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06520 USA TITLE OF THE | NVENTI ON: BURNER AND PROCESS
FOR' COMBUSTI 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 industrial
processes by nmeans of conbustion is well known. In
the el ectronics and sem conductor industries, for
exanple, a waste gas typically containing | ow 06520 USA
concentrations of gaseous toxic substances 5
represented by arsine (AsH3), phosphine (PH3),

di borane (BZHB), silane (SiH4), etc. is forned in the
steps for manuf act urmimce SEMHE INENTIONs. Since this
waste gas is highly toxic, conplete elimnation of
such toxi c BURNERND RROCESSFOR COMBUSHONOF# i s
necessaGASCAPABLE GR REACTING 7O FORM G IR PRODUGTS
"the at nosphere. [0002] Another source of residual, and
often toxic, gases arises fromthe refilling of 10
cyl i nders enpl oyBACKGRQIYNDIQF THEINVENTIDNCe gases to
various industries. Spent cylinders previously used

{0001 ]aTre! disgosahofossigual @asss gendrated i ingustdaltimocesaes by means of
oo BN 53550, PG s a8 pudbies, ror exampie
a v:m‘té bheqrpichlhipyoraaiainggm e??dnyaﬁmnsg@ggaaewmxigsabsiamm

ol oSG 5 B P PSR REL SRR Gy PR, ot
forgeesl. in Teesteps for mehefachiringsegisersdubtorscu Sincalthie waste gas is highly
o B0 o B3R e DB W 0l o
nesessant prior do grsrstiagdf the waste gastintodbe atmedsphiere.

conmbustion. The conbusti on nethods contenpl ate
[00@2] d #nbther sderce b residuial and oftem toxico gasessarises fmodbe irefilling of

ovlRErL BTG xS L 00 PRSPl s RAtb, P
cylindaxsq:_rreveiduslyngs%d S ele@rc?ntzsqir%oegssingﬂacélﬂy contaipinguesidual gases,
or gl B Bt b Y i g ey v
gemﬁr?ab,rpl.itrgad! aanase\zacumiddh rerg?veeallaaoatmnill'\ants,pgmting a cylinder
ooy SR SRR i hon Bt I G cHERR LR gases
muBkalso be tratitedipriof td dischaoye © théateogphertucts in the

conbustion process often |leads to significant
[0008) o ¥atibummethotls aed knasnfodelfegbively elimirating sudidoxio gases and

g R By S BLAE O Th8 By bldioh BB itarblleoithuve
deqeopasitionlof ther tokin subgtarces ie theresidualnwastetgas under epmeustion

corRitRRs wheRbLsy tHE Ghdldus todic substances are oxidatively converted 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 particle build-up in
the combustion chamber. Recircuation of the solid phase products in the combustion
process often leads to 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 incomplete combustion of the residual gases. Intermediate
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products of inconplete conbustion can burn in 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

safety issues. 5 [0005] The follow ng references
productssofrintcemplatel aoobustiorbcarn b ipaslowssteeam part pfithe process that

of e AR LS 1, B0 k0 g ol
plugginghofahe bumennotzeacandeachta s prespwetinaseasedn theiekstan) creating

sa%g?ggl' &S 5,957,678 discloses a conbustion type
om?yi ng apparatus for the renoval of raw gases

h : . wy e ond L
[ pr!gc(;E%Jéltlé‘@ﬁgéﬁgﬁéérssﬁocat%ga at t h?dtug%b ol.é t heés fsﬂ tﬂTQ
dispostid combustitierbra oltervtoxiciesd gasesithat fernn selid phese exdation
| ol j.pe t
prdflefiafl, B RRY 2l EBATRER i hE eicrbhiet Bl Y Pe
d ' ' . . ‘ i

100681 1855 08053 dick 8Bl g 88 Qi it Tt ne
reraoval 0fj v gasesiauch aa dilareccaraptisgd of A sembustigndhamber.ded

ord S RSS! 4o 78 o o) 8 it e
bumenpiiacheddoitive plegombestionebambee Theanylti-wall pipei taembyrner has: (1)

i ; j | @) & It
o 4 2o TGAARE e (M S Wi bl 05 e @ i gae
nozzi¢ fartimjeciing a iftgas, whichds hgangad tosuound ha raw gas ngezle, (3) a

ol Sy BB 88 18980 Lo il & o B combvton o
combustibls cemponed)s i theifsiedgas (kvz2 fitst exdant), which s agapged to

I : TP
s 3 98862 478 088 B o peteprecing o
gag tarisssistinghcanbustion ogaaleéga% (iseh - saspnd exigdant), which is arranged to

surg@jl]foghg ir@éi?l.za’l gt E&‘Hbtils‘ii%h—asgfé{irg% ?@p&%&e, QR Bharrul dd3 ribazle for

0ZZ a porous I nner avi ng- a i o
injecting the fuel @as, which is amangesdadurreunthiieuel Bas gembusfionrassisting
ga€ﬁ8&%“ ng on the inner surface of the inner barrel.

powdery solid oxides are formed during conbustion

b ombust | on
[od7E" TRE SarByioifotftiel A £ 985 vl sTUErs RiHeaNRy & yingrical

outehbanreleupled avithes ﬂte'\% o7, @rpasewsigney hasrel RaviegasoRstitgion such

tha% gg\ﬁfié@ HayPe pravehiad f@nﬁﬁ@ﬁg gﬁ ke AnbSLR1488 of thdSnner barrel.

zl'e in“the outer barrel. .. the conmbustion
If powelatyrasiig cxidas Bee foamed daring gombustion Yeatnest ghihe s yeste gas,

Mo | Y3 ddpositedtor b ider stifacd SRS inh
su procesﬁggﬁprggérﬂggﬂr?ﬁ polgonoas angés!o[ id form nﬁ _ Sgr
bargel sed intgdaringwith tharremouatiamireatasni Rineassggrwifesurefluid through
the HRERI iR PG RESdrR) S TRIE) BSdorBIs RSN trBMtheP cANBS tardidd out in a

rimary and secondary air are downwardly fed through a
staglgasxatgpver an extended périod.

[0008] U.S. 4,801,437 discloses a process for combusting poisonous and solid 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
fine dust such as silicon dioxide resulting from
flanmesfos tombusiion: Bewnwand fiow izalleged fad@0ode theamant 2Bd@3asition of

A S I ST e
oRE 15 o R R IABI R P8ty wicn s

midmpaviiied amcdrhisustione fl‘hamxlc feed gas isroombwistadoand the anmkeustaon gas

orfig ol pofiap SUE o Bl Tink RhhaeRRHAEFo ER rparum) ofe

furfisEe FralviNg lupbirénd 0ahejoweniendi The water sapturasi the sierapaidicles
c j pparatus incorporating a conbustion 3
fO@W%ﬁﬁgﬁﬁhggngconbustlon chanber and a nufti-wal
burner and a process for effecting conbustion of
gases, particularly feed gases containi ng gases that,

on conbusti on, Eﬁr@fg S%%?Q_YFHQ@HEQ N%llqt s, i.e.,

solid-form ng gases. e -conbusti on appar at us

Ir1"115?5? veﬂt%nals Elf??aé‘& td @ gor‘f\BQQBﬁ rapB?r‘éid%Qn@d?a?ﬁﬁﬁg"H eombustion

oanln eri or on an her ef
chpmbeo mmrscorwuwnanbanbamnci@mﬁr-\eaﬂ bunerand-ripweessdor effecting

ombhgnérﬂ?f %é 65 %%Qn@?'é‘éﬁg chtBniéﬁrﬁlfq é{é"es?ﬁﬁtr {E/(I?rp]gés;aon, form

urner

solicbaxidationeproducts, d.ef, solig- rqr@mg gagea. feed gas 20

~containing a gas capable of formng solid phase

[0Q34i] d Fihewenthustiencepparatus cemptisesae  |ift gas nozzle for
injecting a lift gas, and at |east one oxidant nozzle
for injed ngbusilﬁncﬁhﬁﬂ‘@ﬁf haying ancyapee I an datgrigisportion and an
di r eGh fbrbmd mJ njecting into the entrance of said

preco stl on' chanber; and, a pat hvvaé formed between o
the extef nrﬁcwbwsi@nmh@e@ﬁbnwng)ﬁn SRtiamRs and am exihwith the exit in
i nt %Bhﬂ{unﬁgattéﬁwjth ?mdcﬁg)f QQB%JS%USﬂUF\%%mbeFa' d

pat hway permts i ntroduction of. secondar
oxi dant .anmyltrw@l prner ingring oatt Ipast dte ﬂﬁ@'ﬂ:&?biﬂ@ﬂ"&wa feed gas

ChaE‘?ﬁt’ému{goQb %&mefdr ?&Hﬁngaéblﬁrﬂlﬁgééxﬁafbrpﬁroaﬁabedﬁéast one

fectin st1on solid form ng gasesm}h
appAﬂsaa§o gécpr la@atmeaémaan%nq ﬁ*éwn%mm@nt nozzle for injecting

an oxidant; the respactive nozzles directed for injecting into 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 nozzle plugging,
even at high solid forming gas concentration;
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gases which formsolid phase oxidation products wth

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 solids, such as silane, upon reaction wth

an oxi dangnwibility t5 &ffatkcoinplets sembustioh\of solid farining- gasiels that form

bur ner, and conbusti on chanber bujil dup: .an ahili t .
i i SR8, SycFye giansy sae Gracien Biih &) SiiodtE At rinfa § esentaty
Sf c ?ll;]@ Hﬁﬂti—?laﬁi bﬁmbLﬂnd CI?r_ﬂiFl{Wdh atk;mbénbmdugks)tslt r :eamt parts

0 e system such 3as, f.i r ags; _an.abjlitw .

process dfft Lﬂ%@y fiQ dynigyee §E‘Eﬂ?gﬁs&cwweﬂu?ﬁg @ggmg gas and
Wi t heorsthwdliibRs ddlianmeAnstiates toradbwisticapapartsobf the cystomssiech as filter
gases or internediates; an ability to operate at high

tur rati o having stabl e conbustion at 10 high
and | ow f gedbliastd bfobess iditsted dost gas sabhldst gylinder purge gas with

separately control ,the first oxidant .injected.into .
o D AbE b A Biniree) Suppodot SELArAaed b R i Sirpdidtes:
process o iaBiligaiol sppratecht high iugis-dbwanajzohaving stable combustion at

post -.conbusti on col | ection or, processing steps. 15

BRI HEG ghgasfiowEalesandy| fns OF THE DRAW NGS
[0013] Figrgbilllyi fo aephritely Nconti@s sthee fitst ooxigdntainjected into the

i s oHaFoT PstBR b améer 81 e thcOnFahy opjalfion alieeB bptmization and

chandfils frafspdretd post-corhistion odiection opurotessingadters.
conbusti on chanber wherein. the preconbustion chanber
resides partially within the conbustion chanber. 20

[ 0014] BRiERIDESTRIPTION DFVSEVERAL VIEWEOF THEDRAWINGS
conmbustion apparatus showng a nmulti- wall burner

[00H 33C RAg@enisiantiew in rosesedtios bf @ combestivarappacitusshowing & multi-

w8 R B A SR 8 on o o
inteAspEHioroof £ bembwstion Chabasihdreig the p@combastionehamber resides

cross . section of a conbusti on apparatus showi ng a
pamﬂ?IYi""-'t @§LMPW%H§H%eq%am%§Ehargi ng into a preconbustion

rof " &S g5 e kBt PO pBheer SRR Bl B mute
wdliltunesrtdisthagyingintde precombusticnahantbenasd thep(ite G)e Gingoisdion
Ché‘rﬁlb\% ﬁaé/r'g? h'fatr]qré:c:ro?nsosusﬁgr? ElePhbe? oxfisTRIBR Wi tRY opRRRY B HE
combustion chamber. :

[0015] Figure 3 is a view in cross ssction of a combustion apparatus showing a multi-
wall burner discharging into a precombustion chamber and then into the combustion
chamber whersin 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 bumer discharging into a precombustion chamber and then into the combustion
chamber wherein the burnar 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 bumer discharging into a precombustion chamber and then into the combustion
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wal | burner discharging into a preconbustion chanber. .
and then into the conmbustion 30 chanber wherein the
burner and preconbustion chanber resides entirely in a
housing form ng the conbustion chanber. [0017] Figure
5is aviewin cross section of a conbustion apparatus
showing a multi- wall burner discharging into a

charmbeo mihesdin the procorbimestion ¢hamber resites pariiakyowithis theozpmbustion

B0 B B RS oo o3 o e

transvérse cpossesactiorsal axma of iserbrecembiustionichantbenis @regierthan the

oo 5 e AR R5o50 5 BBk B 8 koo o

thereds a-stachetapan ther pracdrobuation lshamber anagttbe outdgposiinozre), in Figure

5 G4 e PEAS Babbeforh Sl 5b4e i as o

trdrisgerse crdssideetisnahamadomeedbythe-cutsr tedge ef tharceitermbst naezle (i.e.,
th%reconbgesési on chanber is the same as the transverse
PIREOSEHYi onal area forned by the outer edge of the
out ernost nozzle (i.e., there is no step). 10
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0018] This

e, on | SpRTMESRERAPTNE e rerRTONS
o0 A0 s BRI RS54 ing o combusto

chambes aquacambristign ghansben ansta moitiwalbburtersnddapriogess for effecting
co 5 3 cebed SR 1540 ARPERRiTpackS AR il osian

prachysty intsaid cambustion sppaséfuect i ng conbustion of the

gases, reference is nmade to the figures. (Identical ]
[00%8]H Jrofatilitate amerdersisading of thesombystiansanperatepsuited fer effecting

j [ -Cal j ik 002 Bait
oo B (6 Ghdch, Ielerblce RN o igl B2 doriealriibers have
beemusgd inghe figures i tepresent identicabparts INGhePPRATGHMSEs in a

f eed gas, which upon oxidation, formsolid phase .
[0026] d 4n therfigupes, prosmbustion chasber ddeldegianesl fapgarping out combustion
of §AIRA6ANAY gBSed 3 Bed ngﬁ&%rgérPG&dM%'bhﬁbrrﬁ GORESHERS dXidation

such gas may be e oyed as reactants in chem cal
prasiustse siush fe®bgaspsiomhbagenafated asmaste 9asemiram iBAv§iaM REocesses
or {SkPasoR iy (3 ol B Racldfs fiERBHal RackisaNy SoId fording
gasps/flare toman entisnge to amintarior pertian of the;aembystian champber to an exit

) " _ ol . i h

W B A R PR RO RS Tl iR St phastipfes wle

exhaustad. | Thacambusion hqmla@'@apgzets_mi%@r HHitiwalled, wihyan interior
surfdt® d“é%?&;l{éggb Hihiti HEpBSitio 8PbBRub BF SR A particles on the surface.

uni nsu
The combustion chamber 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-wall 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 bumer 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
preconbustion chanber 2. The preconbustion chanber
has an entrance and an exit and is di sposed at the
outlet (nozzle) end of multi-wall burner 3. The
preconbustion chanber is used to effect at 30 | east
partlal conbustion of the solid form ng gas and

ﬂ}o fifd denhid @bbpalaﬁifetér% t6PInh8r gigmbeRbE P1d dutérHest wall of

ust1 on nozzles of nmulti-wall burner

mgltlamu btae%rbmsa@ Flagp.tsedhaidhereiheo pﬁ*%tb Sebrasn fBﬁ by
pr@ﬁe Suﬁbﬁ%&m‘b& gﬁ&%é\?ﬁr' ﬂﬁe‘b‘rédbkﬂbﬂéﬂoﬁc@h%é?%ﬁn ABGSIAN inner

same i nner dianeter as the inner dianeter o

digmetsr lasaer than thednnerrﬁjametemi the uiarapstyvallef mth%Lsfner 3,i.8.,
St&P5! Qﬁ%ndm?h%ggssmo Préfe?ébly, % MRS Bf ﬂw@%r‘%ﬂd’bﬁﬁetﬁf‘&

prec usti1 on Ch However, the preconbust

preerinbuation ghambee2 mwthiahﬂfethe ouieane%t@vall|°3#§'emuwml lzlmef 3 is from
1 Ahd ¢, chh‘é'@ﬁgﬁﬁ tc?&:aHé?er%ﬁc?(LVﬂﬁ*tH%rbc&ﬁbﬁﬁrbh 'ch&ﬁ\bér 2 generally

ur ner | own 1 n

is fro@Y @0@5953 towl?fﬁtth%d'émet‘ﬂés thﬁrﬁéamaﬁbw:stg@ Pf%ombusﬂon chamber
2. Hp%ﬂ@#@ﬁ%ﬁ' é?ﬁbcfd%ﬁaﬁlefheéi./a ef m@%e&hﬂuaﬁoméﬁaﬁﬁm% fr&ﬁ\'dbout 0.75

[ti- bur ner is from

to Befn Tl heﬂ%ecmnzm@tl@? chafpbey i%rwﬂ') isfefined bﬁm@a MWBﬂ extending
nogEré'H? SHuitRwal Bﬁfn%l' B¥anditfe b4iPHRALOUhe BrezohtbuStionétigtntidhg

lameter ist di anet er of the preconbustion chanber

[0822]' ”rr% gﬁHs%Eeihélﬁén Wg%ﬁ@bﬁfﬁabs ﬂa‘%@frbﬁh tﬁé ehﬁ‘ﬁnce of recombustion

pr econbusti on chanber 1s from about

chamber 3« theayieh psecasbushenaramipes vy AR F”@”d@?md@daxﬁé‘? W@e‘%{ﬂraﬂce of
coHB%sﬁéH éﬂh@l%eﬁ@r@ﬂﬂéﬂéﬁ? iMO A7 iBteRbr HaHibN oﬂhb'cohﬂhﬁéﬁb’n chamber 1.

and the exit 8 ane preconbusti on_chanb

Thegueggmbysiion aBargber gxiengds; h@goatbmewogéﬁs PEW@E*W?Jb@g"?fr%Fﬁfmmg
a B31R0BH ShAREIN&BINhE EBMBUSIINIBactiDR SR Be iritiatbh bELIERlY a small

preconbusti on champber 2, and then, fromits exit to
fmﬁ?@'@‘ﬁh%ﬁﬁ%oﬁpml&%ﬂbustl on chanmber 1 and thereby into
the i_nterior portlon of the conbustion ch

oGO B S Ikast SRRIESSSBgONGY T hiEiEing Ih nozzte

21 %r iRfekhing APddd JUs"tA&Y codtdiy AbaIRI-HfoAniRG gased I6406Re lift gas
wherei n the conbustion reaction can pe initi a ed but

paﬁﬁqe“@véﬁéﬂmm@wn nGFEIe B2 fardnipeinga Whoas an &t lefgins)
pagéa@ewaytmwlhawaﬂ QbzAe D@%rﬂﬁjebtﬁ'@%tn Nickani® ﬂﬁ'%@glet\mg/co?ﬂbustlon

term na in nozzl e

of 4ot Gat (Aol APRIGAPE. mlme@)j bt 329%399@3%? %@%fﬁw Nozzie

21 @@Gn@fb&ﬂ@&ﬂg Wgakas tg@ﬁé?ampéemﬂny lcaedih thelRultiarall burner.
Injectin

| t d at | t
SUTBMRINGOORR h S BaRenaEgler, whieh dEovioRs 1ab Teu R tart ot a i
gafiSELhdrNBefdiB S Eb QB forprotibing le@asidans typdElly ahfoxygen source

O TR KN —

cro@ﬁ-%@&iﬁidsythstfﬁﬂé Igahémw gm!a@ drnmndﬂ.zre dﬁdntrlgs\wd the Iigaenozzle 22
Sur roundi n 2, which

and i XEt NGF2IE R Ak aees ol Brthe i 3R annufis

[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 multi-wall burner 3 is constructed of
pi pes having transverse cross-sections that are
generally circular. The nozzle openings for the |ift
gas nozzle 22 and the oxidant nozzle 23, then, are

budSered. A Re/piich bukiRr BavHBnahowriedintte Pﬁeco['rﬂz(i)xaﬂdn diamber anchors the
facilitate ignition of the solid form ng gases, an

dMhition source, illustrated as 30 a pilot burner 4,
] d i hanb I n_the
o TR Bt o TS50 o e o v
reéorﬁiﬁtsﬁ@h @ﬁal’g!bél?h rwadrlttﬁ d@flbcsme @&lstence mb eokabbstiohdand; iif
ucts, on the ti n
0081%?%'32’%5 getéied, 8 apbrationial be sGF Py sitapliCcantElers.

SHaIAWRT ceth Mﬁrﬁbdﬂa eVéhttsr Bt mbeb@H?@to downstream
tector (not

h t
qui%&\&%} Sﬁ‘:‘& a@ﬁ tP'E?n yﬁwb ¥R "é‘rﬁﬂ'té‘g&[ c&%ﬁ’ﬁ?"bam of the
oS o SRR o ShA e b U FELBBE06Sn o
soﬁ&phdﬂ%&fcﬁﬁb@ﬂoﬁ pfbdaets&mme dioxtled) and pattizlaely nozzle 21, resides in
e can e| ortant . to
thel paRbmest ot itk Befen e BB duigrefled ffetombustion
ch@ﬂbemrtanﬂ thes\rglgg%i?wdxnd dir&:‘eﬁnea&hgdllm interion portiniof eombustion
copbu i pr Que
chaBet & [~petcasas sombysFLONEIEL 1t BRer it @R cening
paﬂﬂﬂ@?@hb@eﬂe@ soktl fotming @a?bm{rﬁmtné ?mcFMdsﬁmrahamheaahq thus, the
0Z7 s in €e,.6Ss |
pali i 8 KoY sbcs BewbaltirBr iRl BEPIR} il pffepBhuston
ch&hman&tmdtmbm?mhmﬁnégetﬁsthmwmg thbdhierioppartion biheombustion
interjo rtion of ¢ stion, c e
chaBber]- oy B oahBasan ey GRATE rrdeugsh HRRh pathway
14 bad direct®y iniothe imeddripaition of coinbastioh chalmber flor m ng gases
fromthe preconbustion chanber and, thus, the pathway

[0027] i $n bperatioh, Ryfebd gas portainingtarsadid-foindng pae isi passed through

out er L. of preco stion, 15 ch erL
pafoBnRE T 1 oAt 2T SRRCtE s B ARSI i Rl il Burner o
llluswaittwemﬁ soth sellforhinggases) avhiitr indludé highlyitexiggsescemployed in the

ecand. x dant i dant

olo {5 AU, ekl GesBPbe oPoy s oF LIRS o y Biehld Bt Periodic
Talsloxhcts s arsired) phibsphirie, ditota ¥, séieniapenydride nsilane f gamhages

conalnl i d-form ng . o0as _j AL 0Ug .
chiS83ier itTetRyBRhL S5feTIRatR, ahd v RRBERMH M Bome of re soid
phametdmdamu lprodustd inclbde asenis.oxiti (AsiQs AsSk) fiaen afsiney phosphorus

n

perbfe oo 0% 208 ne, P iR SEE (907 Bk i SieHEs e
velogityd threifeedfgaGitioropgh hddzig 21 I8 amtratestodchlehe da’sred(numbustlon
rat%%t?%%%g ﬁg%ﬂf HB?%%?&EBIU 16 thaH 985, 3 and MoE riBrably less
than 100 fi/s, e.g., 5 to 100 ftfsec Feed gas streams containing solid forming gases may
be diluted with nitrogen, helium, argon, natural gas, or other 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 trinmethylindium and

trinmethylalum num Sone of the solid phase oxidation

products include arsenic oxide (As203, As(b6) from

ar si ne, phosphorus 25 pentoxi de (P206) from phosphi ne,

and silicon oxides (SiO SiQ2) fromsilanes. The

vel ocity of the feed as t hrough nozzle 21 is at a
Shoatdreaciiorcodosy at e 4ip 1, $here mayde fprpationf solid

pahikﬂ{é tﬁQp?cIeL@é %ﬁuld'{ﬁj; @ gﬂé ﬁé ﬁ% ?‘??ﬁd AL d@@:nﬁ t'l‘rﬁe Iﬁi‘ﬁas is
preferaw:a c@eéast@éegsﬁ thebdessow fammsaig Phgse axaion nrgducts such as

?Erﬁ gﬁﬁ%gd%afﬂoh?&r?cﬂrdﬁﬁ&ﬁ‘atmai P%%th&\“?é 'eréhe?;Sr@Bﬁhe butane

er n OoXI Zln as
ane{rblmihls&. 03 mlgumnmerg@r g lmamnt&ﬁ?q l?ﬁwgn megrga§ such as nitrogen,
C b S
rol OO F BT RERIC M gRueR g 8 e
@asps ﬂn@!{@ﬂrﬁaﬁﬁﬂi e 22 to prevent

conhmugghn@asma@etmybtﬁn
reaction of the solid-formng gas wt

[0ag8] d &ier safeht wasonsy itdsprefarradiibaiiip ift @as m thatig combustible.

sUﬁﬁ %Hrn%uéﬁzﬁ@%hgggm% h&g;}@é@@gﬁupg of f?afgrsblf?%f%?m g ts%guggted from
nozgié Pd. @ona?eustrtbmoan be estaplisherdn the combustior g gsmiRs Gnd gletected by

dgﬁdnrro{;v Rachdt (Al ds%ﬁrqgaéf&@ms%@waéé iRl Jﬁrc%éed rmsugn the

e oxl dat1on cts, such

butnedr buie a@aanmrc@msmoﬂthe fif Qﬂﬁdhﬁr apmratus dpashut down. No
on Q%econ'?é]tﬁﬁﬂs it %ﬁ Wﬁete%ﬁ%@tn& ﬂ%@r\ﬁegeaé dk'fé anoihert gas, to

tures ereo gas can al so be an

preyast fashrback ohatflamgdn nozzie Rl uhe cozzle yelRcibt of g i Be%from nozzle.
22 §§1I%F§ tHan éﬂotf% r}%r‘exgéﬁérabﬁfnge%éﬁ aﬂ&%xﬁﬂ?el?g aRd OBt Bnd most
contar ni ng o e gases and inert

prejerably. bemeergqpn:@mmgmezgaa@&%rﬁs it is preferred t hat
the lift gas is one that is conbustible.

[00301b Aefirpinridash gas isdntreduced thpugh: B%%ﬁasew1%ﬁn@ fhen through
no%e n%§ 14 Rlcliteld aﬂl@ﬁst g@ﬂ%h&%ﬁﬁ%‘ of ¥ é&i&&bﬁmﬁ’é gas exiting nozzle

usti on can l1shed in the conbusti o

21 anﬁhﬁeasaﬁ@prﬂ@%@tee&ornm'é 28ptTiherfisst cidapkio tsoﬁe'etcrﬁﬂ to
prov{RV4R oi?&’érﬁ'i 8Rthd bt%trbﬁtzbﬁéﬁﬁﬁﬁd\bélmf?ﬁedohﬂ)ustron

burner. In t a sence o mbustion of the I|i ﬂ
chaml@era%pmlemem!@smarheabwo g PPrecombys B%@a&‘befwa sirice the

oxr&é’ﬁfgé‘ E&élﬂh%é WEH aS&?nef ﬁ%ﬁr’ré by ﬁot‘irﬁ?’ﬂgé bh @t whll. 'Flﬁ wedant layer

oes an 1 nert prevent back, of

provideddyithe fiest @méamﬁlsmﬂﬂ?ﬁot?znf@'% polid Rf9d'dﬁis P‘rfémi"?lrs!'m from
rm;ﬂﬁ@gx% g‘aE&gﬁulﬁﬂng]@n the vall df @ﬁéfﬁeﬁaﬂbﬁﬁ%nfd'réﬁ\beﬂ@f The nozzle

tween approxi nmat e 100 ft/s

volbGiitof tps BIELOYEAT 6T hZEIP 41965 HARACDI s, J00Ta Ae R tbh batween
appro% ﬁ'@telr&gfdn?sﬂoo% SadnodBSreteTabiyy bé%léﬁ %ggiﬁdikrnﬁaﬂtélb 20 and 40 fi/s. .

passage and then through “nozzle

[00f3 f' I'I'hé i # oRiahteRRlcoRHin bﬂ}geﬁoéméﬁfd fiiorivle, bhﬂrh‘ur These oxidant
as exitin andlrft

formn
Dase6 B P BFSTIRNGRHR 95 S8 W prcharT 9as Lo A5 SR, and
argdR! GREFstioRidant stream is preferably air. However, if there is interest in

producing special compositions of microparticles and nanoparticles, alternative oxidants

may be used.



10

15

20

25

30

20 provide an oxidant |ayer between the conbustion
zone and the wall of preconbustion chanber 2. This
m nim zes overheating of the preconbustion chanber
wal | since the oxidant is cooling the wall and the
fl ame does not inpinge on the wall. The oxidant | ayer
provided by the first oxidant al so serves to prevent

[Qo8R] d Tpmuidimize; baskmidng insthe predomhwstiomehamand ia ateferred to have
tt%‘?ﬁ%ﬂ* et &ﬁdé‘?’@ gfrgﬁp‘ﬁlc}tcgf oftBP ﬁg |ﬁfég{m%)ﬁ(fli gé‘nltnctﬁé‘%e between

omeeamsnuoeesaretmbiymemw&a an®di&. pref erably between
approximately 5 and 100 ft/s and nost Preferabl
[a988)e kvthe sprrest invandioy, the equivaleoce atis of thediftaags, ifembustible, and

f.igfr 5>§<§ﬁ\rp§;r_gaﬂt.s 628 15 antuﬁhrbréfém BmbSieht, ¥ e{;dn@?ﬁd&%ﬂo of the

hese oxi dant = gases essen

lifhgass feomiiusiinle eno\/mqwﬂramxldeé\t is o éuiﬂgﬁ‘i@“ﬂ |terrr!§gtiw equivalence
raﬂ& H ﬁ%@ thé‘ﬁ%ﬁbxtd&&eraflb Pﬁﬁ%@’ﬂg‘iﬁé‘fue? Io&fc‘!?z'é‘r katio cpgresponding

s Interest In

tomoomaie ngmbpwnam@dmgato thue):oxidlizar watio arrespangingla¢omplete
?ﬁ)_ﬂb OHER ref@rlrécf%ﬂhg %Id?&ﬂléi‘ﬁ&ﬁﬁ fue‘iraz\‘ djﬁﬁgoﬂéﬁs d. an Squivalence

ustio

ratio @frb sreans thai furl and oxidant are mededtln the fa@o@!@alﬂwqorrgﬁ or
st&éhﬁf'ﬁ&h{ rh&il) KA 'beatan\;a»énee 65@99;&@5% hY i€fuel Aén hihd An
ween . nd 3 an

nore

era
eqw\@ﬂmcatsat;o bes%@enﬁef@lm 1.2. [0033] In the current
i nvention, the equivalence ratio of the |ift gas, if

{083 LA seeANs] Oxigent lsaaasae@thr@aammthw Hlgnated extesior ob 4.
prbﬁbrﬂblfgtl?ﬁ %ﬁérﬁserezp@ ﬁtBQh@ﬂt&r'&%ﬁ%%Js%h Ehe%beﬂ tis

he first oxid S
inggpengdentof thmftrgbmdaﬂt Strearms The ﬁ@c@@lﬁww%comamu%%m

chﬂ)%b Nasbring, Skl eﬁ’uegé(bﬂ&%pﬁ r?aééé By letS'tféQﬂIu’@d vittear i@kt gas

xi di zer rati o correspon to conp et e conbusti on.
suzm s nittagen. heliume apd a@om%hq EQ@ﬂdrOdldaﬂ sttpameisgseigraily aib
| ete conbustion) is often referred to as the

[OQ;i%P cHiecsasond exiganlis inkodugasttheugh pathvay i extemnabinctBe 10
précﬁﬁﬁ sBbn &ndrR ﬁlﬁhtcf M8 lintdrist ﬁbﬁloﬂ%%or%bﬁst%%ﬁaﬁ%r I'In ina

eoretlc correct or stoichionetric anmount
prefgupd aw@ﬁa@%tthrg sgeeit evidars igintrodused Gp Arawndntodhe ea‘ﬁance of

coRfBUbcH &ftber 31 il Infstior bBﬂ‘an ihér&off b&ﬁé fdrﬁdﬁ%nsir@g%f tl»ﬂe
second oxI dant’is passed through pathway 14 | ocated

comppiglignyshagiber m@lawwst%ﬁr @ﬁﬁ%'@?ovm ta«%c’ﬁ%'f»"&ﬁmé'aﬁ fg, such

as%%ds&b&rﬁ'f&ﬁ aﬁcﬁ a%ﬁm&i HRWSIRABE! eductdré, dah forkd the %econd

endent of first oxidant stream The se

OXGiﬂblgfﬁtm@ BWC@@MJ%H% chRgben2, tarughipathway| 1doAng, @*0 Ehe interior
portiohfdf combl&RA c‘héh‘%l“tl The %loEfWoﬁhé Qeébﬁd@xldéh?&t@hﬁd}the

an | nert gas such as nitro Ium an
combusinn Qhamben{ SgenesIY igsspwg @Pﬁﬁfsy merg pre qreb'
apén%‘kf?r'ihﬁel?’@ %%OS f&'s hAd IdtsRIbrably %ﬁeﬁﬁ%bﬂjklrﬂéieiy 10 and 100

ext erna

[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.

-g-



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

conbusti on chanber (not shown). O her neans known by
[0087F e Aftst dffating Bombestiontof ttmsdﬁd-formimmgaqmt thesolidsgenardted

t d duct .
5B S5l A 0 BN Bl 1 Al s s o
bagmauaem@@ttdsmm plecipitatat, omdtbertsolids calleciiar syatenp knavwoin the art
ustion chanmber 1. The velocity of- the second

(”(9}( 'a%'m entering the conbustion chanber 1 is

s HSRT T BbRTe P T oDl Pl R it

inb@itivreine appintended tetestritbtharsdop®therddf/ s. [ 0036] The
second oxidant streamis provided in an anount
exceedi ng the 30 stoichionetric amobunt needed to :
conpl etely conbust the lif%‘??‘ﬁi I f conbustible, and
the feed gas. The second ?lt stream can al so act
to cool the conipmidustio Apgaraius Fon Thé iisposabust i on
10 chamber 1. TH&eayTHa RIGESHdPhase Dxidatios Prodlctsor mi ng

gas 21 and second oxidant introduced through
passageway 14 is generally less than 0.2. -9 [0037]

[0889ET A %ﬁfrfé?fabétﬂ'dihg WotHid disclosire Wae nsarufattired and gemcsm the
t he soli n _conbu

comtsision bt Siefe Gok e mullval e Tasbe By SAHE08! s gagtion

Détélls’:‘of th@@FFamus #ridaesticopdisénsfopesmbystioniobsilanerare stramarized in
tion systemknown in the art (not

ids co
15 Tei??ﬁ)\?m). 5 [0038] The follow ng exanples are provided
to illustrate various enbodi nents of the invention
are not intended to restri (ableh®t scope thereof.
Exanpl e 1 Conbusti on Apparatus For The Disposal 10

Fded<®as That Form Sol i d Phase Oxi dati on Prodyc3ien8 (undiluted)

Lift @3389] A burner according to this discl osurjeMethane

FiflseOuidapt ured and tested for the conbustior] A sil ane

Sdtahd OMRanIIH Pathway 4 burner nozzles had a cijrgul ar

Diafetar O ContUstion BREMbES1 0T The appar at us arjgzdpedimately 8 inches

DisE r ,f%édTGHSIWI on Ol Silane are SuniedrZiachds

in Abter Of LIFGRSNGZZIE 88 a5 oi Tane (undl T UiEahs inches

Outer Diameter Of Lift Gas Nozzle 22 0.495 inches

Inner Diameter Of First Oxidant Nozzle 23 : 0.625 inches
(Y [Outer Diameter Of First Oxidant Nozzie 23 1.26 inches
Inner Diameter Of Pracombustion Chamber 2 1.76 inches

Precombustion Chamber Inner Diameter 2 To Outermost| 1.4
Nozzle Quter Diameter 23 Ratio

Precombustion Chamber Length To Diameter Ratio 23

Feed Gas Nozzle Veloclty 0 to 100 ft/s

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

Lift Gas And First Oxidant Equivaience Ratio 1.009

Feed Gas And Second Oxidant Equivaience Ratio 0 10 0.0235
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Lift Gas Methane First Oxidant Air Second Oxidant In
Pat hway 14 Air Dianeter O Conbustion Chanber 1 ,
Approxi mately 8 inches Dianmeter OF Feed Gas Nozzle 21
0.277 inches Inner Dianmeter O Lift Gas Nozzle 22
0.375 inches Quter D aneter O Lift Gas Nozzle 22
0.495 inches Inner D aneter O First Oxidant Nozzle
[0040]0. BREMutiewalsburmnand of thepipediusner typerwassimousnted i introduce the
SrEphsdri
0o S preforitid Krher pMAR G A0 pRicgibusticrearbmesr 20t

conibaistiorechambies 10Gombyslian chamberd masandgrineh digmetat ¢ass ¢quartz)

ps@agvlﬁcr')%,ﬁ)%%ﬁérﬁé‘ t@? Féliyldg)@tggﬁg -c';g %v/@%ﬁ@?ﬁs@é&hféd metal

dusbyork wagdoaated gownstreany ofﬂ:escqmmsﬂﬂm chambperwith the cgabustion
Q( d

oo RE Bidysing ko ¥ oG ihamod sl Nomexp Mgnage ) (AN,

o1, 17 %gg({zo\c/ﬂ% ks BRUA0E: ikl the B8R eABInE dbitstream end of

cofbtiudtiort ctizmmber Al wascterrRatondn @rdes t@lnog%alrﬂomth[@{ﬂhlcﬂom’mﬂ

ol 4P A4 ) B o B AR T, o

oxiclaatsteran? (zin evas estabfistedd ip passageway if Bn Fgalggf@ealr fg:wsoto the pilot

bu@’uq Wﬁéf&%%@?@ﬁgﬁeénggtge ?ﬁm r%sq FI&P]d‘ﬁﬁeéﬁbn by the pilot

butries sta:mfmmedjmfmemattmwng; bAéft\geal ﬂowu wiighwas mathane, (a gaseous

o AT PR A Tl 5 st
thefélrtlkﬂ'l&rrlt?iliﬂ@ais raind figst pwida o). tﬁqieakv c:eé@mmﬂm N@rﬁé&ﬁ(ﬁi‘)ce of a
b 3 A S 98 o i v
essantiallg purers:latna viesrstartageanct the flow veas Inwe@ﬁéwelﬂ stapwisefgebion up to
T
terfrinated 4060 the ruammaﬂthuawnn(smectpdm bimkaae ok ampofithe nozzles in
mUlERARBENRY 3 Wks dbdElve8"BnfY, & vehP¥Ralf mblik oPbitied 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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C

5

10

15

burner 4 were established and the pil ot burner was
ignited. Flane detection by the pilot burner was
confirmed before continuing. Alift gas flow, which
was net hane, (a gaseous fuel strean) was established
I n passageway 12 and a stable flame was established
with the nmethane lift gas and first oxidant (air). A
UV detector confirmed the ekdbdg2nce of a 15 flane with
the lift gas and first oxidant stream At this point,

FdelegGadced gas, which was essentially pure sl Sikamne (undibuted)

LitsGast ed and the flow was increased in stepw MethAashi on

FirdPOkialantLl00 ft/s over a period of about 1.5 |hainrs.

Sebbh& Dxidant [MoP4tBwapeaat 1 on, conbustion was JtAir m nat ed

"Diatidier (7 CBmBustidmChaRengr | nspect ed. No bl dcAmmpeximbtely 8 inches

DiaM&ie? Of FaBd GasNdzzid 2 MUT U1 -Wal 1 _burner S V@377 inches

InfEr Diameter O GasNGeZlg 22Tl T amount of  Si 1 1/qR37RImEh&ES

OUEDAnTSeréY (i Eak NGZzle 320¢_and on The TNngro, ¥68 inckés

Inddr DIEThEteY Of Bt OKdahENGEle 23 X anpr & 2 CombUusy 38 linches

OB Siamh; First OxidahtNoze o) Cases 1hat Far{beRkhés
In Breiontuston Chambet 45 tUWJ T ORPRERRLTS
Pr ustibn - C aribsr 1%@ T4 gétt oWt
NoX R Buytel %I 3.& oto“ e appar at us an perap ng
Pré‘d—ld,( T t‘r.&l;rllr;:h \JFECL,.,I El TO)Dlaﬁ'la‘@[ ﬁl 1 UI all!:ltlaizull Il”?

T A A o T G0 ] CIric at Cl
Fegd‘(?{ai Zle VOIOO, | on ' chamber—t-o—t-he—att-ert e orOAALS 31
Li Ee;%&g rh '\erl [ciuhct qui a! ! V) enun! P ” . ey S
Firsh xldmtﬁggzie,\gelm yuqi:;”:';!“' L | onatb ly 26 fi/s
Sesand Oxidant-bplet Velock ; ; ; . ;‘.AnprmclmatelySOft/s

Fir i To ' - HeSe 10.84

LlﬂjéasaAnd Fust @xfdantsﬁmmeaﬁme 8 test conditiddd0% o
b alere@Ratio Feed Gas |§1PH0235

(und|I ut ed) Li ft Gas Met hane First Oxidant Air

[Oﬂégib @g%%@ﬁﬁ%&n&o % saffh A3 Exa'ﬁ\éﬁé"r?]tvﬁ{h thd mutti-wall burner,

pr oxi mat e ches D anet er
preghbmbusiipnzhamiss and oggra@na parameéeréésme@rm Dekieed dpe @pme

prockbilire BB e iBikhing2Pstibis fiame Wittethe methane lift gas and first oxidant (air)

before introduction of silane was followed.

[0044] The silane velocity was maintained at about 80 ft/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 80 minute test with the same parameters in Table 2 with the exception that
the first oxidant stream nozzle velocity was increased to 38 ft/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 concluded 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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Lift Gas Nozzle 22 0.495 inches
First Oxidant Nozzle 23 0.625 inches
Quter D aneter First Oxidant Nozzle 23 1.26 inches
| nner Di aneter Preconbusti on Chanber 2 1.26 inches
Preconbusti on Chanber I nner D aneter 2 To Quternost

1.0 Nozzle Quter Dianeter 23 Rati o Preconbustion

Chanber Length To Dianmeter Ratio 3.2 Feed Gas Nozzl e
Velocity O to 100 ft/s Lift g@mgfgzszle Vel ocity '
Approximately 31 ft/s First Idant Nozzle Velocity
Approxi mately 26 fECpmbustionsdSilane atransfill Racilitee] oci ty
Appr oxi mat el y Sdariable Flovwrot Sitst Oxidaah tGaso and FeedGgs

Velocity Ratio 0.84 Lift Gas And First Oxidant

Equi val ence Ratio 1.009 Feed Gas And Second Oxi dant

[00AT)i Vinessonstrivzttat theappardiudaizbtragill 3acility was siilar to the apparatus

Quter D aneter
| nner Di aneter

QQQQ

o R4 A= Pt TR ok Vi Mbotwean the
compestitn crgntzer ane the indaecadyira® fan. nAlsmmelecombusﬁ@’l chambeay was
it e Bos Reg I ARIFIREY Tl tphict PR tirpdt el rounded to
helprfurtibetuniniroize btildup ahpartieles dntHeovwazdle tp8044] The sil ane

vel oci'ty was mai ntai ned at about 80 ft/s for 45

[oodis} utrsontrastide Exxampla 3 whetedheueiocity ofdbe Birnedeedaasnas

ool ollah, el B, Al Ry e ik fow e

turcéchab and offfthereby resultiog froearEblessiigoe fieatigas nogzle valociies fiigm O to
I, i .2 \Wth. i

10F R BRATER B dle REEEA A e BNy biatroam)

pressugdiuctuations inrtbe systemdhat affectthmflows ihedgueeombiustion chamber.

streamvelocity ratio of 1.2) provided a result where
[0048] siThe destshewedithere wea athater biuiid upef padisies in theprecombustion

: e e .
ondf S8R SECUAIN 1 SCORidlpnal nbproaeschi Liso
sorebeckmixingrio the precrmbustioncbamber eheRREseH tal & murg pPiyg figusvis-a-

visglgé’nfg#\ggesthgl%ﬁgb %%ﬁ? Il of the tests, partif:l_lhg

S were col fromthe filter bags.

[00B8] ! Iifar?SridH RA1EGEL 5@@&9 e prétSRbiigtBcRamber 13RGth Wasas
etermned Trom scanni n
shortened to provide a precombustion chamber length to diamster ratio of approximately

1.6. This action appeared to have solved 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 particles on the precombustion chamber and nozzle than in
Exampies 1 and 2. 1t 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 piug

flow thus contributing to build up.
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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 transfill facility was simlar to

the apparatus at the trial described in Exanple 2.
However, the filter bags were place between the
[oos2o UBéSLIts fortharbase whelret dssentiatiy alb df e akidahtmecesbary forh effectmg

oA BB S s B BB 35t ppotesiss

Hoveavaddny éxrapOiating thefabovl eesults forthe bigheri flosv tage offirst oxidant to that

ot 5 3B MRS Rl pho G B

grmer tmnmcml jhsidd Mmbrembm'nrbn cbarebert i This lacreased &Mslfof | I

o W0 B S AR 5 9

ingide tHeepreedrisustior shamben ghd causé Pariities e buikdsup methe precombustion
hc%{ﬁiﬁnde%s are enptied. In addition, there are (mainly
chg Farr) 15 pressure fluctuations in the system

that affect the flows in the preconbustion chanber.

[0049] The test showed there was greater build up of

[0@3 Efclgﬁ@arz:preé ﬁﬁ? H@é P%&}Sltﬁﬁ%’f@ﬁne"&idﬂbﬁ BrbduBts on the

mmﬂ-maaburnarylozzles&m precombbstivchambgr was uhexpected given the high

co AL o0 e 8 ARFSREE el oPBRGRI ity vonan

the imtraductiohaf sighificartdensts bisecdndgry oxitiantinte dhaeensibustion chamber

PR 1 5 PO R48 AR5 o minma

baalp'pumngi ofthiectegpedivé gas iiows shrougthe pauit-watl bumenaBy establishing

SR ) A B S o) o o

thmagh pathwey 1dcuch thah therevstassantiaiy plugFioantbropgh tthﬁaapparatus one

ca%f %Iérﬂﬁ\ai rg%ngﬁ{éﬁgéﬂyr rﬁg:luce rﬁié@ﬁﬁ&?ﬁﬁidmg ﬁv&f@ 2 ?Q?/@]aratus In

additios,tit is oot decessany 4o dijute ¢he mlltirﬁ@’mhm feet ops withiandnert gas in order

to ?rﬁmiiel p‘:éplicngmIdt qqﬁ q‘fgolﬁf%g%érﬁgiéc{hﬁaﬂ{se ?ﬁe 'essthtially pure feed

ccumi on o articles on

streares ohboligtfomming basrheay mmromssed in the apparatusExanpl es 1
and 2. It is believed that the unequal and hi gher
velocity of the first oxidant to that of the lift gas
di rected combustion inwardly creating backni xi ng
i nstead 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 the preconbustion chanber can only be

hypot hesi zed. However, by extrapol ating the above

results for the higher flowgaliggof first oxidant to

that of the lift gas, an even higher oxidation flow
e expected to create even 5 greater

\pﬁgﬁﬁﬁgﬁﬁ%j$n3|de t he preconbusti on chanber. This

increased | evel of turbulence would nore than likely

cause bac"lﬁ‘%&ﬁ%ﬁ%‘loﬁ Q&psfrbfu?.fcoﬁ?{shgﬁ { and the silane

i nsi de the preconbustion mber an cause ar

to build u@cgwbﬂﬁf@fb‘r"md?tvl"@na“ eRiERAsS to 'Pie% portion and an

[005§x|§H5F@ﬁ6h12' ng, the results of little deposition
ane oxl dation products on the

1 burner .
071 €5 arIPIACOTENBAN SIS HRWER AeTTaRCSBES AR FAY WD ihe exitin
t he 'Edaﬁ}nur%atiaﬁ%mhé Bhirsiteddf shidesoriustior! Qfarmm gas

and concentration of oxidation products.

i nt roduct iMUi- \A@IId}Hrpgrc%\(mg a8l lgast Qpeépggﬁ f%lrauectmg a feed gas

OXi da%n!aﬂfngg hlyas capinie bf fbﬁnﬁﬁéﬁﬂl@bhas{e axipatidnprpdieds, at least one
further essentially

o 1 ediipsRazaTPr RAING PTG A1 ohiF 20T 5 X oz, ar infecting
gas fapusdiml Medespdrtivenbizlesdiréctdd foranjectify into the entrance of said
establ i shin f ul ntrol of the gas flaws_ through
Che- RIPERTRAUON STAER: BB BAN YnER CRmRNST o
t hrough patpaviyayl forfriedibetivaén hheu&rlvmlleefsmatl ally plug

ratus one, can elim

flow throu h t he
subst BPCPRY pythrbggglg\gﬁﬁgq meénggk%goﬁl%op sr,Pl& Iqgmbustlon chamber,
conbyidrePy 8BRIEpAhWaY pefmit@thd 'htreﬂuctldn dfsa sedondary oxidant exterior
necessary to dilute the solid f }[Ing\? f eed

dhe, 4yer]

i ner tto 48 Pfer$°5‘rbc!|’ép°r2 6h3mber; *’(ﬂdrﬂ"t? ¢ P@mg[] iof meﬁ)mabustzon

H ghlghafBeentrated streans, e.g., essentially pure
feed streams of solid forni ng gas may be processed in
the apparatus. K 14 CLAIMS Wat is clained is: 1. In

a conhust iTHe apeAbadtien Capparatasn@f Tlainconbustidrein said lift gas

chanber hayvi ng#fan entrapie to an interior portion and
PEHEaS8 "BFEonbusti on chanber having an

entrance and an exit with the exit in conmmunicati on

with the entrance of said conbustion chanber;

3. The apparatus of Claim 2 wherein said oxidant nozzle surrounds said lift

gas nozzle.

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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a multi-wall burner having at |east one nozzle for

injecting a feed gas 10 containing a gas capabl e of

form ng solid phase oxidation products, at |east one

lift gas nozzle for injecting a lift gas, and at feast

one oxi dant nozzle for injecting an oxidant; th

r espett The apparhtus of Ckired, wherginjtbe dengthi tﬁtdiameéer ratio of the

entr r stion chanber; the
Rrﬁ%?ﬁ@l?sg@ﬁfhaﬁb%h's@oﬁcp@{%%s a pat hway, forned between
an outer wall of the 15 preconbusti on chanber and the
interior portion of said conbustion chanber, wher

sai d §at hwaypreeassiforsthe leombustionitreetmsnt of aeie%%ﬁa%ﬁt?mmg a solid
5 fqorﬁ'pﬁ% ﬁ“ﬁ rin@'solid ghégeeoﬂéeﬁﬁﬂw?&ﬂ ctObn E&ﬁﬂbﬁfonaﬁfﬁlch comprises:

error ion o0 e Cco ustlon
2. The confn]ﬂ::ltmgnsaifbpfaedtgm otontpining saighepld FP"%”QJI gas into a

[ift Leed gas nozzle. 3.
The af%%g?m uéﬁgﬁ%ﬁ%bg‘%wgﬁgﬁd&gl d oxidant nozzle
surrounds isjscting ahtoxidgat int saiderecmnbustipn Shapbsr Kireugh a second

of CI 3\/\here|nthe multi-wall burner is a pipe
burner Ig The apparatus of Caim4 wherein a const

10 ignition sibigctieg & 4ftgesintesaidiprecomhustion sharmperdbioygh 3third nozzle
Cha”btﬁéqos%g bRtwebRSRPAS iz 0 icPidBofid 2ae n the

ianeter ratio of the recorrbustlon 3
i's from 0.8 Ieaﬁt@artlaiﬁcqmbtlﬁwgaﬁ%h%{'ﬂdgmf'g Sﬁﬁl'rh?% precombustion
wher gl n{bté? |l ength to dianmeter ratio of the

preconbusti’on chanber is 0.75 to 3.5. 8. Eag(’:ocess or busti
t he combusexhenstinahe ﬁ@ﬂ@llbﬁorabusé%gw gepprigchin e grecombustion

15 SOl i Ghamnde?iifio ﬂ?é'ldr%?tlér%ff@ c&abLstidMasdniser fdpkifecting further
products on co ustion,” which conprises: injecting

sai d qostser themafadth ng said solid-forning gas into a

preconbust i girgelamb el sdcbh@ vsidant ihtd ik imtesAat pﬁrtlon of said combustion
i njecti ng an oxi dant into, sai SHF corrbustl on

{ I GUEHRDSIENEN ARSRNE) 101051 REMETIER SHtpt Wl GEY egombuston
sai d phARKINGLIMERorIbMIBIEST shlty songiustion warmberozzl e

di sposed between said firs i,d second .

zz) e and
20 nozzl & at Thgapggceecerqf q@lwggg}pdﬁgﬁq{g sgﬁ& Jormiing gas is a gaseous
for m pempésnd Sels@ké fiofreherdpos tarsisting of a Groups 11l to V metal of the

Periodic Table.

25 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,
monosilane, chlorosilane, trimethylgallium, trimethylindium, and trimethylaluminum.

11.  The process of Claim 8 wherein the lift gas is selected from the group 30
consisting of natural gas, hydrogen, methane, ethane, propane, and mixtures thereof.
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25

chanber; exhausting the partially conbusted gases
generated in the preconbustion 15 chanber into an
Interior portion of a conbustion chanber for effecting
further conbustion thereof; and, introducing a second

oxidant into the interior portion of said combustio

chanb#2. t hTheghocessaf Blaim &p wheisin thet velesity o the fesd 9ﬁ§| through the
r fHough said

51 %5 BT S0 dh T8t P 350G Ta GREmeNIGRicigiarié ft g8s floug

sdroneé nozzaisdresn Bitol 100 feet per spgond.s a gaseous conpound

sel ected fromthe group consisting of a Goups Ill to

V netal of the Periodic Table. 25 10. The process of

Caim9 wherein the solid formng gasms sel ected f n}
the ¢3.oupTbemsdasss ngctﬁ‘lms"lﬂ \awemet gieAEivalenes patichef the It gas and

ﬂg{ OBt 19O PSR 2 %ﬁ ﬁﬁb'&'q{é Wfocity 97 RRSfirs88dant to the velocity
C yl'ga

orosil-ane, trinet trimethylindium and
¢fﬂhahﬂgy$wfmmﬂm 14.. The process of Caim8 wherein
the lift gas is selected fromthe group 30 consisting
of natural gas, hydrogen, methane, ethane, propane,
and m xtures thereof. -16 12. The process of Claim8
wher €i4n t W corabustion\apearalYsConai§ingas t hr ough t he

first nozz%qnwﬁ \Lélfghﬁér%ajd% £984d BBS nSLSRdr ﬂ’i]dcﬁrﬁg?a feed gas

vel ocity o g sal secon nozzlg t lift
f r om @nt@ningoa 9@§tcapa les@‘cfeﬁamglsyh mﬁ\?%r%&‘@ﬂ&ro ucts, a lift gas

C' a' o2l BR [rfd @@1 | ¥Ad afest dxﬁiah@n@leé fe wheéthggﬁﬁrst oxidant,
I rst OXI istrom0.5 and th

t he vaherein §a|@ﬁ|fttga§ qqz,z@t is @)@p@gﬁg befyvean.sa) fgﬁr:f g§s ng;zle and said
the | ikt oxideint ndz216 (Hﬁd)nﬁltit\ﬁalﬂb&ner%wdg Aomtaseht @and a nozzie end;

? gggr S;gsng%fqacgr;’%%pﬂ J g%bggtvghfa\éﬁal ?ﬁ\cgap %}g{&aﬁ\éhﬁg Ggéz!e end of

gas capdhlui-ahil barisr 2edePiddnp lerd exdapisdatbiexpelsadd textdsgas, said lift
a lift gas nozzle for injecting a lift gas, and a

first9PRaseIdiEstaeaph, injecting a first oxidant,

wher ei n sah @ohblitidhashaf®éer having adioppoing ddbptbd/émreeemdg said feed
feed gas nozzl e an

t dant ' _
mul t i 988 cRiIdlLgas, a%ﬁlﬂgr%ﬂklﬁapg?oxr’éﬁ%l é)ﬁ%goinz%gggﬁ 8h&ber; and
end; 15 a gheepeifosihtrodusihgaiecond oxidantfimtosaiceambustion chamber

i SRR o Bl e

lift gas, and said first oxidant;

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 18, wherein the length to diameter ratio of the 30

precombustion chamber is 0.75 to 3.5.
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a conbustion chanber having an openi ng adapted for

receiving said feed gas, said |lift gas, and said

first oxidant from said preconbustion chanber; and 20

a nmeans for introducing a second oxidant into said
conbusti on chanber external to and generally around _ .
sai d 1pr ec dnpresesofor dhantrabustics. treatmenppha feadsgas cantaining a solid

B0 Bt Rl sk Ao PRHES B SR i s
Clai m 14 wimggating tshil Feadyighst cooiaining caid aseligd-lormingegas into a

precombustion. ¢ ' . 8. 17. The
appar%rFﬁ%m%?sq'epgﬁ%%r,ﬂ"\%nufgp%:’ﬁr{&t%é&@éngt h to dianeter

5 ratio of tinfechifig aproxidambirdo sakd precorhiustion abamber $rgugh a second
-17 18. é_ process for the conbustion treatnent of a

feed@%containingasolid form ng gas that forns _
sol i d phasijeting atliftaas into daidtprecomhustion shamber tidugh a third nozzle

conpri.ses: .injectin j € Al said

sol i dAiFRRsRA ﬁ&*"ﬁ%@ ﬁagq @rggﬁo%fee%g%ﬁdj@%hag Egﬂn%’er _

t hrough a &fleadt paetitly eombustigesaid sgjidforroing gastin said precombustion
said ﬁ_‘re onbusti on chanber through a second nozzle;

i nj ec aﬂé’eé' lift gas into said preconbustion chamber

t hrough a irtioddcing e partiallysotedtedagases geseratedin tka precombustion

nozzl and sai d second nqzzl.e: .at i : .
conb u&ﬁnﬂ)&r gﬂ? 8 on) uagqrbamr“bger é%seﬁeﬁﬁriéa{t.@tﬂg téthbdstion thereof; and,
pr ecombust ineddudifigchsedamd; oxiddntoniocsaid) combuption champer through a

conbust ed gases erated in_the. .0 . ) lid
a0 S aE Bk et b SiSt BFARBHELY Mhpousing said son
15 furt hRfmipggasstion thereof; and, introducing a second

oxi dant into said conbustion chanber through a pat hway
external to said preconbustion chanber for conbusting

said soli 15 form ) : . '
o 0L oL B e oA IR 84 et o
tigs grRpCoNSisting oftsilahe srbiaaephasphineegerpianepdibaene, selenium hydride,

50 AR PR SR B A g

trimethyl ai urni num 20

10

20

20. The process of Claim 18 wherein the lift 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
25 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

30 of the lift gas is from 0.8 to 1.2.
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20. The process of Claim 18 wherein the lift gas

conprises a conbustible gas that does not formsolid

phase oxi dation 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 f2®t pThe pemesd ofMiaitrhtd whetain the equivalence ratiqefthe feed gas

e 303 o R BER 2.5 ol m 21 wheroin the |

equi valence 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

oSl Rl surhErear @blbatabesice ratio of the feed gas and the
second oxidant is less than 0.2. 5 06520. USA.
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