basis set is often nore

S . o ~ Y
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gas- phase thernodynam c property defined as: [0081] PA

= the enthal py rel eased when a proton is attached to a
worpdoeaed7en [ 0082] It is inportant to note thatPCTEST09/043144

is the negative of the enthal py change for the

protonati on process; therefore a | arger PA val ue

corresponds to a more exot heric process. [0083]

I re.than one protonation site;
abowwﬁdgg s n@ﬁ%f] il pulgefl discji then Sybigkt e cat F7ainpqRs aiaieperature of
b
about %@g Vflﬁ’gcgr g?lﬁiﬁlguéééagoe{%r%eé ?E?feg(/%\/l %gjf:] é@?l@f F g@rrgsggyﬂé &e @8J. € The outer
bour{d@@iM](F@ 12)aff thehaetalak gubmtré oo dnefithe bdped ediaidf thé dikc, which has

beenyshil egg]g \égégétgrns(ngﬁg%gn *21% rg)rQ?lln}ng;?%gluolé 3}63}%\1 %él@ggtlg)n 16 hag anominal

o SRS Sl SS9 e 00 1 deprar e 12

centialie ldvhiell in hdg¢dssesigdn 14, 2JhiChibchdsatmentifed boest pilBEBu@e of about 150 psig.

frequenC|es at the optim zed geonet usi ng
B3ltiey e prnexpee ey dlsvmefé%d ﬁlﬁ@b{d@%%%e a}feéﬂﬁ%@wlueé to the disc blank

15 1nctﬁ£r: iﬁg él?’% %6n {Sollgf tc{]]gr% eno ? '&%9%@ %%&%@?%% t}éecrtevers?l )Pressure of
the fin3) bulfel dibe ethethe aleﬂ 68 gﬁbmlged;ﬂcﬁbkh b6 Bk beeh Ehdeh’@d in one direction

PW5B95 functional (Zhao, Y.; Truhlar, D., 109 J. Phys.
and thfeifened o568 ghe PO difsation éheanr@fm@(aawmch Heglise TQW%GS can similarly

be Va'fll%g %y @r?aélr{gito ﬁ%ﬁg&%?%};é@tgg %6 ({ee 1 etg%/ imt%}\;u?cf) 894 1n the bulged

sectifi® bkthé UBBL)loatd bperogRgrmt 6Mhﬁﬁﬁﬂeﬂﬂﬁ&n&ﬁﬁh@fﬂ1@ﬂbﬂl@m of the disc,
This energy Is denoted as Ee ec . (4) The tota

it haéb@néyuﬁdotha& the ripsyre ditc il revagseet B)IOWPFGDTP%WW a¥goptiegly, the range
of re&cirsacf ?refgu%gs tﬁ]gt caé tﬂ)? ﬁﬁ{lé’éeﬁ rﬂ&n& g ]p?u? a? thi l?{31{16:530(% a\{\érlagls broader than

e éenerg € pro onat ed Spe
a dlscaha?/mg @&@E@tﬁcﬁﬂn@@teﬁﬁ)}l nBt m&&luﬁﬁﬂ# iehellast Beause of the bidirectional
el ectronic or zero-point energy, but it does have
two gt wark bardewye ofdld metrl 35 2RMpaigh evith Rngls dipstion deflection of the
mateflnfevlgq:llsz 1ran|£c]:§/ g%sd r%r?%fg Ne redl?t?gle Asveaséatl grr%ls 4L 1% rd%érﬁéc? i l-ell-rrfglésmeasure to
be atfrBdle (bBe BEEH 06 8dditiad opiRkite GiRQEEH sﬁi@‘é Qlaﬁ@ﬁiﬂl of the metal and the
val i dated agai nst a set of experinmental PAs. The
concempeit swbpianfial @h@l@ge\mrmamaﬁk@ﬁwfq ol thaeasd ST paiipeeRt one direction
Phase | o

indet i R YRR e €5 e g dgpedenton force vector

geometigNUBG] biReleathig5ia L tHod RPAGIENuReEsulB to &6tain diffekent depths of initial
Li nstromand WG Mallard, June 2005, National

indentaigaristinths tofgegtsastitar ofshadidc hfbuhrfoll@wd b@nali’qv@ligbgm@the disc to an

089 ht t / webhook
exte#g% jran quit ]1% dgg?téor&@} gg‘gﬁﬁ% BWS‘%% O#f\gléerrgﬁ@ <ihs<fshc§n %e empirically
estabBBRIA SRl the kEsuRs WbRJIFDHsuMREquRHt AlBicRGSL e ‘éfnp‘hli‘c%l analyses are a

measurenent. In nultiple cases, the experinental
functegry of thedype bﬁrrgmrlat bsad toheapshauleathe duptnreodise, the thickness of that

el ess data were included. The size of the
matefl\@t {%‘ R e E%P? %1‘5? ‘ed by not including chenically
regy Bfé@fbtus@trfo‘t’&lt Hras lorf:gq{eeﬁ XA6Ph € plobledatR- cﬁfoxﬁzee@i@éy'ﬂgcess or a

were included, but all of the experinmental data for
scoralgredn enc fagdlefithe Bylgex pbnmdn nfa reydisndetittg rdptusg disdra order to define the

dat.abase .does not unfairl i ght, any one t
area G HRCHFE I Raet bRl UaFeok: DBR o dherpibs Spath Ry ioshg employed
tecmﬁ@le@ ook &Ming MnbeSt WOlknBA 15 Bedi %%ﬁlﬁwy d 8la® scbrindldd Frigure 14 is
h the nmean unsigned error (also known as "nean
a croaﬁswltlumé ndetageaphort's) rupMoE disk aontairen@yéiBe S Gvedltnass dompled using a
nmet hod. The MJE for PAis 1.8 kcal/nol. This error is
expected to be further reduced by increasing the basis
set and/or inproving the geonetry. Deprotonation
Ent hal py Determ nation: [0086] The deprotonation
enthal py, (Gl, J .-F.; Maria, P.-C Raczynska, E. D
36 J. Mass Spectrom 699 (2001) was al so cal cul at ed
u3|ng denS|ty functlonal t heory, DFT f ~gas- phase

e e
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is conputed as 3. A bare proton has no electronic or
zero-point energy, but it does have thernal energy
we@owali48760 5/ 2RT, where R is the universal gas PORNBESZNY/043144
and T is the tenperature. Thus, the energy of a proton
4. As described in equationng) above [0090] As with
the PA, the DHf val ues were élibrated agai nst a set
.of datathatvmst mthe N
scorigsgfos AT AR OEH & DGR AP S0 Aking up the bulged
sectl&f"b%E AR dre/ éﬂn‘ﬁﬁréssg@ rdifdfoed! & sﬁif@@ Y8 NfotRinb 3R fonbated channel
he mean unsigned error in the calcul ated values Is
or trdug?i kesah tesolt, thetvincdrunidorsi prairastritcturt lo€ ther patiod of thehmilged section

wherfREE G RS RS ER B AP RN LTRGBS St srucure

1spkﬁﬁ§%¥%ﬁ§n1p Qmpercial |y available from Anton Paar GibH,
Austria was used in these Exanples. O her

[ n"ﬁlhermatahicgrams]yrrg witlen pryet-toetal desiatd dimmiy dved lowe been compressed

shoul d. prov conpar abl e neasurenents. The electrical |
and T&Sfl%aﬁ?q all %H?af TBTRLIC Taing RN dbs 1OPEN B A fre G enger uniform

h
thro }{% stu ?Ié%hlg I ptﬁh l)f @y trlge dd‘l'?k?%ﬁmasuﬁ?tgﬁeé §ugts glg@? @%déﬂﬂg &ethe metal
and lpidsgo irctireapdd h@ﬂﬂhene:ss offdrehnenkeandfthe cebafibe bﬁﬂ%s ﬂ@)&sb &he increased
ured between the ends of the capillary, across the
bl‘lttlﬁt[lfﬁ@ andoﬂre@ﬁ zeh55 04 ithrgmstiah Bighe seryicg |11§?, B¥ ‘g@ﬁp@pre disc as a result of
fati gﬁ g%g}ﬁﬂg agg\y;!sglﬁgsa Q(i)r% s"?&# %1%@5613@?1!10%&' v91?h 'd%e ECQ)E&F Hnes of weakness
genefadly extiibaledeased opse lﬁb,ethﬁt(is thhebilipt dfele difc tb @ﬂﬁd ifailurdv@pon exposure
diffusion layer, and it _can be neasured aé an Electro

to mydfiplgtspeceaivg Breesurq Bieles. Mavy syeh dirh aig opleglecip avithyiapd 500 or less
[
CyCleg ES C rcggle 'Ej‘l) %ﬁgl &eﬁn&%ésc%{h gé(gfgsr evi g g%eYedgC{gjrﬁ I n e?d t%y exposure to

9W%ﬂé&ﬁ&ﬂﬁ&ﬁp@uﬁm;hMDpues is found in Pure Appl. Chem,
Vol . 77, . 1753-1805, 2005. Measurenent And
| n/éléqt}a?retﬁ‘aww I@rs bEPféé%‘fI%ﬂﬁil t @rqa&e PHamefraisakiepymaess in the bulged

pm‘tlof&f}n"\/ﬁ%@ acﬁﬁg %p%%re d SQ,Q %1 gjﬁr ”?&151‘&??@% n{e]@ﬁhgr%fh structure

w1thlﬁgk/1e°@gﬁhmg%v@rss Iab’[cﬁav@i(ﬁﬁé ﬁﬂdﬁ%ﬁabl@ Bhbr@ct&@du@s @t@dﬁﬁﬁﬁﬂ with die scoring.
system The anal yzer includes a punp produce the

This tﬂca@guﬁ 6 degggibied 80Ut Pﬁ@g‘sAmﬂw@n@@ Pw@ilo;ttlen 3HRI3JAS7 (Application

S/N lqmu% X’ﬁ}%% ?nc% %ngitgél l Ol Ferericg a?annﬁléel e n%7 éj‘ug %a}jilé)n describes

a methboll werenieg 496y Qﬁ‘é%ﬂ ﬂﬁ@@n@lei@ @bliedI6 ASaBb1O6d ABASFE HIsBI A laser is
tenperature, pressure drop, conductivity and pH are

used H) rgms@@jp@%@@ pH&E Fesissmaieiel enstesportiing te b detired|lipe@f-opening recess.

The cgi;c I8 %heglsuliigj SctR% ef%gtropoilgglgg to?%rra o r?wggé%?%? tro %ﬁe ‘iased area of
the nfingplacerpite Of is m@ds@%e&mur ;ShotJé?@H &Faulisd MenFAd@IAEGDrding to

potential and/or stream ng current can be detected by
this pethers of t he electrodes pl aced at each end of the

.. Th ap al of the.sa e, i S then

S VR Rmaniss T4 A R ol bbb Reedsa HRRET I8 doful iET pgsngpec-apart
chanie®bbRioas E@éra@é&b}‘\éa&lnhﬁl fafsed ERY &ﬁ&ﬁfheréﬁ?\f/lpl\@éﬁthfg »a generally W-

Studies in electroendosnosis, 1 .
shapei31eps SEPLOROAA FaN hersgen, ttlaﬂ«regtaﬂlmgcana@tmn‘t: within the opening area has not
been ARAGHES o'l Plch R B RT B Ar e B SreetfEh SRS zones due 1o
workhdftiRhihg oYtifd Mki@abis @aide®@ hnd¥hd cle¢abpditsh8NdisOEAMBIREa much improved

version 1.0. for the EKA al so avail able from Anton

cyclepiacorapdyedl totthe dig ssprsidaliscsdttigvdde i ncl uded val ues for
tenperature corrected dynanic viscosity and
permttivity. The EKA was connected to a Renote
Titration Unit (RTU) for automatic titration by
conputer control. Deionized (D) water was used for
each test and was generated onsite using a MLLI-Q
PLUS Mbodel ZD401 1584-4 Four Cartridge water
purlflcatlon systen] frownM Illpore Cbrporatlon

Y T I
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using a stir-bar throughout the test to ensure

t horough m xing. The EKA's punp was set to "bypass"
worpae/1¥s06@dr aw wat er into the EKA pl unmbi ng whi | BCT/US2009/043144

inlet tube and probe assenbly were |owered into the

reservoir beaker to keep the beaker cover from

contacting the water in the Beaker. After fiIIing the

EKA' s pu and soci at ed ng,. wat er _wasp ,
t HHBWgYFItHesds lécoaeqeﬂthaﬁgeﬁgb iroRlishige feelpidgn eselabed inthe *457
publichltli'o':‘rl1 hhd g&@ﬁg lanrt o 'Ea%éuiyrf} Iwﬁﬁn 31 hﬁ;" cgl‘ﬁllelctlgﬁ Qi ﬂ‘ﬁger disc
system Because there Was no method to 1 nert
dlamstyesst aidh thiokins3kest ﬁﬂbrdb@%ﬁfﬁfeﬂ:@vélbl@m& edliablyoaecopishva@piening of the disc

(e.g. no nitrogen flush), sone jncorporation of carban
uPOHd’PWﬁ@H dharpefpitthae begry dlﬁ%ﬁ)fe@édmt the Bpe-pi-peninghipgesstshauld present a
f e f
dept}mhgjt gtl lgc{gg&%b}é to?tﬂllg Jhgﬁ? L}P&?xte%%]e g@ Flfsg ¥ creﬁ%g eggdcgﬁk ent% between

aboun\@s% toidboat Bibo as thik ek Yhidlsnese af orRadibe ahad 1ﬁnaﬂdhﬂfbﬁ£l dnft®diments
potential for any increase in conductivi ty and

betwericFheas 5% o preud 0874 @f thhdowe iiielnssopl Be ditky /diusedheely, the term
“do eqH%gHesg HP éle%? cl” §$ f%t%a Q? {HeQnr%%ﬁxgd n( Q&?@?%}ng Q‘{eg's f the disc dome in
H%O oW ng are e ers enatere ?.

the rédi&l Mﬁc@ﬂ@gmmf-o@aﬁmeeoﬁei fsifngiged. Meas ur ement Type
Automatic Titration Eval uati on Met ho

FalPisky Grmed frppcthickerlenks, for 9>@aénplq=<@r 16@%&&88&@911 require much longer

perlogb (chel'f%ﬁogv\ﬁ }91{11% 1n20 /2%/ eav?: 1%\; (}eg%lcf ?f?[x% Obglﬂng recess depth.

Cons¥hsen@§| thy widdBOf @leﬁlrﬁc‘dfrdp@nﬁg R&degtlso efatdse Tabled below illustrates
Program Max. Pressure: 500 mllibar (nbar) Tine;

60s
this pheeesensn fuigt disefabmgatsrorn 1@@1@@3@ steh §lankphawingaghickness 0£ 0.016
Pressur nbar Ti me Bypass: 10
mangé’ﬁ%ﬁ%?g(%?orﬁ%meg %41@% ‘Nunber of Repetitions : 1

TablAut omatic Titration Program Titration Type:
Conductivity ed Syringe: RTU Left (KO (aqueous),
ir D fference: 50
AéerQ éfir}f %@eﬁ%@%?&%fdw f Use. Conduct i vity Limits
& \Slty I\/Inlrru ?meros cm Conductivity
Hlﬁ‘?ﬁss 3000 croS/cm The progranmed test procedure
has an.aut omat c flugfygycle to further renmove air
fromt pc\/cfn - vty titrati on was
prefgrywed, usijng the pAggpomatic|Titrati on Program and a
ot ; was not adjusted during
theiom howepver thé.0asured|pH ranged from 4-6
durTTg ryprca—test. The typical sanple run was made
WltfﬁOaS%n ni mu step @080 i crdS/cmand a first shot
of _ 0.25 nL of 1 nolar KO solution. [0096] Before e Q .
t e twasedisqonerer Fhaicps thraeessh avidihi ippiepsesrihe meriamance gf the disc is
r
advel\s,\s,g Léltffggfgd.t g?}tﬁ% %Jis L é@slg%%?%g, etﬁg {Jﬁrlé(; ofﬁéétfﬁl't?gnltg@@s% b'eﬁlns to control
the boiet possuacb i éikc, wather thale €6t epbimple, $dfonicheregion@8c Thus ‘Teyversal of the

was found to be greater than 10 mcroS/c the te
disc wikteadiormrematumhy mitigieatdheinmpipancarmeresess. leleﬁwﬁé?srsyredwtable

openg{glo 51%%9&0% Q)q {hce:h;%c:,( gtﬂThl ak I?e%e?s)épgfr tggglgg af%iﬁ%sggltreg %eg%eld%v the rated

experi men requi
burstCiﬁ)éﬂéh@t ﬁld UrfAe8VAbl Abuirey pré@ﬁfé ﬂ@ﬁlatmﬂﬁ conpl eted, the
sanple cell was flushed repeatedly hefore renoving it

f riogerRe irchaiiiystplingaanes ofthe mraciisnl lsws Qfﬁemﬁngﬂle ine-of-opening
reces heqrglglguﬁ &élttzé/s &%%{h%oél%(cttﬁp%ﬁmc%{eg ﬁe/ |t ?’?th%é’ ? {}%ollaatlonshlp
betwBéh ih%|d@‘ﬂi62&laﬂi’fbtéf oStendiscl il ﬂﬁﬂﬁé}ﬁm@lﬁi {Vlc&H df @i 1[1fel=kiféﬁpeﬁg1g recess

circuit was drained to reduce carry over to the next

sanple. The sanple cell, electrodes, and sanple were

renoved, being careful not to scratch the Ag/ AgC

el ectrodes. Finally, the cell was again flushed well

with DI water before the fresh sanple was inserted.
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[0098] Zeta Potential Evaluation: The EKA system

cal cul ates the zeta potential of the sanple from
walreoeass7eeasur emrent of the stream ng potenti al PENTUSI00E043144

specific electrical conductivity of the applied

el ectrol yte using the Fairbrqther-Mstin approach. dp

e e 0 Wiere: z [nV] is the fgta potential; dU dp

nv/ nbar] is the pe of the streamn ot en
(expvéﬁeéega,ﬁfs@g%g%of t%? AeRe dfanedery keshawact 6?19%1 Which s a finear trend

\V/

ine, cREREL pofpistut AR e o it B nfh R e GO A B0L 0P th i e

pressapais dost [WHA Fprnég dctdite-dfiepeninn \resets miing hﬁteldctrepshsgmgafechmque.
the zeta potential far each fibrous webh sanple is_that

Lossgf comeol paprfairstgpeisreds sipntified whop thesksciring.2 Iogrolngpeging recess

burstlts ﬁ% ?%%Slugé)@llgﬁh taj[ i‘é %C)S%S gegg]%lraﬁ P{ea]t ??% glap ?r{(]: I?;gaél’ﬂ% gé}%?ent 68 and no

line-pf- @@ ig rvadssieCasirdl beertagbintiigessafe df dBcehadig @hallee dome diameters
solution's conductivity rises to above about 500

can bej rapigineth Witthiscess éﬁ‘lé@é thah piger lghar peEceniage obhibe discisglome diameter

than %I%%)S%ﬂ tcl 81%94 ngg%g c}l&%@gi‘lsaﬁg\té\;e? it ?sf e:hgl%ﬂ the case that as
M Cro i C1 05 a the zef a

cm and cmwas t
dom®@iaRicr dlcrdB&s b eves e Hhakdessiod Ehe&ﬁﬁhn@taﬂﬂl € onesfuestly, kach larger
verify accurate results, the procedure may be
discsreqaet lenger @gq)dstcsf ek‘g@pmhs(lgg)to q‘@gqve[tb@mglreq'ﬁéess depth which also
tend%%l._l.,ttlcgl%a?ss % 5 w%iﬁ? th fecgﬁm(ﬁ}g% W? lifie gl% ??ﬁlﬁg (t]ercﬁfnqug is generally

ene ion ssure
not atédptableafdd utdién mwcadef Ut géradih@Etef @E&s was cal cul ated. The
iltration performance (% Pen and QF) of the nonwoven
m Ehoprckrant nmngomewcwas thetraeblowk pgsosinteduvidhdicegoring discussed

herelpll?gcaus%&e gﬁ%{ﬁ Ffo‘ F'{ c 1%%?‘[& ergﬁ %{Sﬂ}oﬁﬁﬁ%ﬁ%{ ece(‘sB&;)meg in accordance

with ftﬁeepréia:ﬁ{ SRS NAe E&*e‘@éd and aa‘hMﬂ@béiﬁ%lﬁ%césE anGHREd to a “line-of-
that neasured pressure dro H O) across the

weakfne$s’ aecesOx g prlepérnt dnvangion |aﬁgwr> ﬁmmm@md §y¢i991fw%m|e@|feoned herein
nmpar abl e nmeasur enen usi set for
whicf f Bl honcBE devo R TS Bkl b S Se cgmsd by die
scorifip.croneter mass nedi an di amet er haV| ng an upstream
concentration of 70 - 110 ng/nB. The aerosol was
f oF igetgs tl irl Quidirstratesampthed of crﬁ&ttmg@rhmrq)eamg gecess in a reverse acting

ted /
oG S A Al LSBT LB o
17, r?tﬁre didee ZESOSQ"I@{VHEIQ ﬁﬁ%rﬁ&t&ﬂy%sﬁ‘@éch%ﬁal&@&ﬁ NA$ni] 17D $8vihb Ahilling end

15 seconds, e time of 4 seconds, and purge
74 ist shwnoﬁaldngen@ndsl) pasT hgrossothe enteaat ifone 16k apdromeing diok- Of-OPGmng

et g 58 St Bt e AP
scop® BPE&%&E@ invERGorPfeR n{ﬁlFr?gqeﬂdsﬁﬂﬁ)f bRt afernde RBAfigurations such as

concentrati on downstreani DOP concentration
conmapsyhmiarml oFgphesed ibathsteped)ldep&rdsegapoattiee dmas@gmmwyf the line-

were nade .at di.ffe | ocati gns on the
O O ) SRR B 1 D PSR By isds preferred hat
a bal{)%%ﬁé—ﬂnﬂ-r&eth#ﬂﬁﬁﬁa@@ ﬁeIQi%pH@ﬂc‘al mﬁge $Q4d %é‘hféklhﬁé-@f Spdding recess 24
lowng forrmula: QF = - | n(% Pen/100)/
presdﬁaammoeh breusteanuoiSguration wWighma thepadseh@gdsharpedgesoniaghes. Milling

end 73:618%&2%2%@&%%' aggheﬁls 1% $ él{:{fﬂl;lgtp;}ta%l on r f o maﬂghsc lglsdfabncated
In ce{j[%% cRARatnditd, 'ﬁ{lﬂfn@%ﬁd Pg Erfa?rcﬁﬁ'ﬂﬁge dlﬁ&gﬂ@ %]arb_ﬁbe or a metal alloy that is

|'owm ng exanples are nefely for illustrative
hardquhmtﬂ;teshsomﬂlqtaland are not neant to be limting on the
scope of the appended clains. Al parts, percentages,
ratios, etc. in the exanples and the rest of the
specification are by weight, unless noted otherw se.
Sol vents and ot her reagents used were obtained from
Si gma- Al drich Chem cal Conpany; M| waukee, W sconsin
unl ess otherw se noted. Table 2 Materi al
Abbr evi ati onsRUPTURE DI SC WTH MACHI NED LI NE ():

1 R IZAN FYS A 2N 77" 27\10 IR IF™\ N\ =y = g3 R IR I"Ir"1 7N | Y a1
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recess or score line in one face of the disc bul ge.

The i nes of weakness or score |lines have generally
wWhe®n/1¢8766S scores, or a circunferenti al PCT/US2009/043144

| i ne- of -weakness recess in the concave face of the

di sc where the Iine-of-meakg%ss recess or score |line

defines the area of the disc™fhat opens upon reversa

out . a Iln of - weakness r ss .de i ng.the openin
th ‘g‘i}&ﬁmt“ﬂ?é“d 1&6@5@&%@?%@%@%&% Ense E-gpesing Tefrss 94 depend
: 1
o S SR B 1 B B Soll e (B fecd rte. The
mill epded umﬂﬁh&dtais ahd sotaionenghend) of theemof amkeﬁlle neidlsfe¢ @S B, the speed at

ne of weakness normally is not a continuous
thh the mlil HOQVeSraakh thengrRonPRIGE ik edn CRAAIN sPbpeHpants of the present
f
el AOREALL AN O eSS0 8008, Sl 3ol R e . At

in ceﬂeiﬁlaﬂnﬂaoﬁhﬁéntbeﬁﬁe pudsemriol entiopohe HEN ep&ates ofithtd@iltspred of at least
ain preventing fragnmentation of the etal

10,0 REMrfed Britthe eithodinaents wdbe wpge phabsupto %ﬂ@r@b@et 4%Q00 RPM. In
still ﬁflgrfe%woagnérﬂs J)ﬂlﬁve g{egérft lfﬁv%nﬁ&ﬁ ltl'lecrﬁ t%rbgegfe% %ﬁg ?egﬁ atg Id? at least 10

er open sever|l

in/mil @[ﬁtgmtyiwﬁ@ﬂeﬂahsocﬁﬁﬁﬁe bk:ths%n aBsutdonpab&d 60iia/mia, Cross
scored di sc. Lines of weakness have heretofore been

f ofrfeithe Frst pass iscomaietedh élqmﬁk@@awogégct pylualifs ohpdditional passes,
each? r(\)flrnl N9 ngrJ[h%i‘l léise%s Otfhe ﬁe tﬁ%? [ fﬂ 6 e Enoqgges?ZQrﬁ%VFX clle icts a second
A Ei'S r 5y ng o FGpoFi s Ny to

pass 68NN éfﬁl'(?m acfds@éﬁrivbﬁ f:dk $6¢c ﬁ|vﬂﬁ@1 the dgsh hethwldiinef redsk 24 has been
of these past reverse acting discs have presented
1ncrea$ﬂde§og vidoapigiuy e enothichpasaiof fiildineendg4 vdrereialee depth and width of

recesg g Eé SaN egee%pgcrgzﬁsg? nfﬂle Rtrlrggéreo aés@s H’l%.&%(gﬁ 111 '%Qhwﬂl depend on

a
aﬁl on uses Scorlng dies wWor

seveﬁﬁfa@iorﬁﬁt:l@ﬂir@the Iﬁdﬂ@ﬁes@ bedg hiagriahRogivaiith Sk rdib@ﬁs“fo@m@@ @he milling
density of the netal at the score |ine. The materi al

end waerigluangi the dasizdatepth pﬁ@eflmer@d)mmg recepet AR explgitieddpelow, each
wor k roce t hus,
resptlfs b Ao SRR A b S B o D e e Sroctore of
the nfdid18sBbdR€sS. The brittl eness and |ncreased stress
zones of the nmetal limt the service |life of the _
r ubigut @isd smssasecaon?ésabbtogrﬁphfcétai ryplerediae Rithg laredof-opening recess

form§ & o by i e A0S bR R Gt 51 o1 e ERmsl orfing ofer e

1eces|§l1151 ﬁ)@l’ﬁe(ﬂfé‘f‘iﬁlﬂ Juefahthhl Rkt Theltdntdigink inci dBELst@khibit signs of
the pressure ultimately required to reverse the

workrhapdening adusf:be dageiwith thhdisc npmtamllngtbt glemgor@fb tnerpf-wisalgfess recess in

) e disc r to.scorjing. Con e i S.ve

Fie. 1T PR TRy 55 s BieOt e S QOars s s afeepRinbeisisss. hereatter

descr%e?l%s'ﬁﬁ‘ﬁeﬁg)f e?ﬁ'@g'% 55@@1%90)1%%1‘64@ Qs@sﬁaﬁﬁél!}f%lﬂ)h% metallic grain
hat w || bot open reliably and withstand rul tiple

structun@ cl“es'theu ehqnnetgklurgealn ylehasre of thehas dlopenibgemaprsopbsiedially in its
orm.a, scar ine in a reverse ac Jng rupture_.d
intrinsg Sigfentb So Al Sl PP S ey SNuBbrRoRy SRk of work
hard ToshdcY nat h@c@?&ﬁ?fd&h& Preséht ! MREREsn f%%xﬁ%%&@élen%&%le life of
reflectivity of the al nmakes it difficult to
gemenmmm®®OO%ewwsn@ﬁnatﬁnhw@f the beaminto the thlckness

e e A SR b PR PRI TR ed only on rverse

acung SRl WL aKMES $1elRA 888, b MhbIBGEIMrfrg hBS&Kdn of any pressure relief
Ignificantly heat and burn the disc,” oxidize the

deviggatr @récatsoanBomdxangpde, tt}hmhnmbﬁblbmmrggyreoéssm heatredted iDi dissblank 15
having |ines of weakness burned by a | aser have been
found to be unsatisfactory in use, not only fromthe
standpoi nt of unreliable openings at required pressure
relief values, but also having undesirable cycle life.
Chenmical etching of a rupture disc having a segnented
resist layer defining a line of weakness has al so been
suggested |n the prior art ‘as for exanple shown and

o ~ a2 2 A A PNSS N A e e g g
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In addition, in order to acconplish reasonably

efficient erosion of these corrosion resistant
woraioenisibes, t he etchant agent chosen nust be oOPET/US2009/043144

tailored for the particular type of nmetal. Thus, a

different acidic agent is rjguired for each of the

various netals. The specific'haterial used to

. nuf acture particul ar rupture disc st be_ sel ect ed
(Flg%ng et aPFF’éP@ﬁ%‘@@*F‘F _i%ﬁticaﬁé St we \ap ieRe &t pryforward acting rupture
. . | .
s AL 8PP HE L 085, RHLE, ol 1161 00be decrved
area ofS@@ning 7Toarfhapiessnes elicfdmakieeas précarsonr r osi on resi st ant

disc material, the manufacturer should have avail abl e o
anl SRERARY BJaat20 Aapetpllic rreqsectias rirpare discelgashgyvn comprising

R L P e
The Hnd-afepenitef lened,24elsfotmapnl ¢abaet facsecobf Weakulgsspoioa 16, and
reverse acting rupture disc. Arupture disc blank is

partiqulgrlt ingrseefirgRdbuigedportitiy) Gséerredriel as hemrqsrad wperiag b+ hhe area of
| e : ! .
vl RAE SRl TR D e DG T e

I"eas
openi3@Ie€spendBNgub ogtatidedisd fdidrianr fmver aKRERR. ' EIR8S Sakdins 78, 80
. the concave face of the bulged rupture disc. The disc
intersest fpprsrl Oa.ulifp e e substaatialbl Resrandisslar s19nng- bPeesats Shatedormed by the
. Vv r . |
e SR TR cE9R 106l 8550 8880y R APL R L 0 v
24. recess in the disc. This techni que produces acceptable

results when used in connection with relatively thin, ‘
s nfhislalsgi vaithan Ere sgprecef thapragepeinyertipnifhethe inerfrepeniagiegcess 24 to be

di f 1he disc | . the el ect. li,shi .
rorr TR s A5t AR BEER SR A0 PR aRE0 5 Bt parictar
embdd@hBAtNEpdnite; hieh 96 Qf d¥RRIINE TS sdhBEIBS SR Ssanel iB&fhef 8§ BBR:iBEd above.

thicker materials generally require |onger
Howeleacadge®. i84 rnkprmpdrby therinigrsgetion of canhixelpee d6a anslaseess 24.

havi ng.the .desired,.depth. The |l.onger ectropol i shi

¢SO B PRk 29 RO end F BaUB AR U Gt Pt extenas
from EREGSE cotdavé BiRe 1l 66 6:5GnREE AIE $64 BV aWIF yward BheloBER S5 sdi®¥aces. As

begin to affect the burst pressure of the disc thereby

used hersinl, thietgymi ‘singulap skanyel”dodaiingtl apydranndler tipegh ©ropdiithgdisc that

. characteristics..SUVMARY, OF THE .| N\VENTI ON | n _one

s oY nik e BB SOUR T BHERORD R 8NP 4bq e surfece

of theAli§Eb Rhid acenti & \IBERSt RAktioN thelcHM AT erHditd e ‘GRFRlH: Shdd@ieR is intended
bul ged portion having opposed concave and convex faces

to expragbleexsiude thesWrshbpetgeddsastpevndn Ezg. $hiandylendibed in the *457 publication.
bul ged rt,on. The, bul ged portion er i ncl.udes

Turniig o348 Pign 2 reechan BT o F Fogene R BB E LG deh by cdges

82, 84 BRERRrsct@ntdRFa QI 168 PERRELK BEER 1 BRBRIDS &Rt of Fig. 24) and side
si ngul ar channel and has a depth that extends from onée

margof $8h20 tehcaniauardy slope exay fomsdgendd, K yowadar tingleyeleepest point

ther o he conc and convex faces. The | ged . .
92 ot R Eeie Jf e PG G oGO AL DR eGSR A Ctagbytantialy
U-shajélsh antd @lclivn éthni'llf.lﬁh{fédrﬁltfq%.l ple> oﬂ§@!sﬁn§£lfWIsH5&ﬁ ih Bross section as

anot her enbodi ment of the present invention, there is
illustptoivindegl 24. rdtlmiugh.dp ceraie rsbodicdnty) itrisigésined talaggd the presence of

conprising a hul ged portion having. osed concave. and
sharrgies SRt BAIGS P e Goies o PRHGLE S eRon 16 (i May affect
the b SHAEREREL @ BHled8d oP@EiRN. The bul ged portion

further conprise$ an opening area having at |east one

mechanically forned |ine-of-opening recess. The

openi ng area generally has a substantially uniform

metallic grain structure throughout. The |ineof -

openi ng recess conprises an el ongated channel defined

by a pair of spaced edges intersecting one of the

concave and convex faces, and side margins

conti nuously sloping away fromthe edges toward a

singl e, deepest point of the channel. The

S .




10

15

20

25

30

di sc bl ank that includes a deflection post for formng
an indentation in one surface of the blank; Fig. 5 is
wa@2tvonigzent al cross-sectional view taken substBet/Usions/043144
on the line 5-5 of Fig. 4 and | ooki ng downwardly in
the direction of the arromsq~F|g. 6 is a schematic
cross-secti onal representatlén of the pre-bul ging step
using th f1xt re.illustrated. in Fi 4 and which
- it sPRal e T ieonOghe Ahanift 86 e s ipous, arcuate,
coan@‘é ﬂﬁp@@f‘cé&ﬁﬁ@ﬂoﬁfé@i@b 8h Qo BRIeB4DAFYrfre b Baild@BWHoBrons within
is an enl arged fragnentary schematic representation
chanod&l $thes mppedyuingert-oi-geningviasgssan nadd eavtedirge gt electropolishing

regi@n.in . th rtially.bulged convex surface of the
mcmﬂﬂ%%ﬁﬁﬂgﬁg1ﬁﬁﬁngéz3qﬂ§%{ﬂ% geflectlon post and which
Ve, 109 H@Iﬁoﬁraﬁég@héj&ﬁ!:&?tof% pPQ3ht infdr@ion & éo?ﬁtr%lh ing th the w1dth ofthe

hori zontal cross-secti ohal view taken on the
line-oft Olﬁlnglg Beem dvhitoktilh gcldewingvtiredteguired ﬂé‘;&hdl"lﬂesdz rrmasméments were

9 i.s a sche ti cr ss-secti opal _ )
obtaipgp PR 1k SbPPYHRE RS Ured eh SR IATIoN OFD g0 Fchck sainless
stee1lshlsta§lhgatmngmb & JERAGE: hﬂ‘bm tsh pressure is applied

to the concave face of the pre-bulged rupture disc to
Table2fect final bulging of the rupture disc; Fig. 10 is a
sehematic—eross-—sectionral—represent ati on of the
Avéf'a tee€ss AgptBh PWiefage Ficgss Widwl {h the post renoved and
t Qggbﬁklng F he manggl in which sufficient pressure
ggﬁd to t he concave face of the pre-bul ged
rnnfnrn di-s o-effect final ul ging of the rupture
dlsqggnd effect ret yrgpgof the|previously indented
segrent—regrop—of—the—butged—pection to its initia
posil@bn bef of e forei27on of {he indentation therein
during pre-pufging of the cemnpral section of the disc;
F|gﬂ5%é is a pchemat0i®@7cross-sectional view of the
il ul ged (disc | ich the initial indentation in
thgﬁkggtral section%ég%the di s5¢c has been ironed out
during final bulging of the disc blank; Fig. 12 is a
pI i ew of the ed di sc as sho in Fig. , With . '
y @Oea‘tréte%f?* %ﬁSF%ﬁ hayigg derdgs @%&%%mw 03’ f]%@ dgp ¢hickness
can ﬁ%eéd?lgavg§ %ﬁ%‘ij n%héﬂi@al%ﬂﬁx?’é HithdRsdae diliihg 8Rat Fdr@ Onel'%ufdsof those
an enl ar ged oss-sectional” representation of
recesparprodured by tleetrbpdlgbmgsethiquas.of the rupture dISC and
mhlch schematically illustrates the altered grain
t FRCRTETeat BveRtHg i ﬁﬁmcaiar ¥ W%H%@@é@}?éh@ maggfagiirgef metallic,
n ed
reverEJ]QctH% Ql?l 4 ngﬁtc's glggi:ﬂ%l % ﬁ&ngiéa? g%&ng%%se Qﬁﬁt F:E?t %6% L&géﬂ In certain
embcmiﬁmél’(te, nuptued disogmpade in @cfto@dantch evithuthg @fbs&ﬁ&hﬁz@ﬂmn@r@sem‘[ nominal
a cross-sectional pho

to h
thwkp@Sﬁe oSt [t §dnche Biadepid ARkITF Elgepﬁeeg suprainplthickness” refers to
the t}gﬁéﬁ'egseofqﬁé D8tafls eJ[ %{1%1 fréﬁ%ﬁl thte&ﬁﬁﬂfeatﬁgc is %«%(r%iedl 5Fho§’e of skill

a Cross-sectiona ogr aph o
in the @&¢essappeedimd thay balghiestthe eliscahhyetaude HeaRetdSlon#indin certain areas,
prior art electropolishing nethod; Fig. 16 is a
pam@llaé&/éogféf@tth%%w RO BigPafmeft HQWFY%éh@mﬁeé) exinpisinghe dlgnge area
r f [ n
and tﬁﬁe%poﬁgglgs fatlhg \}ig cﬁacre'ﬁ_‘é {8 fiaggg ] \%/inl %%ge%{t gﬁlg/s?antmgr hhe same
thwkmmeasﬂﬁemﬁMQm&hcMUﬁMﬂﬂ&kustratlng a first pass of a
mechanical m |l during formati on of a |ine-of-opening
r dB &N gmppdimspis@é thefresepigAvetion, ghayrs 86 P%@Htﬁ@WIdth of less than
e
0. 060'§H8{ & d%gﬁlcoffar 1585‘%”22{02 ?1&%0 rl%%tilgr %:('I:\%% gxﬁ&%aédvr\}%}’%‘ﬁﬂeé’e%s a width
of lesk kﬂamﬁl@%tmﬂgarﬁi sdpanel 40 &st MO0 @insk cClvasilldatthéfiehlbodiidnfg channel
formation of a |ine-of-opening recess in the bul ged
portion of a reverse acting rupture disc in accordance
wWth the present invention; Fig. 19 is a fragnentary
cross-sectional viewillustrating a third pass of a
mechanical m !l during formation of a |ine-of-opening
recess |n the bulged portlon of a reverse actlng

oy -
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convex face of the bulged portion of the disc; Fig. 25

is a perspective view of a reverse buckling rupture
waele@e/1essenbly i n accordance with this inventiPCT/u§i0g9/043144

26 is an expl oded view of the conponents making up the

reverse buckling rupture diég_assenbly; Fig. 27 is an

expl oded, bottom perspective view of the conponents

86 RS YBabSt A AT RSB dut Rt B 1GRE TR ncn. e
electfopBlistA teShqiR) B RoVdpHbIebf ?‘%@ﬁaﬁé iRl ot iR and depths. As

rupture disc according to e present invention having
notechabmarehinrveder| to meach ftheogsired depths dlaswidth phehelinegeebpening recess will

rtion. thereof . rein the |ine-of-opening recess is
exwiﬁbﬁT ﬁﬁaagﬁgﬁﬂggﬁpﬂggﬂﬁﬁc presents a pair of hinge
P %ts'tiﬁgﬁhéi‘ 'Eﬁnb'élﬁf?ﬁbn’t%b‘fd?lgf BB eVt BReAior 8t Bxﬂé@}% poarltion 16 of

Fig. 29 Is a plan view of yet ahother enbodi ment o
the rupinpe dise paéssuts ackanaemg ahd chdnaelfitgwesentsi anuariuonwitky WaigWhen D

- | chined cross-patterned |jine-aqf-openjng. recesses
is 1-%1}%5%51%@ go geseter ging) g %@} Biin ¥ w@h?seé’é%@s%r%er than 0.060
inch.np(ti)r AN SLSEED beRReR 1S and12 ﬁlcﬁesgWgﬁjiéé%hbstﬁtisaﬁyvl&ng%r}y between

representation denonstrating the naxi mum po
0.02dnd=0.06(hinchf Thesadnesterizhtin oty ahé W deried at déasgingpaprfran Fig. 29,
art el ectropolishing techni que w thout adversel )
ensurgs fhat the, goniepd oner UC PRISE BICFRES &% inéglt%lfledapfp&ﬁé& é%e aforementioned
: ' rupture disc versus the dianeter of the done or
Cr“e’%‘lcﬁlég%t'por tion of the disc. DETAILED DESCR PTI ON OF
THEheRREHIERREC ) r EVBODEHYENEE 24 it ety siemdaliatklyi poigr taufokmiatdon of line-of-
di sc assenbly 10 enbo%ying preferred concepts, of this i
opening\fegses oh Dresenis SRl ogeng £p gompysige atSH@Wﬁﬁy pgdorm metallic
. i S [ i . q i . .
grainglr 6> I the 2% chBh B4 LBy Hh ok ol AEmBying metal from
area ¢flgpening 76] the salsemitiblly udiforar @etallefgsiabirycthebrfitoadeathirohg metal of
corrosion resistant _netal material, such as any one of )
the arga qifj ap@INGHRasoh Desiy Figrated dioyn B paginlediss PreRYIsHieti@Rs As shown in

: ' y | [ .
Fi. BRSO R0 PR DY LB ALYy A oopning
no woill Igedbnscdfitbrehtriniag chedad hanwaehaed.f | ange portion 18

that circunscribes bul ged section 16. A transition

z oheshepmjinligs22 Hac-oRABSNIpRICRIsh fa-/& { eoperpllyrgbansdin sophigypitionand
el U 4 B A Fnd B8 0 RS RPN Oty T owever,

it is veifFEh therse@he0st tRZpokdnt viehti Gefvh tad ling-dfapahind redesdisl [@&dnt alternate
section 16 and particularl¥3centered at the apex of

confipyiafers ek a3 Brasagrovmondves 2328, ped ¥§-t hi n t he scope of
t resent. inwvention for,.reqjon 22 ffse [ .
e R P e 06 F e LUh e Bt b2 T BB splde B wih o

interseB@YMlindlofFd@nind Jeceddee 25ah@D 7. Gleck &8s DNard MexSendrom proximate one
altered grain structure and exhibits higher tensile

portiest plethg trangitieihrogiva J0cergsa deerapsk obbvlgedipa@enlorio the, opapgite portion
or e B Pk SRR e PN SHEIASR gf B e e o
bulgddagtiid0N6. SOhishapor Recgmma fusiuFd Felscli®a, Biflgdidegsh 16 breaks into

section 16 is snmooth w thout any significant
four patale praligtingedst a resppeivgrgeiia gfdhe trprsitignregionglt hi n t he

¢ o bR i TRpsh R R R 81 BT BByl fRinterupted
reces§ds! Hdvibiver, el aiRe ithin! BRIbchEoBE bicGétt AiveaRPh FgahdseRecesses to be

for which the disc is designed. The bul ged section 16
discogfinyaygton beokdn 8p it ajsgrigsrfvindivigluah, sprced apar orcideghglapegments.

| i ne-of -opening recess 24 that is in the bul ged

section 16 of the disc inboard of and generally

conplenental wth transition zone 20, as is

illustrated in Fig. 27. The backup ring 14 has a main

annul ar body 30 configured to underlie the flange

portion 18 of rupture disc 12. It is to be seen from

Fig. 26 that the inner edge ofannul ar body 30 presents

T - - .
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(EDM fromthe sheet 13. Preferably, the disc blank 15
has a peripheral unitary alignnent tang 17.

wo-209pi1¢8760 on of the rupture disc 12 is preferabtHUS2009/043144
acconplished in two stages. The first stageinvol ves
pre-bul ging of the disc in ? manner to form an
i ndentation in the convex sdface of a disc blank 15.

T econd stage i nvolyes, fipal. buLging of the disc .
niieRe EOMEH TR DRSS | ae -t Re InGEHPETOIFF RN tree joined
segmRARY &% AEdi@&enRhisbIend 83 SRR EGLLAP eﬁgn&iﬁg s&n¥nt 8 $that connects
renoved by returning the 1 ndented segnent Tedion of
segntehis 3hahd 88l EBatetallprxtending sedgnmdnt B ablsppsistntoan ardudte xiape érom a side
. 46 for_formng an . indentation of_ predetermne ) )
View PEITPEGHYF &E dish Pt ch f?%t:m%}h&w% %P&ﬂ&g jegtion 16. Disc 12b
' . Iy . . . : . _
inclu R ind e £ 208 S 10 bR cnfgdred & 1o Bportion of bulged
sectigle pé aipparopehingioftthe eisé6 Tisusf diis ieldbodintet irs@egeutspoSésuible hinge”
o§¥¥ and n%% inLenPed to be representative of a
configyratipp ) whichhsadisg formg e getplicchonsgipon OBRIAG t he
i Nt : ' 4 | Xt
Y Epsesotashliuy TRt i L AGIAR L £cDpater o
Fig. Zhnihkgad af a pair ohamtiauoe) intakeipgredtgsdsOthe Tive 12¢ has been provided
..cylindrical clanping ring 52 of fixture 46 has a .
with fa fisgreted g ofippening FcegRetdant 1th 2 éh andhad thfslogghintesiegh disc 12¢,
- - [ i :50. Cover nenber
howdBh i RSBt 30 R Pl P pte GG e 54 of
cl landaé rRenbodingend Aepibied apaig. MR, B Lifv-ougienidperesésd24waldisposed on
ing ring 52 serves to allow gas such as air _to

of cla
bulg@m%@lnfé #rlpgrion glasey tetheoflange dinpitaicrapag obportion { ol tearing

e . T

afforli@g s6MPspFeNtial hifgd Seeuiang ptdventirangndbdirdf frégmentation of disc 12.
respective disc blank 15, so that the bl anks 15 are )
Noteglsp thas pegion 33kaving abieeadeaain arggiereds spownat e apex effpalged pertion 16.

osition. el t | ect i p i.St:

HowBBE, {ceihend T B g dtouf Wi ARaP B it VP rie: 23y vent
initiatiOn 8f RMERAIJ peHRNEBlocOEs ktitkidd 2aJThis thetlihe-dfighehink aess 24 (and

of cover 56. After placenent of metal disc blank 15 on
conseyepidy archat epqriingy’@gs radigdlydipgecdiapart drog eaghad2] andplogated between

. b& ri 52..and base ring 48 positioned as shown in

‘fgm8|8§PagﬂP%P%%%%ﬁ§§%p to passage 54. Although in a

pr @fceftsia dndobiasinieidtoftdhe 16 Uicglrégeet inGaritioaNtht Yurbice Fidssh of the line-

60 is hem spherical as shown in Fig. 5 the termna
of-opshihgatcesndd 1@ entay thee abejtidr micreinelss-of areraghagvigtion from the mean

stay-sh d r any other desiyed confi ati,on, .The .
surtf o S0P AES o PR E SR RN ALY Wifrotnhes of
averdg® 9bHaddAAa theh@nSurth@c Tha8 (18f metihsfichllypfkmddline®bLopening recess

under a pre-bul ging pressure is introduced into
24 is teadtly distimgrshiable dom ¢le¢trappbistied ingo-twsalgidserseess by the naked eye. The

tine- G Gae S Sl o 5 P bR i Bl TR pter than e
line-6fedgeni@d¥cedd fRfed BY kgeste SRAE Bt PpioBesd. downwar d
direction as shown in Fig. 6. The depth of the

i nHerengpdgpenteeiithe myemivngRscribad abdve avgnbe yedas ilbwtratinh only, and

xt ent of,.such i.ndentation is functi of the . .
shou@]- r}&)ﬁg? 8§eddf1 agld‘% ing gensg h% Inémﬁé aagﬁaogea%fﬁﬁg prgser fnyention. Obvious
modifiR Al GRS ieCenP ey 6AbOAInRAR! s& Yor@NshdvE M EBSHEEIly made by those

applied to the surface 70 of disc blank 15. In the
skilleglain ¢heodrt withogtdep@tihgfiionytha shigitrio§ flegrésent ineendioB4, t he

i ndented segnment region 68 has a generally

hem spherical portion 68a and a tapered sonewhat

coni cal surface 68b |leading to and termnating in the

mai nbody portion 16b of bul ged section 16. View ng

Fig. 7, it can be seen that the central generally

hem spherical indented segnment region 68a is

surrounded by a generally circular or oval shaped

I T o
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been altered as a result of the deflection of that
area in one direction, and then deflection of that
WO 2009/1$5I® area in an opposite direction, the PEFUS10091Q#3144

changes in the grain structure of the netal causes the
area 68 to commence reversal _before the renai nder of
the surface area of the bulé%d section 16. The nore
reliable reversal and full opening of the bul ged

We dainx i on 16 al ong the |ineof- opening recess 24 is
obt ai ned by : I ] - ' .
directi ig’ns i%hlt?ﬁéﬁlg’ﬁégérg%?%gtr uBI[pg?rl%ﬂ P ég@'i s
af 4 blgell partibh angeg dBpwtd betogedandigpinueefdesand2 usi ng
suitabl e fasteners and supporting the bul ged section
162 CiTayRFGEDIDg ﬂagg%aﬁéﬁ@munémgwa&%%éopqmma t he hinge

ar && ﬁlﬁgé(;ﬁ{ }%%Hhrg g{illlacgﬁ:é %tg?asg'gne dﬁ@&lal’l}}gll ngle% ginlg-g)f-opening recess,

rupture ure di'sc ass

adapd fledstorReinsivhesing alceseomptising e dingolapttiangs aodl hiheg a depth
type illustrated in Figures 6-9 U S. Patent. No.

6, 318, 5thet axfands e s Al cuedEead s@w es faceeipniardy Hvged the other
12 faCIgﬁﬁéﬁpg%é%ﬁéﬁaCeﬁagﬂﬁa”SIde of the equi pnent to

be prote on ring 30 provides the installer
of sdid1Bulgk s poARITHal ARrosk disci Adf REMBdai D haagelt IvRigOP Slibstantially
orientation of the assenbly between the flange
coupl i ngsfaurmetgllicrgsainistragtiign to i nsure that the
convex surface 16a of rupture disc 12 faces toward the
process side of the equipnent. The arm44 is also a
continupng vigdahptuRdidat aécokdiag @Nclafist Bl hddreth S@id Bhannel is
IS proper orienta%ion. In the event an overpressure
subsigotiallyt U shapgd onsebstantinHe Vpshapedin ayesssestianr pi pi ng ‘
protected by rupture disc assenbly 10, which is
sufficient to effect reversal of the bul ged section
16, bulged segd heurdbliRPRBS AR g:letiﬁlel,hi/lﬁb%iﬁfsaﬁﬂﬁgiuﬁgdisc has a
recess 24 while being retained by hinge portion 42.
nomiTinkthichuess ©€ at lgptt Ord®8doemences at segment 68 defi ni ng
regi on 22 because of the nore highly stressed, altered
grain structure of the segnment region 68. Because of
t he exi gt encepOfuphilie Rt ab@idiff EC88Rd3 I 9HreR sdid dhBnnel has a width
bul ged section 18, the overpressure exerted on the
of lessghare®. 06Gioeh 264 adtpthuif geldag dcdt0dancli6 is bel i eved to
initiate reversal of bulged section 16 and ultimtely
to effect opening of bul ged section 16 al ong the
llength of |i PR QbnpP&sE Mofcﬁﬁ%@%laﬁﬂ-l, WherB@Sald@Rlbed portion of said
unexpectedly di scovered that by deflecting a seghent
disc bds ariametsi Dl andeseidrobanied hbad pesinsee widh W6 of t he disc

as desgr.i bed in ai |l above, then returning that
se ﬁ%‘h 1} %ilfl%he?gﬁlﬁgf’gb qrglilaéﬂf Pfesent a snoot h,
unLRLLHIYPS %Qh(@stW%nég&reéﬁPﬁmn 0®¥8hisd af the disc is

a function of discontinhuity of the grain structure in
t heheebne hetweegilohingBes adi 2 insh¢sp Weagesubsighigadlyvirtehrly between

simply provi di .depression in the disc as
iIIustr@pg%a%%ggéﬁgfﬁibed in U S Patent No.
6,494,074, in which rupture is initiated as the result

of altered | oad geonetry and subsequent stress
di stri b6t i onThd ropterendide faceddingnvedaisunf adereidsaid channel has a

. .exenpl ary_disc prepared i n. accordance with the

mﬂﬂgwgg%wﬁkgf%H%EB%§4Sfﬁgﬁ#§ﬁﬁhV¥H?F8ﬁ%§ SMepicted in
Fig. 10 is preferably fabricated from 16 m | 316
stainless steel and has an overall dianeter of about 6
i nches. Pre-bulging of the disc 12 as schematically
illustrated in Fig. 6 is acconplished under a pressure
of about 80 psig to forma depression 68 in the disc
bl ank 44 as shown in Fig. 6. Final bulging of the disc
as schematically shown in Figs. 9 and 10 is carried
out under a pressure of about 550 psig producing a
bul ged disc in which the height of the done isabout
1.125 inches. The final bulged disc is then subject to

o .. o, e - " - P
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i ndentations in the bul ged section of the disc blank,
followed by final bulging of the disc to an extent to

WO e@p/148760 t he i ndentation, the reversal pressuP€EUST009/043144
the resulting discs can be enpirically established and
the results noted for subseggﬁnt dupl i cation. These
enpirical analyses are a furcfi on of the type of

mat erial used to nanutacturg the rupture djsc,
thi ckneds of hhEPIHACECiagrordiag do el di wheresy saut atﬂ??ét one line-of-
|
open%gz S Q{eﬁﬁg%ﬂ{c}f&(nessrérnréoc\hl?%mgfém groghgga?% IBP%\F%@ pt)ﬁlon without
disrujbtlﬁg ft&cseb@zintiaﬁy ubifbgeshetatiid drain sotictarerofv&id belgad poiign adJ acent said
rupture disc in order to define the area of the disc
chanpglat opens upon reversal. One of the nobst conmon
previ ously enpl oyed techni ques for creating |ines of
weakness has been to enploy a netal scoring die.
Figure 84 i sThe aposs diecténdial tdblateJr dpbrelf saftl 4tU@dstis® line-of-
di sc contalnlng a |ine of weakness fornmed us
openygdepashiy cerated inmiighavig ageiblrdigmetpr o betyeeen &b%%tquﬁO @fout 0.060
I p the bul ged section of
Hmh%ﬁéa ﬁé%eérgt%%ﬂ%ﬁggggﬁ'Q%“%turbed or shifted thereby
form ng an el ongated channel or trough. As a result,
the once-uniformgrain structure of the portion of the
bul ged Sect i dhe wrdieidiscrapeordigiie claimé, wheravgaid atdeaseene line-of-
onennds oeen %n%% -ﬁp.g is.Jksrupied netallic grain
PERIE IGEPUr e s p ain ;9 wsqbifé n”?: . 14. The metallic
grains lying within a yet-to- be deflned openi ng area
have been conﬁressed and el ongated. Thus, the metallic
gr ains W-thih QW@tL@E@lﬁﬁl w@oah%m&t@emr?owmrﬁg@aldhﬂlge@rmmon hasan

apexsﬁallecj }ég!ﬂ?) topen-grlaf %eccjzlesssrb cﬁgq]ogé%tglﬁq ?aﬁg%t %lel | Grt 1%5%;? Iocre]t tion closer to
gﬂdh@@gﬁh&puhﬁﬁfﬁﬁﬁed brittl eness of the netal and the
creation of stress zones. The increased brittl eness
and stress zones of the netal limt the service life

and str bbb oo BoER HpRoftng logimd W TP LB Plen comprises

aphﬁﬂﬂﬁngﬁewﬁ@&ﬁ> caaparal ly exh|b|t decreased cycl e
life, that is the ability of the disc to avoid failure

upon exposure to nultlple successi ve pressure cycles

Many su s are o abl th tan 500 ar

Cyeles fone Lher@ s i adordiu tteimd 10 0ReRd 598 BTSN portion
comSHROSUERL HR é{&?gét%@lfr@[d gYec%&Q %é‘lﬂ@eée@seg Q(ﬂiﬁguréchs% that upon

rated operating ratio) ot er techni que has been

opmungﬂmﬂmmnmﬁdmeat@xhsbmheﬂdVOﬁeakhesBmmecess in the
bul ged portion of reverse acting rupture discs that
woul d not alter or disrupt the netallic grain
structure W Thi fyp td?@d@@%ﬁoﬂﬂn?foe@atﬁplza%h%&l@éé@d 8 1ER€two line-of-
undesi rabl e characteristics tendant with die

openggaeeassgs iffieisscitat ohnéay tlee apex dé said bbkedd portidnS.  Pat ent
Application Publication 2006/ 0237457 (Application S/ N
11/ 096, 466), hereby incorporated by reference inits
entirely, ThehdRpupbBisk 6@&blARs #E3AH @%h@re’i@%ﬂp&t least two line-of-
wherein a | ayer of resist naterlal Is applied to a

openfrignateskasldyewt migsente di sc. A laser is used to renove a
portion of the resist material corresponding to a
desired |ine-of -opening recess. The disc is then
subject to an el ectropolishing operation to renove
metal fromthe |ased area of the rupture disc. Figure
15 is a cross-sectional photograph of a disc
manuf actured according to this nethod. As shown in
Fig. 15, a line-of-opening recess is forned that
conprises two, spaced-apart channel portions separated
by a central raised crown portion thereby presenting a
general ly Wshaped cross section. As can be seen, the
metallic grain structure within the opening area has
not been dlsrupted as |n the die scored dISC of Flg

A I TR o, . - R o o I
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adversely affected. As the recess width increases, the

I i ne-of -opening recess begins to control the burst
w@e@eges7eo of the disc, rather than, for exanpl BCT/US2009/043144

segnent region 68. Thus, reversal of the disc wll

tend to prematurely initiateg,at the |ine-of-opening

recess. This leads to Iess'%?édictable openi ng

charactgristjcs of the disc,..such as reversal of,

h :

di sc_at!r esSHr BOWEIHCHELTR NS Fared ouhsienrad Bifesd portion
comBiREs HRLESIARNE RUpSHind8SSEY iBteldoMALHE bPA Brter M P EA R recess,

is a chart illustrating sonme of the practical Imts
said artudtoling-ogopdneng icomssesf defipangi angpir @dwisss sectionaloatesl tHersbaween.

using the el ectropolishing technique. In this figure,

the rel ationship between the done di aneter of the disc

and th Xi ﬁﬁﬁg N8 =0f ' : :

recess?gggresse as(§$%%?§g%1aggﬁg?@ﬁﬁgkggﬁgdgﬁgﬁgpgﬁOnmman
area ofswedkness. at Wiicldab ersalvdfiseld disd 5 imitibfed @pon tx@dre toreepredetermined

identifies, points at which the ability tq mainfain .
over-gresiuss cRnAgqn, 836‘51?1?66 P ygamessheng swaced spayt ?rﬁ%%ﬁﬁtéeaﬁ*sone line-of-
Opmﬂng§&mgpen form ng the |ine-of-opening recess using the

efFectropol i shing technique. Loss of control over burst

pressure is identified when the disc having a

i ne-of -openi.ng recess bursts at a pressure that is at .

| east 59% | esStHARTE Bt a‘t?Pngn%ﬂ%‘éathbl"ﬂRﬁr‘?’@ Sh Ia&leas“ one line-of-

- : | NEsOf, = ' Control over
Opemt%%gg%ggr 185? &E?éeag s El%eédg? gvcf ?%% s@%g{/dl‘%gljé S er dome

di aneters can be maintained with recess w dths that

are a higher percentage of the disc's done dianeter

than conpared to discs with | arger done di aneters.

However, it is generally the case that as done

di aneter increases, so does the thickness of the disc

mat eri al . Consequently, such |arger discs require

| onger periods of electropolishing to achieve the

required recess depth which also tends to increase the

wi dth of the recess. Therefore, the el ectropolishing

technique is generally not acceptable for use on

thicker, larger-dianeter discs. The present invention

overcones the problens associated with die scoring

di scussed herein because the grain structure i s not

altered. It is noted that the recess formed in

accordance with the present invention is referred to

as a "line-of-opening" recess as opposed to a

"l'ine- of weakness" recess. The present invention allows

for increased cycle life as nentioned herein which is

generally not the case with discs having

| i ne- of -weakness recesses forned by die scoring.

Figures 17-19 illustrate a nethod of creating a

| i ne-of -opening recess in a reverse acting rupture

disc in accordance with an enbodi ment of the present

invention. Turning first to Fig. 17, rupture disc 12

is shown in fragnentary cross-sectional view A mll

72 having a mlling end 74 is shown naking an initia

pass across the concave face 16¢c and form ng

| i ne-of -opening recess 24. As shown, mlling end 74

presents a hem spherical shape, however, it is within

the scope of the present invention for mlling end 74

to present alternate configurations such as conical,

cylindrical, or spherical (ball-shaped) dependi ng upon

the desired geonetry of the |lineof- opening recess. In

certain enbodi nents according to the present

invention, it is preferred that a ball-shaped m Il or

the illustrated hem spherical mlIl be used so that

I i ne-of -openi ng recess 24 presents a snooth, arcuate

configuration wi thout the presence of sharp edges or

corners. MIling end 74 may be nade of any materia

sufficient to cut the netal fromwhich disc 12 is

I L Y 1 T Y T L L O L I ) o
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Fig. 16 is a cross-sectional photograph of a rupture

disc with a line-of-opening recess forned therein. It
WO 2000l1¢8360 t hat the metallic grain structure of PETTESHNSC13144

nmetal remaining after the recess is formed remains

substantially uniform The 2 naining nmetal does not

exhi bit signs of work hardefifhg as is the case with

t he di sc con alnlpg the die scored |ine-of-weakness

recess i F.% ANCBEYGICARIRE FYPIUIC KSCSOMPIISHEDT  t he

[

OB A0 OB 08 59508 Y s v

exhi bi t# lassatesheribn@bllyfouned tnerfrepaling ecgsspim

strycture._ Further, the netallic in structure of
t HeCIEuERCdping Hlangedyes muaémgﬁa@tbgﬁﬁeﬁéao Bnits

[

repld SiRpfhethel favind\bubbBpidi o %t%%%liﬂ* o Sl 8hebighout,
al dating ledstoms lined & opadng idierg cdropitidieg predaeyatedicharewet dedimed by a pair

to exhibit excellent cyc|e I|fe of , greater than 10, 000
cycl es Wi PAEAT CHE8P IRIFECCUBg MR, SPichEOTeY 81 G Hages and side

nmet hod I
e o M) GRS IA LIRS0l sl dpstpon
enployaﬁsdmmﬂmgmﬂabrlcatlon of any pressure relief

devi ce or precursor. For exanple, the Ilne of - openi ng,

r eteiky ?ﬁéyoraf‘ehlaq—@fa@@amgﬁ%q% éelﬁg sifeteddyppephanigal g}hl&r@y}ng metal

a pre : :

and 1 or el 4 SbHing oS AR RRAE e D ol B hetalic gain

I nst ancgruthige bf the rahaifpg Porthnr Feefopesingardaed in t he

yet-to-be described area of opening 76 of the pressure

relief device or precursor. Turning nowto Fig. 20, a

met al | 'f9 i ?l?t t'dﬁg a(cldgllitg{ téj'&aq %8' %vh%pe(i) aid channel is

conpri sing a d% gbresen i ng op
subst@ﬁ’tﬂil@ﬁ@htq)e@@H@tﬂjé&nflaﬂ}evrshlﬁﬁl ianrgdost Gectiohes peCt i VeI y.

The I'i ne-of -opening recess 24 is forned in concave

face 16c of the bul ged portion 16, and particularly in

a secti of bu f 5 ea:

of openél%ﬂg 7%1’16 J.‘.\%%ge BRL tak?o@d&lg td gl ﬁ{} ég B%g@%ﬁféﬂ(}%ggﬁgasc has a
nom@@ltﬁmﬁﬁeg%f@ﬂle&t@.8)088&:hext endl ng f rom opposed edges of

the 1ine-of opening recess 82, 84 through the disc

mat eri al to convex face 16a. Thus, margins 78, 80

0t eSS | SRR 0Bl S LA gispapp s vian

of ledsThAT G660 ineR a6d a @ ﬁ@YQtIEQ&@.ODﬁQn@ﬂd recess 24 and
generally define the maxi num wi dth of recess 24. It is

al so within the scope of the present invention for the

:c Iag S ) gg?;f P nt?ﬁgrblétgl%eg ?c al‘%(g%&l??g kt)o cgiaulnI B4 S?ergtn sat% bupg‘gg gor‘uon of said
disc 1%{!; -a difintBAD R8s eHhiHe] BADOMLRBNIm WaRRWNg area 76 is

defined in essentially the sane manner as descri bed
abohe D&bt\évecrhes,e\bfgeso greategthaa(e0X0oneksd by t he

I nt er sect Goenvex face, 16 d recess 24.

Li Yee Ibﬁl%tgﬂ¥ﬁﬁsre & gﬁ%mﬂgwﬁﬁpgggw hgul ar channe

t h@hePDES 8B eR 1 GCRERestdhat1 26K EIRRAY (arRsabdtARIali9flinearly between
concave face 16¢c or convex face 16a i nwardly toward

t he ot h@P2Qindk@ed fngbes. As used herein, the term
"singular channel"” is defined as a channel or trough
formed in the disc that is bounded by side nargins

that smppt hl yhanghr@e i b@eedivg 30 QRem 3R Y@M salte channel has a
outer surface of the disc toward a central deepest

minipoinrdeptf oft 4t éeastilin of theTomet thickmess phthgldase. channel " i s
i ntended to expressly exclude the Wshaped recess
shown in Fig. 15 and described in the '457
publication. Turning again to Fig. 20, recess 24
conpri ses an el ongated channel 86 that is defined by
edges 82, 84 that intersect concave face 16¢c (or
convex face 16a in the enbodi nent of Fig. 24) and side
narglns 88 90 that contlnuously slope away fron1edges

~ ~ o, ~ ~ o a1
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enbodi nents, rupture discs nade in accordance with the
present invention present nom nal thicknesses of at
wo e@sti46®10 i nch, or at |east 0.016 inch. TheP€EU§2009/043144
"nom nal thickness" refers to the thickness of the
metal sheet or bl ank fron1w%ich the rupture disc is
formed. Those of skill int é'art can appreci ate that
bul gi ng of the disc nay cause the nmetal to thin in
certain areas, particularly toward the apex regi on of
the domy HOYRy@hurt B8c BRLAinS RMMilnS1 &) GhbRe: o ®A9&st one line-of-
area and those portions of the donme adjacent the
openfrigapgpss @iceatediblyla npitldsemg aswil stiamndtéralf bytwehe alsartd.020 to about 0.060
. ,thickness as th | sheet or disc blank. In certain
inch 8%6%‘?%1%@?9“t01f0=®9£%ﬁé§§ﬁ?mqrnvent i on, channel 86
presents a width of Iess than 0.060 inch and a depth
of at |east 0.004 inch. In other enbodi nents, channe
86 presgnts dhavugtune disc hessdibd@clOmOus wihaein sandlatdeast one line-of-
depth of at |least 0.006 ingch. In still further
OpengiEIEeRsHsAcECTatR Snthep IW§§3W?§O% width of less than
0.035 inch and a depth of at |east 0.008 inch. The
el ectropolishing technique is not capabl e of producing
channel 3.0f Thetupwire tiizs acrddide pt ¢isim 25 wieten s@b bukzed portion has

order. _to reach the desired depths, the wdth of the )
an apexp gaig el fgeinisg incaRleansnifie ecesk beg dwpsstor rud latgedgrprtion at a

locatwgdctl%epfbuﬁﬂf"ﬂ%ﬁgi%'thAﬁo%Efd'a'pte)g.t her enbodi nments accordi ng

€ presen nventi on, e bul ged portion 16 of the
rupture disc presents a dianeter D and channel 86
presents a maxi numw dth W .5 inches,

Wen Dis 1.5 Wis )
no greatlr t hagruptuopdiss aceprdingieplap | & wihergip bylged pagjipcomprises
. e inch. For all values of D
aplugag]tq?\é@%gei&fé(g];a%ﬁglg%ﬁpeg%ecshes, Wvaries substantially
linearly between 0.020 and 0.060 inch. This

characterization of D and Wderived at |east .in part )
from Fi 3 29 heptiedisnageortias & RleinI2Tovderdn seidgiggd portion
s [ A
comBEE BG4 T A8 REEN P8 LIS AGLSTROLL A s voon
opendfg datd @iusd Sis¢ Mvadieat elurality bdpethisebidsiznt i on of
| i ne- of openi ng recess 24, presents an area of opening
76 conprising a substantially uniformnetallic grain
gt ruct u%éa ; V‘fﬁenru!ﬁurllg 3Rt égc%&még% MEiiia w%ére;nssa?c{ §3L8Fwo line-of-
y mechani cal Ty Fenovi ng ne from-area of ‘openi ng
open?rg, reéddSesSHREtaN bthddy thérﬁfpfe@ loMsaT@balgkd goioal n structure
of the remaining netal of the area of opening has not
been disrupted fromits original, disc precursor
state. shawn in Fi,.g. 16. ..netal_.grai ns o on .
her cof “have! 4 WBILYS W rP B oy PR Mhet BB i Povo line-of
(nmnggg@&ﬁgmaquﬁgnmﬁax_hardening of the remaini ng netal
has occurred. As shown in Fig. 22, |ine-of-opening
recess 24 is generally C-shaped in configuration and

termn s Wt h end extrenmtijes. 26 _and,28.,an.0p ite .
S des of ¢ he i RETSGIES SO 19 efir s FrRu® BRERied portion

compriies BEORGuAt 1ihOBfBp&seNfect¥LMtdrehnt@Ed b}@ laterally extending recess,
| i ne- of -opening recess to present alternate

said giondte oe-af-opemngsiseessesdalingsa sHoorhinge Ficheus logatedperebetween.
and 29. Turning to Fig. 23, the C shaped
| i ne- of -openi ng recess has been replaced with two
i ntersett i ngThd ABHRE dRPBEICREInE BCESSE 58, 2heddifl s&d bulged portion has
Recesses 25 and 27 extend from proxi mate one portion )
an ared of wieaknessias whichne vesgl ofsaibdiseis deitiated apeipespostre s gedetermined
portion 16 to the opposite portion of the transition
regi on. Recesses 25 and 27 intersect at a centra
junction at or near the apex of bul ged section 16.
Thus, upon reversal and rupture of disc 12a, bul ged
section 16 breaks into four petals each hinged at a
respective portion of the transition region 20. As
illustrated, the |line-of-opening recesses 24, 25, and

P r— e . Y '} -



However, region 22 may al so be offset fromthe apex,
as shown in Fig. 23. In any event, initiation of

WO ewenssabo of portion 16 occurs at region 22. TPCEDUS1008043144
| i ne- of -opening recess 24 (and consequently area of

opening 76) is radially quégd apart fromregion 22

and | ocated between region “and transition zone 20.

In certaipn.enbodi nents according to the present i
OVer-PHFEHE COR1IPH éa‘gLﬂr?aa@séN?@%H‘?% CHIE PRI 3PAI Stom $id PSS area and
said H13GRESnthd-oF-GleftfpGEcdsflan about 4 nicroinches of

average deviationfromthe nmean surface. In stil

ot her enbodi nents, the surface finish is greater than

about 8 nicroinchesﬁg% average deviation fromthe ne

an
sur f ace33- Thukhe RBIS@ishagseeng & daamplSa WheigaLsgtd & east oig line-of-
> <Hﬁng%g§%$%§§F#§ﬁggqﬁ%%%Fo -%%g hess ré%géggg§ t he naked
eye. The |ine-of-weakness recess forned by the
el ectropol i shing techni que exhibits greater |uster
than the |ine-of-opening recess forned by the present
nmechani cal process. The enbodi nents of the invention
descri bed above are to be used as illustration only,
and should not be used in a limting sense to
interpret the scope of the present invention. Cbvious
nodi fications to the exenplary enbodi nents, set forth
above, could be readily made by those skilled in the
art without departing fromthe spirit of the present
invention.W claim 1. A netallic, reverse acting
rupture disc conprising: a bulged portion having
opposed concave and convex faces; and a circunscribing
fl ange area surroundi ng sai d bul ged portion, said
bul ged portion including at | east one nechanically
formed |ine-of-opening recess, said at | east one
| i ne- of - openi ng recess conprising a singular channe
and having a depth that extends from one of said
concave and convex faces inwardly toward the ot her of
said concave and convex faces, said bul ged portion of
said rapture disc adjacent said channel having a
substantially uniformnetallic grain structure. 2. The
rupture disc according to claim1, wherein said
channel is substantially U shaped or substantially
V-shaped in cross section. 3. The rupture disc
according to claim1, wherein said rupture disc has a
nom nal thickness of at |east 0.008 inch. 4. The
rupture disc according to claim3, wherein said
channel has a width of [ess than 0.060 inch and a
depth of at |least 0.004 inch. 5. The rupture disc
according to claiml, wherein said bul ged portion of
said disc has a dianeter D and said channel has a
maxi mum w dth W when Dis 1.5 inches, Wis no greater
than 0.020 inch; when Dis 12 inches, Wis no greater
than 0.060 inch; and when Dis between 1.5 inches and
12 inches, Wvaries substantially linearly between
0.020 and 0.060 inch. 6. The rupture disc according to
claimb5, wherein said channel has a m ni num dept h of
at | east 40% of the dome thickness of the disc.7. The
rupture disc according to claim1, wherein said at
| east one |ine-of opening recess is created by
mechanically renoving netal from said bul ged portion
W t hout disrupting the substantially uniformnetallic
grain structure of said bulged portion adjacent said
channel . 8. The rupture disc according to claim7,
wherein said at | east one |ine-ofopening recess is
created by a mll having a mll dianeter of between
about 0.020 to about 0.060 inch operating at about
10,000 RPM or greater. 9. The rupture disc according
to claim1, wherein said at |east one |ine-ofopening
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recesses intersect at or near the apex of said bul ged

portion. 14. The rupture disc according to claim12,
wob@peistecai d at | east two |ine-of openi ng r eceRCEESIH09/043144

not intersect.15. The rupture disc according to claim

11, wherein said bul ged por?ion conprises two arcuate

I i ne-of - openi ng recesses in'gfconnected by a laterally

ext endi recess, i.d arcuate |ine:of-openin . .

F ecessed def (e oL EAHNGR - plgRPeB s FoRanpgiiallig pressure relict
devideN®LRPRINYARNsteJLor: The rupture disc according to claim

1, wherein said bulged portion has an area of weakness

at pramidoig 2 evesswal rebéf patdsdi bying aipnéssinat reefupation configured to

exposure to a predeterm ned over-pressure condition, . .

sai d ar'@RMES AYEARRSPEN FEPITY !B A Hp e VSRS cqpdition and

| east oneithne-of ' CESSundi r.ep: H : .

accor di %3”% %ﬁ%r%ifu%o%%%g{egi n sg?%&%tsg{aggfse? Q%ﬁerghgl ttion, said

| i ne- of wpssuienpliet pesionilmvingranedpanmg frea do mddnhesdid tiae-of-opening

said bul ged.portipon.18. A netallic, reverse acting i .
r upt ur "8 i fgsﬂiﬂg 'ﬁ%l% RECRIBE Hgh B@an%w S@ﬁtlﬂmférm metallic grain
opposed LRAtAMSMIdLEQRyex faces and an opening area
havi ng at [east onhe rechanically forned
| i mechahicapereiniyingecestion afimetal fooni saidreeenihy arep §d BN@ErmM said line-
area surroundi ng said, pul ged portion, said opening . )
area ha¥froRgNmEdEERsE-a33tq RATRIgn eﬁmﬁ# REREFENPY \@#ﬂmu% disrupting the
struct uJu%sttaHﬁé? Rrm ﬁ@ﬂaﬂicaéralne?tﬁfcuﬂ@ ®f the remaining metal of said
| i ne- of -openi ng recess conprrsing an eIongafeJléﬁgnne?
def i nedopeyiing a4p&. r of spaced edges intersecting one of
said concave and convex faces and side margins
conti nuously sloping away fromsaid edges toward a
singl e, ;deeppgt oL 0f a&%rcﬁﬁé tg) c?eﬁx%%ﬂe!vh r%%' sgidaptregsﬁl%%lief precursor
one | i ne-of -opening recess- belng Cteate y
compiBehabilged tipture diy icogpfisihah blilgedpsaiod aap ariro@nmadriding flange area,
Wi thout disrupting the substantially uniformnetallic
said RjHagdpastion BaingoRifoseheoncayangl 49§ Vpolagsson of sai d
openi ng area. 19. The rupture disc according to claim
18, wherein said channel is substantially U shaped or
subst argd. al | PheVnshapedoidingas 0lain S&Ghidepenid@ared B&ing located on said
rupture disc according to claim 18, wherein said
bulggdriiee di sc has a nominal thickness of at |east 0.008
inch. 21. The rupture disc according to claim 20,
wherei n said channel has a width of |ess than 0.060
inch amy.a de metiodalccEant toklARA37,NGI 1idZof-8péhing recess being
rupture disc according to claim 18, wherein said
formefhingall qrspinggreasin soid eprgpeciapls a di aneter D and said
channel has a maximumw dth W when Dis 1.5 inches, W
is no greater than 0.020 inch; when Dis 12 inches, W
I S no gygeat eThel MaMo . a068RdinBab clan MheRrdh ksid RefpWEBhechanically
1.5 inches and 12 inches, Wvaries substantially _
remoyingaapdrijob et weeh fromodd epriie @60 being karried ouTheamipthavieg a mill

L PN ORI T Y -

the disc.24. The rupture disc according to claim 18,

wherein said at | east one |ine-ofopening recess is

creat ed%y allwimethhdecqerdiag ta ¢1airrdBg,n@h@ein@ﬁiddélevmfmening recess
. a t 0,020 to about.0.06Q Lnch,operati.ng at about .
i erelg 0k 5 PRI gy e bR Gt SRR PehaH afte, 288 fimsgutive pass
incredstnCihaidppth @ smb emeiof opahidg 8dcedseast one |ine- of openi ng

recess is generally C shaped in configuration. 26. The

rupture disc according to claim25, wherein said

bul ged portion has an apex, said at |east one

| i ne- of - openi ng recess being di sposed on said bul ged

portion at a location closer to said flange than to

said apex. 27. The rupture disc according to claim

18, wherein bul ged portion conprises a plurality of

| i ne- of -openi ng recesses. 28. The rupture disc

according to claim 27, wherein said bulged portion

o o oy .
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32. The rupture disc according to claim18, wherein
sai d bul ged portion has an area of weakness at which

WO ewenssabo of said disc is initiated upon exposSPCEHUSHOH043144
pr edet er m nedover - pressure condition, said area of
weakness bei ng spaced apart f,rom sai d opening area and
said at | east one |ine-of- oﬁ@nlng recess. 33. The

enst oHE 1§ HES GRBBUAFH e S LB oy WpSTel i RigoSpening recess
comﬁr%@@ avRhRe @h&]heﬁtﬁhﬂs Bt Beda P UL iaPe Bé: sﬁ%ﬁt‘ﬂﬂ@ Wshaped in cross

form ng a i ne-of -opening recess in a netal
sectipmessure relief device conprising the steps of.
providing a pressure relief precursor having a
pressure relief portion configured to rupture and open
upon exposur end ReMoRLEIRIiRE 19 aH RSBGPS Bethod further includes
condition and a circunscribing ange area surroundi ng
the sge@iad cpaaesg an eraaedf |vm‘akms tin eaid psasude peles porteny slid efea of weakness

orti enln area in sai d

bein ?Hﬁ‘éecg?li’a&% S?@&‘r LN W%ﬁ%&aldﬁ}e&t}éﬁ’éﬂinﬁgﬁecﬁ%a
having a substantially uniformnetallic grain
structure throughout; and nmechanically renoving a
portion of netal from said opening area so as to form
said |ineof- opening recess, said portion of netal
bei ng renoved wi thout disrupting the substantially
uniformmetallic grain structure of the remaining
nmetal of said opening area. 35. The nethod according
to claim 34, wherein said pressure relief precursor
conprises a bul ged rupture disc conprising a bul ged
portion and a circunscribing flange area, said bul ged
portion having opposed concave and convex faces. 36.
The nmet hod according to claim35, said opening area
bei ng | ocated on said bul ged portion. 37. The nethod
according to claim 37, said |line-of-opening recess
being forned in said opening area on said concave
face. 38. The nethod according to claim34, wherein
said step of mechanically renoving a portion of netal
fromsaid opening area being carried out by a mil|l
having a m || diameter of between about 0.020 to about
0. 060 inch operating at about 10,000 RPM or greater.
39. The nethod according to claim 38, wherein said
| i ne-of -opening recess is created by a plurality of
passes of said mll through said opening area, each
consecutive pass increasing the depth of said
| i ne- of -openi ng recess. 40. The net hod according to
clai m 34, wherein said |ine-of-opening recess
conprises a singular channel that is substantially
U shaped or substantially V-shaped in cross section.
41. The net hod according to claim 34, wherein said
met hod further includes the step of creating an area
of weakness in said pressure relief portion, said area
of weakness being spaced apart from both said opening
area and sai d |ine-of-opening recess.



