MOLTEN SALT TREATMENT SYSTEM AND PROCESS FI ELD OF THE | NVENTI ON The present
invention is directed to a nolten salt treatnent system and process. Mire
speci fi cavbypioidresspr esent invention is directed to nolt eaTags2wowvmamor feed
delivery, off-gas treatnent, and spent salt renoval systens and processes.
BACKGROUND OFTHE | NVENTI ON Mblten salt treatnent systens can be used for
oxi di zi ng organi ¢ conpounds, for exanple chlorinated organic naterials to
form carbon di oxide, water and salt. Unfortunately, their industrial
utility has been limted by difficulties in scaling the systens t o
sufficiently large size so as to be useful for |arge-scale operations. | n
particul ar, there have been significant difficulties in introducing the
feed material to be oxidized into the reactors w thout plugging the feed
ports, as well as difficulties in renoving the salt(s) generated during
operation w thout plugging the exit ports. Thus, nethods and devices to
address the problens of large scale nolten salt reactor use, for oxidation
and ot her purposes, would be of benefit. SUVMMARY OF THE I NVENTION I n one
aspect, the invention provides: Item1: A nolten salt treatnent system
including: a nolten salt reactor including a vessel containing a nolten
salt; one or nore tubular conduits flowably connected to the nolten salt
reactor, each of the tubular conduits containing concentrically within it a
correspondi ng pi pe or shaft s E | ar ce therebetween;
andone or nore gas souﬂﬁﬁgﬁ%ﬁﬁﬂggi é?P ﬁfgkgﬂﬂ?§§§‘3ﬁ¥%§gh t he annul ar
space in at |least one of the tubular conduits into the reactor. The one or
nore tubul ar conduits nay be connected to a side of the nolten salt

reactor, with the tubular conduit extending substantially transversely with
respect to a reactor axis. ACCOf@ POHTHHE NVENEIERECt, the invention may
provide: Item2: The systemof item 1l wherein said one or nore tubul ar

condui ts is connect e‘ﬂ‘le [prréggn%rinavtgeln ior\{\[}st lretcg% t%%brlfln!)@én gaqugét%e%%(gﬁ@gr{ﬂ ggd .

substantially
process. More specifically, the present invention is directed to molten salt reactor feed

5 delivery, off-gas treatment, and spent salt removal systems and processes.

BACKGROUND OF THE INVENTION

Molten salt treatment systems can be used for oxidizing organic
compounds, for example chiorinated organic materials to form carbon dioxide, water
and salt. Unfortunately, their industrial utility has been limited by difficulties in

10 scaling the systems to sufficiently large size so as to be useful for large-scale
operations. In particular, there have been significant difficulties in introducing the
feed material to be oxidized into the reactors without plugging the feed ports, as well
as difficulties in removing the salt(s) generated during operation without plugging the
exit ports. Thus, methods and devices to address the problems of large scale molten

15 salt reactor use, for oxidation and other purposes, would be of benefit.

SUMMARY OF THE INVENTION

In one aspect, the invention provides:
Item 17 A molten salt treatment system including:
a molten salt reactor including a vessel containing a molten salt;

20 one or more tubular conduits flowably connected to the molten salt
reactor, each of the tubular conduits containing concentrically within it a

corresponding pipe or shaft so as to form an annular space therebetween; and



transversely with respect to a reactor axis, to the nolten salt reactor,
preferably to a side thereof, at a location belowa liquid |evel of nolten
salt in twe:awlaessosalt reactor. Item 3: The system of PCEMGR206%N0LI6@r
conprising a first sealing device at an upstream /| ocation in at |east one
of said one or nore tubular conduits, and a second sealing device in said
at | east one tubular conduit at a downstream |l ocation. Item4 : The system
of item 3 wherein said second sealing device is a val ve having open and

cl osed positions. Item5: The systemof s5item 4 wherein said first sealing
devi ce conprises a packing gl and. Iten1§ The systemof item 1l wherein said
pi pe or shaft further conprises a stop limt. Item7: The systemof item6®6
wherein said stop limt conprises a coupling. Item8: The systemof item1l

wherein in at |east &féeoror%or%adag s@@ﬁeQEoﬁmEt%dtté‘béQdad’ g&OMedlighShe SAh@aPi pe or
shaft is a pipe connected to a feed &frce t material to the nolten

sal t react &pace|ip ahiegst onprRf thg BibgAr GPNFYitE e t\/\Flé‘? ch' said material conprises
hal ted t | t t id
a’ ogenat ed wast € n%negéqaen(gtrgg%maéﬁgr contdu%¥ a%@eogonhéﬁgﬁ 90 %‘@%E\%‘F& sal

mat erial conprises S erial 'froma suc

manuf act ur inmdtepsalt esstor] wigmthd tubTitee copdititeentertding élﬁﬁsia"\mé}' geAs\eazel pithe or
shaft is a éﬁg&q It emidlaxigne system of item 11 wherein said shaft
conprlses bit nmounted onto a downstream end of said pipe or shaft.

ltem 13: The syst em gécotdigqnolthhgdpett tiad ink&asin maepalvidehe tubul ar conduits
contains a pipe and at | east one other tubular conduit contains a shaft.
Item 14: The systemlsdmiztem 1 Theesysiem sfitain daghereinpridses atimoretuleierl5:  The

cannect eu FOT i Moo TR AR AR e e or more
t ubul ar coff@opyessely with respect to a reactor axis, to the molteP\ salt reactor, preferably to a

10 side thereof, at a location below a liquid leve! of molten salt in the molten sait reactor.

item 3: The system of item 1 further comprising a first sealing
device at an upstream location in at least one of said one or more tubular conduits,
and a second sealing device in said at least one tubular conduit at a downstream

location.

15 Item 4: The system of item 3 wherein said second sealing device

is a valve having open and closed positions.

Item 5: The system of item 4 wherein said first sealing device

comprises a packing gland.

Item 6: The system of item 1 wherein said pipe or shaft further

20 comprises a stop limit.

Item 7: The system of item 6 wherein said stop limit comprises a

coupling.

Item 8: The system of item 1 wherein in at least one of said one
or more tubular conduits, said pipe or shaft is a pipe connected to a feed source to

25 feed a material to the molten salt reactor.

Item 9: The system of item 8 wherein said material comprises

halogenated waste material.

Item 10: The system of item 9 wherein said material comprises

chlorinated waste material from a sucralose manufacturing process.

30 Item 11: The system of item 1 wherein said pipe or shaft is a shaft.



Item 16: The systemof item 1l wherein said pipe or shaft is a pipe
connected to receive nolten salt discharged fromthe nolten salt reactor
and to diwoharoggeishe nolten salt to a salt recovery ves®elr/GH2n0%06cher
aspect, the invention provides: Item17: A nolten salt treatnent system
including: a nolten salt reactor including a vessel capable of containing a
nolten salt, the vessel flowably attached to an off-gas outlet; a scrubbing
device flowably connected to the off-gas outlet to receive an off-gas
containing entrained salt therefrom a heating device configured to heat

t he gaseous effluent fromthe scrubbing device; and a filtering device

fl owably connected to receive the gaseous effluent fromthe heating device.
The off-gas outlet nay be connected to the top of the nolten salt reactor,

with the off-gas out ht@:n Xt end"'ﬁ@sy%%%ﬁl@édwailll \Nhér@iﬂg'ato‘-@iaﬂaﬂohﬁbrl‘ééé Qdﬁ@SDECt

to a reactor axis (t I's, substantiall y parallel to the reactor axis).
Accor di ng 8 megge g@@&dowwem@mféﬁ' n%l@e Br 9@Tde: Item 18: The system of

System of 1t om 17 whEEl FF'sai TSI Ry AR, Lo b rese e G byl

ises a ventu

scrubber. IbemiContHre syiptent af ldaseenelqthahibelan Cgraitnt tvetainy S@Pé‘tn ce
conprises a direct-heating device. Item21: The system of item 20 wherein
sai d heating device smaldjas blnwtsten pefep 2 WW@'“S?&%WWF%?@'I? vvherel n
sai d heating device conprises deV| ce. ltem?2

%T?el ndi re t he 1VI -
system of item 22 wh&FEi FPisai o' MedtHay ° c]e” C?{B%fs"&%%%ad’&:a lnIgt em 24:

The syst emdefice flewatly cmdmrcaadrtosalddorfeea*tmorg tdevarceondeds gpstream of said one

or more tubular conduits.

item 16: The system of item 1 wherein said pipe or shaft is a pipe
10 connected to receive molten salt discharged from the molten salt reactor and to

discharge the moiten salt to a salt recovery vessel.

In another aspect, the invention provides:
Item 17: A molten salt treatment system including:

15 a molten salt reactor including a vessel capable of containing a molten

salt, the vessel flowably attached to an off-gas outlet;

a scrubbing device flowably connected to the off-gas outlet to receive an

off-gas containing entrained salt therefrom;

a heating device configured to heat the gaseous effluent from the

20 scrubbing device; and

a filtering device flowably connected to receive the gaseous effluent

from the heating device.

The off-gas outlet may be connected to the top of the molten salt
reactor, with the off-gas outlet extending substantially longitudinally with respect to a

25 reactor axis (that is, substantially parallel to the reactor axis).
According to this aspect, the invention may provide:

Item 18: The system of item 17 wherein said scrubbing device is a

water scrubber.



sai d gaseous effluent to a tenperature above the saturation tenperature of
the gaseous effluent. Item 25: The systemof item 17 wherein said filtering
devi ce cowpropage®mIbaghouse. I n another aspect, the inveariGBroroiedes |tem
26: A nolten salt treatnent systemincluding: a nolten salt reactor
including a vessel capable of containing a nolten salt, the vessel flowably
attached to a reactor overflow outlet; an overflow conduit flowably
connected to the reactor overflow outlet to receive nolten salt therefrom
and discharge the nolten salt to a salt_jecovery vessel; and a gas nover

fl owably connected to the nolten salt reactor and the salt recovery vessel
and capabl e of preventing backfl ow of cold gases through the overfl ow
conduit to the nolten salt reactor. The overflow conduit rmay be connected

to a side of the nol teh, $&! t T eRCLAKem W tBmlf¥EwRMEH! daQVs eI ket €ndi ng
substantially transversely with respect to a reactor axis.According to this

aspect, théoFWVéﬁi?Bﬁ“Hﬁ?”HPBW'de Item 27: The system of item 26 wherein

t he gas nover conpri supe heat am inj ect or tem 28 The system
of item 26 wherein s g%ltenrr f15$33£{g“% hﬂgwsmdh?#g‘gegcgplash

shield poskbhmm@dsaﬂwgaﬂwabv@déWQM/condU|t. Item 29: The system of item 26
wherein said overflow conduit is sloped back toward said nolten salt
reactors |tem 30: Thétesy3tem of ¢ pxsis6f et APV erginpiaishenying ds¥ise is® devi ce
connect ed tgsipptdiepduce hot gas into said overflow conduit. Item31: The
system of item 30 wherein said heating device conprises a direct heating
device. Item 32: ThelﬁmsﬂénlofTh&emiQﬂoﬂhemdﬂnNMaemsduinﬁthQRVMﬁg devi ce

is a gas bb&roﬂw% rises an indirect heating device.

Item 23: The system of item 22 wherein said heating device is a

10 heat exchanger.

Item 24: The system of item 17 wherein said heating device heats
said gaseous effluent to a temperature above the saturation temperature of the

gaseous effluent,

Item 25: The system of item 17 wherein said filtering device

15 comprises a baghouse.

In another aspect, the invention provides
Item 26: A molten salt treatment system including:

a molten salt reactor including a vessel capable of containing a molten

20 salt, the vessel flowably attached to a reactor overflow outlet;

an overflow conduit flowably connected to the reactor overflow outlet to
receive molten salt therefrom and discharge the molten salt to a salt recovery vessel;

and

a gas mover flowably connected to the molten salt reactor and the salt
25 recovery vessel and capable of preventing backflow of cold gases through the overflow

conduit to the moiten salt reactor.

The overflow conduit may be connected to a side of the molten salt
reactor, with the overflow conduit extending substantially transversely with respect to

a reactor axis.



Item 33: The system of item 30 wherein said heating device conprises an

i ndirect heating device. Item 34: The systemof item 33 wherein said

i ndi rect Woabiomgezbevi ce i s a heat exchanger. Item 35: TireTaERD@EMIRS64it em 26
further conprising a salt dissolution device flowably connected to receive
the nolten salt fromthe reactor, dissolve the salt in water, and transport
the salt to the salt recovery vessel. Item 36: The systemof item 35
wherein said salt dissolution device conprises a sluice line. Item 37: The
systemof item 26 further conprising ong or nore directional superheated
steaminjectors located to inpinge and break up nolten salt issuing from
said overflow conduit and to direct the nolten salt to the salt recovery
vessel. Item 38: The system of item 26 wherein said gas nover conprises a

bl ower having a | ow REGREHS & g[ggsp@gpwanye%r}ﬁg; gebvide: the salt recovery
vessel and a high pressure side flowably connected to the nolten salt

reactor.ln yet anot hﬁémazsmect THel ¥y steRY eNitdroReiRveid @se gad @ovaLombrised & en
salt treatnent P%ﬁ ﬁgem i ncl u€| ng: a nolten salt reactor including a vessel

capabl e of EHPETRT AGT A

eh salt, the vessel flowably attached to an off

gas outlet and to a e Ovﬁ{eféyg‘}’gn‘pwlltg%’26%%rgﬁ sQ‘arrﬁolEéhbééJItar"ea&andu' ts

flowably connected to the nolten reactor, each of the tubular conduits

cont ai ni ng f&EESAMPrisses 3 W%W%ﬂ'ﬁﬁd ppsitonaskateaionEriay sAndditor shaft so as to
form an annul ar spac t her ebet one urc connected to
feed a gas through t EMarthul ar%&?m Rf g‘?mlgga@eg%'ﬂéa' fOVFﬁg’ ung

condui ts i slopet hecl«tewetcbsald ancten gblbresgtatevi ce fl owably connected to the

of f-gas outlet to receive therefroman off- ggs containing entrained salt; a
first heating devi celtedniQ:gur ethe ystesaef iserg 28dutiseremMnishg ¥ hestingigvice

scrubbi ng devideasd B ihdrddRE IhBEgaEWMtE&id bomabh Yos@nnect ed to receive the
gaseous effl uent
10 Item 31: The system of item 30 wherein said heating device

comprises a direct heating device.

item 32: The system of item 31 wherein said direct heating device

is a gas burner.

Item 33: The system of item 30 wherein said heating device

15 comprises an indirect heating device.

Item 34: The system of item 33 wherein said indirect heating

device is a heat exchanger.

Item 35: The system of item 26 further comprising a salt
dissolution device flowably connected to receive the molten salt from the reactor,

20 dissolve the salt in water, and transport the salt to the salt recovery vessel.

Item 36: The system of item 35 wherein said salt dissolution device

comprises a sluice line.

Item 37: The system of item 26 further comprising one or more
directional superheated steam injectors located to impinge and break up molten salt
25 issuing from said overflow conduit and to direct the molten salt to the salt recovery

vessel,

Item 38: The system of item 26 wherein said gas mover comprises
a blower having a low pressure side flowably connected to the salt recovery vessel and

a high pressure side flowably connected to the molten salt reactor.

30



heated by the heating device; an overflow conduit flowably connected to the
reactor overflow outlet to receive nolten salt therefrom and di scharge the
nol ten saWO 20w/E635al t recovery vessel; and a gas nover PCoOWER2bgo/@BRECt ed
to the nolten salt reactor and the salt recovery vessel capable of
preventing backfl ow of cold gases through the overflow conduit to the
nolten salt reactor. The one or nore tubular conduits nay be connected to a
side of the nolten salt reactor, with the tubular conduit extending
substantially transversely with respect. 4o a reactor axis. The off-gas

outl et may be connected to the top of the nolten salt reactor, with the

of f-gas outl et extending substantially longitudinally with respect to a
reactor axis. The overflow conduit nay be connected to a side of the nolten

salt reactor, wth the QUeLidPWsGRnduk inextisNPiRiesubstantial |y
transversely with respect to a reactor axis.According to this aspect, the

invention m@yh BS:0Vi dex mblreimsAOtredthens ypdt@minfludihem 39 wherein said one or
nore tubul ar conduits is connected, preferably with the tubular conduit
ext endi ng subst anti ablnyoltenaakvescsal ivcluiing anessr cepdble af qoptaitiog aawélesn to t he

mol ten sal t;?lrt,gt?.gkr{%%sd ﬁg\ﬁétﬁ{ afikoheliGo %n%ﬁdd%sttﬂiﬂ%@%d tcPd re%c%o‘?%@ériﬂe\ﬂ Rakew a

liquid |eve ten sa inthe nolten sa reactor. Item 41l: The system

of item 39 further cgppbisbROtBUlFESIduREALINABIydeMh&Eedlo tAB mEhisaRM
| ocation in at |ea id ,one or .nore its, and a second

t ope qof said t ubul ar copdu ,
seal i ng de&?%%PWﬁaébWHﬂ%fﬁ¥§ﬁ§Pngﬁg‘Pﬂ 'UB?C%%ﬁﬂHV?n%WRde fnst ream
| ocati on. IcbeaspbBdingptpesgrsthefnsofasito éamddn aer&i spasatitreetwerh; seal i ng devi ce
is a valve having open and cl osed positions. Item 43: The system of item 42
wherein said first sea¢pngothegascoutEhprIasteddofaek? Ags Hlrayal thedmlan: The
system of ished 3%t WIBF Bhdlorhk GuB i HoRAuIEDREYIEHe reactor;

10 a scrubbing device flowably connected to the off-gas outlet to receive

therefrom an off-gas containing entrained salt;

a first heating device configured to heat a gaseous effluent from the

scrubbing device;

a filtering device flowably connected to receive the gaseous effluent

15 heated by the heating device;

an overflow conduit flowably connected to the reactor overflow outlet to
receive molten salt therefrom.and discharge the molten salt to a salt recovery vessel;

and

a gas mover flowably connected to the molten salt reactor and the salt
20 recovery vessel capable of preventing backflow of cold gases through the overflow

conduit to the molten salt reactor.

The one or more tubular conduits may be connected to a side of the
molten salt reactor, with the tubular conduit extending substantially transversely with

respect to a reactor axis.

25 The off-gas outlet may be connected to the top of the molten salt
reactor, with the off-gas outlet extending substantially longitudinally with respect to a

reactor axis.

The overflow conduit may be connected to a side of the molten salt
reactor, with the overflow conduit extending substantially transversely with respect to

30 a reactor axis.



further conprises a stop limt in a portion of said one or nore tubul ar
conduits. Item 45: The systemof item 44 wherein said stop limt conprises
a coupl i nyO 2btoenTs388: The system of item 39 wherein i n arCrasbovmoef said
one or nore tubular conduits, said pipe or shaft is a pipe connected to a
feed source to feed a material to said nolten salt reactor. Item47: The
systemof item 46 wherein said one or nore gas sources feed a gas into said
at | east one tubular conduit at a pressure sufficient to prevent backfl ow
of nolten salt into said tubular conduit;_ ltem48: The system of item 46
wherein said material conprises hal ogenated waste material. Item 49: The
system of item 48 wherein said material conprises chlorinated waste
material froma sucral ose manufacturing process. Item50: The system of

item 39 wherein sai dA@doP@n@Eo ghabdpets tRe Raktion fheypkolideThe system of item
50 wherein said pipe or shaft conprises a drill bit nounted onto a

downstream end of saiddmpiqe orTishdktem bf ieem 32: whnein Syt @ awfmort éut B8
e LRl Ly RES" LR B, CARIHE | o AR 3R Renl RE Lo BRI D1t 21

condui t coffg¥ cont'al ni nY not her t ubul ar
condui t commaeavarsemwlty regnecaion FﬂjC@"@H'éf to thetreefienzsaltTRactey SrepRaBlY PPreem 39

wher ei n; saisfheqfsr60 T LiIIS@8ioRIbElow 4 Rl Eveilbransiust £ iafthé hdedSalt tiacter
conpr|5|ng an evaporating device flowably connected to said one or nore

t ubul ar condui ts upsttepam:of Sehddsyateen of iternr3® futbel @mmsitgus fist sealihgem 55:

The SySt emd{aéﬁe nggpt] u%st\xl\éh% %cgkdpﬁ}%lndatﬁ)éag?a% o%ﬂ Bsa tﬁ%oRJ @%uﬁpg&ﬁﬁkgd to

receive nol gt sch rom sail react or
di schar ge the armscorshsesting d@‘oc‘ft 'Wesasfhﬁtt'e@sé@méwﬂ@f@@éwt at pdpyVBETeahe system
of item 39 ,yMagpgi n said scrubbing device is a water scrubber. s Item57:
The system of item 39 wherein said scrubbing device

10 Item 42: The system of item 41 wherein said second sealing device

is a valve having open and closed positions.

Item 43: The system of item 42 wherein said first sealing device
comprises a packing gland.

Item 44: The system of item 39 wherein said tubular conduit

15 further comprises a stop limit in a portion of said one or more tubular conduits.

Item 45: The system of item 44 wherein said stop limit comprises a
coupling.
Item 46: The system of item 39 wherein in at least one of said one

or more tubular conduits, said pipe or shaft is a pipe connected to a feed source to

20 feed a material to said molten salt reactor.

item 47: The system of item 46 wherein said one or more gas
sources feed a gas into said at least one tubular conduit at a pressure sufficient to

prevent backflow of molten salt into said tubular conduit.

Item 48: The system of item 46 wherein said material comprises

25 halogenated waste material.

Item 49: The system of item 48 wherein said material comprises

chlorinated waste material from a sucralose manufacturing process.

Item 50: The system of item 39 wherein said pipe or shaft is a
shaft.



conprises a venturi scrubber. Item58: The systemof item 57 wherein said
first heating device conprises a direct-heating device. Item59: The system
of item S@OowhawEesisosai d first heating device is o0 a gasPouGB2p09/do2smM 60:
The system of item 39 wherein said first heating device conprises an
indirect heating device. Item61: The systemof item 60 wherein said first
heating device is a heat exchanger. Item 62: The systemof item 39 wherein
said first heating device is capable of heating said gaseous effluent to a
tenperature above the saturation tenperature of the gaseous effluent. Item
63: The systemof item 39 wherein said filtering device conprises a
baghouse. Item 64: The system of item 39 wherein the gas nover conprises a
superheated steaminjector. Item65: The systemof item 39 wherein said

noiten salt reactor {wrther CORpsi3esn 3 #Bhaoyhislsdidngss bi gnad at said

overflow conduit. Item 66: The systemof item 39 wherein s %& overfl ow
condui t i sceMBpERs Hadk bt HRMnERdselite arHoMneTeR end PE S AtPe qrtsg 67: The system
of item39 further c rising a second heati devi ce. connect ed .t

i ntroduce hot gas i n?tgprb%f'd ovelF 16 ”&8&@%%&%?%%”é'g':dcof%eors@%ﬁge%g%?r item
67 wher ei n ceadudtsseomnide herbstpedetileecawnjiriosesntricady centdiniea? Ping afddtce.

| tem 69, T%s@é%’cﬁﬁ? Qbula @mogift WRELRL IS RbRafRcPRdR At i ng device is a gas

burner. Item e system Item 67 wherein said second heating device

conprises an indirectiehesd:i Ng wevé@eom bf Refn Bb: wHdreinsyBL &% cofpirisenair.0
wherein said second heating device is a heat exchanger.
Item 54: The system of item 39 further comprising an evaporating

device flowably connected to said one or more tubular conduits upstream of said one

or more tubular conduits.

10 Item 55: The system of item 39 wherein said pipe or shaft is a pipe
connected to receive molten salt discharged from said molten salt reactor and to

discharge the molten salt to the salt recovery vessel.

Item 56: The system of item 39 wherein said scrubbing device is a

water scrubber.

15 item 57: The system of item 39 wherein said scrubbing device

comprises a venturi scrubber.

Item 58: The system of item 57 wherein said first heating device

comprises a direct-heating device.

Item 59: The system of item 54 wherein said first heating device is

20 a gas burner.

Item 60: The system of item 39 wherein said first heating device

comprises an indirect heating device.

item 61: The system of item 60 wherein said first heating device is

a heat exchanger.

25 Item 62: The system of item 39 wherein said first heating device is
capable of heating said gaseous effluent to a temperature above the saturation

temperature of the gaseous effluent.

Item 63: The system of item 39 wherein said filtering device

comprises a baghouse.



Item 72: The systemof item 39 further conprising a salt dissolution device
fl owably connected to receive the nolten salt fromsaid heating device and
connect edwbaotweEnsport di ssol ved salt to the salt recovecy/GBes®alo2oht em 73:
The systemof item 72 wherein said salt dissolution device conprises a
sluice line. Item74: The systemof item 39 further conprising one or nore
directional superheated steaminjectors configured to receive nolten salt
fromsaid overflow conduit and to direct the nolten salt to the salt
recovery vessel. Item 75 The system of_dtem 39 wherein said gas nover
conprises a blower having a | ow pressure side flowably connected to the

di ssol ution vessel and a high pressure side flowably connected to said
nolten salt reactor. In yet another aspect, the invention provides:ltem 76:

A process for treati Rgrfgdrat eryi sgsfénaofr@érh%@ WidrbintRaghdmovéh@nipriaed ar
i ncluding a vessel containing a nolten salt, the process including the

steps of: ééP@Vé@Fﬂﬁ“?ﬁbmﬁ%Fgrlal via a pipe concentrically contained
Wi thin a tubular Conﬁ:lu g | Om%/%/rspe%lgp&erﬁ 3(30\,\”154}1 m@%'atrﬂglt%?;atlt lreg?EBF or, the

pi pe and conduit for space herebe ween ng a gas
into the arfwthercospases a srbiesfg%tselﬂa?whgn@ ?irsésjsweéﬂ%fiqm@itent to prevent
nolten salt from backflow ng out of the nolten salt reactor into the

annul ars space. The t UB0 & conBhf $YSHEY obeRAnuareld self wesiaec¥rdutie nol t en

salt react @Qlopedibhék tohard sdidlhaites GaRuedct@xt endi ng substantially transversely
wWith respect to a reactor axis. According to this aspect, the invention may
provi de: Item 77: Thé&epr&tess Ofe systam p6itémr3cHfertheneqmirisingg sdvendt ep of

renoving a;soly f@éw Vﬁ]&%&%@d @@E@rro'd@&e hdt N i ABRYR oveidW &R0k, to prevent

overpressurlzat on e material is introduced into the nolten salt

react or under oper at qt@& ggmdl t TINSystdrh 8Mtd B 6 7TiGerpinGaeBsecoid hd=@img Hévisber ei n

said solvent is wat er g The process of item 78 wherein the step of
r enovi ﬁ(b a comprises a direct heatlng evic

item 69: The system of item 68 wherein said second heating device

is a gas burner.

Item 70: The system of item 67 wherein said second heating device

comprises an indirect heating device.

15 item 71: The system of item 70 wherein said second heating device

is a heat exchanger.

Item 72: The system of item 39 further comprising a salt
dissolution device flowably connected to receive the molten salt from said heating

device and connected to transport dissolved salt to the salt recovery vessel.

20 Item 73: The system of item 72 wherein said salt dissolution device

comprises a sluice line.

Item 74! The system of item 39 further comprising one or more
directional superheated steam injectors configured to receive molten salt from said

overflow conduit and to direct the molten salt to the salt recovery vessel.

25 Item 75: The system of item 39 wherein said gas mover comprises
a blower having a low pressure side flowably connected to the dissolution vessel and a

high pressure side flowably connected to said molten salt reactor.

In yet another aspect, the invention provides:



sol vent conprises evaporating the water fromthe material. Item 80: The
process of item 76 further conprising the step of heating the materi al
prior to wel2owa7s3sg the nmaterial to the nmolten salt reaeCoGB2besRBl: The
process of item 76 wherein the gas conprises air. In a further aspect, the
invention provides: Item 82: A process for treating off-gas froma nolten
salt reactor, the reactor including a vessel containing a nolten salt, the
process including the steps of: scrubbing an off-gas containing solid
particul ate matter discharged fronlthe_gﬁLten salt reactor with an aqueous
streamto renove at |least a portion of the particulate matter and produce a
noi st ur e- cont ai ni ng gaseous effluent; heating the noisture-containing
gaseous effluent; and filtering the effluent to renmove renaining entrained

solid partigul af.e matyt [ﬁ'ﬁcesé‘?‘&‘o&gétmg atrgaieﬂ'aﬁlnaaSIP@Fién sdiP Rkt SRk irestteray
provi de: Item 83: The process of ifem 82 wherein %&fﬂnq-ﬁ‘éfu bi n _step

conpri ses s %QE%FRCF?”?'W%PJP?“WHE’prOF"ESér‘r‘i’ Foc8ss of item
82 wherein the solid particulate matter rls . asalt. Item
85: The process of  feieEad e’fﬂgfeﬁ'ahﬁ' aspf'pe 'ﬁ%ﬁgﬁ{gonﬁ@&&tmﬁa.

noi st ur e- ccbmumrrﬁongmgﬁwmm cefriectegrip thmMOﬁd@galhE@&tmgt i @rd ewduitat ed

gaseous, ef %Mﬁ%aﬁ gnﬁ”g,eggggé b rRbNGna saturation tenperature of the

effluent. Ite he process of item 82 further conprising venting the
gaseous effluent to H’@:tlaé m@%@hﬁbﬁthe bﬁnlyl@r{spacé uhtlhes haspgatpredshee i nventi on

ides: Ltem 87: A di |
Ceactor .t ALTPERL e ARG ol S SarTaE T ok - Alkin SPBRPRELEN =21

process i nthedimdertdpecest eps of : heating or maintaining a tenperature of a
nolten salt stream di scharged fromthe nolten salt reactor to a ftalt

recovery vessel to nEphiuRrcarduoMar e saPteckid i@ e oLl Bttat e;  and
oper at g LRS-, IMKMehe tibupire¥edlit Haekdihgwstartalid tgasessdpwitheespekt wra

reactor axis.
According to this aspect, the invention may provide:

Item 77: The process of item 76 further comprising the step of
removing a solvent from the material in an amount sufficient to prevent
15 overpressurization when the material is introduced into the molten salt reactor under

operating conditions.
Item 78: The process of item 77 wherein said solvent is water.

Item 79: The process of item 78 wherein the step of removing a

solvent comprises evaporating the water from the material.

20 Item 80: The process of item 76 further comprising the step of

heating the material prior to delivering the material to the molten salt reactor.

Item 81: The process of item 76 wherein the gas comprises air.

In a further aspect, the invention provides:

25 Item 82: A process for treating off-gas from a molten salt reactor, the reactor

including a vessel containing a molten salt, the process including the steps of:

scrubbing an off-gas containing solid particulate matter discharged from
the molten salt reactor with an aqueous stream to remove at least a portion of the

particulate matter and produce a moisture-containing gaseous effluent;



salt reactor. According to this aspect, the invention may provide: Item 88:
The process of item 87 further conprising dissolving the nolten salt stream
i n wat er Woi2010/7655¥nt roduci ng the salt to the salt recoPemTyGB2e®H®R64]tem
89: The process of item 88 wherein the step of dissolving the nolten salt
overflow streamincludes dissolving the nolten salt in water in a sluice
line.ltem 90: The process of item 87 further conprising the step of
directing the nolten salt overflow streamto the salt recovery vessel using
one or nore directional superheated steapm.injectors. Item91: The process
of item 87 wherein said step of generating conditions conprises generating
a pressure, tenperature or conbination thereof to prevent backflow of cold
gases to the nolten salt reactor. Item 92: The process of item 87 wherein

the step of generati HQat%g%@Mt@recéHﬁPélhlﬁ%%agﬁﬂﬁre@ﬁde'ﬂg #hd OwW pressure in
t he di ssolution recovery vessel and a high pressure in the nolten salt

reactor wth a bl owefiltedriceciMe@BFuechhe pRaseIsMaining e@mrdned sofiti iparticuttgr i si ng
recovering a"?:‘{;t fromthe nolten salt reactor as a salt solution. Item 94:
The pr ocesy" item 87 further conprising recovering salt fromthe nolten

salt reactor as a SO!L\t%rd.hamrﬁéasp&a@tmm@ﬁ%rﬁnawmo@ further conprising
mai ntai ning a splash s at an outlet of said nolten salt reactor. Item

96: The process of itwem &% furtliesroeRBRPr itsinngp Whereln dagd §drobpich separ ged from
said nolten salt re L&%}or via a restri U%IDI on neck downstream of said nolten

salt react 6PTPTHFSAT H]gtw'ghﬁlve LHSEUPPPHe i nvention provides: Item 97: A
process for treatingpa ngieri a‘*‘h n;%o@esg%lf TR hereRARE Qbiid B%culgf%ct or

i ncl udi ng a vessel contalnln ten salt and the vessel flowably
connect ed Mptiercempriens Rﬁ?@?'?ﬁ @fv@ #ltl et, the process including the steps of:

delivering the mat erl al éo t heThrreD;Lr%gensss |’CemrBEZaWF'nc(e:)rI;alnvtlh‘fé1 s?eppofq‘ueatmg the

10 moisture-containing gaseous effluent includes heating a water saturated gaseous

effluent to a temperature above a saturation temperature of the effluent.

Item 86: The process of item 82 further comprising venting the

gaseous effluent to the atmosphere.

15 In yet a further aspect, the invention provides:

Item 87: A process for discharging molten salt from a molten salt reactor, the

reactor including a vessel containing a molten salt, the process including the steps of:

heating or maintaining a temperature of a molten salt stream
discharged from the molten salt reactor to a salt recovery vessel to maintain the

20 molten salt stream in a molten state; and

operating a gas mover to prevent backflow of cold gases to the molten

salt reactor.
According to this aspect, the invention may provide:

Item 88: The process of item 87 further comprising dissolving the

25 molten salt stream in water prior to introducing the salt to the salt recovery vessel.

Item 89: The process of item 88 wherein the step of dissolving the
molten salt overflow stream includes dissolving the molten salt in water in a sluice

line.



concentrically contained within a tubular conduit flowably connected to the
reactor, the pipe and the conduit form ng an annul ar space therebetween;

i nj ecti ngva 7630 t he annul ar space, the gas havi ng RCPprGERew©2964
sufficient to prevent nolten salt from backflow ng out of the nolten salt
reactor into the tubular conduit or the pipe;scrubbing an off-gas
containing solid particulate matter discharged fromthe nolten salt reactor
wi th an aqueous streamto renpove at |east a portion of the particul ate
matter and produce a noi sture-containi ng>gaseous effluent; heating the

noi st ur e-cont ai ni ng gaseous effluent; filtering the effluent to renove
remai ni ng entrained solid particulate matter; discharging nolten salt from
the reactor to a salt recovery vessel through an overflow conduit flowably

connected to the rea&b@\rgmverfh@/\pr@tasb@t ite@rEy maaéatdmgusmggm SBaED/ Efr
f | owabl y conn

to . the | ten act or and the salt yer ssel
to prevent ¢ gﬁ/”&)‘f'te&ﬁag%dg'%é’g’ 8[18h RSSOV F I oo 'n§ on % %lrh ok
nol ten sal wlreﬁmabsrupeﬂﬁaet&mgdiraﬁnjccmcﬂut may be connected to a SI de of the
nolten salt reactor, with the tubular conduit extendi 9 substantial ly

transversely with re¥pecilito alltecRIGEess CAKPE. 87AVRYIEH SR $t6P PhEYNe NGt , the

i nvention rEBIYd|@dSr%Vdodfbrlsb§ Qéﬁegﬁmg-ri@rel@élﬂéeﬁ‘e&\p@f‘atuﬁe&m Qrbinsdtiohenereomgar i Si ng
the step of rerrgw nﬁ o \d/ent &g] Oft I‘?réa% orl n an amount sufficient to
prevent ov&FPFEERIFP4E] ‘H WAREF PHE® MAER°AT "% ht r oduced into the molten
salt reactor under o .ng Cﬁﬂed C m 98
wherei n said sol vent ngé]aévgat er b'%té%géf 't%ggﬁp\?@%ree;sﬁgﬁgmé% &%%n&fatlh%r%el n the
step of remBVFHE A@TPOGRIRNSEBITNoN? PusPTarFd P HipsPiEORaT @V e GRS RRd @

material . Ig@pré&lire it ePh@eRsItGtadtbeNt9é bidwdrher conprising the step of
heating the material prior to delivering the material to the nolten salt
reactone |tem 102: Themp¥DcessTof protesmod Refnmud7 fuethec carpprisiggcovesingtsely of

from the molten salt reactor as a salt solution.

Item 94: The process of item 87 further comprising recovering salt

from the molten salt reactor as a solid.

Item 95: The process of item 87 further comprising maintaining a

15 splash shield at an outlet of said molten salt reactor.

Item 96: The process of item 87 further comprising limiting flow
discharged from said molten salt reactor via a restriction neck downstream of said

molten salt reactor.

20 In an additional aspect, the invention provides:

Item 97: A process for treating a material in a molten salt reactor, the reactor
including a vessel containing a molten salt and the vessel flowably connected to a

reactor overflow outlet, the process including the steps of:

delivering the material to the molten salt reactor via a pipe
25 concentrically contained within a tubular conduit flowably connected to the reactor,

the pipe and the conduit forming an annular space therebetween;

injecting a gas into the annular space, the gas having a pressure
sufficient to prevent molten salt from backflowing out of the molten salt reactor into

the tubular conduit or the pipe;



mai ntaining an airlock in a portion of the tubular conduit. Item 103: The
process of item 97 wherein the gas conprises air. Item 104: The process of
item 97 whereiwn7t3se scr ubbi ng step conprises scrubbi ng RCTIGBEROMEN02I64
scrubber.ltem 105: The process of item 97 wherein said scrubbing step
conprises scrubbing with a venturi scrubber. Item 106: The process of item
97 wherein the solid particulate matter conprises salt. Item 107: The
process of item 97 wherein the step of heating the npisture-containing
gaseous effluent includes heating a watgp saturated gaseous effluent to a
tenperature above a saturation tenperature of the effluent. Item 108: The
process of item 97 further conprising venting the gaseous effluent to

at nrosphere. Item 109: The process of item 97 further conprising dissolving

the nolten salt stregmubkiny@hff-gHs @htdifing BoIIDsHIGENGetrh@t&alidchbyet i@nsal t
recovery vessel Item

110; Th rocess of 1tem 109 rein the st of
di ssol vi ng PREWED &k ey Vﬂg‘b% POWOsE F%S?ﬂ"?%&?rﬂ%vee\ggg‘?as%glp\?Ptﬁ%n ?fﬁge nol t en
salt in watpertidqunta nstier eed bratece btnegistlidetcorTaisingrassesss effueantiem 97 furt her
conprising the step of directing the nolten salt overflow streamto the
salt recovery vessel haglinggtherecigitrareendaifindeeeds@ber heat ed st eam

injectors. Item 112: The process of item 97 wherein sai tep of generating
condi ti dns conpri ses MMt K& sigrent 59 éeég%ﬁeefe”lam?'gfﬂ?%ﬂ%@dcd%mﬁ%%?i on

t her eof to rpatearent backfl ow of cold gases to the nolten salt reactor. Item
113: The process of item 97 wherein the step of generating conditions
conpri ses gener at i ng dischaygingrree/tsanrsalti frorp hlee &egrtor fee 67lEFSLOVEYEFSeind a hi gh

pressure i BytdignHRIdERIoRAOhdlIE RGNSy Wb dbctedtbQME Feactdr @ dibdioutiBe BR®Cess of
item 97 further conprising recovering salt fromthe nolten salt reactor in
a salt solution. Ite@pddling Zhespicveesswally coreractd tbund hettec ealpréastangnd

' ecoverlcl) ng tﬁg‘lsztalt recovery vessel to prevent backflow of cold gases through the overflow conduit

to the molten salt reactor.

The tubular conduit may be connected to a side of the molten salt
reactor, with the tubular conduit extending substantially transversely with respect to a

reactor axis.
15 According to this aspect, the invention may provide:

Item 98: The process of item 97 further comprising the step of
removing a solvent from the material in an amount sufficient to prevent
overpressurization when the material is introduced into the molten salt reactor under

operating conditions.
20 Item 99: The process of item 98 wherein said solvent is water.

Item 100: The process of itern 98 wherein the step of removing a

solvent comprises evaporating the water from the material.

Item 101: The process of item 97 further comprising the step of

heating the material prior to delivering the material to the molten salt reactor.

25 Item 102: The process of item 97 further comprising the step of

maintaining an airlock in a portion of the tubular conduit.
Item 103: The process of item 97 wherein the gas comprises air.

Item 104: The process of item 97 wherein the scrubbing step

comprises scrubbing with a water scrubber.



fromthe nolten salt reactor as a solid. Item 116: The process of item 97
further conprising limting flow discharged fromsaid nolten salt reactor
via a reswoizetovoosssmeck downstream of said nolten salt reattGB200M0291 esent
invention may al so provide, in relation to enbodi nents descri bed above:
Item 117: The systemof item 9 further conprising a nozzle on the 5
downstream end of the pipe, said nozzle conprising a plurality of passages
passi ng fromthe upstreamend of the nozzle into the interior of the pipe
and term nating near the downstream end,thereof. Item 118: The system of
item9 wherein the passages are orienteé inan inwardly twi sting direction.
o Item 119: The systemof item 1l further conprising a shield surroundi ng at
| east a portion of the vessel, |ocated and shaped so as to define an

annul ar ventilati on gpacgget Wﬁ?é"pr})&%S%hit@hcbﬁ\wqerrehwesavcﬁﬁ@ébing? Lep 120: The
process of item 76 further conprising introducing a conbustible gas or

vapor i nt o SPRBNFSREUNPINGeiEhe JEMAHGFEPRES ur f ace of the nolten salt, s or
both. In yet another_as , the inventiqon provides: |tem 121: rocess
e e e

for treating a mater act or including a
vessel contatrearmgmarises $a8n salt, the process including the steps of: 0
delivering the material into the reactor; and discharging nolten salt from
the reactor through &epi HY:to EesriPfess SEB0EYS/ YBYSH thestRp ¢finsaticdfitai ned

concent ri cahdistumd-tdHrainmgldabed @reffine ticludet avaiidya carsrestuestet @addoasr eact or,

t he pipe angd copduit form ng_an annul ar. space therebet n;,.and s injecting

a gas intoeﬁhgng. ?#%Wp%%%f%?m?ﬁéfﬁ% mhﬁ@? p%?l¥%8§§F§ Ui Fi ci ent to

prevent mlten salt iemaacklHomgaut ih 4 Rl LERo ARG varfiRgLAE 1 N1 O
The tu con to

t he annul ar space. ul ar urt may be connecte a side of the
nol t en sal gaseous effluent to atmosphere.

10 Item 109: The process of item 97 further comprising dissolving the

molten salt stream in water prior to introducing the salt to the salt recovery vessel

Item 110: The process of item 109 wherein the step of dissolving the
molten salt overflow stream includes dissolving the molten salt in water in a sluice

line.

15 Item 111: The process of item 97 further comprising the step of
directing the molten salt overflow stream to the salt recovery vessel using one or more

directional superheated steam injectors. 4

Item 112: The process of item 97 wherein said step of generating
conditions comprises generating a pressure, temperature or combination thereof to

20 prevent backflow of cold gases to the molten salt reactor.

Item 113: The process of item 97 wherein the step of generating
conditions comprises generating a low pressure in the salt recovery vessel and a high

pressure in the molten salt reactor with a blower.

Item 114: The process of item 97 further comprising recovering salt

25 from the molten salt reactor in a salt solution.

Item 115: The process of item 97 further comprising recovering salt

from the molten salt reactor as a solid.

Item 116: The process of item 97 further comprising limiting flow
discharged from said molten sait reactor via a restriction neck downstream of said

30 molten salt reactor.



reactor, with the tubular conduit extending substantially transversely with
respect to a o reactor axis.The reactor axis, as the termis used herein,
is suitabvgeugtsatially vertical. As the nolten salt PCEAIBZOIN003368t em of
the present invention in all enbodinments conprises a nolten salt reactor
which will be |located on, or nmounted with respect to, a surface (for
exanpl e the ground), the reactor axis, as used herein, is preferably
substantially normal to the surface. Furthernore, as herein defined and
described, the nolten salt reactor mAIL]%QHprise a base, substantially in
contact with the surface; one or nore sides (depending on the shape of the
nolten salt reactor) extending fromthe base in a direction nornmal to the
base; and a top, distal to the surface, and so "base", "side" and "top" are
used herein with that nmeaning. The material that can be treated according
to the processes of the present invention in all enbodinments is not
particularly |initedTpe@visadintbaion hay 8lsb bewadd, & rdlatidnite esetogendrtat it can
be deIiver%f t th% nolten salt reactor via a pipe. It may be, for exanple,
a solid, a e?ﬂﬁ*ﬁéagvﬁas, i ncl uding a suspension or slurry of solids in a

liquid or a gas, andg.mxj.ur eTR% syllétQHiogﬁem@WF corhP&siRg 85888€8n efe t he
present invention are partlcular(¥ sui table for treathg mat eri al s ot her
I

t han gases,dosdstraam aNHET Hig BIPEa3ad BOZZB/RAPAGEG RSP i Ds BT RAF5a98S PRERINY, a
suspensi on fdm shalliptredfn &/l bfdSe inBzAe Ints]tHedintedior af thextipy endferiningtingsearThe

materi als that, can be treated _.are described in npre detai
hereinafteﬁ.%ﬁPﬁﬁgfﬁﬁﬁfwéﬁﬁ%ﬁﬁﬁCF THE DRAW NGS The invention is best .
under stood from the figll 9y4ng dat ajdi&H HRSATS WhbRh WRAsERRY aldof@REECt i ON
with the accompanying drawmngs. It i s enphasized that, according to common

practice, tih@njaragls gt estigt the drawing are not rendered to scale. On

the contrary, the dinensions of the_ variqus atures are arhjitrarily
expandeéd or reduced 8?“&?§ritﬁ?eﬁﬁ%ﬁﬂééﬁth{ﬁﬁ%mafgﬂfﬁan%?ghfkg fol |l owi ng
figures, i ruwbuodingiakéeased epeivoef tharessat!slocetiedant shanad doaas toaigfing e’ in t he

respective #\ingrérr%htilgi!igﬁ spach befweanlthOckKiedi AQrRBVREscpn exenpl ary embodi ment
of a nolten salt oxidation treatnent system according to sone aspects of

the present inventiongem 120:  The process of item 76 further comprising introducing a
combustible gas or vapor into the reactor below or above a surface of the molten sait,

15 or both.

In yet another aspect, the invention provides:

Item 121: A process for treating a material in a molten salt reactor, the reactor

including a vessel containing a molten salt, the process including the steps of:
20 delivering the material into the reactor; and

discharging molten salt from the reactor through a pipe to a sait
recovery vessel, the pipe contained concentrically within a tubular conduit flowably
connected to the reactor, the pipe and conduit forming an annular space

therebetween; and

25 injecting a gas into the annular space, the gas having a pressure
sufficient to prevent molten salt from backflowing out of the molten salt reactor into

the annular space.

The tubular conduit may be connected to a side of the molten salt
reactor, with the tubular conduit extending substantially transversely with respect to a

30 reactor axis.



FIG | Bis a block diagram of an anot her exenplary enbodi nent of a nolten
salt oxidation treatnent system according to the present invention. FIG 2
i s a schewatzow/gbssan enbodi ment of a nolten salt oxi dat iPOm/GB2e@r00eqs
delivery system according to an exenplary aspect of the present invention.
FIG 3 is a schematic of yet another exenplary enbodi nent of a nolten salt
oxi dation treatnent delivery system according to sone aspects of the
present invention. FIG 4A is a side view schematic of an exenplary
delivery device in accordance with sone;gspects of the present invention.
FIG 4B is a side cross-sectional view of an exenplary feed nozzle
positioned in a tubular conduit in accordance with an exenpl ary enbodi nent
of the present invention. FIG 4Cis a side view of an exenplary feed
nozzl e according to an exenpl ary enbodi ment of the present invention. FIG
4D is an end cross-sectional view along lines D-D of the feed nozzle of
FIG 4A. FIG 5 is aTisd facier awissadheating ilsedrmetdieris axicay substarelallyer y
device in accor ldance wi th an exenpl ary enbodi nent of the present invention.
FIG 6 is a SChematic of an exenpl ary enbodi ment of a nolten salt oxidation

treatment salt recovﬁgYhesﬁﬁéltté{@a?tcﬁé’étme‘ﬂgs&é@erﬁrbf@@@r‘é&er@ﬂmﬁeﬁﬁo@frﬁ&ﬁm
invention.FIG 7 is a schematic of an exenp @Bbqugtepm of a nolten salt

oxi dat ion EFPSEMSNES BATPRIFES APRRRSH et @‘Hﬁcac‘,"ﬁ FafoiREPtedspect of
the presentyithmeésgict &) a@u@ac@(fbﬁeﬁnsmheiﬁm@no()n@f tianaahter agis eagplisaryheeziipodi nent

of a nol ten r;sra}er?tgf}/ﬁgbattanqg” S%é’i‘%@tthé’mﬁ%?.s treatment systemaccording to

anot her aspet I nvent| on G 9 is a schematic of an

exenpl ary enbodi ment th&mrapé t:8hefdth he%ddém RAcABRANERbItEALdIL feBeRy er Y
system accordi ng to yet another asP of P esent invention
will comprise a base, substantially in contact W|th the surface; one or more sides
10 (depending on the shape of the molten salt reactor) extending from the base in a

[ AEA\Y

direction normal to the base; and a top, distal to the surface, and so “base”, "side”

and “top” are used herein with that meaning.

The material that can be treated according to the processes of the
15 present invention in all embodiments is not particularly limited provided that it is
flowable, in the sense that it can be delivered to the molten salt reactor via a pipe. It
may be, for example, a solid, a liquid, a gas, including a suspension or slurry of solids
in a liquid or a gas, and a mixture of liquids. However, the processes of the present
invention are particularly suitable for treating materials other than gases, so that the
20 material is advantageously a solid, a liquid, a suspension or slurry of solids in a liquid,
or a mixture of liquids. The materials that can be treated are described in more detail

hereinafter.



FIG 10A is a schematic of another exenplary enbodi nent of a nolten salt
oxi dation treatnent salt recovery system according to yet another aspect of
t he presewbd 20mvenisbon. FIG 10B is a schematic cross-seeCirarbonviozegsof a
nolten salt oxidation treatnment salt recovery system according to another
exenpl ary enbodi nent of the invention. FIG 10C is a schematic of another
nolten salt oxidation treatnent salt recovery system according to yet

anot her exenpl ary enbodi nent of the invention. FIG 11 is a schematic of a
mol ten salt oxidation reactor in accordgnce with an exenplary enbodi ment of
t he invention. DEETAI LED DESCRI PTI ON OF THE | NVENTI ON Mol ten salt treatnent
systens according t o the invention may be used inter alia as Mdlten Salt
Oxi dation (MsSO reactors. MSO technology is a thermal process that is

capabl e of destroyi ngricR®retganion ©FHE brewtcDf i xed wastes, hazardous
wast es, and energetic materials while retaining inorganic constituents in
the salt. Mlten sal theixivétatononbes uadétstovel fess thddiinaingpietaled siesdnipthn can be

descri bed a%er?‘géja{dng cgnrlluécggllw %itﬂrtr?gkéo%é{aﬁ?gg\%g\pmgg %Egﬁﬁhgglze%ltﬁ‘apr

oxygen-contal ni ng tal ni ng a sal or m xture
of salts, s@r@hdla@ t@@mmm @mcﬁéﬁéh@vewsimye%dh%éaﬁmvﬁ éwfaﬂtr%ré‘e(%f@ ),

Wﬂe[)e tge Qéa!g@nbﬁ éﬁf@&cﬁ{&a@i’ ths dﬂﬁér@ioz@@\;]ﬂwet WRiolBlféeires akd afbRtapilpr i rrgr Ib I ?/

car bon di oxi de and wate the waste streamis intro el ow
the |iqui dexRANGRd 8f r‘?‘FHF?CEWr§§I”Ey %%Udfi? THE %8wmﬁtarre ‘% HO463 g

surface. Theickeikectieamcohusatds fefer tasinVBO featytasrin ithe rﬂsgdfﬂtVE(ﬂ:é}yeﬁﬁdent on the

type of feed to be treated; if the treatnent of acid gases is desired
including a salt sucﬁGaéAs%éﬁﬁﬁk@&@ﬁﬁﬂéfé”@Hemﬁ@”é?§P@ﬁWﬁﬁthiB@“ﬁé%@?able

so that achddsQsmPeBaficht SleRQcORinG &b kaRd agpedtdI6f thaRedehti@vedtain. or gani ¢
constituents are oxidized. MSO reactors can be operated at various
t enper at ures whi ch aris. depeadénk dagrathef salanothenposnplayremipaimentaipl e, MSO

reactors wth, sélq:l&% adl trg%elﬁms?&%h%@ér indd tROPidBMGRl Gfiode M ght be

operated in a ure range o rom above a out 15000F to about 18000F,

as bel ow about 15000FIG.t2h§a'§Qlluérﬁ5hc5@|atn drbdraentbftzomsiedr i dkidadionf r eeze.

Thus, . . . .
treatment delivery system according to an exemplary aspect of the present invention.

FIG. 3 is a schematic of yet another exemplary embodiment of a molten
15 salt oxidation treatment delivery system according to some aspects of the present

invention.

FIG. 4A is a side view schematic of an exemplary delivery device in

accordance with some aspects of the present invention.

FIG. 4B is a side cross-sectional view of an exemplary feed nozzle
20 positioned in a tubular conduit in accordance with an exemplary embodiment of the

present invention.

FIG. 4C is a side view of an exemplary feed nozzle according to an

exemplary embodiment of the present invention.

FIG. 4D is an end cross-sectional view along lines D-D of the feed nozzle

25 of FIG. 4A.

FIG. 5 is a side view schematic of another exemplary delivery device in

accordance with an exemplary embodiment of the present invention.

FIG. 6 is a schematic of an exemplary embodiment of a molten salt
oxidation treatment salt recovery system according to an aspect of the present

30 invention.



when starting up the MSO reactor or after cool down periods, the anount of
heat required is increased above that of normal operation to nelt the salt
or renovewOhRelon7assy that forms on the surface of the salPCT/GHreomoesosol atil e
conponents accunulate in the nolten salt solution where they can be
collected and treated separately. MSO technol ogy has conventionally been
used in small-scale operations and with limted use in industry. For
exanpl e, the process has been used for coal gasification and destroying
hazar dous organics including polychloringted biphenyls (PCB s), chlorinated
sol vents, wastes containing both organic and radi oactive materials, and
energetic (explosive) materials. The reactors used for such applications
are typically quite small, often | ess than about six inches (0.15nm in

di ameter. The confi ggf@ti QNS AEmMEHEBr &AL Sry &b ddihbfalf bymsitrhsaithat
serious operabili tya% oblems result if th up. The .inventors

) ey are scal ed
have now f GXK@tiPm&t toda@a5df LURSRt PELERD ‘F‘ioﬁ‘ﬁP%ﬁo pragEh e YARE vol une
oper ati on, pstehabiventi@r i ndustrial scale processes. One suitable process is
wast e di sposal fromthe processes used to make the artificial sweetener
sucral ose. During thél@rdsesshenvatimpldnethaexespanakodedimenhahbearoltgh salt

by- product g, Q2809 8RefrAlRbragd OAmER: i3t StRMRhE o ShitR&NEpEaMIithd NY
treatment. One of the primary by-products that ends up in wastewater

streans is APRSPHEIPEIYhIt in the form of sodiumchloride. Cther by-products
that end up in thesei(%igge%rgsschg%g u(:jgf ghiord 3%&%%%%&8?@6‘?raﬂf@?etnoégﬂese’

al ong with inorganic rganrc salts, pr I C treat with
convent i onaixidatish &rebtreerntraelitrecorehyriygigasacepringrinsyet @oaihen asifechpl B ar e
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be very expensive to build and operate. The present invention includes
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FIG. 10C is a schematic of another molten salt oxidation treatment salt

recovery system according to yet another exemplary embodiment of the invention.

FIG. 11 is a schematic of a molten salt oxidation reactor in accordance

with an exemplary embodiment of the invention.
20 DETAILED DESCRIPTION OF THE INVENTION

Molten salt treatment systems according to the invention may be used
inter alia as Molten Salt Oxidation (MSO) reactors. MSO technology is a thermal
process that is capable of destroying the organic constituents of mixed wastes,
hazardous wastes, and energetic materials while retaining inorganic constituents in

25 the salt.

Molten salt oxidation is a flameless thermal process which can be
described as adding a liquid or solid feed with an excess of air or oxygen-containing
gas into a molten salt bath containing a salt or mixture of salts, such as sodium

carbonate (Na,COs3) and sodium chloride (NaCl), where the organic material is oxidized



material delivery, air or oxygen feed, spent salt recovery and off-gas
treatnent thus also nust be nodified to neet the demands of such a system
and proces®.20ttomiesser, the MSO technol ogy provi des a nuniper/GH20ien0edeist s f or
treating sucral ose by-products. For exanple, it is expected that the
capital required to build the treatnment system woul d be approxi mately
one-third that of a conventional waste treatnent system Further, the salt
present in the by-product waste stream can be recovered and potentially
converted back into the basic process ray_materials of chlorine and
caustic, such as sodi um hydroxi de. Conversion of carbon in the organic
portions of the waste to carbon dioxide is typically high, about 90-99+%
if desired. It should be noted that if the waste is part of a m xture that
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i1 ustrati vetHeahbedn Edmadblbtion Whdre tidydadre donedtbdledd hebrwiseparagely.aci litate
t he expl anation of the present invention. In one enbodinment, the invention

provi des an MSO tr eaMBBrtteclmbﬂ;dg&maSLtohwmlosdﬂthEehmsEdi ESsmall-pcaan dpdr&ionEhe
system ge”%'hé"vJ ith (FhiGY cl 95% n%éu%?rg %X?E%[}tgq:he process has been used for coal
gasification and destroying hazardous organics including polychlorinated biphenyls
(PCB’s), chlorinated solvents, wastes containing both organic and radioactive
materials, and energetic (explosive) materials. The reactors used for such applications
20 are typically quite small, often less than about six inches (0.15m) in diameter. The
configurations of such reactors are typically such that serious operability problems
result if they are scaled up. The inventors have now found that MSO reactors can be

configured for much higher volume operation, suitable for industrial scale processes.

One suitable process is waste disposal from the processes used to make
25 the artificial sweetener sucralose. During the process to manufacture sucralose, a
number of by-products are generated and end up in wastewater streams requiring
treatment. One of the primary by-products that ends up in wastewater streams is
inorganic salt in the form of sodium chloride. Other by-products that end up in these
streams include chlorinated carbohydrates. These, along with inorganic and organic
30 salts, prove to be difficult to treat with conventional waste treatment techniques, the
most common of which are biologically-based treatment systems. In addition,

biological systems can be very expensive to build and operate.



(or 100a, 100b) flowably connected to a MSO reactor 200. The MSO reactor
200 is further flowably connected to an off-gas recovery system 300 and a
spent salwonrewavessy system 400. Optionally, the MO tre2CRER2068Y®L®M NMAY
further be connected to renove nolten salt fromthe MSO reactor 200 by salt
removal system 100b in addition to or in place of nolten salt recovery
system 400. In other words, the present invention may optionally provide
nolten salt recovery via nolten salt recovery system 400, in addition to or
instead of salt renoval system 100b. EacR of the above-identified aspects
of the present invention will be discussed in nore detail below. As shown
in FIG 2, the feed system 100 (or 100a, 100b) includes one or nore tubul ar
conduits 101 fl owably connected to a MSO reactor 200. The MSO reactor can
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such ago ai rRlsooRygert HPAified FOFERE thier?FB‘aQ%H e an%(sfeﬂbﬁn(gfm&%ﬁdﬁf EVE 1 ' The
gas may al sReiM3d wediencdddyesrotidyge numbat &f benafitsgastsattriyaduceatasedyipratihas.f or
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such as sodium hydroxide. Conversion of carbon in the organic portions of the waste

to carbon dioxide is typically high, about 90-99+%, if desired.

It should be noted that if the waste is part of a mixture that also

contains valuable materials that are not destroyed by the oxidation process, for

20 example valuable metals, the systems and methods of the invention may facilitate
recovery of such materials. More generally, although typically referred to herein as
oxidation systems, the devices and methods of this invention may be used for all
applications in which high temperature processing is needed, including but not limited
to oxidation. For simplicity the system will be described with respect to molten salt

25 oxidation for waste treatment, but it is to be understood that use of the system is not
limited to oxidation processes or to waste treatment processes and that other
materials may be processed. For example, it is contemplated that the systems and
methods of this invention may be useful in coal gasification processes and other

processes requiring high-temperature treatment of fuels or fuel precursors.

30 : The invention is best understood from the following detailed description
when read in connection with the accompanying drawing, which shows exemplary
embodiments of the invention selected for illustrative purposes. The invention will be

illustrated with reference to the Figures, which are not drawn to scale and are not



conduit 101 and pipe or shaft 102. The cooling action of the gas allows the
use of | ess expensive construction materials and extends the |ife of the
conponentwo 2Wanes§seedi ng gas or waste or perform ng fee®CICH2001/002964

mai nt enance, positive gas flowis nmaintained to keep the port open.
Pressure and fl ow sensors (not shown) may be included and are designed to
nmonitor all critical flows and pressures. As shown in FIG 2, the one or
nore tubul ar conduits 101 are optionally connected to the MsSO reactor 200
at a location below, or subsurface, ? ;l.iquid level of nolten salt 201 in
the nolten salt oxidation reactor 200 or exanple to a side of the nolten
salt reactor 200, with the tubular conduit 101 extending transversely with
respect to the vertical axis of the reactor 200. The salt may be kept

nol ten by %Xn@@%e%?n?% @erheﬁl%ﬁ% hfe lﬁfeﬁ;\dg@?é 7 |Il@§‘§?§c¢l@ergtﬂe'? the

salt or by use a natura ur ner system shown in
enbodi nent AN EPEnIEndREe U&é’sdearl?e&?‘”f”ihot@lfa%wé%@e qxﬁlaﬁatﬁ)‘?ﬂ i8R péefse%e one or

nore tubul akvegapdluits 101. In FIG | 1 the airlock chanmber is formed within
conduit 101 between a sealing device 103 at an upstream | ocation of the one
or nore tubul ar condim bse édbodimeng theinvesondionges ealMItytreivieoe syligrh as
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Gas feed source 106, prqQyij as, via 7 to |nta| e Jyessure of

t he airlocﬁagﬁﬁﬁﬁ%?gﬁﬁgéb ‘%gaa’bt?%eb§3§F@ne?ts Eg%&%é ®108 vi a pi pe
109. The preessactes @t rewiove Imotlﬁ&e salit rfrIOUcwed\h%mb@ctqrsmﬁabmsaﬂ reatPvakegysiRi® upon
where the Q.Whtaddﬁloﬁqg '6?94 ﬁgcé 9f r%gl?erf EACIPEVeAN S 1A la 0. OFESRBer words, or

conflguratlon been set each particular conduit assenbly.
exanpl e, ifhe eeeaewngomcmaw %Pt@@?%\gpwg@e PRtenedl raCvERUYIa RENea ubsur face
using the fr@@eﬁteé&lsﬁ‘e&n dBDl mtzﬁﬁhtld’m tbloSist<t d,saft lremavdl Is@stkmpt Gots UE&chnafy

f bl
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resent 1 nvention 1S a pack|ng
gl and, whi ¢klowan be made from hi gh tenperature packing The val ve 105 mnust

be able to all ow the pi Ee or shaft to penetrate, Pass throu{gh. One
exanpl é of such a valPgshown i FIG |2, the feed system 100 (or 00a, 100b) irncludes one

or more tubular conduits 101 flowably connected to a MSO reactor 200. The MSO
reactor can be constructed as a refractory-lined steel vessel or reactor, having an
outer shell 203 and refractory 204. The reactor shell may be constructed from a
variety of materials such as duplex stainless steels, austenitic stainless steels,

20 superaustenitic stainless steels, high nickel austenitic stainless steels, or nickel based
alloys. The molten salt contained within the MSO reactor includes a salt or a mixture

of salts, such as sodium carbonate (Na,CO3) and/or sodium chloride (NaCl).

As shown in FIG. 2, the one or more tubular conduits 101 may be
connected to a side of the molten salt reactor 200, with the tubular conduit 101

25 extending transversely with respect to the vertical axis of the reactor 200.

Each of the tubular conduits 101 contains concentrically within it a pipe
or a shaft 102, separated from it by an annular space 104. The feed system 100
further includes one or more gas sources 106 and/or 108 connected to feed a gas,
such as air, oxygen or nitrogen, into each of the tubular conduits 101. The gas may
30 also include other oxygen containing gases that are suitable for supporting combustion
in the MSO reactor 200. The gas may be supplied at a pressure of about 10 to about
100 psig when waste is fed to the MSO reactor 200. In an embodiment of the



port ball valve.In another enbodi mrent, shown in FIG 3, liquid or solid
waste is fed through one of the tubular conduits 10la, with air pressure
behi nd i twoaohwml7psspr event salt backfl ow and to hel p di sperams2névaobisqui d
waste. Sinultaneously, air may be fed into the other tubular conduit or
conduits 101b to provide enough air to achieve the desired oxidation |evel.
The pressure nmaintained in the airlock chanber for those conduits feeding
only air or other gas, i.e., without feeding waste, nmay be maintained in a
range of from about 15 to about 20 psig,;,Wen the shaft or pipe 102 or
their attachnents are changed, the pr oce%iure i ncludes | oosening the sealing
device 103 and retracting the pipe or shaft 102 until it is conpletely
renoved to the upstreamend of the valve 105. Next, the valve 105 is
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air flowinto salt bath while keeping the passageway into the nolten salt
open. This is desirabshdyetaude. axdespsedr mdre guhuharcopets Bk ew ortiersihas a
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110 serves 'a®cy ety device Keepin rom bel ng
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y alrFoScE chamnbér Iﬁ appro(?'ggnnct)f tlhg\{)?\gtolr 9nnore %ubular conduits 101. In FIG. 2, the

airlock chamber is formed within conduit 101 between a sealing device 103 at an
upstream location of the one or more tubular conduits 101 and a corresponding
sealing device such as valve 105 having open and closed positions at a downstream

20 Iocati.on of the one or more tubular conduits 101. The term “upstream” as used
herein means the relative location closest to the origin of flow and the term
“downstream” being the relative location farthest from the origin of flow. Gas feed
source 106 provides gas via pipe 107 to maintain the pressure of the airlock
chamber. Gas is fed to the system from feed source 108 via pipe 109. The pressure

25 at which the airlock chamber is maintained depends upon where the conduit is
connected to the reactor and what process configuration has been set up for each
particular conduit assembly. For example, if feed system 100 is being used to feed a
liquid waste subsurface using the feed device depicted in FIGS. 4A-D, the airlock
pressure may preferably be maintained at a pressure of about 65 psig. An exemplary

30 sealing device 103 suitable for use in the present invention is a packing gland, which
can be made from high temperature packing. The valve 105 must be able to allow
the pipe or shaft to penetrate, or pass through. One example of such a valve is a full

port ball valve.



a pipe flange or coupling on shaft or pipe 102, provided that it is not so
large as to block gas flow through tubular conduit 101. Qther devices to
achi eve tWwe 2purqiesse of the stop limt may al so be used, PsuB20®/@288ud or
ot her projection extending laterally fromshaft or pipe 102. The position
of the stop limt 110 on pipe or shaft 102should be set so that there is
enough di stance or |ength avail abl e between sealing device 103 and val ve
105 to fully retract the downstreamend of pipe or shaft 102 past valve
105. In some enbodi ments of the presentygnvention such as shown in FIGS. 2,
3 and 4A, the feed device 100 includes a pipe 102. The pipe is connected to
a feed source 111 to feed a material to the MSO reactor 200. The feed may
be continuous or batch-wi se, including intermttent. The feed source 111
optional 'y includes ﬁnarevm@nadddngerdeyﬁm fhl FBab) yuaDemnett @chstedistiéie one or

nor e tubul ar conduit str e.one or nore t b 101
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the unit barocadurg indudrsdepseniparthe eealigaaleyisa 103randdaireriigane pipe Qrohar

generated i@t heil NS@cérﬁa@ﬁeW senﬁcﬁxeaeeluﬁeu;sslﬂeam &ld efthexplvegiosn. Néptthenal |y,

as di scussed above, e pi p be desi d Lo eed_ni o) ir, or
some ot her VBY§J@R-I86 %ﬁrﬁﬁ%?éiﬁ?' 3§83FH%$M§ PEAcTh Bﬁse%ﬁ nadeglal f ed
to the reacbafigunedy if cmslradielraannambedmm’ntm&ﬁteerp‘-re@uuwest@m@rﬁceﬁvvaleefﬁveof
sources. g p@%?ger{t%h %%o@ﬁ&f@ﬁérr‘laﬂ@em ?gtpéﬂbﬁrthé@@ahha dkviedb8gs

hal ogenat e mat er i nore s I cal , exanpl e, Porlnated
car bohydr atteas apsoligtshafit 10RI with A4RRSHED b RieES W&gf"@drﬁi‘tt@? idgyvnst ”\W@” ey
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sucral ose @Qﬂlﬁn;)%cotfléﬁclzhngc nﬁgurasnon is depicted in FIG. 5, in which the tapered end piece is
labeled as component 116. The screw type arrangement can be manually adjustable
or it can be automated. This equipment assembly is used for the purpose of air flow
control when feeding waste through a different conduit assembly. This same assembly

20 can also be used in the fully inserted position to minimize air flow into salt bath while

keeping the passageway into the molten salt open. This is desirable because excess
air fed into the reactor acts as a heat drain on the system and can affect the desired
chemistry in the reactor. In other words, the gas composition leaving the reactor can

be dramatically affected by the amount of air being fed into the MSO reactor.

25 Optionally, the feed system of the present invention can include a stop
limit 110 attached to, or integral with, shaft or pipe 102. The stop limit 110 serves
as a safety device keeping the pipe or shaft 102 from being pushed or pulled out of
the MSO reactor 200 and the air lock chamber created between sealing device 103
and valve 105. An exemplary stop limit that may be used in the present invention is

30 a pipe flange or coupling on shaft or pipe 102, provided that it is not so large as to
block gas flow through tubular conduit 101. Other devices to achieve the purpose of
the stop limit may also be used, such as a stud or other projection extending laterally

from shaft or pipe 102. The position of the stop limit 110 on pipe or shaft 102



In an enbodi ment of the invention, the feed stream may conprise a viscous
wast e stream havi ng about 75% to about 80% or nore solids. Were the feed
mat eri al We 208#17€55pPr om a sucr al ose nanuf act uri ng pr oces®CTidB20d%®ebonat eri al
will typically be nmaintained at a tenperature of about 1600F to about 19Q0F
to prevent the feed material fromsolidifying and plugging the feed |ine.
Optionally, solid wastes can be added to the MSO reactor system although
the feed systens would need to benodified accordingly. For exanple, sinple
seal ed auger type devices might be enplgyed for this purpose.
Alternatively, the feed material may include an internediate material from
whi ch a high value salt or other non-vol atiie inorganic conponent, such as
a netal, may be recovered rather than | ost as a waste material. In an

enbodi ment srﬁdmavpé ch éoﬂﬁai @ﬁ%«ﬂe é%ﬁblﬁ\f@ é@@nt@el léﬂgﬁw @wamme b&Aeech GRARGL ed to
feedastream mat er1 al

he feed syst
conprise a ‘F‘é@ﬁjlﬂﬁﬁ”G\AV?‘rYeéf?sattodcl‘H'&feﬁEj’c’f g@od%‘f?fﬂ%mlefﬂ f B Qééﬁ?ﬁgjp shown in
FIG 4A TBgstnerzl 05,12 is applied to the downstream end of the pipe 102.
The nozzle 112, according to the enbodi nent shown in FIG 4A is welded in
the formof a coll arInosunte ¢heodimdnisfof pheppres@R. inyentohsweh anshawnendd®ai | i n

FIG 4B {hesndaheutl2ed SoAB! 160Flduact Lidint18h! abideagetnRRRal bR feed

illustrate |ns 118c, that are included for

centering F%Cff ééél tp hoed ampteial FP ‘ihﬁéWFtQJbetﬂCEﬂ’ 7{9(9ndﬂ?ec fei‘éﬂ]’aye{’r?ocof‘B?uous
preventi ngof B@ccﬁ%w@m@m@pﬁwmﬁter&n ok fedPerut@2111 opticeiduidudt®bn The

nozzle 112, as shown i detal | i de cross ctio Vi of FIG 4C
and end cr 6¥PO5HING %erYéﬁe fG)D@@ C(tfd Q)Dt% SNy n??rﬁggblhg%%?u'lﬂng udes
mul ti pl e passages ofltte s os muwe tubthe omnéwcs hOFI ChisAows fasfthe Fmemss ef eam end

of the nozgle. 1éjch%s%§tepqmgﬁesfe@&@créé?ﬁ\e@mlmmlzé SFQ'QV&ftQIIwetV\D or nore
shoul d'be Use or l'i'cit one pass %g 115 is shg Fi| n FIG 4C.

As shown, PHWEPERESWiFGESN Pfl‘ibe %‘2 r‘f%”ﬁ%""%ﬁ?tf}? Fh A 1o tR 915 jinto
the interiegr é)fanﬂjl@ef&@%ol\leﬁfmvméﬂaﬂgimewateda)nmwbeagh emckxpleiohhat t he

i QUI d waste ISXiEft:uirn tngg]?gtl S c}eeazs%(r‘.ieanln &t§9@m%@99élgg S’I’t %LE(FJ?) as that

shown in FF& e r e Brient ed to CORdUCE ~al'T passing through
them i n andesitatioyretnane sbingntdirios ¢ fesAingTthe 15Ehreartor %mltﬁb%.h?@t d5@i8wi r 1 i ng

nmotion,to the WRashR Xt RBGow BEsdihts prior to the MSO reactor also allows for the
recovery and re-use of those solvents. The waste stream fed to the MSO reactor 200
preferably should be sufficiently flowable but have a reduced solvent content.
Streams with higher solvent content, however can be fed to the unit but at a reduced
flowrate to allow for additional gas load generated in the MSO reactor, to reduce the
20 risk of explosion. Optionally, as discussed above, the pipe 102 can be designed to

feed nitrogen, air, or some other oxygen-containing gas into the MSO reactor 200.

The material fed to the reactor may include a number of waste products
from a variety of sources. The MSO treatment process is of particular use in treating
halogenated waste material, and more specifically, for example, chlorinated

25 carbohydrates or other chlorinated organic waste material, as well as sodium acetate
and other organic salts that are by-products from a sucralose manufacturing process.
In an embodiment of the invention, the feed stream may comprise a viscous waste
stream having about 75% to about 80% or more solids. Where the feed material is
waste from a sucralose manufacturing process, the feed material will typically be

30 maintained at a temperature of about 160°F to about 190°F to prevent the feed
material from solidifying and plugging the feed line. Optionally, solid wastes can be

added to the MSO reactor system, although the feed systems would need to be



When fully inserted, the atom zing nozzle 112 is centered inside the
conbustion air passage, that is, the annul ar space 104 between the tubul ar
conduit MO 2ard763%¢ pi pe 102. As shown in FIG 4B, the a#owmGR2@zn®sad of
tubul ar conduit 101 rmay be tapered inwardly to restrict the size of the air
passageway. The di aneter of the atom zing nozzle is set to mnimze the
annul ar space between the nozzle 112 and conduit 101. This forces the air
or gas being delivered fromsources 106/108 to flow primarily through the
atom zi ng passages 115. The resultant nggrowed annul ar space between nozzle
112 and conduit 101 provides a high velocity hollow cylindrical stream of
combustion air for the feed material while at the same time providing a

hi gh pressure drop, for exanple a 65 psig pressure drop, fromthe upstream

end of the nmzf?eldeac&;rgm‘igpy tR dovpRt Ligdme saubddudeh 8/ paaktices Aight bEhi s hi gh

differential is used force air through the atom zing passages 115. The
swirling aéfPhyef rﬁ‘lfaFPtséH"Wet he air exiting the passages maxi m zes m xi ng

of the feed stream W}A%? n?ﬂveelﬁ/%%b esetd' rﬁ%regéldag\?mch%e a‘ﬂqgte%é&é@ rﬁQﬁeﬂéﬁ t he

nolten salt bath 201 reac as been determ ned t hat
such an at éwizihigh adugh ealgesdli guetaer oen-gelatjiededyganis cempPerabant ch @ddct i on in

the amount Qfi,C AEREEL LGN Al rabiRf WhaE@st £ X RBReGAsRAR. NONOXi de ( CO)
productl on sufficiently lTow. In an alternative enbodi nent of the present

l5nv$ﬂtl OE ft hiopl pe Qfarsaﬁbbdmfengws\{vmtm tHe0Red Bpiter@x0mineludasa plreoi n Fl G
: e shaft Y. C rise rill tg

ref erence ﬁﬁ%cqur%f%edo%ﬁﬁ?m (r)nr?tt%”azlit%%)hv‘\a/nhg éé;gr%t(%arn dal%gﬁ%% g% P-V 02, .
Drill bits comptienpfedeminfwith aursetqrmzmnéeqdrr@gélﬁtlh%whtaﬁéhatrﬁérywr)en 61G- diy

sui tabl e Cgﬂélngynﬁﬂenss @Qltgtﬁgdmdsltrlebﬁgeddrﬁf(?hérﬁipteeﬂbzsa‘l‘ﬂe hddzfeher 2yB0

react or as coo and solidifi For e drill bit may
be di arbndAE59Pea o erergh%cf'@enwowuﬂfé% ‘W t'%wﬂlldﬁj I'”nﬁletforﬂ@ F§°|J:a<£p?£g9 e of
boring intend bed sAdibe heizh A2Ghowntin noge petiai in AICD 4Bhehenmiztlert £ isapiisnaliyached.

Wen oper aé‘%;daac Ortaile?n one F% |Ilust?ar{gggn ﬁ%ﬂhB atsh'%s%ig% eﬂs{geén%tﬁ' 8StrAt g}en' mum

velocity o s’to preven ackf en salt once the
path is cl etmiudet:itforl @nmrm tb@rﬁ@@rnﬂzéﬂleéd&'Iﬁatbettllfﬁéﬂ@"r@f‘tju'léanﬁ@ﬂ ©bnpri se

ot her i NtRNARGR wadem%mal ERRESH oPPlpe fowrshabhadif2o1] n yet anot her
enbodi ment according to this aspect, the present invention includes a feed

gun tha includes a ﬁ'E@doﬁ(hZIiE delshom@un etle detapiipeidé @ehss-sectional view of
FIG. 4C and end cross-sectional view of FIG. 4D, along lines 4D-4D, includes multiple
passages 115 as shown. The view in FIG. 4D is of the upstream end of the nozzle
112. Eight passages are shown, but in general two or more should be used. For
simplicity, only one passage 115 is shown in FIG. 4C. As shown, the passages 115

20 pass from the upstream end of nozzle 112 into the interior of pipe 102, terminating

near its downstream end, so that the liquid waste exiting them is atomized. In some
embodiments, such as that shown in FIG. 4D, the passages are oriented to conduct air
passing through them in an inwai*dly twisting direction. This shears and imparts a

swirling motion to the waste exiting pipe 102.

25 ) When fully inserted, the atomizing nozzle 112 is centered inside the
combustion air passage, that is, the annular space 104 between the tubular conduit
101 and the pipe 102. As shown in FIG. 4B, the downstream end of tubular conduit
101 may be tapered inwardly to restrict the size of the air passageway. The diameter
of the atomizing nozzle is set to minimize the annular space between the nozzle 112

30 and conduit 101. This forces the air or gas being delivered from sources 106/108 to
flow primarily through the atomizing passages 115. The resultant narrowed annular

space between nozzle 112 and conduit 101 provides a high velocity hollow cylindrical



The feed gun is preferably renovable. The feed gun can be renpved and
inserted, for exanple, with the use of a flexible hose that is attached to
t he upst reamsemdess® t he feed gun. Preferably, the fl exi pCe/dR0@®/(02964
electrically traced to maintain sufficiently high tenperatures to prevent
the liquid waste fromcooling and solidifying. The feed gun in such an
enbodi nent is designed to renmain outside of the feed system 100 when not in
use. The feed nozzle 112 can be installed by renoving the plugged shaft 102
and quickly inserting the feed nozzle 1%% into tubular conduit 101 and
reconnecting to establish flow Optiona as shown in FIG 3, in which
nore than one tubular conduit 10la and 101b is used, the invention can

i nclude at | east one tubular conduit 10lacontai ning a pipe, for exanple

102a, and af.lGa5LoaPok ﬂc?wof{)r Héq:eéét’p’}éltéﬂal ?\fgﬂ?'& tre s]aq;é)tlﬁ@@‘i'@l@h@g hgrshaf t

102b. In yét another e ment__accordi ng hi s aspect, a stem
such as shew@siie depador example 2 85 REIHPTESTHAS dHRP: J@EHW%&PFB’S‘H“%‘ é’ ten salt

di schar ge sysii€mbno\thd 8bwheanr eiisrenphpete 102, rremuv@sd:rfewnem isabéd 201
fromthe O react or

0. In
pi pe that  (H5° A6 traug? RV rare Bl ot bR imgafed 5y 8 a”edg”al !
102, i s whiegiing lilee pagsegdsdafimizehenixing of trmteed stieao Vﬁtm@er@@bvétlmhé%t pi pe

102 to a S@i#é fe'é@%g'\égr%yen\c'@é%ﬁé m%ptgn sepré:hCﬂﬂl &r the MRy f-éé(:ﬂ%?doby It REIBédM t he
gas supply from gas sources 106 and/or 108 or@tg}/nashuttl n such gas

suppl y. Théemrra@eﬂfgavo%tc{x@é@t@eamngas\%@ux Prgvidss F%Wé‘l%%tr y vessel
117 is p(r]I efr@mbbryuratHecm\goLmtet:tcrmmhbyatrrramﬂﬁbddoeoeemosrepnmmnogmal(cg»)
supported in In an exenpl ary enbodi nent, the present

i nvention gé%a%ds% Bt éc'?%h % conduit 101 with a pi pe 102 concentrically

contaiped within it. Qr‘?aﬁérﬂ§t|\;]@grnb§d|ﬁﬁﬂtn&£th€%rés@nfﬁ@@r’nt\b‘% am,s.s@osa%atft 201
di scharged from MSO reactor 200 to dischar

e nolten sal
recovery vésaghafy102, {prexeHe oMol e ?h@h?\/@@ﬁr 292 Y Gé’ﬁ??”sel a{jsﬁ
t ubul ar comgyivhichQGd reprssctiransasatee idralof £6, Mdentédibutoar davorstieat ebdl nmay

e comnect e b e 163, LB R B g0 MRt
react or 20@ny Shieatdatonfigecative cppatis sbdrilling intagnaien spibin BedipP esactat 2%en hol e
or pi t, n %t%stcbﬁe%hﬁ €8lidified. For example, the drill bit may be diamond-tipped. The

shaft 102 mounted with drill bit 116 is capable of boring into the salt bath 201 until a

path into the molten area is reached. When operated according to this embodiment,

the system maintains a minimum velocity of gas at all times to prevent back flow of

molten salt once the path is clear. It is also contemplated that the shaft 102 may

20 comprise other maintenance equipment mounted onto the shaft 102.

In yet another embodiment according to this aspect, the present

invention includes a feed gun that includes a feed nozzle 112 mounted on pipe 102.
The feed gun is preferably removable. The feed gun can be removed and inserted, for
example, with the use of a flexible hose that is attached to the upstream end of the

25 feed gun. Preferably, the flexible hose is electrically traced to maintain sufficiently
high temperatures to prevent the liquid waste from cooling and solidifying. The feed
gun in such an embodiment is designed to remain outside of the feed system 100
when not in use. The feed nozzle 112 can be installed by removing the plugged shaft
102 and quickly inserting the feed nozzle 112 into tubular conduit 101 and

30 reconnecting to establish flow.

Optionally, as shown in FIG. 3, in which more than one tubular conduit

101a and 101b is used, the invention can include at least one tubular conduit 101a



salt is allowed to cool and solidify in preparation for re-processing back
to the MSO reactor 200 or disposal. Alternatively, the salt recovery vessel
117 can iwolutkm7esssal t di ssol ution vessel in which the salrtGB28090bdsect ed
and dissolved in a solvent, such as water. Preferably, this enbodi nent for
salt renmoval is utilized when the systemis operated in batch node,
however, it is contenplated that such operation nay also be utilized when
the systemis operated continuously. Optionally, one or nore additional

t ubul ar conduits 101 are al so incl uded, erein each of the tubul ar
conduits includes a pipe 102 for feeding material or for renoving waste
and/or a shaft 102. Generally, operation of the MSO reactor should be

mai nt ai ned to achieve an optinumair or oxygen to waste ratio. The ratio

itself is g&&gﬁﬂ@% 189 ftopgxé'}ﬁélgq.otzg bEq Bf @S&%%%er@?‘:@%mapgoﬂcm@csom' mum

rati o may oductln% expérinments wth the actual feed to be
treat ed (ellpﬂbrcoa‘ta"pﬂg ashaft 482bor full scale). Wth the systemfully
operational, reactor_off ed atdlf er ent

npl es can
oxygen to waste rati Bbyetta%8th8f Fmﬁag”T?i”bHTCOB%R%L%%%WE%F%S%Cﬁ%yéﬁ?r? &'ons of
car bon nonaxkkleyn mi RIGEQRN3,0M, des 6 mey hanssd ias@apat emtoltdn spltatissbergeonpounds.

e eooht | Syl SR En R A8 e dddiREds IR RLaE FoagiLeluggygen 19

waste ratio’ perforns nber stens required 1s dependent
on the t ot agactdr@RQ. aliﬂg?ellcb ad@éﬁhoédn%ﬁdtﬂeﬁép@r bﬁ%u'%’r’ deaip atpieghatl may 8eal so

23: ![ :;/:dof’ h%}e?gfﬁgb 'E‘L%Lr?érrcoﬁéltlnt’@QEQ%@'COIQ’IJC&QIH@@p@QOZ‘t|S vifEveR dige beb pd
nol ten salt bed nduc t
combust i on f§rENe54T FRAPEEe tQ PRI 1Y Fiv<9rBeS r?"?eof%' ha silgﬁ%ﬁoé‘fr&wessoebérlg?l o\rllvagf ©

the react omhislcould Herfrfermed be nixhdingethe ges sudpty romsgstsomres ADBend/arHOAVE0
r eact of, syst g ﬁ@ggg%ﬁ%ag %&%%Kﬁ e ASﬁighﬂhéﬂ%gﬂr% herd o3 BhS sEENNI ng

when t e Sys oper systems are spread
around the rmor/@rurvfe@eéﬁéé '@Pquﬁéb'W@d@t‘@)ﬁ|eCPéF'b)t Baceddlaxiwseyeptien?!tescr i bed

above, thegj ppRliifR stddtd0gh.her aspect, includes a process for treating
waste in a nolten salt oxidation reactor system The process conprises the
steps of delivering tn quezbmmta@rerabodwawtatrm pesaviroention cal ingludemtiailared

Wi thin a t l(':ct;n uatrI(gPO»/(ﬂ:H a plé@qas %ﬁ&nﬁtr@ca ?%%@,n%gm\l é\ﬁl Ft Q%E(Etﬂ;e' ﬂ;b r eactor and

injecting a gas gas has a
pressune sgérinesiadrip receive molten salt 201 discharged from MSO reactor 200 discharge

the molten salt to a salt recovery vessel 117, when the gas flow to the MSO reactor
200, via the tubular conduit 101, is decreased or shut off. The tubular conduit 101
may be connected to a side of the molten salt reactor 200, with the tubular conduit
101 extending transversely with respect to the vertical axis of the reactor 200. The

20 salt recovery vessel 117 may be, for example, an open hole or pit in which the molten
salt is allowed to cool and solidify in preparation for re-processing back to the MSO
reactor 200 or disposal. Alternatively, the salt recovery vessel 117 can include a salt
dissolution vessel in which the salt is collected and dissolved in a solvent, such as
water. Preferably, this embodiment for salt removal is utilized when the system is

25 operated in batch mode, however, it is contemplated that such operation may also be
utilized when the system is operated continuously. Optionally, one or more additional
tubular conduits 101 are also included, wherein each of the tubular conduits includes

a pipe 102 for feeding material or for removing waste and/or a shaft 102.

Generally, operation of the MSO reactor should be maintained to achieve

30 an optimum air or oxygen to waste ratio. The ratio itself is dependent on the waste to
be processed. Determining the optimum ratio may be done by conducting

experiments with the actual feed to be treated (either at pilot plant or full scale). With

the system fully operational, reactor off-gas samples can be pulled and analyzed at



to prevent nolten salt from backflow ng out of the nolten salt oxidation
reactor into the tubular conduit or the pipe. Optionally, the process

i ncl udes wbeosvepssof renoving a sol vent, for exanpl e warerGE2@mobdse | i quid
material in an amount sufficient to prevent overpressurization when the
liquid material is introduced into the nolten salt oxidation reactor under
operating conditions. In an enbodi nent according to this aspect, where the
solvent is water, it is renoved by evaporating the water fromthe liquid
material . Further optional steps that mgy be included in enbodinents of
this aspect include heating the liquid material prior to delivering the
liquid material to the nolten salt oxidation reactor and nmaintai ning an
airlock in a portion of the tubular conduit. In another aspect, the present

i nvention g g%\l%r%% rﬂﬁalwfs@e saldk; %%ésor'ﬂlngf g@tanaoiedsmsw&nts;msaﬁ t hat
shown in Fl \qu i ncl udes an o gas recover st em 300. n 2
embodi ment CAPEBMANYIdEoNERAEN a%%mmeth?f@'@ygtpemnf'ﬁ%f ﬁ‘é‘@%coé“%%”ﬂﬁb H"{j devi ce

302 f1 owabkysurennaie testocantheh begasd cultidteimid®svhodh ayyBOa easte 0ati200 t o

recei ve an off S cont ai ni r such as
salt, fr omPFﬁar”%El& ?eiﬁ B'ij gfr}%soagsﬁge\?&nné%qlug?%% #DEH%&&%&%‘LB?&E@SWOH gas
outl et 205 targgtsbiescethaet thedeadsitheatioo gt isfalshkeligped Bt &eadingraine HVe2h0, wit h
the offgas d%&rﬁtpoﬂﬁésﬁéﬁwéﬁﬂ ab@étglotr ik B hpitan B béﬂﬁpﬁ{étmt)&md hauseer ti cal
axis of the reactor 200. Furt her, %ﬁ e jnvention pro eat | ng devi ce
306 confi glyéde 86 aﬁ@é{‘tas'ieh‘i? oS efiey etr‘?thef’:f%’?ﬁ“f%%mgoé?’u?%lacr?ﬂs'a%@l ce 302
and a fil tepenagoﬁlef/trceereadterfl owably connected to receive the gaseous

effluent fromthe heating device 306. As shown in FIG 7, the off-gas
cont ai ni ng ent r ai nedIsalpref¢rreshemhedived picthe PoesepDVEREIQH, §%M$@é@aq’%m

of f - gag, out| &bma0aeaified H‘aeé at Qea&lh@ aﬁﬁﬁa\é@@fe@g p@ﬁﬁ‘ﬁ ﬁﬁnﬂwg?ﬂ?env’dhé spitem 301.
The scrubbi ng device provi ? qﬁhg g cool % grossd E 0 f%ren(ac[a]to|];al ned
solid part it oREEtPaL eprr?fﬁ'fa ¥g iegde Sé'IsEeme Sr?P'fer? gg4ndfis 'r%rP

anot her coathé regctorquid, is fed to the scrubbing device fromliqui d sour ce
303 via pipe 304. In an exenglary enbodi nent, the |iquid source may supply
wat er recycl ed from Belatad tortbe sxsers described sovRtthe INYEBUS Y& 2R9tHAT 25PeFles h

wat er Ssour ¢y, deX N pbadsy fér t$éértlHBtNa@Qa deVineREn LAIEbMER oNeBFtoSSfsthemBe and
venturi scrubbers for renov ff
15 process comprises the steps of delivering liquid material via a pipe concentrically
contained within a tubular conduit connected to the molten salt oxidation reactor and
injecting a gas, such as air, into the tubular conduit. The gas has a pressure sufficient
to prevent molten salt from backflowing out of the molten salt oxidation reactor into

the tubular conduit or the pipe.

20 Optionally, the process includes the step of removing a solvent, for
example water, from the liquid material in an amount sufficient to prevent
overpressurization when the liquid material is introduced into the molten sait oxidation
reactor under operating conditions. In an embodiment according to this aspect, where

the solvent is water, it is removed by evaporating the water from the liquid material.

25 Further optional steps that may be included in embodiments of this
aspect include heating the liquid material prior to delivering the liquid material to the
molten salt oxidation reactor and maintaining an airlock in a portion of the tubular

conduit.

In another aspect, the present invention provides a molten salt
30 oxidation treatment system, such as that shown in FIG. 7, which includes an off-gas
recovery system 300. In an embodiment according to this aspect, the system

includes a scrubbing device 302 flowably connected to an off-gas outlet 205 of an



entrained solid particulate in an anmount expected to be in the range of
about 90% or nore, nore preferably, in an anmount of about 90 to about 99%
and nost woebsvEhdsy i n an anount >99% Alternatively, i PCISRDEN02964
contenplated that a suitable off-gas treatnment o system m ght include an
el ectrostatic precipitator used alone or in conjunction with a venturi

wat er scrubber, positioned either upstream or downstream of the

el ectrostatic precipitator. A venturi scrubber accelerates the off-gas
streamto atom ze the scrubbing |iquid, ,such as water, to inprove
gas-liquid contact. It is also contenpl a?ed that other types of water
scrubbers could al so be used with or in place of the venturi 5 scrubber and
el ectrostatic precipitator. The operation and design of such scrubbers is

known to O%dﬁea&@gg%&x réé%'nje ar| &kt bQ?c@{tSmmE%tr%ﬁ%%%ﬁd gl ficuent mee‘PiB] the

scrubbi ng devi ce wat er saturat ed gas streamw th sone
resi dual s&beh aserll figen %l“ﬂ%ﬁbf@q%rzo(ﬂ SRhEiYE P EIEne o8¢ FSs nEreC503% ome
other off gagedpoyl Ha@gaesmh&mzd Theitby entrermoltaveit @ucdr 2baf wibh the et

dlschargetoth ere | s sone not ssi bl e 1 i
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st reams To 2m00ducthes thasventieaproyides alilestihodedias 3G cgefjguacdipsheamthmy be
used 1o 118l fieatn ey r%ttﬁ%%%UB@%%@VIQ@%O%Hﬂ%WI%&% Rk m MapRo | onger

sat ur at ed ream prior to di sch arg to the
at mospher e COMRECERT forfgeeive @p@asqoustqﬁf@egggreau@E#ﬁp%H%V@r the scrubbi ng

devi ce 302, for exanple a water at ur ne al
salt, is fed to heat f\ﬁéh%"”ﬂg\/ﬂge 366 %asp‘g)ﬁga'%"ﬁg ef'g]f'amﬁéé? ﬁﬁm eﬂgsggeous
ef f | uent . Hestrornzp al awistbsrged iftoaln bi- gbeloutjsteZOE‘naMa;tfedlgo thesscafbbingedftvider om t he
SCr Ubbl 9 %%g \%S p&%ﬁdf]mj;ﬁladﬁcrl?thb%%gglcehﬁ%wdggq%\(:hcégol|r§_;ué}m g}éssaregﬁﬁ%albur ner.

As showh in eati ng device 306 Is shown as a natural
gas burner Of?h‘éalhé‘éW'N'gDa(ﬂ‘é@H'@fé myeriainsdfdssal §ad e afc@s3d@tEo P f eedi ng

gas to the gaghePUsdiRn YL, BifBe t3EHR @Hﬂ)b&iddéﬂl@ frdth @huid Bdurck 3o3uch paedi r ect
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entrained solid particulate in an amount expected to be in the range of about 90% or
more, more preferably, in an amount of about 90 to about 99%, and most preferably

in an amount >99%.

Alternatively, it is also contemplated that a suitable off-gas treatment
20 system might include an electrostatic precipitator used alone or in conjunction with a
venturi water scrubber, positioned either upstream or downstream of the electrostatic
precipitator. A venturi scrubber accelerates the off-gas stream to atomize the
scrubbing liquid, such as water, to improve gas-liquid contact. It is also contemplated
that other types of water scrubbers could also be used with or in place of the venturi
25 scrubber and electrostatic precipitator. The operation and design of such scrubbers is

known to one of ordinary skill in the art.

The gaseous effluent from the scrubbing device 302, for example a
water saturated gas stream with some residual salt, must be suitable for discharge to
the atmosphere or some other off gas handling system. The inventors have found that

30 direct discharge to the atmosphere is sometimes not possible, due to opacity concerns
around the exhaust stack, without further treatment of this gas stream. To produce a

gas stream suitable for discharge, a system may be used to first heat the water



for exanple, by heat transfer through the walls of the heating device that
separate the s heating nediumfromthe gaseous effluent. Heating increases
t he t enpewetaro7efsot he gas stream above its saturation poirmBaedoadetows for
the gas to be passed through a fine filter to renmove any remaining salt
particul ate. Preferably, the heating device 306 heats the gaseous effl uent
to a tenperature above the saturation tenperature of the gaseous effl uent.
0 The heat ed gaseous effluent is next fed to a filtering device 310 via

pi pe 309. One exanple of a suitable filtering device includes a baghouse,
which is preferably insul ated, although other filtering devices, such as
el ectrostatic precipitators, may al so be used. The filtered gaseous
effluent can then be vented, optionally to the atnosphere via pipe 311, or

al ternati Vgét)ﬁ tggggélgtlrg @Gcﬂw {hgy§%s'% 1BndHsENRLteRAB YRS ESD MicR tikd Reeadd 1,

for exanp gas treatment system may be ultimately
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for example, by heat transfer through the walls of the heating device that separate the
15 heating medium from the gaseous effluent. Heating increases the temperature of the
gas stream above its saturation point and allows for the gas to be passed through a
fine filter to remove any remaining salt particulate. Preferably, the heating device
306 heats the gaseous effluent to a temperature above the saturation temperature of

the gaseous effluent.

20 The heated gaseous effluent is next fed to a filtering device 310 via pipe
309. One example of a suitable filtering device includes a baghouse, which is
preferably insulated, although other filtering devices, such as electrostatic
precipitators, may also be used. The filtered gaseous effluent can then be vented,
optionally to the atmosphere via pipe 311, or alternatively, recovered and reused in

25 further processes via pipe 311, for example. Operation of the off-gas treatment
system may be ultimately designed to meet or exceed chemical content and opacity

requirements.

In yet another aspect related to the above-described system, the
invention provides a process for treating off-gas from a molten salt oxidation reactor
30 system comprising the steps of scrubbing an off-gas containing solid particulate
matter discharged from the molten salt oxidation reactor to produce a moisture-
containing gaseous effluent, heating the moisture-containing gaseous effluent, for

example above its dew point, and filtering the effluent to remove entrained solid



It is also contenplated, as an optional enbodi nent, that a wet

el ectrostatic precipitator could be enployed with or without a traditional
wat er scrwbhrero/a7ezsoaf f ect the gross salt renpval step. POTYGHE20@MORIser
aspect, the invention provides a nolten salt oxidation treatnment systemin
which the nolten salt can be renoved fromthe MSO reactor 200 as it

accunul ates. O particul ar advant age when operating the MSO reactor 200
continuously, the systemincludes an enbodi nent of the invention, such as
shown in FIG 9, including a nolten sa[gltecovery system 400. As shown in
FIG 9, the systemincludes an overflow conduit 401 flowably connected to a
MBSO reactor overflow outlet 207 to receive nolten salt fromthe overfl ow
outl et 207 and discharge the nolten salt to a salt recovery vessel 406. As
shown in FLG . 9 and ELG - . k gded to
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ext endi ng tradtesisesatfel y with respect to the vertical axis of the reactor
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di schar gedsériprar, BeeME® dcaabeqror 2001ikd, ah¢ Hetats eff Whiowhave besn de9gribekden t he
nolten salt 201 {eaches the nolten salt overflow point 206. The system
further® i n€[UYESYa bl ower 408 connected to the MSO reactor 200, via line

409 and gas inlet 20§, yanded beneadhy therRMRINE-bRENRhg 488 thdgracenfgured to
generate conditions sufficient to maintai ' irect%ﬁnal fl_Low of gases
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gases to reactor.
Such backf kewp&hteelbogas estummioh dempersturs af the gflfiergeze at the overfl ow
conduit. Any gas substantially colder than the nolten salt is a "cold gas."
For exanpl e, even st &herpockssynay glsp énciidefthe pehena) siead vRRERGENE I385PFr eeze

the molt en fleht tol b RNR PRt Pn thé aneiMg fbplggi ng in the overflow
system by acting as a gas nover to maintain uni-directional flow from MO

reactor 200 all the way alse coh@ngdted racovertpnulessieidion:, e witower 408
forces hot fas L 0N AuliQlor B MEQ SR 0wlRoli e thifigeh ROl the salt

recovery vé& i scussed further ow regarding Figure
104, anot herrubpgetocfifegatherayossrsaligmevhstese super heated steaminjectors to

assist in maintaining uni-directional flow,. CBtio all% an anginent of
t he system further i V%@tl’é&r@éaﬁqtntge invention provides a mbiten salt oxidation

15 treatment system in which the molten salt can be removed from the MSO reactor 200
as it accumulates. Of particu|ér advantage when operating the MSO reactor 200
continuously, the system includes an embodiment of the invention, such as shown in
FIG. 9, including a molten salt recovery system 400. As shown in FIG. 9, the system
includes an overflow conduit 401 flowably connected to a MSO reactor overflow outlet

20 207 to receive molten salt from the overflow outlet 207 and discharge the molten salt
to a salt recovery vessel 406. As shown in FIG. 9 and FIG 10A, the overflow conduit
401 may be connected to the side of the molten salt reactor 200, with the overflow
conduit 401 extending transversely with respect to the vertical axis of the reactor
200. The overflow conduit 401 is preferably insulated to prevent the molten salt from

25 cooling and solidifying in the conduit. The molten salt is discharged from the MSO
reactor 200 via the overflow outlet 207 when the molten salt 201 reaches the molten
salt overflow point 206. The system further includes a blower 408 connected to the
MSO reactor 200, via line 409 and gas inlet 208, and the salt recovery vessel 406
and configured to generate conditions sufficient to maintain uni-directional flow of

30 gases out of the MSO reactor 200 to prevent backflow of cold gases to reactor. Such
backflow of cold gases would cause salt to freeze at the overflow conduit. Any gas

substantially colder than the molten salt is a “cold gas.” For example, even steam,



device 402 connected t o introduce hot gas into the overflow conduit. As
shown in FIG 9, the nolten salt fromoverflow conduit 401 is heated by
heating dwoi2em/#639t o heat, or at |east maintain the teoparmbawm2mh, the
nolten salt as it is transported away fromthe MSO reactor 200. Exenplary
heating devices suitable for use in this capacity include a direct heating
devi ce, such as a natural gas burner, and an indirect heating device, such
as a heat exchanger or heat tracing. FIG 1O0A includes an enbodi nent
showi ng the heating device 402 as a ga§3§yrner havi ng a gas source 410 for
feeding gas t o the heating device 402, via pipes 411, and air via inlet
414. The molten salt is optionally fed, via pipe 403, to salt dissolution
devi ce 404, as shomm in FIG 9. The salt dissolution device 404 cool s and
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gas to the heating device 402, via pipes 411, and air via inlet 414.

The molten salt is optionally fed, via pipe 403, to salt dissolution device

404, as shown in FIG. 9. The salt dissolution device 404 cools and dissolves the salt
in water to form an aqueous salt solution. The aqueous salt solution is transported

20 from the salt dissolution device 404 via pipe 405 to a salt recovery vessel 406. In a
preferred embodiment, such as shown in FIG. 10A, the salt dissolution device 404
comprises a sluice line. In this embodiment, water from water feed 412 and molten
salt from the reactor are fed simultaneously into the sluice line 404. In this
embodiment, pipe 405 is integral with (or an extension of) the sluice line 404, and

25 carries the resulting salt solution to salt recovery vessel 406. The water is fed to
dissolve the molten salt within it to form a solution or slurry of salt in water. The

water is fed in amounts sufficient to minimize temperature rise, and therefore vapor

pressure, of the water.

The flowing water in the sluice line cools the molten salt by providing

30 enough water to dissolve the molten salt and keep the temperature cool enough to
reduce or prevent excessive steam formation that can back up into the salt overflow
outlet far enough to cause salt freezing and plugging in recovery system lines (e.qg.,

401 and 403). In other words, the system controls the differential pressure of the



200, in which the nolten salt streamtypically has tenperatures of 150Q0F
or higher into a water bath near 2120F w thout freezing the salt too

qui ckly. wbeoimgeshown in FIG 10A, an exenpl ary gas novyen/geenovyongdosade a
bl ower 408 having a | ow pressure side flowably connected via pipe 407 to a
salt recovery vessel 406 (for exanple, a dissolution vessel), and a high
pressure side flowably connected via pipe 409 to the nolten salt oxidation
reactor 200. Optionally, the systemmy al so further include one or nore
directional superheated steaminjectors §13 configured to inpinge and break
up a streamof nolten salt issuing frontsaid overflow conduit 401 and to
direct the nolten salt to the salt recovery vessel 406. These steam
injectors also act as gas novers because they prevent backflow of cold

to th ow BREafadr t h
Jiop emont PRoPRRE st repgor i adeEn eaf & ufCheR, PARS %%3?032%’2{6‘;% ' onal

salt di ssoN@lmqron’ftOdévﬁ@éowﬂoﬁﬁdt'@qﬁeotbﬁf"i“%éﬁ thgisplk o piiow) netdess Pniead dr s

413, the gast 5%@%#!‘&!5&@”‘@5%&&@%&% wab dostarBpsibaithetadkfoa of steam
uni -directional flow sel 406. For exanple, in one

enbodi ment YaRRf* 687 ﬁ"?j‘SFﬁ'ée ?WBWefaeezfﬁé?%g@Y“&eng\r@?e a lower pressure in the
salt recovery vessel; cF st%f?é&é%ﬂgn%@?o PQ%&%%?;I@M sald ftr&nachg@@oofﬂelé&gr bur ner

402, pref erably provi rectional gas flow downward via qgtl onal
st eam i nj e@08 & whigh éfhfomé‘t%ﬂ s3luisteean Prrecaligdas S5Psieiung o ﬁoaﬁ ¢ IR Gt

cool ant / di $§8laUldteNpavBtrREr FRF iWlthbherredzri C@elsaneodtdicklyo mi nimi ze st eam
formation, the hot gas is forced out of the MSO reactor 200. This prevents

the salt from freezi aAgoiad shéwven In FEs 10A, drhexemiléyrgas ahavepear clode Becovery
syst em and pl go%%aﬁlhr}%rg Iomss% (g E?‘IPWaQ?Q@ﬁ@&% ViEPRRIF02La 30l pressure

condi ti ons su e?l clen prevent ow Of cool gases to the noblten salt
oxi dat ion remeenrvesyl ¢06i (@?Taﬁxﬁmplq @ q'@"l‘:@'ﬁf‘é’ﬁfﬁe&t éﬂd gHugh prREsuEg pide

di ssol ut i opoAgMl CenfMed BHGIbeafod hethe!tibled daltnsidbephcéatori 20051 G 10A, nay
al so be used in conjunction with the underflow nolten salt recovery via

pi pe 102, as shown i opfibiallybthelsystesuaiay atsexXerpéranygiuesrbueiommnte, direiggional
i nvention m se el ectr] I K aaqebectri cal
current is® éesgg%g reng 'Hjetcﬁlorg %il_;d{&ﬁ é&E@?&ﬁn;ﬂﬁ&é EM?P@@E F@St

e con VE no gﬂthe nol t en
salt and a|nm1tmnrsgltn$$gmm‘mrersa@aqverftochomé%ﬂﬁlrﬁﬂdtter?'re‘r%‘ih§rwei nFaltt dhs e

15 salt recovery vessel 406. These steam injectors also act as gas movers because they

prevent backflow of cold gases to the reactor 200.

Through the use of the blower 408, and further supplementing the

blower 408 with the optional heating device 402, optional salt dissolution device 404
and the optional directional steam injectors 413, the gas flow from the MSO reactor

20 200 is maintained in a uni-directional flow to the salt recovery vessel 406. For
example, in one embodiment, by using the blower 408 to generate a lower pressure in
the salt recovery vessel 406, heating the molten salt with a gas fired burner 402,
preferably providing directional gas flow downward via directional steam injectors 413
above a sluice line 404, and using a high flow of coolant/dissolution water 412 in the

25 sluice line 404 to minimize steam formation, the hot gas is forced out of the MSO
reactor 200. This prevents the salt from freezing in the lines of the molten salt
overflow recovery system and plugging them. Such operation generates temperature
and pressure conditions sufficient to prevent backflow of cool gases to the molten salt
oxidation reactor.

30 Additionally, it is contemplated that the salt dissolution device 404,

such as the sluice line depicted in FIG. 10A, may also be used in conjunction with the

underflow molten salt recovery via pipe 102, as shown in FIG. 6. In such an



setting up a flow channel with two netallic pieces connected to a positive
and a negative electrical grid to utilize the electric arc heating in the
salt renowel20loaiex’s9t o heat the salt and prevent the nolPCEGBERAI%00RT6dM
cooling and thus solidifying or freezing. An exenplary enbodi nent coul d

i nvol ve setting up a flow channel with two netallic pieces connected t o a
positive and negative electrical grid. Such heating devices are known to
those of ordinary skill in the art. In another exenplary enbodi nent for
renoving nmolten salt fromthe MSO reactgy the MSO reactor includes a salt
overfl ow splash shield, such as a weir, “Inside the reactor positioned at
the overflow outlet 207 of the reactor. As is showmn in FIG 10B, the spl ash
shield 210 is designed t o prevent splashing fromthe turbulent Iiquid
surface up _aqgainst the.overflo e : i I8ingNcl uded t
o prevent §I g'aaﬁ‘e%?q'%ﬁgtéélefWflgﬁéneﬁ?%??rﬂp;l%ﬁ%&gg%?h?i%%@é%éagn%tem 400.
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still yet another aspect, the . . .

shield 210 is shown in FIG. 10B as an internal overflow weir. As shown in FIG. 10B,

the shield 210 is positioned a predetermined height 211 just above the top of the

overflow outlet 207. The splash shield 210 is preferably made from a refractory

coated steel material. In a preferred embodiment, the base of the shield is located a

20 predetermined height, for example 6-12 inches, below the bottom of the overflow
outlet 207. It is believed that the molten salt will build up and run around the splash

shield 210 and flow out of the overflow outlet 207.

In yet another exemplary embodiment for removing molten salt from

the MSO reactor, the MSO reactor optionally includes a sloping overflow outlet 207, as

25 shown in FIG. 10C, and an optional restriction neck 415 in the line exiting the heating
device 402. Also, by limiting flow discharged from the salt overflow outlet 207 via
the restriction neck 415 to the downstream portions of the spent salt recovery system
400, splashing of the salt in the reactor which causes slugs of molten salt to enter the
salt recovery system 400 can be avoided. Further, the slope of the overflow outlet

30 207 may be angled back toward the molten salt oxidation reactor 200 to aid in
reducing the effect of splashing of the molten salt in the reactor in producing slugs of

flow in the salt recovery system 400.



present invention includes a process for discharging nolten salt froma

nol ten salt oxidation reactor. In an embodi ment according to this aspect,
the procese 20mal7esses heating or naintaining a tenperatuPeTaB2a0vmobicen sal t
stream di scharged fromthe nolten salt oxidation reactor to a salt recovery
vessel to maintain the nolten salt streamin a nolten state and generating
a pressure sufficient to prevent backflow of cold gases to the molten salt
oxi dation reactor. In the process, the step of generating a pressure may
conprise generating a | ow pressure in tB di ssolution recovery vessel and a
hi gh pressure in the nolten salt oxidaf'gﬁ reactor with a blower. As a
further step, the process may further include the step of cooling and
dISSF{VIng the nolten salt strean1prior to introducing the nolten streamto
a sa recovery vess xa ot her
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expansion of the She' Ztgﬁ:hgla&eﬁ)ctﬁgﬁroc-ggg ﬁa?@uﬂ‘tﬁéﬁ"%ﬂl&dé ﬂﬂetst’@p <‘>~“fh:‘@l)|||ngzo3

bei ng erped apart at ®it's diment of the invention,
MSO r eact orandedjssolying the f‘é‘é{tﬁ”;ﬁ&ééﬁﬁ?ﬂ“wr&)rﬁ‘é%@d&'ﬁﬁpéh%FﬂOE'F'EI SUERT o Sﬁaﬁl r gap

202 bet weenctfignphiakll, ARxamplcistrey witenpes sitigeenshi el d 218, as shown in
FIG 11. Wen installed on the MBO reactor 200, the design all ows the shell

203 to withstand t embateusEEpe?ftm@msedswaalolpbmailg indhedesthel|skerp@f3litegting pand
and contract evenl v /a3 e HIQRrah 0 tffe sdil redblEy %858 LERY oNBG FRAET o 200

i ncl udes
15 directional superheated steam injectors.

The process according to this aspect can also include recovering salt

from the molten salt oxidation reactor in a salt solution or, alternatively, as a solid.

In yet another aspect, the invention includes an embodiment comprising
an MSO reactor 200 that includes a ventilated annular space 202 around the reactor
20 shell 203, which includes the bottom of the reactor, to prevent the shell 203 from
overheating. FIG. 11 depicts a design that reduces thermal growth inconsistencies
during changes in environmental conditions, such as a driving rain. For example,
when one side of the unit is cooled by rain or wind more than the other side of the
MSO reactor 200, uneven metal expansion of the shell 203 can occur. This can result
25 in the shell 203 being ripped apart at its joints. In an embodiment of the invention,
the MSO reactor may thus be equipped with a temperature shield, with an air gap 202
between the shell 203 and outer temperature shield 218, as shown in FIG. 11. When
installed on the MSO reactor 200, the design allows the shell 203 to withstand

temperature extremes by allowing the shell 203 to expand and contract evenly.

30 As shown in FIG. 11, the exemplary MSO reactor 200 includes
refractory 204 and outer shell 203. In the exemplary embodiment illustrated,
between the reactor shell 203 and outer temperature shield, 218, the MSO reactor



refractory 204 and outer shell 203. In the exenplary enbodi nent
illustrated, between the reactor shell 203 and outer tenperature shield,
218, the wWBQorogg6350r 200 i ncl udes an annul ar space 202 wPCh/GB0@V00296a] et s
214 and 216 and air vents 215 and 217. The air introduced via air inlets
214 and 216 may be provided by an air bl ower (not shown). In the enbodi nent
as showmn in FIG 11, the M5O reactor 200 may further include an insul ation
bl anket 213 interposed between the reactor shell 203 and the outer
tenperature shield 218 on an upper portlgn of the MSO reactor, for exanple
above the body flange 219 on the react or 200, as shown. It should be noted
that materials of construction utilized in the systens according to the
present invention are preferably steel or nickel based alloys due to the

hi gh t t d th _ |
or st ol | GPOUPCEGLANPr et £92 RN Rera s Tra PR PR e

hi gh t enperat g . sEletaisintrednedosia aigirdeis 21dadrtd 216 axysde RrAViged by 2a@Bt her

enbodi ment bﬁ]we#go HHBRAN! Irg {meémocannerttm% NBH 12RO, HRDAEO BRES ddoe., the
area above ? en sal can used for thermal OXId%ﬁ%Oﬂ trea nent of

combust i bl @ayafyétﬁeblrnckwa@aﬁ $nSU@tk3n b'%ﬁ‘{ 243 SusPoPhP e ReR r&é@?%é@
cont enp! at e@3t et thd Dubg téﬂﬂ@eﬂ&(ﬁﬁel’sﬁ@(d P18 bA ad uppal p@tibpostherNS@ refaatbrhﬁmve a

signi ficant ct on,a LSQ0S exanple, it could
eI?nlnate FH@%HE@HWY%F”%&ﬁﬁgkwa?éqﬁﬁgxi "OxT |@@?ﬁ§§§Wen1ng t hese vent
gases. In addition, 'Itnsh%P@h:harqbtg dinRatiz L B@cd?\'éfm&fonQItlI@@a ﬁﬁﬂh@@y&@h@t S

froma facility that wou ave e nonitored could al so be reduced.
Wi | e pref ereasdingip bt PReRes “E')‘fenf'ﬁ% arnusiRr PR Steal e Hekeh basrsldlioxnaieiBscr i bed

her ei :" it ltH\é thQ@mH@r‘i@ir&& @@@sélh@ﬁes@dﬁtqh tig @i e Masertil£syeh G ildatiebyr way of
exa e on I Ous V rlatl C a e n | { cur to
t hogg gki | I%&tqwﬂy ?F?etyﬁlrc?l ﬁ{%ed%?)tg nl|qn§0 s P gnm E%&g\} th ngefrméhétupé:

|nvent|on.sansoedmagryqumm5sskswe@nﬁed that the appended cl ainms cover al
such variations as fall within the spirit and scope of th |nvention.V%at
is Clained: 1. A nol ﬂreﬁt"bamqth@rr%al?%ﬁf—ntﬁfé?%ﬁieé%%PY%I“HQ Ml {5t % al t
reactor COWEbbrSépIéGe ﬁ &%&%'re&@tﬁﬂv@ltﬁe Apitan BBILY @ tsalded fondeonalmxidatiboibul ar

condui ts f lt,(—)eV\@ tebqe tggsetsr(])g vgggrts,eggs% Bt gases from other processes. Itis

|¥t o com

15 contemplated that using the MSO reactor in a dual purpose role can have a significant
impact on a plant’s energy consumption. For example, it could eliminate the need for
a separate thermal oxidizer system for these vent gases. In addition, in such an
embodiment the number of emission points from a facility that would have to be

monitored could also be reduced.

20 While preferred embodiments of the invention have been shown and
described herein, it will be understood that such embodiments are provided by way of
example only. Numerous variations, changes and substitutions will occur to those
skilled in the art without departing from the spirit of the invention. Accordingly, it is
intended that the appended claims cover all such variations as fall within the spirit and

25 scope of the invention.



reactor, each of said tubular conduits containing concentrically within it
a correspondi ng pi pe or shaft so as to form an annul ar space therebetween;
and one owWOmIK7G®S sources connected to feed a gas thr @oglGE2h@/@megeul ar
space in at |east one of said tubular conduits into the reactor. 2. The
systemof claim1l wherein said one or nore tubular conduits is connected to
the nolten salt reactor at a | ocation below a liquid | evel of nolten salt
in the nolten salt reactor. 3. The systemof claiml further conprising a
first sealing device at an upstrean1|oc§%ion in at | east one of said one or
more tubul ar conduits, and a second sealing device in said at |east one
tubul ar conduit at a downstream | ocation. 4. The system of claim 3 wherein
sai d second sealing device is a val ve having open and cl osed positions. 5.
The systemof  cl 'n1¢rmherein said first sealing device conprises a packing
gl and. 6. at§§§%gﬂ$df claim 1 wherein said pipe or shaft further
conprises a stop limt. 7, JhensuptRBAEnC)RiM BHheie):n said stop limt
conprises a coupling. 8. The systemof claim1l wherein in at |east one of

said one or nore tubylRsitepoRdULiGor Smtspighev@keisdatdining aangtepesaitpnnect ed
to a feed source to feed a material to the nolten salt reactor. 9. The
system of cl ai m 8 whenebnmeed dibokt eondilits flompbly Sesndtatdipeihatredtensstte

material . ]rgactc;rlhgacﬁy(?fts%m H%E Gl Al i8R s WORL Ry SRlEhtRRIR igin GO4TPr | Ses
chlorinated waste naterial froma sucral ose nmanu acturln% process. 11. The
syst em of chapsaoNdinadiRS or haftoFse fgm amaprularsspack Higrebet™een; M syst em of
claim1l wherein said shaft conprises a drg%} Qit nnuahﬁd qﬂﬁp a g%wnstream
end of said pipe or SR&PEMOIEIASTRUIES LPRRRCHT 10157 PAUHUP &ThNg A

l'east one
of the tububade iaandkast sneofidatd nbuker gopdiitanctodahe Fembir. one ot her tubul ar

conduit contains a shaft. .
2. The system of claim 1 wherein said one or more tubular conduits

is connected to the molten salt reactor at a location below a liquid level of molten salt

in the molten salt reactor.

3. The system of claim 1 further comprising a first sealing device at
an upstream location in at least one of said one or more tubular conduits, and a

second sealing device in said at least one tubular conduit at a downstream location.

4, The system of claim 3 wherein said second sealing device is a

valve having open and closed positions.

5. The system of claim 4 wherein said first sealing device comprises

a packing gland.

6. The system of claim 1 wherein said pipe or shaft further

comprises a stop limit.
7. The system of claim 6 wherein said stop limit comprises a
coupling.

8. The system of claim 1 wherein in at least one of said one or more
tubular conduits, said pipe or shaft is a pipe connected to a feed source to feed a

material to the molten salt reactor.

S. The system of claim 8 wherein said material comprises

halogenated waste material.

10. The system of claim 9 wherein said material comprises

chlorinated waste material from a sucralose manufacturing process.



14. The systemof claim 1l wherein said gas conprises air. 15. The system of
claim1 further conprising an evaporating device flowably connected to said
one or nowe 20wmaba® conduits upstream of said one or noreTiGEROd%N2959NdUI t S.
16. The systemof claim 1l wherein said pipe or shaft is a pipe connected to
receive nolten salt discharged fromthe nolten salt reactor and to

di scharge the nolten salt to a salt recovery vessel. 17. A nolten salt
treatment systemconprising: a nolten salt reactor conprising a vesse
capabl e of containing a nolten salt, said vessel flowably attached to an

of f-gas outlet; a scrubbing device flomé%ry connected to the off-gas outl et
to receive an off-gas containing entrained salt therefrom a heating device
configured to heat the gaseous effluent fromthe scrubbing device; and a

filtering device fl owably_connecte eive sa ous_ effluent from
sai d heating device. Wil RERY gngl%fn %VV e \M‘?eDr e|r i 'ﬁ'sd §r3:rfﬁbb| ng

d bb
evice i s a water sciyibbos. J9ienThe syol Lnoliflah BT phSILL Shigk

scrubbi ng devi ce conprises a Vent ur scru system

wher ei n saM@uREdtanfy 2 devneeexrd apd PEedd Rirgiv 882t heat i ng device. 21. The
system of claim 20 wherein said he i.ng, devi ce as _burn 22. The
system of claim 17 wher elﬂ‘es%ﬂf"hgact'?'ﬁbl H’B\?Teé’ealb'(?ﬁﬁrci S& t'é%t‘ﬁ%H@fr ect
heat i ng dewirgleits 28ntaifh@ [Sys tredraieast cpernti2d tuwb@pecondsiicdntagata sigftdevi ce is a
heat exchanger. 24. The system of claim 17 wherein said heating device
heats sai d gaseous ef4| uekite avstea plefiyey htiicemBAIY 638 REMBEREEPHL | on

tenperature of the gaseou
15. The system of claim 1 further comprising an evaporating device

flowably connected to said one or more tubular conduits upstream of said one or more

tubular conduits.

16. The system of claim 1 wherein said pipe or shaft is a pipe
connected to receive molten salt discharged from the meolten salt reactor and to

discharge the molten salt to a salt recovery vessel.
17. A molten salt treatment system comprising:

a molten salt reactor comprising a vessel capable of containing a molten

salt, said vessel flowably attached to an off-gas outlet;

a scrubbing device flowably connected to the off-gas outlet to receive an

off-gas containing entrained salt therefrom;

a heating device configured to heat the gaseous effluent from the

scrubbing device; and

a filtering device flowably connected to receive said gaseous effluent

from said heating device.

18. The system of claim 17 wherein said scrubbing device is a water

scrubber.

19. The system of claim 17 wherein said scrubbing device comprises

a venturi scrubber.

20. The system of claim 17 wherein said heating device comprises a

direct-heating device.

21. The system of claim 20 wherein said heating device is a gas

burner.



effluent. 25. The systemof claim 17 wherein said filtering device

conpri ses a baghouse. 26. A nolten salt treatnent system conprising: a
nol t en salD 2006530 conpri sing a vessel capabl e of cont acmiGERI@/qwRdeten
salt, said vessel flowably attached to a reactor overflow outlet; an
overflow conduit flowably connected to the reactor overflow outlet to
receive nolten salt therefromand discharge the nolten salt to a salt
recovery vessel; and a gas nover flowably connected to the nolten salt
reactor and the salt recovery vessel and_capable of preventing backfl ow of
col d gases through the overfiow condui f °?6 the nolten salt reactor. 27. The
system of claim 26 wherein the gas nover conprises a superheated steam
injector. 28. The system of claim 26 wherein said nolten salt reactor

further conprises a | ash shield sition i . i 29.
The system of claim g " wh eesfyﬁge Pgag'We!rl?lwg'\%reﬁﬁ gihg atl%s/ge(g%\)c')%ggﬁ@gg% %%war d
sai d nol t emnd@ct heatimgtdevice.30. The system of claim 26 further conprising a

heati ng device connected to introduce hot gas into said overflow conduit.
31. The system of cl &m 30anfvekesn A @a'inaz%@gﬁ%%%\?ﬁe%“%%'§é§eat di rect
heati ng dewkefingd2. The system of claim 31 wherein said direct heating
device is a gas burner.33. The system of claim 30 wherein said heating
devi ce conprises an adi r &t sylsean ohdaide 7 edereda saif heatiys deredfeatd siign 33

wherein sal g%%]d?_lgie?fﬁ(ékt &egkénp&rgtgrét G6nveSh@ s Rl ERBBRRIre oPPhe JdtBoGY St €M Of

claim26 fUdriher conprising a di ssolution device flowably connected to
recei ve t hé&fflueht-en salt fromthe reactor, dissolve the salt

25. The system of claim 17 wherein said filtering device comprises a

baghouse.
26. A molten salt treatment system comprising:

a molten salt reactor comprising a vessel capable of containing a molten

salt, said vessel flowably attached to a reactor overflow outlet;

an overflow conduit flowably connected to the reactor overflow outlet to
receive molten salt therefrom and discharge the molten salt to a sait recovery vessel;

and

a gas mover flowably connected to the molten salt reactor and the salt
recovery vessel and capable of preventing backflow of cold gases through the overflow

conduit to the molten salt reactor.

27. The system of claim 26 wherein the gas mover comprises a

superheated steam injector.

28. The system of claim 26 wherein said molten salt reactor further

comprises a splash shield positioned at said overflow conduit.

29. The system of claim 26 wherein said overflow-conduit is sloped

back toward said molten salt reactor.

30. The system of claim 26 further comprising a heating device

connected to introduce hot gas into said overflow conduit.

31. The system of claim 30 wherein said heating device comprises a

direct heating device.

32, The system of claim 31 wherein said direct heating device is a

gas burner.



in water, and transport the salt to the salt recovery vessel. 36. The
system of claim 35 wherein said salt dissolution device conprises a sluice
i ne. 37.woheimysisem of claim 26 further conprising onepor/GgB2®/@2g6@ct i onal
superheated steaminjectors |located to inpinge and break up nolten salt
issuing fromsaid overflow conduit and to direct the nolten salt to the
salt recovery vessel. 38. The systemof claim26 wherein said gas nover
conprises a blower having a | ow pressure side flowably connected to the
salt recovery vessel and a high pressure side flowably connected to the
molten salt reactor. 39. A nolten salt {Peat ment system conprising: a
nolten salt reactor conprising a vessel capable of containing a nolten
salt, said vessel flowably attached to an off gas outlet and to a reactor

overfl ow outl et; one3gac ressgS brﬁ f %nggl‘INhe§ ?‘é@@a%%?ﬁ{?ﬁeé&o%r‘s@s the

nolten salt reactor ut ar ‘cond S- cont
concentricammyﬁhmeanngdawca correspondlng pi pe or shaft so as to form an
annul ar space therebetween; one or npre_gas sources connectedd%f_ eed a gas
t hrough the annul ar §ﬂaceTh%5\é§Fe’T‘é’5§'ta'%ﬁg veresa At Bl RCh PR BIATVIE S At o t he
reactor; ansstebbngerdevi ce flowably connected to the off-gas outlet to
receive therefroman off-gas containing entrained salt; a first heating
devi ce configured to3Beat The gas@ows cleint Radwthdroompriseoscralivhésetyteevi ce; a

filtering device LE&?’ZQ%%&E&%@%&&% the rﬁﬁ@éﬂ R §&hqmg?e%%‘r'sdl§‘§(of\)ettﬂ8rsalheat ed

by said heati ng devi an overflow conduit fl owabl y connected to the
react or ovéh MaEw atd Frabshog the salt {2 theotaltdREQEN VEREN ef rom and di scharge the

nDIten salt to a salggggfgver 8¥ﬁ% dggw?gmmer as_nove LQW@nge gnnected

to said nolten salt recovery vesse capa
pr event i ng coapkitesoawslofcediokd gases through the overflow conduit to sald

nolten salt reactor. o
37. The system of claim 26 further comprising one or more

directional superheated steam injectors located to impinge and break up molten salt
issuing from said overflow conduit and to direct the molten salt to the salt recovery

vessel.

38. The system of claim 26 wherein said gas mover comprises a
blower having a low pressure side flowably connected to the salt recovery vessel and a

high pressure side flowably connected to the molten salt reactor.
39. A molten salt treatment system comprising:

a molten salt reactor comprising a vessel capable of containing a molten

salt, said vessel flowably attached to an off gas outlet and to a reactor overflow outlet;

one or more tubular conduits flowably connected to the molten salt
reactor, each of said tubular conduits containing concentrically within it a

corresponding pipe or shaft so as to form an annular space therebetween;

one or more gas sources connected to feed a gas through the annular

space in at least one of said tubular conduits into the reactor;

a scrubbing device flowably connected to the off-gas outlet to receive

therefrom an off-gas containing entrained salt;

a first heating device configured to heat a gaseous effluent from the

scrubbing device;

a filtering device flowably connected to receive said gaseous effluent

heated by said heating device;



40. The system of claim 39 wherein said one or nore tubular conduits is
connected to said nolten salt reactor at a |ocation below a liquid | evel of
nol ten saWo 20/i5685d nol ten salt reactor. 41. The syst emPofi/GB2009M03%4f ur t her
conprising a first sealing device at an upstream /| ocation in at |east one
of said one or nore tubular conduits, and a second sealing device in said
at | east one tubular conduit at a downstream | ocation. 42. The system of
claim4 1 wherein said second sealing device is a val ve having open and

cl osed positions. 43. The systemof claim 42 wherein said first sealing
devi ce conprises a packing gland. 44. Tﬁglsysten1of claim 39 wherein said
tubul ar conduit further conprises a stop |limt in a portion of said one or
nore tubul ar conduits. 45. The system of claim44 wherein said stop limt

conpri ses a coupli ngén 49érﬂ(;rxeo.(%/uslttf?omva%§ goln?l!a&]eg’%o ﬁ«@?gegﬁgr b%rﬁ&w loﬁ@écttoone of
said one or nore tubll & conduits, sald/plpe or shaft s a pipe connected
to a feed swmeiveeneltenfsaddhareframearidadischorasding meltenessltdalasatageavery. vesseli The
system of gl@i m 46 wherein said one or nore gas sources feed a gas into
said at | east one tubular conduit at a pressure sufficient to prevent

backf | ow of molten salghs nolver Saidbhy cdukeed cosaldintoltehSalt Fhactsyastdetre slt cl ai m
46 wherein said materi al onprises. | 1L al The
Lo v o e TR A U R IR RRIR A B L sy

ereln conpri's ated waste
mat eri al f comuit toseidanolten salintekeiot-uri ng process. 50. The system of claim 39

wherein said pipe or shaft is a shaft. 51. The %¥§ten1of cl aim 50 wherein
said pipe or shaft ct®pri Se&ssystetr i Floigi 89 WEGIRILEFB RS L MPEHEEEam end of
sai d pi pe esndaafid coméctedhe ssiysh@tanahitekadton 8% whatori elean digoiddexa ofror e

t ubul ar conduits_conpr.ise at | e tubul ar conduit concentrically
containingr%?lTIt Pﬁ@Egh '%P“?%Q§?E3%%tﬁ2r tubul ar conduit concentrically

containing a shaft. 41. The system of claim 39 further comprising a first sealing device
at an upstream location in at least one of said one or more tubular conduits, and a

second sealing device in said at least one tubular conduit at a downstream location.

42, The system of claim 41 wherein said second sealing device is a

valve having open and closed positions.

43. The system of claim 42 wherein said first sealing device

comprises a packing gland.

44, The system of claim 39 wherein said tubular conduit further

comprises a stop limit in a portion of said one or more tubular conduits.

45, The system of claim 44 wherein said stop limit comprises a
coupling.
46. The system of claim 39 wherein in at least one of said one or

more tubular conduits, said pipe or shaft is a pipe connected to a feed source to feed a

material to said molten sait reactor.

47. The system of claim 46 wherein said one or more gas sources
feed a gas into said at least one tubular conduit at a pressure sufficient to prevent

backflow of molten salt into said tubular conduit.

48. The system of claim 46 wherein said material comprises

halogenated waste material.

49, The system of claim 48 wherein said material comprises

chlorinated waste material from a sucralose manufacturing process.



53. The system of claim 39 wherein said gas conprises air. 54. The system
of claim39 further conprising an evaporating device flowably connected to
sai d one wO 20mw@essmbul ar conduits upstream of said one eCTOB200% 0096k ar
conduits. 55. The system of claim 39 wherein said pipe or shaft is a pipe
connected to receive nolten salt discharged fromsaid nolten salt reactor
and to discharge the nolten salt to the salt recovery vessel. 56. The
system of claim 39 wherein said scrubbing device is a water scrubber. 57.
The system of claim 39 wherein said scryhbing device conprises a venturi
scrubber. 58. The system of claim57 wherein said first heating device
conprises a direct-heating device. 59. The system of claim54 wherein said
first heating device is a gas burner. 60. The system of claim 39 wherein

said first heating deyi cerGopid-sep a boWeRs) shiEdid Saicssnéil. The

system of claim60 wherein said first heating device is a heat exchanger.

62. The system of cl gim 39,sbRk&h Bf Sidintl 5biwheteih eaitiipn® stembreoiprisapabl e of
heati ng sai d gaseous

| Q¢ ffluent to a te rature abgve the saturation
t enper at ur &1df 'ttrﬁ@f’ﬁsg%i?sa EPYIUERt er%& S?Wlejp'gﬁ/gE%rﬁ%Of clai m 39 wherein
said filtering device,conpri ses. A PAGNOUSSBMkin ThE YS! ABOtuRG! m 39
wherein the gas nover conpriseés a superheated steaminjector. 65. The
syst em of cbaduits3@mpniee et isasiing thbvleerensijticopesatiiG!y LOMERINGII 2BIREANE&S a

spl ash shi gld: pRsthE} @BERr dbnRRi GneateriédIQWorRiag & sh&6. The system of claim
39 wherein said overflow conduit is sloped back toward said nolten salt

reactor. 53. The system of claim 39 wherein said gas comprises air.

54. The system of claim 39 further comprising an evaporating device
flowably connected to said one or more tubular conduits upstream of said one or more
tubular conduits.

55. The system of claim 39 wherein said pipe or shaft is a pipe
connected to receive molten salt discharged from said molten salt reactor and to

discharge the molten salt to the salt recovery vessel.

56. The system of claim 39 wherein said scrubbing device is a water
scrubber.

57. The system of claim 39 wherein said scrubbing device comprises
a venturi scrubber.

58. The system of claim 57 wherein said first heating device
comprises a direct-heating device.

59. The system of claim 54 wherein said first heating device is a gas
burner.

60. The system of claim 39 wherein said first heating device
comprises an indirect heating device.

61. The system of claim 60 wherein said first heating device is a heat
exchanger.

62. The system of claim 39 wherein said first heating device is
capable of heating said gaseous effluent to a temperature above the saturation
temperature of the gaseous -effluent.

63. The system of claim 39 wherein said filtering device comprises a

baghouse.



67. The systemof claim 39 further conprising a second heating device
connected to introduce hot gas into said overflow conduit. 68. The system
of cl ai m&® 20dv7635m sai d second heating devi ce conpri segCa/Ghzo@u2dseat i ng
device. 69. The system of claim68 wherein said second heating device is a
gas burner. 70. The system of claim®67 wherein said second heating device
conprises an indirect heating device. 71. The system of claim 70 wherein
said second heating device is a heat exchanger. 72. The system of claim 39
further conprising a salt dissolution deyice flowably connected to receive
the nolten salt fromsaid heating device and connected to transport

di ssolved salt to the salt recovery vessel. 73. The systemof claim72
wherein said salt dissolution device conprises a sluice line. 74. The

system of claim39 Tyt Ner, LOMR of BYinRRE WierdR i did R6ld:QBRbristpe! heat ed

steaminjectors configured to receive no n salt fromsaid overfl ow
condui t anduperheitedstearhi@igfAt en salt to the salt recovery vessel. 75. The
system of claim 39 wherein said gas hpv onpri ses bl oyer _havi a | ow
pressure side flomabp§'coﬁ%%é?%%ngC@ﬁ%%éW@?ggﬁﬁﬁgﬁn®3?§?ﬁ98ﬁﬁo%hﬂﬁﬁ%
pressure sicdeptibenabplysiconeie ppstlonal ataiad overfleoncealuit. reactor. 76. A process
for treating a material in a nolten salt reactor, said reactor conprising a
vessel containing a @6t efihesystemofielapn 38 edierein rpidi WEHIgW ge8duit ispdoped

of : del i ver ifdgk theraBEiah@tendaft r@ad@bPe concentrically contained within a
tubul ar conduit flowably connected to the nolten salt reactor, said pipe

and conduit form ng @&m. anmhé ayst&pac elatrh8peheva@mpriaing a sgcerat herging gas i nto
t he annul ar, space, the .0a i r (o1 to prevent nolten
salt from bdéa(y’{%? lcgﬁnecped t% lr?tr&ﬂi\éhggﬁg?sﬁn?é% ?vérjl’lg\tv cgh(ﬁm:.

W g out 0 en salt reactor 1nto the annul ar
space. 68. The system of claim 67 wherein said second heating device

comprises a direct heating device.

69. The system of claim 68 wherein said second heating device is a

gas burner.

70. The system of claim 67 wherein said second heating device

comprises an indirect heating device.

71. The system of claim 70 wherein said second heating device is a

heat exchanger.

72. The system of claim 39 further comprising a salt dissolution
device flowably connected to receive the molten salt from said heating device and

connected to transport dissolved salt to the salt recovery vessel.

73. The system of claim 72 wherein said salt dissolution device

comprises a sluice line.

74. The system of claim 39 further comprising one or more
directional superheated steam injectors configured to receive molten salt from said

overflow conduit and to direct the molten salt to the salt recovery vessel.

75. The system of claim 39 wherein said gas mover comprises a
blower having a low pressure side flowably connected to the dissolution vessel and a

high pressure side flowably connected to said molten salt reactor.

76. A process for treating a material in a molten salt reactor, said
reactor comprising a vessel containing a molten salt, the process comprising the steps

of:



77. The process of claim76 further conprising the step of renoving a
solvent fromthe material in an anount sufficient to prevent

over pr esswoi2aani’essowhen the material is introduced i ntoPCha&BIIY®RI6gal t
react or under operating conditions. 78. The process of claim 77 wherein
said solvent is water. 79. The process of claim78 wherein the step of
renovi ng a sol vent conprises evaporating the water fromthe material. 80.
The process of claim76 further conprising the step of heating the nmateri al
prior to delivering the material to the |ten salt reactor. 81. The
process of claim76 wherein the gas conpfises air. 82. A process for
treating off-gas froma nolten salt reactor, said reactor conprising a
vessel containing a nolten salt, the process conprising the steps of:

scrubbing an off- gas?%ﬁ)lgltigé egrﬁa%%j\qa Bapﬁﬁé &Wcéﬁtﬁcgg%ﬁfeaiﬁa’étd%ﬁmmed from

the nolten salt reactor w ueous streamto r Ve east a portion
of the par titsiarapedyibfiowablapennseiediie Shamates salt e2actont @i chPiRE 2ga serulidt

effluent; hgaiddsh bheuIsIpstdRraBla&iang gaseous effluent; and filtering
the effluent to renove remai ning entrained solid particulate matter. 83.

The process of cl ai mnfistingergas ntsahelasouaidpiang tbe gps bavipy & pessssrer ubbi ng
wWth a Ventsu |!:ifers1tctlbupgg%lrt irr%}ten-l;gﬁ fl%'ﬁfgg&ﬁ?\gﬂcng%uﬂo%%% %Iﬂegggr %?cl id

particul até natter ses particles of a’sa process of claim
82 wher ei nthenanngtasspage. heat i ng t he noi st ure-cont ai ni ng gaseous ef fl uent

i ncl udes heating a water saturated ga_seous effluent to a terrpgr ature above
a saturation tenperaf{re B RREESSOf FIGEny© NgE erFREPHFIE RS STEP OL MEN R dD
further coapbivehifgorvené hageridién gasmoust effidiarend ptavetthevenpeespilaatian wBdh A

Process OEhedr!msagep%r g'lﬂ%dﬂ%}ea fio %@é Fnoftérpgél?‘ %ggk%gdﬁpteﬁ%ﬁ%%ﬂé't'o'ﬁél d

-
reactor conprising a vessel contal ning no a € process
conprising the stepsz®f: The process of claim 77 wherein said solvent is water.

79. The process of claim 78 wherein the step of removing a solvent

comprises evaporating the water from the material.

80. The process of claim 76 further comprising the step of heating

~ the material prior to delivering the material to the molten salt reactor.
81. The process of claim 76 wherein the gas comprises air.

82. A process for treating off-gas from a molten salt reactor, said
reactor comprising a vessel containing a molten salt, the process comprising the steps

of:

scrubbing an off-gas containing solid particulate matter discharged from
the molten salt reactor with an aqueous stream to remove at least a portion of the

particulate matter and produce a moisture-containing gaseous effluent;
heating the moisture-containing gaseous effluent; and

filtering the effluent to remove remaining entrained solid particulate

matter.

83. The process of claim 82 wherein said scrubbing step comprises

scrubbing with a venturi scrubber.

84. The process of claim 82 wherein the solid particulate matter

comprises particles of a salt.



heating or maintaining a tenperature of a nolten salt stream di scharged
fromthe nolten salt reactor to a salt recovery vessel to nmaintain the
nol t en salD 28iwe@esswi n a nolten state; and operati ng a gaeTrEB2669/(296Rr event
backfl ow of cold gases to the nolten salt reactor. 88. The process of claim
87 further conprising dissolving the nolten salt streamin water prior to
introducing the salt to the salt recovery vessel. 89. The process of claim
88 wherein the step of dissolving the nolten salt overfl ow stream i ncl udes
di ssolving the nolten salt in water in qﬁ§luice line. 90. The process of
claim87 further conprising the step of directing the nolten salt overflow
streamto the salt recovery vessel using one or nore directional
superheated steaminjectors. 91. The process of claim87 wherein said step

of generating conditigns g@gﬁpg% rgcfgg ar \;Vﬁleg,eﬁg RE SRS WrealifTRRr at ure or

conbi nati on t hereof to pr gases to the nolten salt
react or. 92noigtyee-periaiayg Qﬂse‘éqsaﬁfﬂﬁlfg‘? Mléjfeélrﬁaﬁ”l’ﬂaaéf‘taé% BFUrgeAsPatIUsg a

pressure CQMidns &S a d8Rpéatiragbavd HvatprLRste@pentirBef iesedlaiti on recovery
vessel and a high pressure in the nolten salt reactor with a blower. 93.

The process of clai m8g7 f Uhé hercessosftdi i SXfurtbeowenprirneedrting therpédeeusol t en
sal t react ol | 94. The process of claim87 further
conpri si ng re%z\gg? ?ﬁeggt?a %H%romthe nolten salt reactor as a solid.95. The

process of claim87 fgyrt hﬁrprgw?drﬁlwafwﬁﬁﬁltéﬂ Bt ﬁo@\FH l@}%heﬁbélﬂ'éic@? an
outlet of said nolten salt react 96, roces Z aim 87 furf‘
conpri si ng SRi%hieeriRg PR R YRS %‘H‘t‘? F‘B‘Fhas@io eheflt &he gf’ff‘?ss QIEEINIVE a
restrictionsteigcds: downstream of said nmolten salt reactor. 97. A process for
treating a material in a nmolten salt reactor, said reactor conprising a
vessel containing a mebtirmorsmpintainiag sdiempeeiem of fl pokas SPIcdIfiEtted to a

react or ovefifdh@weAUtdnethe hbRePEMCRSSE0F BITRAIS Ft@véhy&esde® RS mafntain the

molten salt stream in a molten state; and

operating a gas mover to prevent backflow of cold gases to the molten

salt reactor.

88. The process of claim 87 further comprising dissolving the molten

salt stream in water prior to introducing the salt to the salt recovery vessel.

89. The process of claim 88 wherein the step of dissolving the molten

salt overflow stream includes dissolving the molten salt in water in a sluice line.

90. The process of claim 87 further comprising the step of directing
the molten salt overflow stream to the salt recovery vessel using one or more

directional superheated steam injectors.

91. The process of claim 87 wherein said step of generating
conditions comprises generating a pressure, temperature or combination thereof to

prevent backflow of cold gases to the molten salt reactor.

92. The process of claim 87 wherein the step of generating a
pressure comprises generating a low pressure in the dissolution recovery vessel and a

high pressure in the molten salt reactor with a blower.

93. The process of claim 87 further comprising recovering salt from

the molten salt reactor as a salt solution.

94, The process of claim 87 further comprising recovering sait from

the molten salt reactor as a solid.



delivering the material to the nolten salt reactor via a pipe
concentrically contained within a tubular conduit flowably connected to the
react or, waidiogizpgs9and sai d conduit form ng an annul ar PpaGB2OévLIBet Wween;
injecting a gas into the annul ar space, the gas having a pressure
sufficient to prevent nolten salt from backflow ng out of the nolten salt
reactor into the tubular conduit or the pipe; scrubbing an off-gas
containing solid particulate matter discharged fromthe nolten salt reactor
Wi th an aqueous streamto renove at |ea g a portion of the particulate
matter and produce a noi sture-containi hg gaseous effluent; heating the

noi st ur e- cont ai ni ng gaseous effluent; filtering the effluent to renove
remai ning entrained solid particulate matter; discharging nolten salt from
the reactor to a sal -recgve |, fl i wabl
connected to the rea%%'or %ee[?%Fécl)s\%%gglﬂr@??qgﬁﬂeﬁé&gﬁ)\éﬁnﬁgﬂ%\hgggwn%%%lfram d
fl owabl y cehiglscateanh quslet pesaidmodaAn salf feackict or and the salt recovery vessel
to prevent backfl ow of cold gases throu%h the overf] ow conduit t o the

mol ten salt reactor.98. THePRFEREOES2EP S¢ 1Y e FPMAIPI R ERHPY si ng t he
step of reanvhdrgedrdol ssthinoftenBalt kactoatver a edstriigtioameakroomtstseaff ofciagnt t o
prevent overpr gngrrggc%rj.on when the material is introduced into the nolten

sal't reactOr under operating conditions. 99. The process of claim98

wherein said solventghs WatEscedORr trEBENPE PRRESaIN aGhatidh If reheseisadt he step
of renpbving a solvent conprises evaporati nﬁss%Ee wat er frcl)g})&lagérrat erial.

101. The pfRRSEYLOFPrigingiaagse CapRiEg 2 Jifie Gt RadEsss ting the
mat eri al peomiected el ieuetor bgertibve onaéte theaprotesstchmpnvihy éine staps ofteact or. 102.
The process of claim97 further conprising the step of maintaining an
airlock in a portiondeiveting theutatesial wothdunelten1@y. reqdier Yjp 0wrs of cl ai m 97

wher ei Nt heo Qa5 AP EbRtSHe@Within®ubulr o RERSFatMf cératiedt 9 theagbh t he
scrubbing step conprises scrubbing with a water scgutbber.
said pipe and said conduit formmg an annular space therebetween;

injecting a gas into the annular space, the gas having a pressure
sufficient to prevent molten salt from backflowing out of the molten salt reactor into

the tubular conduit or the pipe;

scrubbing an off-gas containing solid particulate matter discharged from
the molten salt reactor with an aqueous stream to remove at least a portion of the

particulate matter and produce a moisture-containing gaseous effluent;
heating the moisture-containing gaseous effluent;

filtering the effluent to remove remaining entrained solid particulate

matter;

discharging molten salt from the reactor to a salt recovery vessel

through an overflow conduit flowably connected to the reactor overflow outlet; and

operating a gas mover flowably connected to the molten salt reactor and
the salt recovery vessel to prevent backflow of cold gases through the overflow conduit

to the molten salt reactor.

98. The process of claim 97 further comprising the step of removing
a solvent from the material in an amount sufficient to prevent overpressurization when

the material is introduced into the molten salt reactor under operating conditions.

99. The process of claim 98 wherein said solvent is water.



105. The process of claim97 wherein said scrubbing step conprises
scrubbing with a venturi scrubber. 106. The process of claim97 wherein the
sol i d parwpcolet7essoatt er conprises salt. 107. The proce®sTafB2009%I02969 7
wherein the step of heating the noisture-containing gaseous effl uent

i ncludes heating a water saturated gaseous effluent to a tenperature above
a saturation tenperature of the effluent. 108. The process of claim 97
further conprising venting the gaseous effluent to atnosphere. 109. The
process of claim97 further conprising. ghgsol ving the nolten salt streamin
water prior to introducing the salt to the salt recovery vessel 110. The
process of claim 109 wherein the step of dissolving the nolten salt
overflow streamincludes dissolving the nolten salt in water in a sluice

line. 111. The pr Ocef(?DdOfTrFel ;?riogasgéf ttlﬁgﬁ gglrv%h%%fmﬁéétﬁs of Hé?mﬁ)h’?goa Qbivéitr ecting

the nolten salt over w streamt ‘recovery vessel Uusing one or
mor e di r ecEOBPIATES SYPRATABRA B WIERIPTNEEIBPE 112. The process of claim 97

wherein said step of generating conditi onpri ses. erati . pressure,
tenperature or conbi Hati oﬂ‘%‘?{@&éﬁﬁE'S%?’Z\?‘éﬁ?erﬁg}?f‘ﬁé‘gﬁg S%Bloggﬁ%éegs to the
nol t en sal thea eaetial pridr3o déheeripgdbe swterfal td ehenmOfewbat edantorhe step of
generating conditions conprises generating a |l ow pressure in the salt
recovery vessel and E0Zi ghheprressssoécliaiin PRéUTRrcemPsiaing thealePsf with a

bl ower. 114,inkBRirdef KL&88ScOh Lharion O tHeltubigr co@upr i sing recovering salt
fromthe nolten salt reactor in a salt solution. 115. The process of claim

97 further conpri si ngo3.ecThegrotsss Dakibinh 02 mhehen thod y@ncsairises eiact or as a
solid. 116. The process of claim97 further conprising limting flow
di scharged from sai di@rl t Bre matdssoédetroP7 wherein thessaritingpepserrds’inst r eam

of said moLLEphiagWith RGP Serubber.

105. The process of claim 97 wherein said scrubbing step comprises

scrubbing with a venturi scrubber.

106. The process of claim 97 wherein the solid particulate matter

comprises salt.

107. The process of claim 97 wherein the step of heating the
moisture-containing gaseous effluent includes heating a water saturated gaseous

effluent to a temperature above a saturation temperature of the effluent.

108. The process of claim 97 further comprising venting the gaseous

effluent to atmosphere.

109. The process of claim 97 further comprising dissolving the molten

salt stream in water prior to introducing the salt to the salt recovery vessel

110. The process of claim 109 wherein the step of dissolving the
molten salt overflow stream includes dissolving the molten salt in water in a sluice

line.

111. The process of claim 97 further comprising the step of directing
the molten salt overflow stream to the salt recovery vessel using one or more

directional superheated steam injectors.

112. The process of claim 97 wherein said step of generating
conditions comprises generating a pressure, temperature or combination thereof to

prevent backflow of cold gases to the molten salt reactor.



117. The systemof claim9 further conprising a nozzle on the downstream
end of the pipe, said nozzle conprising a plurality of passages passing
from t he wp=0rianssend of the nozzle into the interior ofCriaB2pivpe28nd
term nating near the downstream end thereof. 118. The systemof claim?9
wherein the passages are oriented in an inwardly tw sting direction. 119.
The systemof claiml further conprising a shield surrounding at |east a
portion of the vessel, |ocated and shaped so as to define an annul ar
ventil ation space between the shield anq t he vessel. 120. The process of
claim 76 further conprising introducing & “combustibl e gas or vapor into the
react or bel ow or above a surface of the nolten salt, or both. 121. A
process for treating a material in a nolten salt reactor, said reactor

conprising a vessel taiLnin | . i sing the
steps of: deliveri ngg?%'e lrrr%ﬁ Bl F%S%?ﬁtagrﬂtgﬁgweégé?g??eggbgﬁg?sgﬂgé gi ng nol ten
salt from tcheditiezctonrprishs oemgaténg v prgssurs 41 thersdligeergnesse|andsahigh pi pe

cont ai ned GRAGEA! hith@kloteMishiPidhcortlbih Blowepndui t fl owably connected to the
reactor, said pipe and conduit form ng an annul ar space therebetween,;

andi nj ecting a gas inte thee paedsadt cpracg, futther gasprizang recoveripg 8sls tom

suff|C|enttég (%%X%Q&f&gbﬁ%pa%ghgohgggjbackflomﬁng out of the nolten salt
reactor int e annhul ar space.

115. The process of claim 97 further comprising recovering salt from

the molten salt reactor as a solid.

116. The process of claim 97 further comprising limiting flow
discharged from said molten salt reactor via a restriction neck downstream of said

molten salt reactor.

117. The system of claim 9 further comprising a nozzle on the
downstream end of the pipe, said nozzle comprising a plurality of passages passing
from the upstream end of the nozzle into the interior of the pipe and terminating near

the downstream end thereof.

118. The system of claim 9 wherein the passages are oriented in an

inwardly twisting direction.

119, The system of claim 1 further comprising a shield surrounding at
least a portion of the vessel, located and shaped so as to define an annular ventilation

space between the shield and the vessel.

120. The process of claim 76 further comprising introducing a
combustible gas or vapor into the reactor below or above a surface of the molten salt,
or both.

121. A process for treating a material in a molten salt reactor, said
reactor comprising a vessel containing a molten salt, the process comprising the steps

of:
delivering the material into the reactor; and

discharging molten salt from the reactor through a pipe to a salt
recovery vessel, said pipe contained concentrically within a tubular conduit flowably
connected to the reactor, said pipe and conduit forming an annular space

therebetween; and
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injecting a gas into the annular space, the gas having a pressure
sufficient to prevent molten salt from backflowing out of the molten salt reactor into

the annular space.



