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METHOD, APPARATUS AND SYSTEMS FOR TREATI NG
CONTAM NATES IN A WASTE FLU D CROSS- REFERENCE TO
WeBLANBEESAPPLI CATI ONS [ 0001] This applicati on PETAIS2006/026656
continuation-in-part of U S. application Ser. No.
i Pdp 86 AvpRovEDr EINpOR BRIPATIOW FALRORE oF REAME
peETETTT OF TNE ST TR I ii%§§OT U S
provi si onal patent=—60 ; , My 8, 2005, the
entire contents of which are hereby incorporated by
reference. BACKGROUND OF THE I NVENTION a. Field of the
I nvention [0002] The invention relates to processes,
FIELD-QF ¥HE INVENHON: ens for the highly effective and
efficient treatnment of waste fluids, and in particular
f orThe pwesentyhivpniddrf eadatpd ¢ ameptledd forinspducéng sibmiesengiized flame
contam nates in waste fluid. Oxidation reactions are
retagiant’ ¢odipasitionsn Modetpartitubgly, thequesenemventpdrugpldtésoty a method for
reactors. b. Background Art [0003] Organic and
prod¥R 0 siskicFonl AEBES Flah@! retd@ink Wehipekitibonan@vitighineprpadd . dielectric
waste materials are a preval ent and grow ng probl em

con%t%g%ﬂ%i’ﬂ Sii’ﬁg"dﬂgf&g'” alized world. For exanple,

ustria em cal s, pesticides, personal-care

roducts har utical s have been found in
Eéékéio %ﬁﬁgﬁgﬁroughout the United States. Q I,

m nin nd chem cal refining facilities are, ke . .
{ ar VBl 46e peisese o Wan e eoplt fol sallsy @i Sudist lectronic devices
envi ronnent al hazards, especially when the waste .
has [iroyedsed. e Kuether, Headesmandfar wsreasagoipepd e Hedpgoypperation ranges
materials in a wastewater or waste fluid is an area of
froracthése eeletinodic. deviensriime ralsof intrsasedi qliksse gpangdebave led to smaller
devel oped for the destruction of organic materials in
elecBronRSaetk lahid Smale\eddcdoniefcirait bbards en Whivhubase gaitmare mounted.
greater detail below Although several of these
t ehBiEEHES cHAMEDLRREY dipBhtd Wifink MR afdRlHkitRdy S@SdohttedrlpRalled,
of | ower organic concentrations, fewif any have

o BRI SAAEE 5,08 64 RN g LSRR i

D

Ions oOr or

waste fluids havin re than 10 [ 1 _qrgani .

suckom STHES. UG oS, AR B sabesysE- which act as

. discloses_ the use of hydrogen peroxide_and sol

insylating enaderiglyr ndhesse ol MaliT@le Alsql iGN afertay flgpe  fstardant
renmove arsenic and total organic carbon fromwater. )

corfveitiopatrt improvethe arinfedvigng beards repiepuns tadiser 1000Kng  their
[0006] U.S. Patent No. 5,928,522 discloses a process

usef electrdrgatpartg tppitaltye fibdergrg tramstissioh &rse, kiznvge ap dissipetiers loss or
and waxy materials are renoved and the remaining

factlok, AdAhisStraisAMdiaf fos@Rdurdeditablef biggdkse il esulte$n enkaby sake from
is treated with hydrogen peroxide and water to form a

the %ﬁ%ﬁﬂ]ﬁ%hn't e 1@t gﬁ hER ah@mn rERRGAInebt Buildipt Bthe MRctronic

i scloses the use of hydrogen peroxide in a
ijmted Fenton reaction to tr C oy: :
pa‘JE O’g ?rgerf@(f .u%ﬁf@spésgmléssi Irj% lfﬁecepargz fba]l%&%glﬁl a 1?18%¥18fconstant
t he hydrocarbons, [0008 dragen peroxide has further .
anch igheoliGe ot g RimBORIGH CLELBPRE SPFHES Ao, Kired Plipaem thoi

contai ning various waste materials. For exanple, in |

dielgetsic qeastens oNte abilgF 10 3105, anapieptieal ghage UlsmoptAppHeatigs in the
5,888,389, a multi-stage treatnent of sewage sludge is
di scl osed using a first stage sub-critical pressure of
bet ween about 3,600 psi to 4,500 psi. The second stage
is run at a higher tenperatu#e to produce super
critical oxidation conditions. [0009] U. S. Patent No.
5,240,619 discl oses a process characteristic of a
super-critical oxidation. This process utilizes oxygen
containing gas and pressures well in excess of the
super critical pressure, e.g., 350 atm The super
critical pressure is applied in a first stage reaction
at a tenperature between 2500C and 3740C. The second

. .
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conprises injection pressurized flow of hydrogen

peroxi de and ozone in a flow of contam nated water.
woheo7wperse and hydrogen peroxide are injected BCT/US2006/026656

vel ocities and directions matching those of

h1ghC§ﬁéE@rﬂnﬂﬁ)tr aghat@fuehdy0 eas, NQedionice BhritP fhat possess low dielectric
decontam natTng water includes a high intensity m xer.

ol MU Lo B IR OB Y A o
tion 407. The

ctecfiffes, FAEE KOzt sIBhERE rily o Skt ogooaapB apd grinted
wat er .t o, oxidizjng conditions u r. pressure. A

wirlRg AR ith FEIP o SBE TR @P%CF %éeeattsm fRgfetsogen
peroxi de is added to the water but, under pressure, at
anlmgiisiregapst acfiRmevratardpigieminesisien iisprperried gntohe resin used to
di scl osure is focused on the control of bromate

creatediplaeri spa¢d, driglien ftaqeemwat mrinted G4 badrd, vRstlemtilddible, rigid, or
6,054,057 is directed to a nethod for processing a

othefwigd shBdlgnisalpossh @ rt@edd Anlleticdons@nt AdirdrUlssiffion factor when
oxi dant such as hydr ogen peroxi de, oxygen and air. The

com?&‘r@:@ aflf1bRE !ré’cgﬁﬁnﬂ éBrﬁﬁd’%ftioﬁQ ub&RenithR %n@%ﬂie‘f' gﬂhé‘a‘h@ﬂs W8 1ower

materi a back-m xi ng section of reaction

dlelecc ?d"‘%l%(’)crl]lséél tfo¥1' 1’3&09 %‘éqpu?r@m@r?tgotfhgg ﬁlerre %98 1ﬁ Hl for flame

ream n w'seéction Of er eac

. on of f eri al thro h th
retarﬁﬂﬂa&cneppe G i Bt TEARE 8 safe thad peRotoh SRS
co-current_flow of waste material. [0019] U S. Patent
SUMMARYV-ORTHE PNVENTIQN| oses that reaction in an ozone
treatment using ozone m xed wi th hydrogen peroxide is
vehe figmsl ie » grambodepsasingdigyparticle size datagonyartons goinding times, as
take place and the reactions interfere with each
indi@itdein.theTRiguel. scl osure is directed to a conputer
simul ati on nodel and apparatus. It clains the use of a

SuMiAEWOETRE IWVENT@E8N per oxi de and ozone for the ozone
treat ment of an eiffluent. Ozone concentrations are

behgw ﬁgé%nﬁﬁéenug ereﬂfegcﬁsé_méh&fffglﬂ P%%g@s Yl%i&%”f%‘tz{rhaﬁns with

mass transftfer coefficlent e pa
th t th - t
imp 8 ARl g S teri b Bt AR EbOA s hpiksr T o
D] FBmbBIILS T e G OS8O pah SP i D e tent to

effluent using ozone m xed with hydrogen peroxide is a
velgmrapysbensioeact i on. A variety of apparatus and a

vari ety of nethods have been utilized as a result of

)h griadinp Iseidi suypemioh hmdeeefdciion grinding sendifqup the@by producing a
have advanced the treatnent of such conplex reaction

SYStRimE Pioduétl bompgng€ r GUbmhRIn flay edtartibiti Pfodubt hheing an
substantlal absence of back m xing during the

ef f; fi
A R Tt ol 8

f N\éxﬁi erei a{dogi%édtwghdo%d{tﬁylg %é %sé %oﬁ&f%né %Pgerr %B{:CEIO&E least a
or treat npri si ng oF tor
treating waste fluid with hydrogen perOX|de, hydr oxi de
and ozone; the reactor having a series of surfaces
constructed and arranged for plug flow of fluids under
pressure; waste fluid inlet for receiving at |east
waste fluid beneath a plug flowreginme in the reactor
and reactant inlet for ozonZ | ocat ed beneath the plug
flow regine; diffuser deviceé in juxtaposition to the
reactant inlet effecting diffusion of ozone in the at

| east waste fluid; the porosity of the diffuser device
and the series of surfaces effect an ozone nass
transfer coefficient between about 0.05 to about 2
secL-1; the waste fluid inlet and reactant inlet
constructed and arranged for co-current plug flow of
fluids; and outlet for treated f|UId and of f - gas,

o o, . o e . I
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and mai ntaining a pH between about 7 and about 11 for

the fluid being treated and a pressure effective for
wanowanoes4 Mass transf er coefficient between ab®ar/u82@6/026656

and about 2 secL- whi ch conplenents an effective

i %%rtﬁfn 5%&9&1@%(352995%@‘3 in't %l%nﬁrfgtai’cﬁh’( c?%ﬁtgﬁ are extracted

tures an vant ages of e I nvent1on
appar m a readlng of the fol |l owi ng detalled
de@%T? thﬁgand reV|em10f t he appended cl ai ns. BRI EF

SCRI PTI Ok THE 0029] Fi flow
A aa&aamrfggpe Shigian e b B B oghetadigtid: frdi o
accordance with an enbodi nent of the present
Dnveaevriong thegoBoicra famorefagdant predyetam of a reactor for
the treatnent of a maste f|UId i n accordance with an
ALK i R YK ' [0031] Fig. 3 is
a dlagran1that |IIustrates a co-current flow
ar mapgeeesmt infentibe reRsdsetof b uhethad doo ankéng Mamearetardants with
reactor in accordance with an enbodi nent of the

impi¥v88 Alledtiy S/ 610N ssipi8R Factbis 9 In 4hd Sradidi FIh&PReREnt@vention, a
off gas treatnment systemfor the separation of treated

f S
SanfiEd #ffoﬂggé,ﬁ?% T coBPRe ok B N H RGN, Flome
resent ventl sche
rotald Rt oF PUBIFelRE U By b roretBsTiAR e oy ot flame
enbodi nent of the present inventi [0Q34] . Fig. 6is
retaréla%fé risH@ e ithee PradBghasy ofhrieied avirpg e gﬂ%mm%lggs pmples of
_in accordance with an enbodi ment qf the presen
suitgbig, @ame aptardap0aBhpasitpns Indledeapayitey” L Pzand\iaeyfsixotBT-93W, both
showi ng acetone | evels over the course of an
avaitabirvahmdsial ydomahe rdbarhartenCorposatioar danc prefértdad thhethe flame
present invention. [0036] Fig. 8 is an illustrative

retafdb@f bes by\Mhagisaeinaatdd! | Tn&ohRVehisodamets, tih e WikihSBe &dopdIbf the
renoval / degradati on reaction in accor&ance with the

pres@xlﬁteﬁl%@éndrp #at ttl‘lep Aamb 903 ¢danfisGthe? dofitaBD ot Pu hdalS 515@5#’ phosphorus,

I ndi go ye concentration as a nction o

nﬁng§ﬁ ggggmnﬁ Iﬁﬁg_gréﬁgol' or reactor colum in

cordance w resent |nvent| on. For a residence

ti af 85s he. mas nst coefficient
adjldeyids SEBBfobot At helcipien b ohlget o BV&F?Ee?thF‘%}f’l sgfyeps such
i ndi go. Concentration (g nnl/l vs time %1
as tqlpeyigi ¥ylerm feetprey |abf@h01€:@e@ as 1&9@@@3@0 |slend thedikendt Slmhbbe noted
Gas phase ozone. [0038] Fig. 10 is a black and white
that ghesedgnagharef nat refliegiovedgtesdlanlirigg rtea iame retardant erdnes salected
nmeasure mass transfer coefficients in a packed col um.
baseld003 ShisFpfperdst | @D cohdbisihg ahé Rupl ahd dandd rEaRIALRY kfeates a
pressure ozone destruction (O3-4% in accordance with

susﬂeﬁﬁoﬂ rQS QI {8 Rk d R corPEEEIH 15 @%g@ﬂdefdgﬁ%é HQuigs. time
sec CSg - gas phase organic, I'i qui d” phase

gﬂﬂio‘ﬁfﬂdﬁ#‘e r_ll’cgl?d‘él gna?); ao;:ﬁ c|8 " g?élg esur&?&?ntp hgs %oost the

ressurl d aozan n m W feed at attn), in
pertERRA RS BURHREn IR éw?aqt%f}r% T Bt hi e ighto boos
/1) vs tinme (sec). CSg - gas_phase qrganic
the |e?@9ﬁlﬁpnsfﬁa§é BGiNg eperei@is ihatlmaﬁwepﬁmcr@%ﬁeﬁdeesge ball
- Gas phase ozone. [0041] Fig. 13 is an illustrative
pl ot detailing pressurized ozonation system (4% f eed
at 3 atm) in accordance wth the present invention.
Concentration (gnol/1) vs time (sec). CSg - gas phase
organic, CSL - liquid phase3organic, CABL-Li qui d phase
ozone, C03g -Gs phase ozone. [0042] Fig. 14 is an
illustrative plot detailing a concentration profile
froma second reactor in series for the pressurized
ozonation system (4% feed at 3 atm in accordance with
the present invention. Concentration (gnol/1l) vs. tine
(sec). CSg gas phase organic, CSL - |iquid phase
organic, CO3L - |iquid phase ozone, CDSg - Gas phase

______ NP Al 1] e NN FNTT"1 NR | N e o~ g R IR =1 /7~A 1
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conditions, and within an environnent, that

facilitates the destruction of contam nates. This
wenbEroed4 dest ructi on of contam nates in a wasPeTUS206/026656

in accordance with the present invention, occurs by a

grin{i‘igg,e kcCO N?Jnﬂ%hﬂ& Bfanigﬂ%lr @@%ﬁ%ﬁg&a %.Etfefcfa?ﬁs Erﬁ:ﬁu f thb gée marketed

ctants 1 n the-wast ui I N"Creased reaction
rates,of the reactants w-t hi,n..t he te fluid. The
compifibdindel The Rl bt Bl i st or - and

in%reased reacti on rangf [lows for an extremely tine
tE

Iol X | .
ef flibgSHIREDFIPR AT BROHRA PR ectivg erindmgfouditions therebymredycing a
to 99+% of contam nates, i.e. degredation of

growwgnpradietac@spiivngal swpmiciey/ flame rretardaat peoductihdving 00y Ayerage
Processes of the present invention involve partial to

particnfizeirethe xamgt ¢fdiom hbauw Hanmtatabsuti 30 0amyastferablyuanging from
Oxidants for use in the invention include ozone or

abo@ZIW0AnI fb S8YHRI508AhMdWhE Nighidr Dk eRH0s HBich@BEREspension is
concentrations for use in the present invention are

I t o % : ' : .
R R e i S I
of . | iquid | yRI 4 Ao In :
Bal A0S S piorBHE ol BB plN SO Spte f Bircutaing system
conmbi natiion wth azone, the maxi mal .percent hydrogen
coniGi il Blhsdt et iR MRy Ry i a5 §f aggrons t
. Processes of the present invention are typically
gring paxtisharapto sdler prigelr es of between about one and
four atnospheres and are preferably perforned at
pr efentive grindbrgt somditioad etsttheseecoaditionk nader avhids phleast s, portion
It is noted, however, that when ozone and hydrogen
of ape iropuritées greseanin the dained rétheamxdofigiostion reeaetitaetes, into the liquid.
reacti on pressures should be kept bel ow 5 atnospheres,

TheRAsRMitRhs (gBRerdRY thehlie WnpdiathRg riRePEeh abBﬁ??@’gft% abBhit 80°C,

the reactor woul d be | ess than that which could pronpt

pref@x)égityio%h ea@@%@f(?} &5 58t GR°¢ OTEAARVO %@g{n@ MnfBFRAGE ia%ﬁ g{lclude

par arly regard to ozone. however,

. al t hqu not optimal .. slight hi.gher pressyr coul d
erinob SHHheh rrS Ol FPhsind S e b BY SERY fF o8 rSrerabty
i,nvention and these pressures are envisioned to be
rangjig Hpm 3008t Lebdo gbottHe l?ﬂrewﬁfe %% Vashing io be[lemé]%y theory, the
~ Processes of the present invention are typically
inveptars draeaf belisyewthot allf iflging reddrideny eopppsifiorisecemiain a level of
about 7 to about 11, and usefully about 10 where the
impotids that idonnof affzcinthe i erfoseahoai ofhthey flamg emtapdenoxbwewhich do
Preferred materials for adjusting the pH of the waste

negdtlvéiydafife |thiél dfeldiaid-tonshaanaddier divspRioh! fdbwdr b tlReflane fetardant.
and HO or H2SO™4, when the waste fluid is above 11.

[ I it ’ o . . t i . .

The%%%?%%gdﬂ?%gggagﬁgd?a%egﬁgzﬁkgggfg f&% about %gbgg#&%gmnc
that for rpo f th sent, .l nventi.on

compRRFs12b an Sar BPERE B s bR ROE0TE 10 MRl B8 S roandame

and .about 3Q0C, although it is noted that an i ent
Comeﬁagla&fsﬁpr@?ﬁ%ts esrelig SR e boBnion ettty oo onBaRes ge. Thus,
room that exists in accordance with the present )
the grydingicdrihe soamRyiondprondugicd wdaeeuditionsesffestive pt eeteasting at
paraneters. K/ A ranges between about 0.01 to about 2.0

m nA-1, alternatively between about 0.02 to about 1.0
m nL-1 and usefully between about 0.05 to about 0.5
m nL-1. Liquid residence tine is between about 0.5 to

about 6 mn, alternatively fet ween about 1 to about 4
mn, and usefully between about 1 to about 3 min. Gas
residence tinme is between about 0.5 to about 4 nmn,
alternatively between about 0.5 to about 3 mn, and
usefully between about 0.5 to about 2 mn. Ozone (gas)
concentrations is between about 1 ng/1 to about 300
ng/1l, alternatively between about 5 to about 250 ny/1,
and usefully between about 10 to about 200 ng/1.

. - o ~
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fluid until the contam nate |evel within the waste

fluid is deened acceptable by the user. [0056] As the
woasi7@oédswi d i s being sufficiently treated to PCWiUS2006826656

Ievel of contam nates in the maste fluid, the off-gas

ated i n off treat n1108 O.f gas
teast, i Prog e B Hptafilivp Eobh ey SOAREFGh Weisat ip 488 ame
ent r ai ned_wast e uid fromoff gas, where the off gas
retarﬂéntfcﬁfrtpﬁﬁlow@é?gé‘anvi a bi-netallic catalytic
destruction. A further description of the off gas
t r dae srvndgyedusiniy thep senaralediinte theafubayicrordloteoetardant product
the Destruction of Contam nates In a Waste Fluid
and [1§0id7 ] Thehaethoé dgnthickn derdubmicrpn dindastaeddno grodaot sndoliquad are
plug flow reactor in accordance with the present

sepatd1¥ERtoDRritiEle a6 tIRY s@ht inbentdhema thn b8 \seREIAFrdMh ANy &Rhniques
highly effective and efficient oxidation of

knoWwR W BELMALSS at Eééﬁ: gtsgbﬂc'l chird smiﬁ?@a?ﬁfi? s fi63) lgﬂﬁdSOfNérhﬁmltmg

I
present 1 nventi ased ont ow n

exar} }2@? of gl.lu ge Wteg]grﬂa es 1\%2121 e g‘t%atlog E%,Iagﬁﬁﬂn,t %Vgp?lggelil ocpstﬂlauon
and ‘L‘h&\ﬁ,‘f’pr O}[elra y fi %log%ﬂﬁtgggé’g%lpggtdl ];lpg\rNs:Motnh:‘ Inof/vhevvhl ch

calls for turbulent flow or back m xing throughout the
r edicthonld po)noted thyt b seme restbodimends, vesdy, aapertion gethe diguid is
about three atnospheres within the reactor, this
remdvadi frorn sthe grourdbprodecin thas tpreducing o suspgsesien fdouipaﬁsmg the flame
limting the size of the oxidant bubbles and increases
retardBsisprodwst she rliquit)  Thisi duspedipiah Gan ghef bo Z@Amilaedlinto a thermoset
vol atil e organi ¢ conpounds (VQOCs); (3) using a
produSChY BIeRding ety I Re@bleqbsit. "R sHARE Be hbitddhand 1ax bﬁ@&llment the

through the reactor, this facilitates the anmount of

11qu1tt:1I {t%dt 1'3?1 tht r%a (%jﬁﬂfst a0 dont Bte is %&hﬂﬁtﬂﬂ@ V{Ilﬁl ﬁ%ntegﬁlt Psed in

ur d ‘and oxi

nter. a t el e.sane area t he .react

prodifpErnfperRbien it Yot Ett%exagw o syt nclude, if

condltlons that maxim ze mass flow transfer within the
tolugneqis tused By asebyienty imireimiedustien of the thgunonet prasiucie fivarfbe diquid

oxi dation reaction kinetics), providing surface areas
usedriprthe gréinding efbthe Slameasterdeotiill hestelushe.t he co- curr ent

flow, use of catalysts, etc. [0058] Referring to Fig.

2, Tae setanicosn flame ramdusg colmposition isarecovetkaherefuwhéhprbb@sed in a

present invention. In one enbodiment, a reactor 200

residl fRUAESn 2 TRRUSnIre2ddantlcdhipabitidd ﬁdssé%@éjs BAOetrid coRGAAand or
end 203 and a mddle portion 204." The hou5|ng 201

f .
dlSS%S{I%Q%?‘°§Smﬁ‘H’%ﬂ9‘f§6. Bl N E o the G A AL e Wpposition
h ﬂb t th t.
The I8 SOATRRS aﬁl“@%ﬁ dlsfiok HY%\A?%CEM? 0% fhdiPhon ke B

at.ion f the OUSI ther ent
sencrfly SRovbe B4 doer e becfQP i %Eaarﬁ@r JAR PSP SAPRH R 01%
housi n An inlet port 205 is located toward or at the
to apout39.BI%el lower hin pesne emgodimentsn theudipleetrisoranstapand dissipation
| ocated toward or at the second end of the housing.
factditeze imthetrapgsr ¢f freneboes] % ib aojul SVebbweashen thhtudfithe initial flame
Hydr ogen peroxi de al so nmay be conbined with the waste
fluid. Gas inlet port 207 is used to introduce ozone,
its precursors and reaction conplenents to reactor
200. The outlet port at the opposite end of the
reactor releases treated waste fluid fromthe reactor
The inlet and outlet port can be |ocated at the first
and opposite ends respectively, but alternately can be
| ocated el sewhere in the reactor or otherw se
associated with the reactor comensurate with the
reacti on nechanism Also note that although only one
inlet and outlet port are disclosed in Fig. 2, it is
enV|S|oned thatnultlple ports can be |ncluded |n t he

- " T T
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chanmber 402. [0068] Flash chanber enbodi nents of the

wo B6Bseey | nvention include a treated waste Walcgiyd20d6Rbe656
403, an outlet 404 for waste water that has been
substantially separated fromgas wthin the treated

te fluid .barri.er, 405 to.facilit re] eas
retenfigy; bt TiheRisn il of R Pt PR ARt 1o b FOSRSgR lower than
outl et, 406 for release of off gas fromthe flash
that ehthgpRitialiamg redancing theseahodimenis Wy the rangs Hiom algt 1% to
The system can include a back pressure regul ator 407,
aboug 158m dhen tha ot 488 initiel Berde betaridait én o9 enjtodBsgntd i the
nore detail, the flash chanber 400 receives treated v
rangead tfeoni hboud 126 donaboute20h dowearthae &t of she ihiténl tflaget @chrdant; in
waste fluid enters the chanber through an inlet 403.

othed B@bbdih@hts4Q3hd Sanigh of Ifttingl aBARMYG € BbMRB0% 1dwdrNBan that of the
outl et port (not shown in this figure) of the reactor.

initi 4B telaftiih ih SeRE E@B@&iﬁ{éﬁi‘sﬁﬁ MedaRee §Porh ShEY A%k ?cF%t‘tgout 40%

for release fromt flash chanber"into a bineta

oL o TR by, AR S ot o
I qui . . . .[0071
o LS B8 S A e o bt

chanber is acconplished by contact of the off gas with
embadimemisi iR 4he wnee Of Biorb akautilde tathauy I8% Iover deantbhteof the initial

bi metal |l i c conmbi nati on of platinum (Pt) and pall adi um
flam¢ Peijrdath her bimetal i c conbinations or netallic

material are envisioned for use within the present

i nThatbeve dékiipasisi dirdvaalt @keverapbruts IhQUariyhg h& the present

binmetallic catal yst treatnent chanber. Systens For the

inveR8S. ' U6bde0dkilRid HOMbaM AAl 8RobMz& MR Rer hddnd, WAREHre equally
The present invention provides enbodi nents of waste

e ) | C N «
ctfedtikhorhd BRI S Sh e ol BRI Biedhichoof B g Ao be
rovi de.cost effective.treatnent., especially.in
notefl e HERTRD BBiITD RANS Behri o EoRERPIAT fopt @Y ranges
. in waste fluid. Treatnment systens of the present

discysseh Besedh siulei @St HEOROADT HIYST et de\any iy sh@ceaaupty For
to practice process enbodinents of the present

examplgevwherodisenseing tesodiglscaiceandfos dissipstion fastdyodtiiseentemplated that
the present invention.[0073] The systens (and

bothpsroddss bs ithin theaapgeesfidbmi sboenfoon abant Beedesthinee rasge of
stand-al one units, i.e., provided at the source of the

from\@solue 1 5%ub dbaRBOPE vEBER tHe @RSk G aBoitl 39 b AU 78% to about
predeterm ned site. However, the systens of the

999 R LERGE Mhe YRS 28 MY 52,16 la_ﬁskﬁpstoﬁ,deté.orm%nw examples

existing water treatnent acilities or plants as

e ik UE N "or. t-on" process that,..far exanple
wit 0 6 s Gtion B BE B Sort Kb iPinel Y ainnr.
froma water source. As such, the present invention
E EBe added to existing water facilities as a first
treatment, intermediate or final step to destroy ®
coft ardende axov thei effactizencas vé the pegergrinpentios, Sprex nEt-93W
of the waste fluid within a waste treatnent facility.
flamblaterdeng batihgia ditlectsigsoestantoff 1.4 apd eskssipaiion dattonof 0.42, as
are portable and can be designed for transport in
trailers or other like platforns to contam nated
sites, for exanple to a well located in a high organic
contam nated ground water area. [0074] Referring to
Figure 5, a system500 is shown in accordance with the
present invention. In one enbodi ment, waste fluid can
be stored 502 or obtained froma source. Typically,
waste fluid for treatnment by systens of the present
i nvention can have contanmi nate levels as lowas 1 ng/1l
and as high as 3,000+ ng/1l. Note that any |evel of
contam nates in a waste fluid can be treated by the
systens of the present invention, where additiona

_________ e s o oy
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i ncorporated in-series for the treatnment of waste
fluids. Once waste fluid has been treated and the off
waqgaso7deerss oyed via an of fgas treatnent system PEEAIS2006/026656
above), the waste fluid is exited fromthe systemfor
dENASId 8RM def bRINIET Nt MRordidsC MdTERAs whke
e he treat mggfp% of t hg vvastrléaatblfQ T’aﬁ?ltéésf %ﬁ "degssf }Afafg%rlogﬁégg ﬂn% a ball
-Qgpteria. [ 0080] Determ nation of the nunber of
grindcr; . . .
reactors can be determ ned via conputer nodeling under

condi ti pns. as | bed in EX e 3. In addition,
oy PR EF D P et AL BE At B AR e & detesch
. may be determ ned through experinmentation and pilot
Fing,Bargigle; Fechpolognslkl Lept %maz@llsgrsrtdemg piiezAtes, evhich pau@ngd 460
Not e that additional ozone and hydrogen peroxi de may
ml ofl $dmbe ceraaigdbaad grindinganediaf The dycle-tned feeahe amhb retardant was
reactor or alternatively every other reactor run (not
abowsirBomimites. FAfietrthe H}st five niihiiss vlyrindid®) ke Gilebsity @F @@afaterials in
per oxi de concentrations can be mmintained at the start

the Sfin@AE BppRAGE Mpehte to [RAGEL. ARG AbBYEM Bl JrlorR@NDS00 ¢ of
described with respect to its operation accoré?ng ?o

e S L9 B SRR

ed.water in u i S e

Co ' ' 0 d. h .
of %I‘lé’lgi:lamr:‘@at ‘%38% tath%%er way Gﬁh%dhﬁ) %weassg gvg%)(‘s?s@tf werGIZO minutes of
TN AN TG A T—

facilitate treatnent in reactor 103. Ozone is supplied
floceyationjangd epfoyesiseasity f Fhendasa ppTgbledishowohat Midregmrticle size can
fluids, that is, the liquid and the gas enter
be targetadr basad lop grindiremtimer The Dlot&as Higurdils khovs édht ithe particle size
l[iquid and the fluid flows through the center of the

distfi®@fInoik aldd! Mfenckd GyigtinimgIaRa b B5behfsad 16WE oBetween 60 and
Liquid exits the reactor at 105 and gas exits the

90 thBRf ¥F gﬁhdﬂﬂ%qmeﬁﬁes‘é%sﬁfé'c%u% s%?}ﬂ%@?ﬁ?ﬁ%ec?%sing the

recycled for use in the react

J ect . L.pl nj re.envi.sioned.but . the .nunber
sustS R0 b S SR RGBT RO b 3 T ctants
.esul.t of the inproved efficiency of the reactian.
or TFFYIR PEPIDRGTETIRE SHBRNgRMBE By dessed Rycle diifg.oc. The
. of reactors in sequential fashion. The ozone can be
grindipgiimesy efcoars gerfaingd i batde i rbalewal | el as shown in Fig.
1. Substantially contam nant free effluent can be
Tabdel|l ected at unit 109. [0083] The reactor is depicted
in detail in Fig, 2. Contam nated waste water
Mill ei2at ai ni ng hydr oxigiezéad hydrogen peroxi de enter
shafdeneath the baffle gdate facilitating its
chafb&t ri bution. Ozonesgenters a di ffusion device 208
scrdeRlspdgh inl et 207. gge contam nated waste water and
1 4ional conpon .combine with the diffused ozone
i‘;’:ﬁ’qg by in the ﬁrr%%fﬁse'jr: whi ch avoi ds back mixing. The
votSh ffyusi on devi ce | udes a porous portion having a
FLAPOTOSity in nlcron§§ acilitating an increase in the
il n@erfac!al surfaCﬁéﬂf the bubbl es devel oped by the
Sh Mfassi ng through-J't. Such a portion can be made of
A% or ceranic sifitered or otherw se constituting
NoL93d djffuser. The cbfrbination of fluids proceeds
t hrough the reactor in plug flow Fig. 10, discussed
in greater detail hereafter, pictures that flow
t hrough the reactor colunn.7As shown, it is
substantially horizontal in cross section passing from
bottomto top of the reactor columm. This shows the
substanti al absence of back m xi ng whi ch defines the
plug flow reginme through the central portion of the
reactor 204. Fig. 10 shows | am nar flow of the
conbi nation but also plug flow of the conbination. The
conbi nation has a uniform horizontal novenent of the

Y - Y 1 1. i - .
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performance. Use of pressurized ozone reduces gas
phase stripping of organic contam nants. Use of air
woend®o60s4 enhance stripping of volatile organi e6T/USA®6/026656
to liquid volunetric ratio of about 2:1 is useful to
| 3$duce stripping of the organlcs fromwater. The use
SOVeRt dilute hydrogeil- g 59 t0 3% will enhance
noteg,y about 20 to Qﬁ?ogﬁguﬁgﬁﬁﬁh f6K°rate. Typically,
this is nost effective if _the pH of the water ig
Recirg; TigieyMilsi ¢ about HH equdl to 1% [0088] As 120
Media#fpej oned, the cheM%try of advanced oxi dation
mediagigeons can be glifte conpl ex. Rate constant for the
mediaghange (mk wor k of #&actions is virtually inpossible to
sp. Giladiypher. Applicants do not wish to be bound by a
solidpd¥) i cul ar nmechani dm for the present invention. They
solvgnt(pprt that an intzgrat+0600gf the pra@ebg setl, 650 g IPA
batclpsiee@®$ parts, conBacti ng3patterds, residdence t3ites, 4.6
chantlRY Prezs@e\(Bhipped an.si nt egrat ed system widi ch makes use 0.8

150

Powécong@np. (vl peroxitde farqmore effective than tihat 1.5
Ag.tdi&iwéedf A90] The zmass trassf er ogmef fimisgnt i s2945 2841
reclrémt& lem escribeglags a Kig’A vhere the Kl tergnis 0.45

transfer rate R&y unijgeof i nfgrfackhgd areaqpgr 160
ouﬂem - lfgmeter 4k2*mn)g The A termigthe 37
chm % rface area iy a giyen vol yne of rgactor 4
cmu Ou e Vh n nultyplied.tines {he 7 7

|fference qgross ;e |nt3rface 12

I
chill @ (F cson in tRe ga on at int
Outlgtiviiseg 5t mass transf 29 OPéo:\t eg(féﬁogbtégﬁﬁg >£B§OOO >20,000
(rmol es/min) fromone phase to the other. The mass
transfer rate can be increased by producing nmgre
i ntLae fesiadme of the f{aglegretarg@fmqogpmﬁglb outy o, gunutes for a total
areapacki ng), the concentration in the gas phase, or
grindiyg dian gf AQo 150 minvtese At htepsolm infievelst the particle diameters
vel ocities. The present invention currently achieves a
werdhrilpfed appigox Horbe lageOlight scatte@ing diffractomdterusThrgresults of these
Raschi g ring packing, but with other, higher

meaﬁfrérh@ﬁt@ﬁ&ycoﬂﬁa@ljfédﬁﬂirabl@ﬂebab@ht get as high as 2 nin
-1. This higher rate is conparable to the rate of the

.OZ %Qfer 3G 159 1[ 2ﬁ1nhté§ e Yﬁt S e?éfé@édc hTROEdHtents of the grinding

|ncrea5|ng mass trans I ent doesn't
appqqgtﬁg ?Nsé?er te ogfg q%gﬁé? age ﬁbnee:ﬁo 689 W%s %1 %n ’ es[% LckBRERY turned
S|gn|f|cant mount. This | n advanta eo |on tao
orangpefiht €09, m@eé’tﬂ%dwme{lﬂétea g’b’ d éﬁ%@rt‘tﬂ%e a(’arh YF%d via  gas
directly tied to the flomrate%‘ be adJusted t o NnDs
chrogwhiegrephye 61ECY and mase spoetral M%% eangfysigas 4 @r@ﬁél‘rf@r analys18
and reaction. Wereby if all of the ozone is depl eted,
revetled the atésemne abieabromaphthhlic afilidsidies tribvemophealimide hand other
present system by using a parallel addition of the
brorf%aRE dreadi€ asheltisi Silve hitese tilrhgae (sael WilidnegRsAaaptidad Method
acconplished in other types of reactors, but usually

attaMed ROV O%A[M(} v?%slé%ofdseél\’to Wehind & 84 '1’&11& YroBlidéMhsurities were

|nportant The present systeni has an ozone nass
ansfer coefficie

preseh 1 e pBBEi RS ot dRF LY tePhildud BpRERY InBlyEBlacing about
consequently a rate of the oxidation reaction. This
| evel of transfer and reaction rate determ nes reactor
size and detention tine in the reactor. This results
in a significant increase i 8 the present system
ef ficiency. Wiere nass transfer is based on vol une,
transfer of ozone is in liters into aliquid in
liters. This approach assures an adequate |evel of
ozone for oxidation but does not reflect the rate of
oxi dation. The following relationship is responsible
for inproved ozone mass transfer based on reaction
rate (tine) 1. In the present system the reactor

o a ey
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ot her known organi c contani nates were not present, as

wo 260#esg contam nants could interfere with ther/us2006/026656
interpretation of the oxidation data specific for
acetone and acetonitrile. Gas chromatography and nass

eren s e e S el L Rt e Water g aoudiving s

.sumnﬂ%;m aw)ntinthevmae rior to treatnent

MIXYES WY Ehauiep Bgé saHoB SAEIRE SRt Bf nitrireaqid erAPWL.% water.
i nvention (data not shown).[0097] Hydrogen peroxide

The gpmplgaersdittaied tethe petentemetnesing mwird wingdM@IN sibver nitrate. This
equi librate. The waste was tested at anbi ent

analysesmpeticetent ¢lsata?6 pppr brdnmde dbys vesd mosphetre tief orange recovered
pressure. A flow of ozone was introduced into the

solvéigt t om of the vessel containing the peroxide treated
waste. The ozone entered through a plurality of

OPgRé MPend RethfdBnd Pﬁﬁiem Qfrerk Nfer %ﬁ§1$&ed td ]?irefe%ﬁngztglﬁ (Jielectric

i ncreasing the eftective concentration o e

consht B b %?ﬁ?ﬁifh? %PO%S%S %ﬂ?%%%?%ﬁaéﬁv%@%”@aﬁt § mean
. .8. 100 An T iti
et R APt TR0 T c e Bl R B ghly

effective at oxidizing organic contam nants, e.g.,
acetone and acetonitrile, in a waste fluid. Under the
limted and prelimnary design paraneters of the
present exanple, approximately 30- 50% oxi dati on was
achi eved. Based on extrapol ation of these results, it
is highly likely that a continuous process in
accordance with the present invention could achieve
al nost up to 99+% oxidation in a relatively short
amount of tinme, .i.e., even as little as five mnutes
or less. Table 1: Oxidation of Acetone and
Acetonitrile (Partial Reduction) [0099] The preceding
F““@Egﬁlts illustrate the utility of the invention for
fati cal |y decreasing the | evel of organic
contaminants within a liquid waste sanple. The results

show t haj,d£nperat uresand pressures as Tow as 30-400C

and; 1 arnosph AV o '

per pxi de and pzone_to produce hifmeiBgEingdenf oxi dation

of chenical conbﬁﬂinants: These conditions show

confli tions t hakidaauar s ehdaBhMnOf ¢@HAN (90 min. 120 min. |150 min.
M T $ ura, anpre 2z
A L B Gab) ol 048t al | Bdled 1 8459 o] 0.142
eVl 59 df 0863t 6@ 08hd| ABEF6Ni |t K078 [ 00.002] | 0.071
exsompl e pidshust p.aves| t basef fleqtineness2of | 0.116
n 05iHgh ONS the sen ‘BVEh

o adﬁ.%’ﬁ dﬁ*{zgg% —%g*i‘%ﬂ g@éﬁr } e@oc of 0.27 0.262

C et 4 t)r 1260 AsO.B87 t he0OB5EVi|jo0S8EWO 0.354 | 0.337
present exanple uti]izes sub-critifcal
A8.642 as2378s | t & 58bt ai A.488ar| O3l | 0.488 | 0477

reduction in the appunt of neasured contam nates from

a starting waste fluid. In addition, the present
results support a conclusion that enbodi nents of the
present invention, using continuous flow conditions,
woul d achi eve near total oxidation of contam nates
within a waste fluid in nuch faster tunes than

achi eved using conventional technol ogies. [001 01]
Seven liters of liquid chem cal waste was obtained
froma chemcal plant, the%waste having approxi mately
750 ng/ 1 acetone and 2,100 ng/1 acetonitrile. The pH
of the waste was nai ntained at about 7.5 at an anbi ent
tenperature. The chem cal waste was continuously
injected wwth ozone (see Tables 2 and 3). Due to the
limtations in this |ab-scale reaction, only a certain
anmount of ozone could be injected in any given period
of time. The known fl ow of ozone gas was injected into

" T I o T O Y 1 — .
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di el ectric and dissipation factor requirenents. Thus,
there is a need in the art for flanme retardant

woanpaeedsi ons and net hods of maki ng the same t Ra@T/US2006/026656

WH

1y

2)

3)

4)

5)

posses these qualities. SUMVARYOF THE | NVENTI ON The
fi e is a graph depicting the particle size data for

i nding tinmes, as indicated in the Figure.
SUMVARYOF THE | NVENTI ON. The esent inyention relates .
& eibam o T R s orau, Qe g oy gapation
di el ectric and/or dissipation factors. The net hod
facddonsicospeising) conbi ning a flanme retardant conposition,
a liquid, and optionally a surfactant to forma
a3 uspebisingry fline getarddingpnymistiosys ignish emd optideally a surfactant to
effective grinding conditions thereby producing a

gr yimch fsPelstdn; conpri sing a subm cron flanme retardant
product having an average particle size in the range

f %@’mﬁé s4iPNPenSioR RAHEr SRE AchisALehdifiohs tHere¥Wh BFBing a
a efTective conditions are those conditions under
whi t t ey [ rifl r i
¢ noRpd rof; o BRRIAER Sl PR Il FRBMG Miling an
liquid;, c),.separating the bmi.cron fl ane ardant ., .
or Giese ECIF B e dmteby Spatao Pty B SR SRDiid iauia,
flame retardant product. DETAILED DE CRIPThgy QF THE
| NvBsrrioRp it hel Testing eqnditinpe ate 8195 SPRtiEQDS Ynder nppigh gt least a
for making flame retardants with inproved dielectric
angguiondif aay papidiiesfrietent in. the fAamp eetprdant ¢amepasitiontee extracted
present invention, a flanme retardant conposition is
cofrb iediguid;h a liquid to forma suspension. Flane
retardant conpositions suitable for use in the present

Hnygatiag thoslusderoamanietaddant plodi® aneliguidant s used in

the production of printed wiring boards. Non-limting

REEE U Py Rl AT SRR o cim 1

il abl. ! i,al |y f 1t he Al '
PR G Yl AL, ALBRIR Sy SRERCA S
Lot Sl LIRS TSk b (e

retardant further contain at |east one of phosphorus, |
it mesylear agsardingute cleimg ne svhpsgin ovaids jflame fetandagl pepgposition  is
suitable for use herein can be selected fromwater;
wogdmmEted. sol vent s such as tol uene, xylene, acetone;
al cohol s such as isopropanol; and the like. It should
PEe Aethed abbalingheshihilouhdsinanid lipid BfstRected F@natvater; aromatic
solubilizing the flame retardant. and are selected
g sBehfdi SR BRSNS, xJIBAS ac&BAD i alioRB]stfeh ki %Ffbpaﬁ&; and
ame retardant creates a suspension, i.e. the flane
etigdant conposition is suspended in the |iquid.
ﬂfgﬁghally, the |liquids may be conbined with
surfactants tq. boost. the performn of, the .gri ndi ng. .
B vahe! etrordiogain Slthos BEbeisty RRoRAKh IS i e organic
boost the effectiveness of grinding operations that
prlseiite submicron particles, i.e. ballgrinding, etc.
Non-limting exanples of suitable surfactants include
those marketed commerci ally under the nane
Sol sperse(r) and Di sperbyk(r). The suspension is
ground under effective grinding conditions thereby
produci ng a ground product conprising a subm cron
flame retardant product having an average particle
size in the range of from abbut | COnmto about 800nm
preferably rangi ng fromabout | OOnmto about 500nm and
the liquid. The nmethod by which the suspension is
ground can be selected fromany suitable wet-grinding
techni que such as ball-grinding. Ball grinding is the
preferred method, and typically involves using a
circul ating systemcontai ning snmall gl ass, ceramc,
pol yur et hane, or netal beads as small as 0.1 mcrons

. o o — T T
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general ly about 0.01 lower than that of the initia

wo JobAfRod et ardant, preferably about 0.01% to gRquts2006/026656
99 99% | ower. | n some enbodi nents, the dielectric
constant and di ssipation factor are in the range of

rom.ahout 1%t bou % ] ower than that of the
6) TL‘?]P’FF aF?%{ﬁ@ﬁé? &%&&rhw AN flpwgretardapt preduct has
range of from about 1% to about 10% | ower than that of
an peeragei nartidle sigeirethe cange@dabout il A0wn heabatrBBGiment s i n
the range of from about 1% to about 15% | ower than
7) Théatetholl acbmdingitd ickimf whereinetalr shbmicron famehefrdant product has
enbodi ments in the range of from about 1%to about 20%

ath WRAgetgagitlé Kias irdthe mﬁgﬁlomhsmll ob ARk 300@RL; 1N

other enbodi nents in e range of fromabout 1%to

8) TRORINAXed B o Hbﬁﬁ lf_lggﬁééeﬁfsalﬁrkﬁbEWrﬁ 1 Bhmb Ir@t%fmtf praduct and

retardant; I n other e Iments I n the range o)

o} 0] 0 at e.dnit
Pttt b 2P 10 HElrboltlalt arflh EHEcplgfypaion
fron1abq¥ #é bg h 50% | ower than that of the
eY3pPratigp. Pt QHES in other embodinents in the
range of from about 1% to about 75% | ower than that of

9) The @ﬁeithﬂdt Regprding e clan oy wharein theedieleivie cgagfant ¢f thersubmicron
directed to several neans for carrying out the present
flame egtarident.is Fomy 8.5Rb ldveed than thdtef thetinitral flame cxigpdaamte
that ot her neans, which are equally effective, could
10) The method ackdrding aarciaimn® whisteid ke dipliettric whstahi 8f the submicron
invention. It should also be noted that preferred
fIGMB Qath At & Hout DO19r RSARt DNYSNtILRB: BRAUBIIYALE LiRAL flame
all ranges di scussed herein include ranges from any
anount to any hi gher amount. For exanple, when
dlscu55|ng the dielectric and/or d|SS|pat|on factor,

ont e at,both or eith in the
11 T oS T S e A i B i
of from about 15%to about 30% w thin the range of
atecqbRIs G WSS W ERCiE Ut 75% t o about 99% within the
range of from about 0.01%to about 5% etc. The
12) Th@meﬁxmr@gccmémﬁp etaim | wherpinseidr anes retredgmt paiste and said liquid
i nvention, but are not neant to be limting in any
wnmnm@hwdEwANP&Eﬁm$mnorder to prove the effectiveness
of the present invention, Saytex(r) BT-93Wfl ane

13) ThehRtddnriccdiaiigng cRidi 1ehBSihi saidcRsd @bk et partitle &AkaR] liquid
di ssipation factor of 0.42, asneasured on the dry

aﬁ%%ﬁfneﬁmw dkﬁ&@&rﬁ%ﬁ?h%&fac’t&? was wet - ground using
bal | gri nder Saytex(r) BT-93Wwas m xed with

h_Fi
v R A SSRGS e
t 2 bead di
BB ot 7L Sal”

mnutes. After the first five mnutes of
15) Taf? mqugaccqrﬁ@&ﬁp%m 4 whereinrfeidyasia s apesthishisisitable for use in
grindi ng apparatus appeared to increase. After about
theéOnaniufachurs o6 prighed wdiingpo8G0 g of acet one was added to
| ower the viscosity of the circulating paste. After
16) Thbugin Bfnuliatio ebardf ofldimdilngr 1800 g of acetone was
added to decrease viscosity. After 120 m nutes of
grinding, IL of acetone and 150 g of isopropyl al coho
was added to mnimze floccul ati on and i nprove
viscosity. The data in Table 1 show that nean particle
si ze can be targeted basedllon grinding tine. The plots
in Figure 1 show that the particle size distribution
is also influenced by grinding tinme and appears to
| evel off between 60 and 90 minutes of grinding tine.
These results coul d possibly be inproved by decreasing
t he suspension viscosity by better choice of liquid
medi um addition of effective surfactants or
dlsperS|ng agents, |ncrea3|ng grlndlng tenperature,

o o, o,
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19) Thetrasial

apparatus were renoved, and the acetone sol vent was
decanted. The acetone had turned orange in col or and

woaso7moesent rat ed by evaporation and anal yzed PC&U§a86/026656

chromat ography ("GC') and mass spectral ("M")
i s.reveal ed resence of,

1) £GRREH) SiropAERaIToEne R 1 P Bo IO HIG, A, d gation

ot her brom nated organic inpurities. Silver nitrate
fastorspompiisingee Al bemar | e Anal ytical Method attached
below - AAM) was al so used to determne if any ionic

r omnbigingp flaint iretsrdaet eompagong a liquidnend opiiglly a surfactant to
recovered solvent. The technique typically involves

pl &ximgswspension3gr ans of the orange recovered sol vent

in 150mM of deionized water and acidifying this

Byl stibdiBg Whitl Rusdeasibn lerQiffedti GO Mdi@@c&rmﬁ(ﬁ{s%&{abﬁgmg%/&lg a

nitric acid and 50wt . % water. The sanple was titrate
to [ i n i i ng i ver. .
ARSI LA, iRk, MER0ulal Bl ine o

ions._were present jn the aran ecovered |vent. The |
| AT RSN b B el e WBRE S ph SR S sad fuia,
determ ne the_dielectri.c constant and_dissipation

f altgrein $0id SRSHY T coRdifipaiare Woss qentitions unaar exhigh it deast a
mean particle diameter of about 120 run, as indicated

i nparienof any Fapwitics presomEnthe/fipme rearda) dvBDositionAre extracted
met hod for making flane retardants with inproved

di eltetterliquidand/ or di ssi pati on factors conprising: a)
conbining a flanme retardant conposition, a |liquid, and
)PEdnRvahd Wit deastird oitRmt of ehd Qglida iSHS PRNSH@Md Bloduct thereby
gri ndi ng said suspension under effective grinding

CopRidhbiApSa tEHERY sRpa .ng?rigiﬁg ufd m&%gﬁﬁq ame. retardant

¥
conprising a submcron flane retardant product having

anplg)\éﬁgtaaggggﬁ%tiaﬁ%ﬁﬁgﬂéﬁlh;gg}a,lﬁi e range of about 100 nm

to out nm a sai " wherein said effective

ondi tions are thgse ndi-ti ons. under whi ch at | east )

Gnsthpe oitie fonfg%ﬁl} { ?ggerﬁwe@mmﬁwtéﬂ@ewa%s orimulated into
r et ar dant congositipn.are extracted into the Iiquid;
atnersnasal prodyss by blendigri witha spitabderesias ar dant pr oduct

and Iig;;d. 2) recovering the submcron flane

nupatiodeod anhéclamshiddord@cor ding to claim 1

wherein said flame retardant conpositions is selected
fromthose flame retardant conpositions suitable for
use in the production of printed wiring boards. 3) The
nmet hod according to claim2 wherein said flane
retardant conposition is brom nated. 4) The nethod
according to claim1 wherein said liquid is selected
fromwater; aromatic organic solvents such as tol uene,
xyl ene, acetone; al cohols such as isopropanol; and the
i ke. 5) The nethod according to claim3 wherein said
liquid is selected fromorganic solvents.6) The mnet hod
according to claim1 wherein said submcron fl ane
retardant product has an average particle size in the
range of about | OOnmto about 500nm 7) The nethod
according to claim5 wherein said submcron fl ane
retardant product has an average particle size in the
range of about | OGOnmto about 500nm 8) The net hod
according to claim1 wherein said submcron fl ane
retardant product and said liquid are separated by a
met hod selected fromfiltration, decantation,
evaporation, distillation, 1land the like. 9) The nethod
according to claim1 wherein the dielectric constant
of the submcron flane retardant is about 0.01% | ower
than that of the initial flanme retardant. 10) The
nmet hod according to claim7 wherein the dielectric
constant of the submcron flanme retardant is about
0.01% to about 99.99% | ower than that of the initia
flame retardant. 11) The nmethod according to claim1l

1 o o I O Y T o I N 1 o I | ]



