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06520 USA TI TLE OF THE | NVENTI ON: BURNER AND PROCESS

FOR COVMBUSTI ON OF A GAS CAPABLE OF REACTI NG TO FORM

SCOLI D PRODUCTS BACKGROUND OF THE | NVENTI ON [ 0001] The

di sposal of residual gases generated in industria

processes by nmeans of conbustion is well known. In

the el ectronics and sem conductor industries, for pgs20USA
exanple, a waste gas typically containing |ow
concentrations of gaseous toxic substances 5

represented by arsine (AsFB) phosphihe (PH3),

di borane (B2H6), siI INg formed in the

steps for nanufacturlng sen1 con uctors Since this

waste gas ig féwud BROPESLCEBRUSMBUSTIORIOPR of
such toxpg q&% ﬁ@ﬂ@?iﬁ?g#q@ﬂ%dﬁétm@%m
necessary O exhaus I N e waste gas I nt

t he at m)sphere [ 0002] Anot her source of residual, and

of ten toxic, gaseﬁdﬂ\(?%gggpo@é gpngm%%fé,thdmg of 10

cylinders enploye source gases to

[dﬁﬁlo“mﬁ 5&?)‘6§élrdf ?ei;ndu%ﬁ’ Rdes r@ﬁ?*ﬂ?«%{f&ﬁnd{fsﬁ}ﬂl BbEb¥sdddyneans of

ront cs proc SSI contalnln?
combistioalis wal ssown.f brthe gleetsprics arncéseremm%éprmug ries, for example,

ay ea%'ﬂﬁéé &plc&@%&n‘t&l?{m R&H 9(5 eﬁh‘&ttbn%ﬂf bé‘%u% té!(l@substances

enera d/ or evacuat ed
rep@esemm/by ansinec(éal-ls)nﬁfmwhme( Islaieﬁll Praﬁg (ﬁz*&iplﬁ"ﬁ%ﬁa&sﬁd, efc. is

9‘?13'_&% f%P m%ﬁs\.ﬂaeﬂmﬁ% Eérﬁihcé‘rﬂ%&ﬁ% rQihbé%]so\ﬁraété”@% is highly

e ao@nlepﬁr elmnanprmfwnlat@@ aubstanée?a@mp%méhe [A@@@:ﬂas is
né/@éﬁaﬁf}rﬁ?w@ﬂﬁuéﬁ dgfriﬁ%’grsagt% rget =ikt tid AtB{ospRérem nat i ng

X1 C gases a hods 1 ncl ude

URhbiar aa_l.li}@e OPFRIRA, Qﬂ? BREARAR, §24HsQIBES#rEm the refilling of

OXI ative eco OSItIOh e tOXIC subst ances Ig
cylinderscemnpioyed fowaw@lr@@cn ﬁ@ufce@@ﬁ%@t\w@'ﬁus teHslries-ongent

cMrBER e HGSI?%%PM%nt%%én‘bn%@%c%@giﬁ faliifty @dﬂtﬁﬁi\b\‘@éldual gases,

converte reacti ve ten 1 nnocuo
tar @xamplen arsr retuiped to ssansdil fagpilivs| 5@0@@%#'@@%‘? "ﬁf'”ed they are

g@?érQLy ;EHrQQJj SRbPeREated T ehdvd aliontdrainamb) g%neaeﬂﬂg a cylinder

gases, which generate solid pha
Purgedesioftan ﬂwag @thigh gor@ﬁ@tr@fonrﬂs 3098, UIFSR @V‘éﬂﬁ’&r purge gases

rn%gf 456 bﬁ tietddbridoPid disc ARb uhdPRefNaNET .

circulation of the solTd phase products in the

[OV08P US/ations meh%@%?e Ridvet Yol eRélEivép efmBating §@1Htoxnc gases and
deposition of finely divided Fartlcles on th%

thes® estbodesnelHga CPTPUSHORY ThE CRINEHSSBRISPTL P AOPRES Qpative

dé’cforﬁﬁt%n%fdf ige t%inc%@ﬁstlaﬁ@é% ih $he @Glﬁﬁ!g@h!;t@rga@mﬂder combustion
tential for inco ombusti on of. the drgfl(]
tggm whﬂr@pwaigggggusltox;c substances are oxndatlvely CORVENEY into less

reactive, often innocuous, reaction products including solid oxides.

[0004] A major problem in the combustion of flammable, and often toxic gases, which
generate solid phase oxidation products is one of nozzle plugging and particie build-up in
the combustion chamber. Recirculation of the solid phase products in the combustion
process often leads fo significant deposition of finely divided particles on the burner
nozzles thus interfering with combustion. Build-up of the particles can lead to
aggregation and potential for incompiete combustion of the residual gases. Intermediate
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products of inconplete conbustion can bumin a
downstream part of the process that can sonetines

| ead to safety issues (e.g., burning holes in filter
bags). Conplete plugging of the burner nozzles can
| ead to a pressure increase in the systemcreating

?cﬁu%{syof' ete %o[n%gg@o %ﬁemfn? i @%Mt(aﬁﬁ%%ﬁ% process that

ust arious ¢ I ONn processes

cein spmehﬂneaiea@dnﬁaf@m issuesda@. dmr@ng helgs i ffl@é Ba@‘-as Somplete

v@? Ing' 48 6@hbFn Fé%‘:t‘:a Xl OProsfUrd HefdaSe RS s9&tem creating
are comonly use I'n the electronics industry:

spighoiesuas. S. 5, 957, 678 di scl oses a conbustion type

det oxi fyi ng apparatus for the renoval of ra ase
[0058 dbedoliawirg tberencasdtiusyiatavarions GAMPEHIORPA %%Pes '3" e

d%@ﬁgﬁ @Héﬁb@ﬂibﬁ”}m@ﬁeﬂ teﬁletf%ﬁ §Hse§ Iﬂ%t ?d?ﬁl $lid phRase oxidation

ustiron er and burner attached
praﬂuptsemmse@fommawemmmésed mﬁ@e ﬁ*ﬁpwm%'nﬂuﬁiwpe type
bur ner has: raw gas nozzle for injectin

a
[9006d &hS. 5.9B @%8 disclosesa samhustiondyrecoatex 'P@z)ppgratlﬂ% for the
rdfdval BP(F;%\{ @a %rsubl'i”ag %ﬂér{égsﬁﬂriséﬁ ogééomwét@h ch&mber, a

arrange surround rawgas nozzl e,

pmmm@h@we&g@a&q ﬁgh@g;p e sambystion %p%gpqzr@d‘f multi-wall
bgﬁ'fer bRACHRYSb #d ﬁ@c?@ﬂ@é%%h'cﬁﬁm%r IPe ‘hﬁlﬂ‘ﬁlmﬂ bl@b&ype burner has: (1)

onponents In t

X
atAw RSO3l el goNGIe KA Gt chs IoPREd ghtier AT 2) a It gas
néﬁﬁie ?or IMSJ:tlrﬁaaSltngﬁﬁgj Whichag aﬁéﬁgeﬁitb RYrroaEd ’Mh@ﬂ\lv@afs szzle (3)a

ecti ngD for assistin usti on, of

a5 CombUSHOR BeURINI RS ARAES. IOk EIG %058 fpaﬂﬁ%%}'“s&mbusﬂon of
c§MbD§thérﬂﬁor§eﬁ§é iﬂ%ﬁé f&@sgaQQﬂé) Ug h#s@ﬁx:@érﬁ) sihighds @franged to

nozzl e, d (5) gas nozz|e for e Q
serjeundyihs, Tt @ﬁzzi@, @ a &mjsas POMRYPBT lﬂ%alsvkg#%?qﬂ& gr injecting a
gﬁé’ @%&l@% é’(ﬁﬁb@éﬂbﬁ %f a & g§§ (aréOZaZéé%onJ:l BQEQEﬂat) Wiech is arranged to

nmbusti on chanber has a

suolens e ﬁgs'au% PP REMPEstion- %ﬁﬁlSEPg Bas P%ﬁz‘ec 80¢ 4(8G (et gpsnozzle for

:rﬁédﬁhg thOfR! §as, WHRPY i9 Bfrahdetblo SuAHUd thadué@is@ombustion-assisting
cons |tut| on such that powders may be prevented from

96%66%4% ng on the inner surface of the |nner barrel .

wd lid ti
190023 bR cbabUEin chies 5as & leabiEi alurtite ABR L L Ynarical
o?ﬁ#bﬁﬂél%ub{)e@%ﬂ\l&d fgd @hﬁﬂtF@ ig ﬁ&i’o@@mhbfl%artmh aavuagr;gfwna;tuﬁon such
e inner barrel and.interferjn e
that eQWRBISMBY P Qgeglpw@ tg }t@g%n:% 8 INNRk %lﬂ'&? cifJ ﬁ'be iRher barrel.
e sy $dl|dtd?cmeg & forined rdehn% Edimlsustbh erea i of themaw waste gas,
n be carried ou

treat a
SO AW aATA a0P Blensad DTS tprgbtad gf Yinfern epe 8L e ner
bﬂfr@lca?ﬂ?mfeﬁfbﬂﬁ@whrl #id dftgnmnﬁlf) treame;amdy padding 4 prassurg flugDthrough

ases, such as, sjl ane or osi,l ane S

iifareio despuet P Tesubs cgaRoR g il KRB fhuoutin
sﬂblma?e ®ved as exendad perdid. are downwardly fed through a

coaxi al ,
[0008] U.S. 4,801,437 discloses a process for combusting poisonous and sotid forming

gases such as silane , dichlorosilane, germane, etc., wherein combustible exhaust gases
and an inert gas, primary and secondary air are downwardly fed through a coaxial,
fourfold pipe burner provided with an innermost combustible exhaust gas path, and inert
gas path, a primary air path and an outermost secondary air path to form downward
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fourfold pipe burner provided with an innernost
conbusti bl e exhaust gas path, and inert gas path, a
primary air path and an outernost secondary air path
to formdownward -2 flanmes for conbustion. Downward
flowis alleged to reduce the anount of deposition of

fIEr‘nE fdjr%hbﬁg 5}} %owﬁr’nbérﬁ‘?l%wqé Q?ﬂg‘éﬁ tb ?é:lt‘ké 'tﬂ!ﬂaﬁmé&mof d%%%smon of

us I'on on burner nozz 5,
fid¢ gustasich as isétcmdm@w@wﬂtngémnmé@mbwﬁﬂoa oné'%? Eurgagﬂozﬂe
which forms mcroparticles on conbustion. The to

[0009Y §6S. 5,323,886 disclegesiha COMBUSHAREAMBM Q§adoxiggas  which forms
n@ér&ﬁ%&i 5Bh Q:oﬁﬁﬂ&lﬁﬂ 'lVHetthié‘?b@Fbé%%J Sorthbiigied |aﬂ\ﬂﬂt!ﬁ&combust|on gas

I nner wall of furnace fromthe QP
bewght bt mtaaimh @@UGW&“'W&‘!%”&WW@Q opie inner wall of a

rCéHEp | tHdVivieR I
f@k@%ﬁﬁ%ﬁ%%lof%ﬁ S | ﬁ%n@grnﬁﬁﬁg? rect edb??_c o
faimed emeomsistieibpar at us i ncorporating a conbustion

chanber, a preconbustion chanber and a multi-wal
bur ner and a process for effecting conbustion of

gases, parti cul arI f eed ases cont ai ses that

on conbustion, %F 3gM %&PE&H%W‘{%'@%Q@?

solid-formn ases. [0011] The, conbustion a

(X br Toderdo %rﬁszgqtp@rﬁomm@? amwwﬂpw&wm&%ombustwn

cha&mBaY, b PrafdntusBe ShaMibet Afd AMmulewall Bubesr @hd @rbrocess for effecting
reconbustl on chanber havi ng an entranceegﬂwan exi.t

COBHSUORE! 97695 PAMICHGHY{RRISERES FOMPININOIas ApeLmpustion, form

s SkidAiBh préduRes, €8 28BIRIforming\gabés. Wal | burner having at
| east one nozzle for injecting a feed gas 20

[00AN] aiTHE REmBuStsh dppReliecerhpiisesn ng sol i d phase
oxi dation products, at |east one |ift gas nozzle for

i nj ecti ng agcdmtfustig@hamber Rdving as tentrarcedtd dmirterzxirion and an
for cti no% an oxidant; the respective nozzles

di re@i"tﬁ“ef‘ﬁf ¥nj ecting into the entrance of said

precombusti pmcmhwdﬁen chamber laawua; awentrarfoaranedarbexitveitn the exit in

T

pat hway per :miumamalhburnenhamdgczttlIea&stocfneanmtaofuﬂan;y}ctmg a feed gas

CraoBiai s HE chBhi4 bDlerh A et BEGRRECHSEARG ot ot one

by efift gas inogzie dmhnjecmnma oft gap/ ardi dtdeast rmge oyrietnozrie tox injecting

appag ﬁt l,J(,%aHF 35 'rebs%gctlv%rr%zglegwre&gﬁ%gr |'n]%% rll’djﬁto the entrance of said
precombustion chamber; and,

a pathway, formed between the exterior of the precombustion chamber;
and the interior of said combustion chamber, whereby said pathway permits the
introduction of a secondary oxidant into the interior portion of the combustion
chamber. _

[0012] Significant advantages can be achieved by effecting combustion of solid forming
gases in the apparatus described herein and these include:

an ability to effect combustion of solid forming gases which form solid
phase oxidation products with a reduced incidence of burner nozzie plugging,
even at high solid forming gas concentration;
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30 an ability to effect conbustion of solid formng
gases which formsolid phase oxidation products with
a reduced incidence of burner nozzle plugging, even
at high solid formng gas concentration; -3 an ability
to effect conplete conbustion of solid form ng gases

that form, Sa‘ﬂtllLF?o effett %of?‘lgte?é E&ﬂ@ustﬁﬁ‘b‘ﬁ SbR frmy gﬁste% that form

an oxi dant \i essent 1 al no nulti-

bur neolmnduci'oablsﬁaneormpenaeﬁﬁlﬁn wthlam@ud%m véithi ﬂnintfg}a'tte essentially
m ni rmng gas and

5 co%ﬁl Waﬂ%ﬁﬂﬁargﬁd HFerne%ﬁtgﬁgrgsgﬂ tbLﬁIlg{\f\gstream

of the sysheabiliydh mininfiizé tsippagsagis uneamusiad elidt rmmg gas and
proc fi ABsuch as filt
o e ESRp il B SR BRI Dol A pPE gt o
gasebags, i nternedi ates; an ability to operate at high

t ur n- down t t e ith
and | ow feézéﬂllﬂgl??\ﬁré\;%rsgt@g o) @gﬂt&é% éq.%ﬁ & ;:/ylﬂa@e bfye gas wi
sepastbi ﬂam@amd miinimakslippaga ofdicamBusted jgé%QSeQI intgfreediates:

precombust %lfﬁ%@‘ﬁaﬁéfﬂ@q& I’ilgﬁ tugﬁ%ﬂiﬂarﬁﬁo PHliAg BtabledEombustion at
process op i'm z s transport to

post highrangddow beeccgas fiaw 18¢as; 8hd.pr ocessi ng steps. 15

B EF DESCH! BN (F SEYEROL RIS (FHEGRBA Wittoa o the

[0013] Figure I'ew I'n cross section of
conbumombuamcmmermvm geepnsar pxidags for R5oFgRs optimization and
di sc | AéctRnkr BRREBSIAG 5@Ps.

cha QE&Q%SP%% P&ﬁg@ﬁﬁh&%ﬁﬁ%ﬁtop E)grtl onﬁ%f g

conbusti on chanber wherein the preconbusti on chanber

resi de IE%féEgd:thT"M)meﬂ SENEFR@ RS OF THER DPRIW INGS

[0014] igure IS a viewin cross section of a

[@ﬁﬁ?uﬁdtﬁé‘ 1398 Y |H%ro°sjgc§ébﬂ91 & a‘%&nﬁbustrwﬂhbpdwﬂua %howmg a multi-

har I nto a preconbusti on chanber

nd t
wel BuTGHBlsSharging TERA® BRraIErE arpr@w%&ﬁté%aw&'?%féﬁd tervinto the
é}ﬁgtbs |oﬁ)8f%d BCuLsH&FcrYHrﬁ rinh@rdid fHal pt8cahbdsien chamber resides

tiron ch Figure 3is a viewin cross
pariatty Wﬁhlﬁﬁhﬁc@ﬁlﬁwﬁﬁ@ﬂlcbﬁmaﬁrpar atus showing a nulti- 25
wal | burner discharging into a preconfhustion ¢

[QUTA] ¢ PSS Ria ViR 0 GHARePiAn SiAGATRS e PR SNEng 2 muft-
walfl bLffer st@ﬁé’r@’ﬁi@%tb@ reBafb&stioh Shawbsi a1l thén inft@the combustion

R AT p@%ﬁéﬁ%@éﬂ%ﬁ%&? R e oSk 4 the
cSMBUARG chabet.i -

[0015] Figure 3 is a view in cross section of a combustion apparatus showing a multi-
wall burner discharging into a precombustion chamber and then into the combustion
chamber wherein the exit of the precombustion chamber is outside of the entrance to the
combustion chamber.

[0016] Figure 4 is a view in cross section of a combustion apparatus showing a multi-
wall burner discharging into a precombustion chamber and then into the combustion
chamber wherein the burner and precombustion chamber resides entirely In a housing
forming the combustion chamber.

[0017] Figure 5 is a view in cross section of a combustion apparatus showing a multi-
wall burner discharging into a precombustion chamber and then into the combustion
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- _Cross-sectiona d
5 fe Eanaystserisess-sectiona aren ofitay grchmgugtpgﬁhgggﬁb@ﬁhq fame as the

wal | burner discharging into a preconbustion chanber
and then into the conbustion 30 chanber wherein the
burner and preconbustion chanber resides entirely in a
housing form ng the conbustion chanber. [0017] Figure
5 is aviewin cross section of a conbustion apparatus

it r@e@elﬁ%é %recéé@bhstBH é;ﬂﬁl'nbgﬁ Reias Famsuy Wit the combustion

stlon er and then into the, co

charabiseln coniaelita thenereperabusion shamhers Hergied r"églgaé S whdre the
trQﬁé\feLs%l éréfsé"ééctﬁbﬁaltali‘é’a &fq ng%cb%ustiﬁhédﬁﬁﬁfber isryrestet mastthe

e preconbusti on chanbers described. in

tromsveese; dress-sqclinRal @rescfosned Y fecqyteyrpage of e Q}ﬁgff‘}?@‘ nozzle (i.e.
th‘éF@féoa"QHﬁbé%eﬁhﬁé"ﬁn%b?hﬁu&fo%%hﬁfnbbh&m ﬂwb%utérm@mm@ in Figure

area forned the outer e

tr@‘i géé ﬁébnshé 084 1oRREd b hePblitér BB lof BRzalteimost ozzle (..,
ure

transverse cross-sectional area of the

ﬂﬁﬁé@dﬁbﬁ@ﬂron chanber is the same as the transverse

cross-secti onal area formed by the outer edge of the
out-ernost nozzle (i.e., there is no step). 10

DETAI LED DESCRI PTI (]\| THE Thi

invention is @ET@&—EP@E%CE%E%@E Hﬁé g‘&%iﬁi? -
(A0 & 2P TSRO iR CHOSHRRt SFOMABRIT Aea 43P @%@@%?33'.“9 Fbombustion
ciedrhiSeit & PebcoRMUBILT dHam Ll aﬁ@%&ﬁultr-ﬂﬁﬂ bumelr and;i w preoeds for effecting

c %%%gqsi@g gnb gé egsla Bgmgas es gqes Jas g%é‘%:[n]i%{q'ﬂlg gaigs ?’6“?5]" solid oxidation

plodGétsiin 84i8 cambusitw pardi:1g of the conbustion
appar atus suited for effecting conbustion of the

gES To ﬁﬁf Iﬁét@%@ﬂd@rmg @f thél eothbgstioe eppératisravitedi for effecting
ers een, used

ures t
oaTaRyRIPG & Tscaases: iarariod fack e o uf ofbenfied amBers have
bédrougerRiSin tife HRUTESR lepresehididbsticallpdrs id el gppadatiay
carrying out conmbustion of solid formng gases in a

{o‘nee]i (1321 figgi(r)ssha @@mbustidn@sdmaﬂm?r 1 isdesigetiifor qanying out combustion
t
CRoN P qéseslto AU Bas, WG FER RS ST 2 g gpicaton
p@dﬂbtsg &red fe’wgatdsefs eyl ey geherated a?maHtgases fromaéndusdial processes
or ng
ofyiraases mavge i A eef AR phtien S AR eE o PR i
g&sest flowdnerh almenaranoemmm't nnmmoppmlun of thacbombiustipridhagiber to an exit
I vided h

By s ehahBSe 0 hara i e S R BAES nelff o are,
eﬂraulstﬁde I"ﬁ!’@rccﬂﬂalst‘lmrf elvaminirciag hedsingte ommiltiiwalidepwti an @tﬁ"Of

gcgﬁ%g B 9% w?‘@w aq%ggg?@gﬁﬁgjeabus gﬁgoug@hw@ partEEESR the surtace.

The comblstiordchamber can be insulated or uninsulated.

[0021] Adjacent to combustion chamber 1 is a precombustion chamber 2. The
precombustion chamber has an entrance and an exit and is disposed at the outlet
(nozzle) end of multi-walt burner 3. The precombustion chamber is used to effect at
least partial combustion of the solid forming gas and prevent recirculation of the solid
oxidation products of combustion back to the nozzles of multi-wall burner 3 and
accumulating thereon. The precombustion chamber 2 preferably is generally circular
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[ 0021] Adj acent to conmbustion chanber 1 is a
preconbusti on chanber 2. The preconbustion chanber
‘has an entrance and an exit and is disposed at the
outlet (nozzle) end of multi-wall burner 3. The
preconbustion chanber is used to effect at 30 | east

o355 B APt el B SR B 8 et o

moudti-walrbusier B ediadig 50sd thet therezs es siep”rbﬂtween/\melbumﬁfﬁé\d

b BBy DRWbG B8 broddibuRiEE ONENIS BA nE0E BR Hiner

disheterdanger thae nh@llnaarediemem of the OMRTB'IOSdehﬁtremlﬂ-dfa“th@ef 3,i.e,

s%ﬁtf ﬁxggﬁ%wmhlggtl -4, fér%tif\? Pa\f{orb‘?‘:me?ﬁngglsdlérﬁet'ék gf S,

pwcemmm ¢hambein 2rtb &rat of—ﬁm%rmosimalmféha) midiiswalbpurner 3 is from

T@%@pgﬁ étggﬁg 9 g%ﬁﬁ&g |5 éc%@grﬁmétloﬂhﬂ\%arribﬁﬁz generally

asb‘tum abotﬁ 0.3 18 whBresthe plidinetersis $teodiamieter Bf QB preepmbustion chamber

P:i%% gh@g@%{q gﬁggﬂ@%‘c %h Ddtd?tﬂhé @%&?mﬁ%e ou érprﬁné)rs s from about 0.75

too3 5t I(\'EhmMebothlonmInamer Bngt i defmedbeamenlthe furthest extending

finbi- GG 3 St 8 ek i sharABer.)
éﬁ%‘é genera SOU %&i V\Pllere t?]e
@ﬁﬂi é r}?cll.gi rgg{gtslig getshﬁﬂﬂ ﬁ\‘? |Ef#leué{ﬂ‘aﬁﬁﬂe efEraBsmbustion

2Furte
clpamberra; tﬂwbugln pmnambestuqngham alangkthen, TSJnll!)S ¥t 19 the entrance of
f

o4 SABERAEY B8y, DL o S S BURRgramoer
The gracombesiicon giaamer @ktentie bpyareidh® ngzzlamofdmdh-b\@" bumer 3 forming
o B Gl e ngan AL it 3 b it B o4 e
frpﬁ@@dﬁﬂﬂﬁma@mmmr 2, and then, fromits exit to

the entrance of conbustion chanber 1 and thereby into
[Q0R8] | iThe multi-web bumsn 3RS ehisasienerassagewayatipierminatingin nozzle

of WnﬁF@ﬁﬁ@@B ig%E Hf? %gﬁ?fnsea?‘édﬁﬂ Q&'ngﬁg’ gad gﬁ Rest@alitsas

ur ner space
passageway  Aderounatingtn awzﬂeea%fqrdheqilaa adét ga% @n%@*éaﬂis @ne

p%ﬁyabeﬁﬁf ‘?@ltérmlrflegiﬂptlh F?B‘ziﬂ-;rhzé R i fﬁb i ADxRIaALIOP asditigHombustion

ner as at ast one passagewa

11
ofitbe deerthganigninif arnlizalde, the lift gas) Iﬁ}OetB@ PFRFCRbUEER] ber. Nozzle -
24 ﬂﬂ'tlr&t%?ﬁ NRe ?ee%‘ﬁi:—igq' s §ordThIRCc @ty Bbatks WﬂleQﬁlﬂtI Wafl burner.

aevva termnating i'n nozzle

SPHP@MIHMO%ZIQ 2tis f@a@s wAde 22, WERE PrOEs faa@gawﬁagt%of alift
gh€ BLARy | therd i8 nb2AE b8 fc?rf-’pr&\%m? %hfé&!d'aﬁg tditafy bf @Rfgdnource

aSSI sting conbustion

nd,
sughpas aiabNermaliyetheimuylti-yad purmer g i ﬁ@ﬂSHpg{éé%Q@@ﬁ §aving transverse
clodauzh ons N"?"}tzér@ gf@éfaﬁﬁélrdufﬁrrﬂ%‘ﬁdﬁ@ deRi nfggw tﬁ@ﬁﬂ bas nozzle 22

generally centra ['ocated in the multi-wall burner.
a@thedmﬁnh oz 28.dhen, are gpngrallyadhe s of apANNYKS K

dpr ovides for the introduction of a lift
[0024] To facilitate ignition of the solid forming gases, an ignition source, illustrated as

a pilot burner 4, is employed in precombustion chamber 2. In the design represented in
the figures, the flame (reaction zone) is detached from nozzle 21 so as to impede build
up of solid products on the tip of nozzle 21, as well as other nozzles in the multi-wall
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25 gas. Further, there is nozzle 23 for providing an
oxi dant, typically an oxygen source such as air.
Normal 'y, the nulti-wall burner 3 is constructed of
pi pes having transverse cross-sections that are
generally circular. The nozzle openlngs for the lift

TR oy B8 s RS R 5 B6fanchors e

fiaane. Iltate ignition of the solid form ng gases, an
i-gnition source, illustrated as 30 a gl | ot burner
[oeszsanpq by dtamendetecionimobishiavar) can antiaallp be |empdqv@d&@§4ngﬁﬁeam of the

I’@ﬁ%ﬂéﬁ ghérﬂber i) Srcfeir %Jﬁ%éct thé @xlg‘!eﬂb@ of écﬁ%ﬂs‘t@@ FRNeE)

rom nozz SO as |
combsaamomus mobdetected otheoperatiop cam be @blzu dowmby %&tanlelqongellers

ur Jow %en dr?o?tﬁh{‘l%dﬂ?'é\}etn't |§$|abg gﬁﬁ%%@ﬂ% Eﬁgesqwo@wnstream

eqoiphent, subk asmnarsewhupmazsmot/suu&d far sembustiotet or  ( not
shown) can optionally be enpl oyed downstream of the
[@Mﬁd orfiguistrrovemend iribe qombusm anpgrates iaf redysingdie g?@@?d‘féon of

SBL S e%@%ﬂoﬁﬁﬁq&ub 5 of on the W&&?%é QRd 'p§rt£9lbrl§5| pb24d 24, resides in

Sul't

thspestablshaest of v i be@mel dha %@rﬂqreqﬁpum w3} &f gipcombustion
cﬁéhBQ?@ﬁnmhé\n b3 fl}@térk?ieﬁn ?@Qhé PR éﬁlbﬁ@ﬂbombustlon

pment , SUC ters are not suited f

cb@mberst i rmostoases, cnmhumr‘o@}’@mgr 1116, 0pREABRBONRRGS or receiving
pBRAAY & 8bnBudtes sbﬁd%ﬁhfhg dall8s 6B bieféam%sno'ﬁqiwaﬁm@h an@ thus, the

stion pro ucts o

the nozzles art|Cl[1 fa
oA WeEY 1408 forMedi Betse spacerBstwRE oy axbarog RrBwer WAl pLATRG@EpbuStion
cﬂlﬁmn_g tﬁé‘iﬁté‘?‘l& ﬁréﬂ Qurfé?;re &%ﬁﬂﬁ&hsﬂ@&ﬂe igferiBf ﬁ&ﬁ&béﬁddmstlon

boundi ng o I'i neati n

chamber br IrﬁbrStwam a@ecem@n@ﬂmdwdﬂme iptrog geﬁagﬁough pathway
1&%%%%.re€%%b%eﬁ&%&%n & dofnbRBESh GHaritiee 1ent r ance

for receiving partially conmbusted solid form ng gases

[émT tin %p@ﬁaﬁe@ rﬂ%@& )88 cehamRY a Q{Elléirfoidiihg gab Repasead Mralgh

ace between the exterig

forned
assagewa | 11 t@fnoszle 86%8@'9 et oasisd wiini el bumer 3.
I utr&iived é&@h soffdforRfg @%b@hhméminﬁﬂldé ihﬁghnﬂbﬁlblgaées employed in the

ortion onbusti on

chanbe
elasgnigs mUammq!@g@r RFONS camppuds ﬁfﬂ%‘&wﬁm%afﬁ of the Periodic

TRBI RN askisiAd dpr@:'sbl‘ﬁﬁé | 3ibdrBhS, sieté@ndnﬂh?drtc@; sﬂé@lét f&rmank,
conbusti on chamber ratj o

chigrasiang. ﬁ@mgtl‘g[gap@n}, r%?thﬂm&g@? Srggg@a Lmlgwah %ogne of the solid
pﬁ§§§ Bﬂ&éﬂﬁiﬁ orddlics MRRBkrsshic Side As.0,, Falf fbmardineg athedphorus

PREAP981 B g pBReSR i1 s i 5P e S e

v@v@s‘@hwﬂﬁe *féled m thﬁiu@ﬁtnl’oﬁﬂé o9 i$ ackRdts Yo acnrmJeLdtslrgmsmbsstson
ri o

oun ta P
3B PE" B aa 508,k Taore, e/ TAMTESS HRNSP S ang i plifgraly less
theH 000fs, 6.4), 816,100 €¥sB_N Feed gas streams containing solid forming gases may

be diluted with nitrogen, helium, argon, natural gas, or cther non-oxidizing gas, but the
apparatus is well-suited for combusting highly concentrated and essentially pure solid-
forming gases as the feed gas. '

[0028] A lift gas is introduced through passageway 12 to lift gas nozzle 22 to prevent
reaction of the solid-forming gas with an oxidant-containing gas at the exit of nozzle 21.
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chlorosilane trinmethylgallium trimethylindium and
trinmethylalum num Sone of the solid phase oxidation
products include arsenic oxide (As203, As(b) from
arsine, phosphorus 25 pent oxi de (P205) from phosphi ne,
and silicon oxides (SiO  Si02) fromsilanes. The

Si%uﬂfﬂeta}ftld}[] éc'i]leatf ﬁ@‘ﬁ rﬂ;[) RN fHefs ity %éfbﬁna@lbn%f solid

rate |l eve eSI ustion rates | ess

rartigtesetbet gquid buildrrat tm tsp of neazle 2eanyd ¢avga pﬂwngf tihg lift gas is
pﬁ‘%‘grdfﬁﬂﬁé ch'hS by)% t'f'nﬁfséoestﬂb?fbrﬂw%h& bhése &:&hﬁon%ré&cts such as

/ sec. treanms containing solid formn

hyglEngien aag hy@@carnous wlwiﬂq}naw&al%%metm@ei, awranargjepane butane

APAUHE fike, %@?nnxt@ﬁes@l‘ié’r@éf Lty Iﬁ’@a@'céh %ogfésan ?Pn@h gbb gud¥as nitrogen,
aratus iIs well-suited for conbustin

r@gwmechrt Fraor ar aivdures haregfa Alternatively.48e !lfg gas gﬁ“'hg‘h@ EYER
tafrﬁ@&ﬁt—?gr B8R cc{n%l‘%%ﬂale/'qa%%sﬁ hnd@@ertigaséd)t r oduced

passageway 12 to t gas nozzle 22 to prevent
[ﬁ@éﬁét | sefety RSO, itds b@ﬁéﬁd@ﬂhﬁﬁﬁe\nﬂphs %fbne that is combustible.
OXi

ant - contalnlng gas at he exit of nozzl

om
Sueb ermbustien tepds tadfatifitala camprustipp obihersgid- Fﬂsmgegaflmlecfed from
HoQﬁé ©1 ”%nbc?usﬁ@ﬁ g&Y hO Es@Bhs‘HéH'lﬁthe%mﬂﬁfuﬁﬁcﬁd?ﬁer%ﬁé|d@tected by

build u he tip of nozz

d |
theveptigna UH&!?*Q%OF (p@t@*@wabmfoge b8 ﬁ?ﬁr}beé:sgg ﬁ@@yggf@f&gh the

bARS. NPihelBsBh&ED Bnibliatich thslaft Lo the appHhfs :sssmn dewn. Not
OHédrogen and Eéldrocar bons i ncl uding natural

Jeghe comiustiple IiHss darditats ROMMYSHOT, f $EFYRE: 9 8 agjinert gas, 1o
p?@\?éht'ﬂ@% bR R alflamER nlohilé 292Th6 HazAb §6loBiEy 6thé MeHas from nozzle
s such as nitrogen, _ he or argon or m xt
28H%Ieééﬁhanﬁﬁ‘qoefﬂﬁdPPR%?@ferﬁ%b?tP“P?" GRRIOXIMALENK S A 1100 f/g, and most
p’?é?@ttaﬁlyfbéi@eé’rﬂﬁ F;srbx.matéry poahyIbifid. e gases and inert
gases [ 0029] For safety reasons, it is preferred that

[(odaﬂ iA firsDésddrft gas & |hﬁ@diudeﬁl tﬁr@tr@w paddalgeway $3ehd then through
tends to fagil I_@te conhusti o

nGEAIP 410 FHIRGS ghleaspaiial camBUEHR Ol 0o oing 88 exting nozzie
Mumtga@nnf e@ﬁbﬁantbm;trgbi T%hreobzt M Hehfirstosxidzins tiow is selected to
ed by e j ona
oS BRRaSeR BoPne s SomBlstef2ane g e el g reREhoustion
chalrfnbenf 2. Tnts&ﬂﬂﬁmﬁimn@meaﬁmg @ﬂihuqirewmmfshdbdn eha\mtﬁér vegglissince the
par at

oxRn{BBFbis e w228 e, e paPeraigiptio RGN el Ty gyidanttayer

pasvidhbetsy the firdl @Rldagﬁaiso serveptoprevdnt fsbits prodacts obEorabustion from
nozz

1. T | | t f the |f
gpiBOTe GRS LIetas o Mo LS HearSBbUMIcR Laisr 8 The nozzie
veibehesiaht Yird ekideetfronp pozté BBk Yhan 4000f/3 Ofofet grefesaidy between

a@%@%mﬁa&ﬁw bRl SN epingiy  rcoe
[@gj %st q%gg tn %Qnt%ip ig?}l@eghg?[l}gf rﬁ%ﬁtué&net %r sulfur. These oxidant

gasades nha? be rAsegntipdiy perei dridiigted adthl s in@rt gasidudh 4 nigragen, ihklium, and

glfhg :t}lf;tedxngang)g r@an% ?sl ;?re?e?ale Q‘? I—i {rvg/er?ffitr?e%‘ﬁs ime%%t iir?

producmg special compositions of microparticles and nanoparticles, alternative oxidants

may be used.
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20 provide an oxidant |ayer between the conbustion
zone and the wall of preconbustion chanber 2. This
m ni m zes overheating of the preconbustion chanber
wal | since the oxidant is cooling the wall and the
flane does not inpinge on the wall. The oxi dant | ayer

d?&' n@ymﬁéaeoe{ck@garpogqﬁ 'tl‘?@ﬁﬁeg@ﬂnﬁ@st%ﬁ lh&MbbOit @ﬁ:ﬁé‘f@ﬂbd to have

pro ucts stio

rom I Ngl ng an
Ta@ é%iiﬁﬁféﬁtr@@ﬂd@ﬁt straamugglpcityflo theevalecity g?rtk@glﬂ.g?ﬁ i KgrfR@ e between
#3 aﬁh% Sp’féfeva%%éttviéer?b gidiy {br st oxidant from

nozzl e than 400 tt/s, nore preferably between

%@ﬁ]oxlh'{ﬁé Shﬁ‘erﬁ uﬂféﬂtlélrQ Qhef bdufivaidtbe TR oﬂQh@inﬁ ?ﬁ@'rb/combusubie and

et vieen appr oxi nmat el and 40 ft/s,

firstraxidagy sthesp icQAb é%%(rt Ty mp@i%rg%emmva? ntr!ne %UWBIGPH% ratio of the

B gaZU Ethu&W&ndeHeQ?éltomdﬁﬁﬁS% smyz q{ﬂ g%ﬁél%nfe'rrﬂh |the equivalence
pure or diluted wth an iner

D istgfingdas the @@lrpxldms ratiq @lt"d@si P}ﬂﬂ?ﬁfuﬁlt pug 'W  gilo corresponding
i8 %8&\%(&@@ l::dmﬁuétron "ﬁ*ﬁﬁ\t’ﬁfer ratfo (Mb%ﬁ]dihér rafid ebt?éépohaln§@o complete

I‘O ucl ng eci al n’p03|t|onso mcro%rtlc es

Ci%ﬁﬁ?'t)ﬂ‘ép re&??f@rfﬁasutb%SWWt%C fugboxigieer jatiy. Angequwa}ence

a9 8f] mE@ng'tH%!t fiet Sn@@ﬁilﬂﬁﬂt@ré‘ﬁrdvmeﬂmtr@ftﬁéér@m lc@ﬂect or
chanber it is preferred to have the ti,o, O

Séeacfaawet@tmw vAN sapivglenes mlg sw}t%h@n 16% fuse{]f&h émdt an

@fivaldhch Mtid BEDPaRat¥ARNeal; 3 and 3 and mor ¢ |
preferably between 0.8 and 1.2. [0033] In the current

[oOYANTA Qé’corfdrtﬁ(lcﬁ%vls\b%'s@étj?mrdu%l patmﬁayt fEiobathl e@t@ﬁor cbff

conmbust i bl e rst ox

nr@p%m%s@% Shatbeaen %ﬂ@ucwﬁa%'utwaf Shosthugicipotgser 1. tis

enbibrttof iﬂ@ﬂrsi 6x1@e@iﬂ tbtﬂéém bh’?ﬁ aécbrfd_hﬁlc}‘aht &dn @oﬂt?ankygaw
n ener er e equi val enc ratjo iIs

cgl@ﬂﬂﬁe@oa@et BTN 834 (HGAN 9SS Do RSP PRI At Bert oas
suel e inkRigeh Ahdlians ahd aFRRANThe Secdng oxiiapt stteant BIrefetabinair.

The latter ratio (fuel:oxidizer ratio correspondi ng

[0?35;0 h"ﬂieeé?on@ @g‘aumt:s m&gduéedqﬁbnt@gh pathway ¢4 ektelrrm‘ktdthe
Stolchignetric e | zer, ratl val ence
PeRarpusion charing 5 i tp e portex e osmpusiRatpel | ina
préverred l@ﬁ’fb@ﬁin@ltt | tﬁis%@wrfﬁ(bxnﬁntid I?‘ll‘@duc@mﬂ‘ drawraintaLthe enthance of
egul v ence .ratl o al er a u C
S GreamaR ; 8nd kof hatiod thatedrony & fan fowitkyRafh A e
caemawbromadmarf (het sﬁg@ﬁpd)ﬂwbr ﬂaghs pmvbn/\lawtz hbde bidibedt indhe art, such

t coO usti Qn.c [ I
i iarspdrn BS BT BRI RGP Stits, higigd é'sddbna
dxlm_dapmda@breabmhhehdn ahaimbax edﬁnmugntpaﬂmy 1/ and @do trd interior

t r

B oSBTy 3Ry bRPE B syl g e
cambueta:irt chemsber dus bera&raly Iessag\an GODéH/s urore prajerablydetwadte
DBt S SN oRL B A sihst b EREN ki apg ety TtFana 100

fexternal to the

[0036] The second oxidant stream is provided in an amount exceeding the
stoichiometric amount needed to completely combust the lift gas, if combustible, and the
feed gas. The second oxidant stream can also act to cool the combustion products in
the combustion chamber 1. The equivalence ratio of the solid forming gas 21 and
second oxidant introduced through passageway 14 is generally less than 0.2.
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15

preconbusti on chanber 2 and into the interior portion
of conbustion chanber 1. In a 20 preferred enbodi nent,
this second oxidant is introduced or drawn into the
entrance of conbustion chanber 1, and interior
portion thereof, by a fan downstream of the

S‘ﬁﬁiu tf{?P Pﬂéﬂﬁp%ﬁ’ﬁ“%" (’ch"d 1&nl1R gARANhelcdiNgeNe rated

e art, such as an upstream fan and
witbiscasinzhustionidlaarakarid, flew fros: the @wit thereof te.a solestien system such as a

BOdbH fisH§Rter? known in the art

bﬁﬁﬁ%{%he[%g’drﬂﬁéﬂc &éaﬂlﬂ%ppﬁ% theE? g(?!eGrel or 25 portion

(gt sbowblust i on chanber 1. The velocity of the second

oxi dant entering the conbustion chanber 1 _

[Qpa8dr diheyollovdrg examplenare Freyided tﬁdlit@trﬁteé@ép%ﬁ@ﬁt’ﬁ@mﬁ@% of the
FEBHR Gkt t preferably

w@z@t V\(/Seﬁéé} appirgir?jr?g?glry E@%}%co?@%éi‘?c? s. [0036] The

second oxidant streamis provided in an anount

exceedi ng the 30 st0|ch|onetr|c amount needed to

conpl etely conbust the |ifExajaRle 1f combustible, and

the feed gas. The,5EGRRARXIANESIHeOREAERD al SO act
to cool the SoshIstHANFD: Hﬁéﬁhégéoiu A PThid or

chanber 1. e eqU|va ence ratio of t e solid form ng
gas 21 and second oxidant introduced through

[@ﬁiag\e(}ﬂ?}é%vgadccbﬁhr%ﬁ@%@'d'is\ﬁldsﬁr%swééqtﬂﬁnﬁa@turédgar[dqgéﬁﬂi for the

ustion o orm ases

combustisiniaf §Il@t9n@'isaﬂ' be muji-wall hureenprrztesda %WHI@? crpss section.

Dfe é?l‘é’off E)r%' %ﬁg&?atﬁé( hihd {RBESRAtiohS 16k cORIDUSHIN SFBilaneSArRBuRiHRArized in
agriouse, el ectrostatic precipitator, or other

Tgbllel*ds col l ection systemknown in the art (not

shown). 5 [0038] The foll ow ng exanpl es are provided

to illustrate various enbodirggetss of the invention

are not intended to restrict the scope thereof. 10

FEX@@ysE 1 conbustion Apparatus For The Disp D Saneundiluted)

GRS rhat —Form Sof Td- Phase Oki datT1 on Produ¢ietides9]

FlrstkiHaRt dLLUIUI Mg 10 thTS—dir scrrosure was nhpyt act ur ed

SAPGhd BRiGER | L#atﬁ\kﬁ's'( 14.,UHUUb[I onmof —Sitane ga b Ajr The
' ter OF Congdbrstign Charfiter 1 frad—a I TCcular Cr 03pproximately 8 inches
Dj te E b szﬂ., 211 e appar atus—andtest 9 _'irﬁdh‘égs
iﬂﬂerDlFJ1Q, i G’ésﬁ 22?852 ate—summertzed—Tm 6 75%%3
Outer Diaméter Of Lift Gas Nozzle 22 0.495 !nches
Inner Diameter Of First Oxidant Nozzlg 23 0.625_ inches
Outer Diameter Of First Oxidant Nozzle 23 1.26 !nches
inner Diameter Of Precombustion Chamber 2 1.76 inches

Precombustion Chamber inner Diameter 2 To Outermost | 1.4
Nozzle Outer Diameter 23 Ratio

Precombustion Chamber Length To Diameter Ratio 2.3

Feed (Gas Nozzle Velocity 0 to 100 ft/s

Lift Gas Nozzle Velocity Approximately 31 ft/s
First Oxidant Nozzle Velocity Approximately 26 ft/s
Second Oxidant Inlet Veiocity Approximately 50 ft/s
First Oxidant To Lift Gas Velocity Ratio 0.84

Lift Gas And First Oxidant Equivalence Ratio 1.008

Feed Gas And Second Oxidant Equivalence Ratio 0 t0 0.0235
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Feed GasSilane (undiluted) Lift GasMethane First

Oxi dant Air Second Oxidant In Pathway 14Air Dianeter O
Combusti on Chanber 1Approxi nately8 i nches D aneter O
Feed Gas Nozzle 210.277 inches Inner D aneter OF Lift
Gas Nozzl e 220.375 inches Quter D ameter OF Lift Gas

e e

ghlbewints (racorBustion shambemandihandoey preromiw@@ﬁﬁn@nb@r? to

cgﬂﬁﬂaﬁn c%%m%;@r rk?‘%ﬁﬁ%é; ?ﬁ%ﬂi@k%r‘zizﬁgs %}8 dlbr‘ﬁ@ﬁ‘arr glass (quartz)

plRet wblcnradicwad)tt@tﬂame toteertisually epgarvedr oA bjpalﬁétlléqi aSSOOIated metal
j I t

o GRS SGh 5O bl Moyt

g&ﬂéﬂa\!ﬂimnmﬁman@(aj treat edyrAGitiple Nonsx@oiittgr ORgs ant

Inl et Vel ocityApproxi matel y50 ft/s First Oxidant To
[004] Ghe prededoid wadag fotiowsS Anitialfyt theddowerdt Fier dawrakeamnend of

E‘gﬁ %@:necﬁ\éﬁvb%ﬁ iv‘%%t rggg oggg%rﬁigﬁ%?a%ﬁlﬂ t@éhgﬁ%mbﬁtion
chamber 1 Snabprovide thé pecondanyenidanble fazisaienemosstiers Then, the first

OB, CveR BSEBISHE B ERSUATH Rf BREBRYchs Wb po

buimen® everd sst@bldhed taind rnhe:mmtbamenwamgnaed gFlamerdadection yrthe pilot

o 0k ST S U AU SUEA s M P el (e gasou

fublistrean kwamesthbishee th presagewayatt aid 2 Mablediameswasestablished with

thﬁar}%%gfw%ﬂtﬁg% EE(?H& HJTq | pl(%B Kg %?te)%ﬁﬁ%rlﬁﬁrhﬁgl ggg%ﬁs@nce ofa

ﬂ@raemm]théme gas aucttinst exidant stiearholAt thispoint thel fapd gas.iwhich was
e?ée‘?'n‘ﬁ?ﬁ n&edg\%%}]e[r%@@nﬁw.e ﬁcSw w%g "%Véééee'?n Eﬁgwﬁ‘érfaélhron up to

Ea Son' 1 or ow th )
100 fisunver aperiod of about 1.5 hours. After 1 5 hours operation, combustion was
terminated and the multi-wall burner inspected. No blockage of any of the nozzles in
multi-wall burner 3 was observed. Only, a very small amount of silica dust was found on

the center tube and on the inner wall of the precombustion chamber.

Example 2

Combustion Apparatus For The Disposal
Of Gases That Form Solid Phase Oxidation Products

[0042] The apparatus of Example 2 was similar to that of Example 1 with minor
modifications to the apparatus and operating conditions. Specifically, the inner diameter
of the precombustion chamber, the ratio of the inner diameter of the precombustion
chamber to the outermost nozzle diameter was reduced (substantially equal as in Fig 5).
The precombustion chamber length was the same as in Example 1 resulting in an
increase in the precombustion chamber length to diameter ratio. Details of the
apparatus and test conditions are summarized in Table 2.
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15

chanber 1 and provide the secondary oxidant to
facilitate conbustion. Then, the first 10 oxi dant
stream (air) was established in passageway 13. Fue
and air flows to the pilot burner 4 were established
and the pilot burner was ignited. Flame detection by
the pilot burner was confir Qafefore continuing. A
[ift gas flow, which was nEthane (a gaseous fue

—-ﬁ%@ g Was—estaptTshed—Tn passagevay 1z ang Sahé @idiuted)

é Wers l:blaUI i blll:‘u wrth e metthane 71 ﬁaﬁg‘]d

Flllﬂbb( ﬁf uam \al 1 ). A—Uv—detector—Tonf T TIE A"ne
X\i' pt?'i& )f(Ll fre—w LII‘LII‘U'IILL gldb ol lh"IIrS[

DIAmSI OfGam e gy por -t e T eed gas [ AN GidtSl 8 inches
Diampal Of Fobe Gas Nogale 24 - (105 0 0% 007, T A 77Tneres
Inngr; Diamgter Cif L1 Gﬁs Koezp a8 o, P o —tOOt g, oS

o O Gk, o S v e R e
Innar Diamster Qfbinst Quid - ,‘";, Hoz ;'Q inches
Qutek Diamater Of First OxigajbNozzla A28 inches

Inngy Riamater OF Frecorehustion Shambasd on 20 the ¢ nﬁzﬁ’ inches.

PJﬁ@PrbthQ*'ﬁ@ Qﬁa@ewnnero@'@metebr 2covbavtemaestdnadber |

paratus _Eor The DispdsalOf
BERPOUTHIS g bength ple-Riameter Rati 132 25
| Aeod4as NozzleWelociit us of Fxanple 2 was sinil 0 104 00K ts

Lt GEs Mezzie Veladityh ni nor nodifications to tHdpproximately 31 fi/s

FarsbaxigansNarale Weloci i ng condi ti ons. Speci f i qaARpjoximately 26 ft/s

Sawond Okicambindat Veldcity he pr econbust i on chanber| Anpieximately 50 ft/s

Firat Oaidaht Tdkift GacVeldcigrfdtier of the preconbudtd.8h

Lith G AndtRirst Oridant Bquivesdénce®atioe di anet er wag 1.@dfced

Reed Gdomnd 8bcohdOxidantExuivaidncg Ralio 30 The 0 to 0.0235

preconbusti on chanmber |length was the sane as in

I resul.tin i ncrease in the .
(BPEHTD rihesertRnubiraon Wad s sehid SEE Sarafle, it g mutt-wall bumer,
pli‘@domhm&tuoﬁ chémberafrpcoperatingadarhetsts asogicdrt indrables?.dhe same

ORI CE asteBl i soble e Wit e eatrain hgse wiffiftodcant e

be¥drd amttodubtidradiunaye dkddfollowedret er OF Combust i on
Chanber 1Approxi mately8 inches D aneter O Feed Gas

[0&44]| eTH2ISaRe Yelooiphwas maintained at about 80 fi/s for 45 minutes.
Subsequently, the burner was inspected and no silica dust was found on the nozzles and
only minimal dusting was found on the precombustion chamber.

[0045] A 60 minute test with the same parameters in Table 2 with the exception that
the first oxidant stream nozzle velocity was increased to 38 fi/s (first oxidant stream to
gaseous fuel stream velocity ratio of 1.2) provided a result where no silica dust was
found on the nozzles or the precombustion chamber. From this it was conciuded that the
reduced precombustion chamber diameter to outermost nozzle wall ratio, as shown in
Fig 5, was favored.

[0046] After all of the tests, particle samples were collected from the filter bags. The
particles produced ranged in size from 80 to 320 nm as determined from scanning
electron microscopy.
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Inner Dianmeter O Lift Gas Nozzle 220.375 inches CQuter
D anmeter O Lift Gas Nozzle 220.495 inches | nner

D aneter O First Oxidant Nozzle 230.625 i nches CQuter
Daneter O First Oxidant Nozzle 231.26 inches |nner
D aneter OF Preconbustion Chanber 21.26 inches
Precombusti on Chanber Inner D aneter 2 To Quternpst
1.0 Nozzle Quter D aneter 23 Ratio Precorrbusti on
Chamber Length To Di aneter RaEX&mple3reed Gas Nozzle
Vel ocity0 to 100 ftEgmblidtlon@Sildizal Ranstill Facility

Vel oci t yAppr oxi "I%h&l{:ﬁéfﬁov? b Birdt Oxfdand8anhd Meszbas
Vel oci t yApproxi mately26 1t/s Second Oxi dant Inl et

Vel oci tyApprOX| matel y50 ft/s First Oxidant To Lift Gas

Etg ﬁc"f % 991 cﬁ%é—%ﬁgda': afﬁ‘ﬁaﬁéfﬁl%cﬂ@ﬂmﬁ@@iﬂtlar to the apparatus

ui‘va Second Oxi da
aEam ial dﬁﬁ@éb%mu @mae 8. mssv?romlterm@a Warg place between the

u'sﬁ’érH @fdr@éﬁr‘r’%@ﬁ thdRas n%rﬁﬁ faﬁ?(aﬁ% ﬁwe]chHLBuérhawamber was

preconbust i on

m;w @ttatmglepasfaﬁbm@tegd akolgssethe 'FPZFEBIP(@ 02 theﬂM"%fam%’e gounded to
rﬁg@gﬂg&r rﬁ;r{grﬁfze%ﬁ@gb 0P PhrfiSled of tRDAGzlel e Wi th the

t gas and first oxidant (air) before

[bMﬂ]qu ChhtPastob. édahﬁ‘ﬂhez Wherd l%b'v@lbﬁﬁly of[tﬂ@éﬂdne'ﬁbéd gad aas

vel 6city was 'mai nt ai ned at about

genemiubeld conBtaat; GeAration af ﬁé’aaﬁfﬂlﬁ%@“twa%qwﬁ§ H@éf‘“@&"&ﬂ% flow be
tiPed 'o'n'a‘h@ di’MﬁéreW%sfdPtH\@% QanéH@sﬂaﬁéifé n%a'mﬁbzzlén}e}bcmes from O to

m ni mal dust ng found on he preco

198 dHassras the opiTiess ars SSULRFn i BOGAT TS ATS ATy fgwnstream)

p?éés%‘i@ﬁ@t@aﬂoﬂs Trdhlesyste thBt ARt SeGRINGI IO hel gratomibution chamber.
first oxidant stream nozzle velocity was increased to

[B&adt ﬁe(ttewswom@altﬁéretw@tgrsa@} Bulld MQ@H&IQ‘SU@ thesgreeambustion
vel ocity rati o _of provi de

chAmPeb WAL R EXaT B bis CHERHES YRE DS RTOFsS varibilty caused
SBRRCSHERHSEM M thE prERembuEticeHamMbRr bt oppesedao el moreglidfidw vis-a-

the reduced %reconbustl on chanber di anmeter to
Véﬁj‘f‘@lﬂﬁ’ﬁ@tesm e@%mpggtl o, as shown in 15 Fig 5, was

red. 046 of the t art e
| dg apsienabrcice bl barhe hipTpLERon gD foth was
sh@ﬂérwd RBprivias Hpestontiensh tiansterearigtioto démeter B2 of approximately

det rmned froms
%’HS action appearecf torhave%olved the problem

Example 4
Combustion of Silane with Higher Flow of First Oxidant

[0051] A test was run in accordance with Example 2 except the velocity of the first
oxidant was increased by 50%, i.e., to about 39 ft/sec. The higher flow rate of the first
oxidant, relative to the velocity of the lift gas, i.e., 26 ft/sec, resulted in a greater
accumulation of the solid particies on the precombustion chamber and nozzle than in
Examples 1 and 2. it is believed that the unequal and higher velocity of the first oxidant
to that of the lift gas directed combustion inwardly creating backmixing instead of plug
flow thus contributing to build up.

-13-



10

15

20

el ectron m croscopy. -12 Exanple 3 Conbustion of

Silane at Transfill Facility Variable Flow of First
Oxi dant, Gas, and Feed Gas 5 [0047] The construct of
the apparatus at a transf ill facility was simlar to

the apparatus at the trial described in Exanple 2.

?@V eﬁesnllt’?ﬁ%rf thbt&ée \Wﬁ@t% é%én@ﬂaﬂir ae ef th@fowaﬁﬁt ﬁd&:@ssary for eﬁectmg
ust1 on chamber and the i nduced draft

Qﬁﬂﬂh&lﬁ?n isrinEeduesd thrapgh thﬁd%ﬂ%‘?%ﬂb@f'%ﬁ 91'1'%%%9’%8 QNV%G hypothes:zed
Hé\ﬁé\%"ﬁ‘%;ﬁ’éxt géﬁtﬁng ﬂéeaﬂéﬁé Fbuith FdrShehi héﬁld@ﬂr@&ﬁéf firstioxidant to that

round further mnimze &{
g dhe llf& 9@% asievendighey pxidatigndiow fatroweyld PA eéa?ﬁ?cg creglyg even
d?éé‘t’éphﬁblﬂer‘{mh&dé h’fé MetafblistiofthamBers ithaniacleasst @aal of ‘

general ly hel d caonstant, IE@(at on

t
tpRshanCe auLEIOTaBaR HKRlY causediackiRaing ofihe s Sgariangine siane
iadlde ﬂfef rb?@r@ﬁ@éhoh%ﬁ&ﬂnbéﬁﬁﬂd Fhuga gbﬁble@ 16 blikhgp b8 8B [Pesombustion

nozzeve iIties fromO to ft/sec as the
gmbeasd: are enptied. In addltlon there are (mainly
downst ream) 15 pressure fluctuations in the system
that affect the flows in the preconbusti on chanber.

0049] The test showed there was
[bﬁm SeEmarzngdhg e Ol EHe BRPOSON R sTangcidat frdfots on the
rﬁﬁtﬁIWHkl)ﬁalu?rtleﬂ HozkiSs 8AG %l’éd:@ﬁfﬂ)ubthﬁi cHafrbepvas @aexpected given the high
varil abpl | | ca sSone ac
Sreearend 81 S eI GERRbGuEeR R en o PEogiag PRyl Throuh
thé fmRdudtich dfftyriiflcanbleess abéeo@ha@ky xiaapi istodhe a&nboﬁ@a]chamber
e 18 oSSl B 5 Rl BB i minimal
ﬁycﬁﬁmﬂguatth@ Besﬁab asl fm@tthrohgh meanattuagamtrtmtnlg]er &y establishing

re 0, hav

2B Eeoniakoiabe ars fows il the SurEBRB AURPL L e gxicant fow
thitdubsh iatesy awnqﬁatlﬁhérsus 36 enfdlly p[l@ﬁﬂn} thﬁodgﬂsthe apsaratus one
run | n accordanc e v
G IRt pE FULRga i {ooHES PRl e08a i) ndbe SorBitEaparatus. in
éd@lﬁldﬁ fe% ridt/née@ssaﬂiltwte c{w@l”tﬁé sélide‘tdrmmg eetzehn‘gashatrf &m pert gas in order
(0] vel OCl e
R o aulS pos B eBEa BeaS o beskia g feed

difeatrizeof $6lid fhripmgtdas! sy bepictessadide thetapparaius.chanber
and nozzle than in Exanples 1 and 2. It is believed

that the unequal and higher velocity of the first
oxidant to that of the lift gas directed conbustion
inwardly creating backm xing instead of plug
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flow thus contributing to build up. -13 [0052] Results

for the case where essentially all of the oxidant
necessary for effecting conbustion is introduced

t hrough t he preconbusti on chanber can only be

hypot hesi zed. However, by extrapol ating the above
results for the higher flowc[§“¢$cﬁ first oxidant to

that of the lift gas, an even higher oxidation flow

VY %QHJ@:Qe expected to create even 5 greater
urbul'ence Tnside the preconbustion chanber. This
increased | evel of turbulence would nore than likely

causgebacm%b%n‘gé ot afét%ss{%%er i at and the silane

i nsi the preco d cause particles
to build @pcambusnen ;@hé@bﬁbh@\ﬂnmﬁn esHangseto arinteriofgrortion and an
[OOS%% hZing, the results of little deposition

of silane OXI d’atl on products on the nmulti-wall burne
nozzl es aAdrpearnlurtios chambenbaving amﬁ@tran*c@@@cawﬂgw%#he exit in

the RLGhunkN6% ?Vrlﬁ Wjé &ﬂra‘?lfce toh 015 %r‘nguéﬂ% %Bl@\bgﬁﬁ and

concéntration o ucts. Through
i nt r oduct momutsiFwali gunner @éﬂﬂglaé\ﬂéﬁsé Qe g@@%fp&rlwecﬂng a feed gas

d
]?)lj'r . Bﬁtalnﬂ'&?oa ggg gﬁ?ﬁ%‘ of fogﬁo\ l{fgm ‘?Jhasé/ bAdfinwedudté, at least one

nmbustion i s
ef f editt @as woezle ﬁwrnmﬁamngl% lifh garnang ﬁdea&sfonﬁ ipidapkpRzls fRs injecting

gas %}1 ahPrRY g%gﬁﬁve%zﬂes"éﬁ’rbl(‘teaLfélnlﬁfect:rﬁ;rlnto the entrance of said

esta nd car contr ol ows thr oug
t he mﬁcprnnwatlcpn ehanmtsr; tbﬁﬂﬂléf@&@ﬁafétr“yh“é’k?%ﬁftseﬁ ow

t hrough pat ;Eé’lﬁ?g 4foﬁH§t§‘ bbtilent the eéktdridr %WFie%bh%uﬂidﬁgchamber

fl ow throug paratus one can elimna
subseadtthel lngerlpé@ga@np@fr paig| eorplystian hambpn winreby said pathway

Co”bﬁéﬁhl%nﬂ%[’fﬁ%éﬁd{%n ot s@@@dddn?’&xndhﬁt é)&emt to the precombustion

nece sargto difute the solid formn gas with an
i ner chayabern andopigehe frberias pertienaf the ¢om qu‘P%CfEﬁH"PQ! up.
H ghly concentrated streans, e.g., essentially pure

feed streams of solid forni nch% may be processed in
the &ppar ahas:orrm_uAtlwsamatus alnhéthegem Bajch i gas passageway

6%% e kas ﬁbéﬁe conprising: 5 a conbustion
er

V|n an entrance to an interior portion and
an exit therefrom a preconbustion chanber having an
entrance and an exit with the exit in comrunication

Wi t hat he eRbrppaRNe ofS@lafin QONIISI 2R 6Xadralozzie surrounds said lift
mul ti-wall burner having at |east one nozzle for

OPh)@E&4-ng a feed gas 10 containing a gas capabl e of
formng solid phase oxidation products, at |east one

4. The apparatus of Claim 3 wherein the multi-wall burner is a pipe burner.

5. The apparatus of Claim 4 wherein a constant ignition source is provided in
said precombustion chamber.

6. The apparatus of Claim 4 wherein the length to diameter ratio of the
precombustion chamber is from 0.3 to 8.
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lift gas nozzle for injecting a lift gas, and at | east
one oxidant nozzle for injecting an oxidant; the
respective nozzles directed for injecting into the
entrance of said preconbustion chanber; the
‘inprovenent which conprises: a pathway, formed betmeen

t he t rior of the eco a .
|t ert o, Gppfatiiso Bt RAFHP Bor iR B2 R, 10 Udhitef B8to of the
p&m‘odmaﬁdwmamtpmnmﬂ)vs t¢ BS. i ntroducti on of a secondary

oxi dant exterior to the preconbustion- chanber and
into the interior portion of the conbustion chanber.

e e

foroure] gas tBat fives apljvephase saxnﬁtlcm progduds wh epebustioni which comprises:
dant
oxL 9ot MGAEAGULLYEES 5L okl CBRpTSERLPI, e o

i s appagoenbiustiorechantoer Tireugtppdirshitozzlef Cl ai m 4 wherein
a const antnj%ﬁlrr]\'g:]édﬂﬁgﬁgﬁigjﬁl%éaﬁdrﬁFe%\éH?ﬁgn nnchagﬁée%thro ugh a second

preconbusf 2 appara
wher ebezi¢;he | ength to diameter ratio of the

g;;g?g?ﬂ:t@&}eﬁ%alﬁf%s i V\ﬁo agfﬁ?egﬁ@bp&oﬁt%afnﬁg thr n"&% a third nozzle
rat i dispbsédbetweer saidifiost noazie ahasaidrsec@”ld)nmslec o 3.5. 8.
Cont o e o8 st PFUERLRY g 83 il o S ocomostor

phasehamberat i on products on combustion, which

conpri ses I%xhéus%ﬁé lﬂ{bq?&ﬂé@ Joﬂ%S%gifpsa[‘éQEﬁ tﬂ’h@g irt He precombustion

solid-for
t hr ocimberf u‘tcsan nD'tBZIDEPOITtIQp afta nombustioni damber rf@foemldg further

precg{mHﬁéﬁogﬂhéggp‘%ﬁa through a second nozzle; 10

injecting a | gas i nto said preconbustion chamber
t hr ough aintriduding gz géaonddixidaot ito e intarier artignfefrsgid combustion

nozzl, rﬁBgr ﬁ\?dlg;hsfﬁgt@@]ag%ﬁe% bé’b;veér‘?ﬁ%t eﬁ%&r'&'shbﬂ precombustion

conbus I'ng sai rmn I n sal

pr ec oh@nber aml interianbartion Mmmb@tlohéh@abw ally

conbust ed gases generated in the preconbustion 15

chanber into an interior portion of a conbustion

chanBer f dheeprogessi at caimthavherein said solid-forming gas is a gaseous

compound selected from the group consisting of a Groups Il to V metal pf the Periodic
Table.

10.  The process of Claim 9 wherein the solid forming gas is selected from the
group consisting of silane, arsine, phosphine, germane, diborane, selenium hydride,
monagsilane, chiorosilane, trimethylgallium, trimethylindium, and trimethylaluminum.

11.  The process of Claim 8 wherein the lift gas Is selected from the group
consisting of natural gas, hydrogen, methane, ethane, propane, and mixtures thereof.
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conbustion thereof; and, introducing a second oxi dant
into the interior portion of said conmbustion chanber
t hrough a pat hway forned between the exterior of said
preconbusti on chanber and interior portion of said
combustion chanber. 20 9. The process of claim8
wherejhn s c
sel ecié]e d fTHerzT?:Fc#?egs of bﬁgnﬁgengrﬁérteirﬁth@ v%?o%ﬁ%lé? the %FP%%?Qhrough the
firstmezale isffrarh & tpemo(feetpermbbed aa@ theoveldqdity qutb@ é% gasthough said
%géh&'hgzﬂ@%ff%nﬁ‘stt{ﬁoé% ﬁeﬂf d3hg9 gas is selected from

€ group consisting ane arsi ne, phosphi ne,
ger mane, di bor ane, selenlun1hydr|de nonosi |-ane,
chlorosilane, trimethylgallium trinmethylindium and

trimgf df“')” a‘i‘ Fsliégée ailct:laglh‘?z%rfé? Ath@bqid ﬁEesra‘ﬂ@%f ﬁienhft gas and

the |1 fromt roup consi stin

fisst axictant il frcyg@ 5 y2iang e, rah@pﬁtﬁiﬁere y]ght@e flfﬁt(ﬂgjgiﬁ@t to t%e velocity

@R 8%l HBS§Qfo -16 12. The process of Caim8
m%g}ﬁéétj'%e‘%vepgglsgyz of the feed gas through the

first nozzle is from5 to 100 feet per second and the
velocity of the lift gas though said second nozzle is

fromf to Aggmgggbn%baﬁa@&@g&n raink3- The process of

Caim1l12 wherein t equwalenceratlo of the |ift gas
and firsta M‘Mﬂ ti’Lé!'“ﬂ”r baxing & fegd20amnBozaRe f?’a’l”ﬁ?""@)@ a feed gas

the Vc%'n%hlﬁg aobaé %ﬁpét&lé %tf f%lﬁ%%blld Bhé&@oﬁ( Qétﬂfh' bﬁbdu@c& a lift gas
the Iif %as IS fromO

conbdgwl@ onipiegting aérﬁ@@ﬁpandsa gt madaﬁnmzzlmn Imsamseé‘ first oxidant,
havi Rghateihafl W@a@‘ﬁéﬂi@ id erstéyde@étwagn §a:ElefSé’d @§§ nozzle and said

contalnlnga as caa ormn solid
oxi ddﬁtd]%'qﬁ”bﬂ@%zi% sa@ mulfwwaéjéwmeﬁ an@ a cbrplet erndeaadu Hhgezzle end;

lift gas, ARfhcBmbuEHN &i‘dn’i’é&?twnfhoé fit® efnﬁratlaehétﬂd M8 Rozzle end of
first oxidant, wherein said %as nozzle is

di s pSSEtMyBirebburgar ang eéec%embé rieGyiiexpel gaid feedsgas, said lift

oxi dayas, wgé,gf,rsggk,gaﬁful ti-wall burner having an i nI et
end and a nozzl e end preconbusti on chanmber wth

first end &H¢emkysign pbaqnpgr haylng an apgning adapted for recewmg said feed
gas, said lift gas, and said first oxidant from said precombustion chamber; and

a means for introducing a second oxidant into said combustion chamber
external to and generally around said precombustion chamber.

15.  The apparatus of Claim 14 wherein a constant ignition source is provided
in said precombustion chamber.

16.  The apparatus of Claim 14 wherein the length to diameter ratio of the
precombustion chamber is from 0.3 to 8. '

17. The apparatus of Claim 16, wherein the length to diameter ratio of the
precombustion chamber is 0.75 to 3.5.
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said multi-wall burner and a second end adapted to
expel said feed gas, said lift gas, and said first
oxi dant; a conbustion chanber havi ng an openi ng
adapted for receiving said feed gas, said lift gas,
and said first oxidant from said preconbustion

chanbgy; angr nc%ce%? %}Sthfa %rﬂbﬂ&ﬁdﬁj{r‘é‘étﬁﬁmaoﬁ& Wg@(b&ﬂﬁh ing a sofid

into said co stion external to and

feratiay aas V‘aéf%mﬁéo%l'ﬂaﬁsﬁr%ﬁﬁ@ Brqdypts cnpeptustion whighccomprises:
apparat us |ﬁjfecﬁé" éﬁlol“fe%ebﬁé Neéht&ARYt 3Bid 1s8Nd-FdrRhg gas into a

source is provided in said preconblstion chanber.

The é}ﬁmwo%ﬁh@mfﬁh@mgbkﬁéﬁilnﬁql%e l ength to

di amet er Rimbsr thf

0. 3 to 5, HeMEban exBanbiks B eSS ERAmbEr thidlh @ second
I engtﬂﬁ’Ztﬂ@» diameter ratio of the 30 preconbusti on

chamber i §n@etfy 4 it §a35 intd. Qe? id é%coﬁ\bﬂ&ﬁ&?&w%nft@i tﬁraé‘gh a ahlrd nozzle

conbust i on tFeat nen as containing a soli

f or nidiRpogead betweenmsaidfistwrrlg aﬁﬁ@é@ BRPUENOTAE: pr oduct s

ON COMDUS tt Qihst }.“/Ql"trg &f.mmgnﬁg%a.d' I8 $drimiih §84 M daPPrecombustion
gas containing said solid mng gas into a

precé’ﬁﬁ”@?ﬂon chanmber through a first nozzle; 5

i nj ecti ng iRPocdéingans pambﬁy écﬁdﬂ.s%oegﬁéblg%heméoqh@ﬁ@sfecombusnon

through a second™ nozzle; I njecting

sai d ChrROPBrpi? p@ﬁbwambambﬁﬂ@ugﬂfﬁcéne FH'F'I?T ﬁ%@?%ﬂon thereof; and,

di sposed hgtdMRehgSRisdchid %Rldﬁﬁ’tzlﬁlcﬁsﬁiﬂdco?ﬁdu%ttéﬁ%ﬁﬁﬁnber through a
nozzl e; at |east partially conbusting said

olid
for mpﬁﬁ""\g"é(seﬁﬁ”'@élfﬁ $HE REREANRYSHAN Ci‘@"l,bﬁ&rfﬁ'éﬁombusmg said solid
mtr@&mngag'he partially conbusted gases generated in
the preconbustion chanber into a conbustion chanber
for effecting further conbustion thereof and,

i ntrodu0| a second oxjdant into said nmbust i
chamdér t ﬁ%&ﬁﬂc%ﬁsp%{t Wgy 18 whereig the gogda qgmmg gas is selected from

tHey @@gmuﬁéusm SHSIERE  arkifg, SHUSBHRE] g@'n&ﬁbddrﬁéﬂahd sélénium hydride,

L R S e M R T T T

consi sting of silane, arsine, phosphine, gernane,

di borane, sel enium hydride, nonosilane, chlorosilane,

: : : E‘ébﬂzl lslrﬁraqr%??tog bﬁ%h%l wl‘rr]eq'ellﬁl e ﬁf?gas comprises a combustible gas
that does not form solid phase oxidation products and optionally an inert gas.

21. The process of Claim 18 wherein the velocity of the feed gas through the
first nozzle is from 5 to 100 feet per second and the velocity of the lift gas though said
second nozzle is from 5 to 100 feet per second.

22.  The process of Claim 21 wherein the equivalence ratio of the lift gas and
first oxidant is from 0.5 to 2 and the ratio of the velocity of the first oxidant to the velocity
of the lift gas is from 0.8 to 1.2.

- 18-



5

20 20. The process of Claim 18 wherein the lift gas
conprises a conbustible gas that does not formsolid

phase oxi dati on products and optionally an inert gas.

21. The process of Claim 18 wherein the velocity of

the feed gas through the 25 first nozzle is from5 to

100 faeet piHe SRE88oPORIM NS WREER th dfuivhltck irbfio 6Rthe feed gas

t hough said A second nozzle is from5 to 100 feet per
apd dlomeecopd oxiflaat iglesedaan B C ai m 21 wherein the
equi val ence ratio of the |ift gas and first oxidant
is fromO0.5to 2 and the ratio of the velocity of the
first oxidant to the velocity 30 of the Iift gas is
fromO0.8 to 1.2. -18 23. The process of Caim1l18

rei ' ce ratio of the feed gas and the
"é’gg@ésﬁ “3‘2&3%%@%6@@;3 than 0.2. 5 06520. USA.
BURNER. APL. 05. 26. 04. DOC
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