WD 2010/ 076559PCT/ GB2009/ 002964 MOLTEN SALT TREATMENT SYSTEM AND PROCESS

FI ELD OF THE | NVENTI ON The present invention is directed to a
nol t en saWo 2010eEE3@Nt Ssystem and . process. Mre specifipcaldBzpoddoesepr esent
invention is directed to nolten salt reactor feed delivery, off-gas
treatment, and spent salt renoval systens and processes. BACKGROUND OF THE
| NVENTI ON Mol ten salt treatnent systens can be used for
oxi di zing organi ¢ conmpounds, for exanple chlorinated organic materials to
form carbon di oxide, water and salt. Unfortunately, their industrial
utility has been limted by difficulties in ioscaling the systens to
sufficiently large size so as to be useful for |arge-scale operations. In
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 Wthout plugging the exit ports. Thus, nethods and devices to
address the problens of large scale nolten 15salt reactor use, for

oxi dation and ot her purposes, would be of benefit. SUMVARY OF THE | NVENTI ON
In one aspect, the invention provides: Item 1: A nolten salt treatnent
systemincluding: a nolten salt reactor including a vessel containing a
nolten salt; 20one or nore tubular conduits flowably connected to the

Wihin it a corresponalig g eATKENTSTRE BRp GRS TR ar pace

t herebet ween; and WO 2010/ 076559PCT/ GB2009/ 002964 2 one or
nore gas sources connected to feed a gas through the annul ar space in at
| east one of the tubular conduits into the reactor. The

one or nore tubul ar conduits mayiebe grorHrepihvefTiona side of the nolten salt

reactor, with the tubular conduit extending substantially transversely with

srespect to a react O'Fheaﬁ(rlegént invention is directed to a molten salt treatment system and .
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



According to this aspect, the invention may provide: Item 2: The system of
item1l wherein said one or nore tubul ar conduits is connected,

pref er ablyownton7sdse tubul ar conduit extendi ng substanti acmicE2renmysisel y
with respect to a reactor axis, to the nolten salt reactor, preferably to a
i oside thereof, at a location below a liquid |level of nolten salt in the
nolten salt reactor. Item 3: The systemof item 1 further conprising a first
seal ing device at an upstreamlocation 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. Isltem4:The systemof item 3 wherein
sai d second sealing device is a valve having open and cl osed positions.
Item 5: The systemof item4 wherein said first sealing device conprises a

packing gland. |tem §  The,s¥us]£Mo0ced E&HRedicWRE FQIdh §2 Wrdlighehenatal t
further 20conprises a sto | m7: stemof item6 wherein said

r , plimt. Item7:The syst
Ist op limt S?Qfﬁfﬁ'ﬂ SE@@S%r@dﬁﬁF? Hpularcapd st 6 S84 of item 1 wherein in at
east one of said o or re tubul ar, ndul i L shaft is
a pi pe connect ed tonﬁ“?%gﬂmggﬂ?cégwgrnggga%%y%%féﬁpgﬁgig’?h@gﬁﬁfw%n sal t
reactor. | tetedsTheesyst aith dfie fubsiargondsl eftending subssansiellwiraeeppra s wih

haIoggnateq5$@&q8aq%h§5}§%s_Iten110:The systemof item9 wherein said
materi al conprises chlorinated waste material from a sucral ose

manuf act uri ng pr ocesgecording to this aspect, the invention may provide:
Item 2: The system of item 1 wherein said one or more tubular
conduits is connected, preferably with the tubular conduit extending substantially
transversely with respect to a reactor axis, to the molten 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.



WO 2010/ 076559PCT/ GB2009/ 002964 -3 Item 12: The system of item 11 wherein
said shaft conprises a drill bit nounted onto a downstream end of said pipe
or shaft .wOtemvarassthe system of item 1 wherein at | east pomaBIbO% G096t ubul ar
conduits contains a pipe and at | east one other tubular conduit contains a
shaft. Item 14: The systemof item 1 wherein said gas conprises air. ltem
15: The systemof item 1 further conprising an evaporating device flowably
connected to said one or nore tubular conduits upstream of said one or nore
tubul ar conduits. Item 16: The systemof_ jtem 1 wherein said pipe or shaft
is a pipe 10connected to receive nolten salt discharged fromthe nolten
salt reactor and to discharge the nolten salt to a salt recovery vessel.

I n anot her aspect, the invention provides: Item 17:A nolten salt treatnent

system i ncl udi ng: 15@:eﬁpﬁ:en SRl sysfAS bPferhNG! WMrBE AidV@s&&onfpRBas 8riff
containing a nolten salt, the vessel flowably attached to an off-gas

outl et; bit mounted onto g;devisHIEBINTR IREVR P PE BURllAy connected to the of f-gas
outlet to receive an_off-gas cgntaining, entrained salt the

a heating device coniﬁleﬁh]r%d to e%?'tspet”ﬁgf' %@eloﬁgerg'fnﬁ%d%ans% OP‘% gttn%rht%h%ebuIar

20scr ubbi ngonldvisaentaimsth pipe and at least onegothit tubpian gorkuit estdinonaldfyy connect ed
to receive the gaseous effluent fromthe heating device. ) )

The of fs gas outlet nEETbE connBd dEA® of KemtlophFEint e 837 ©8PESF 817 eact or,

ith the off- tlet extend bstantially. |ongitudinall th t
{0 a 251 cactor axi o (ERato o, DUOSRR PLRTY aFaeT B PRl &) -

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



According to this aspect, the invention may provide: |Item 18: The system of
item 17 wherein said scrubbing device is a water scrubber. WO

2010/ 076550RCIVIEEZ909/ 002964 4 - Item 19: The system of PCEMERFOMIRI6@I N sai d
scrubbi ng device conprises a venturi scrubber. Item 20: The systemof item
17 wherein said heating device conprises a direct-heating device. Item

21: The systemof item 20 wherein said heating device is a gas burner. Item
22: The system of item 17 wherein said heating device conprises an indirect
heating device. Item 23: The system of itgm 22 wherein said heating device
is a | oheat exchanger. Item 24: The systemof item 17 wherein said heating
devi ce heats said gaseous effluent to a tenperature above the saturation
tenperature of the gaseous effluent. Item 25: The systemof item 17 wherein

said filtering devicglpe®npri $£552tHAINRLSEL7 wherein said scrubbing device

comprises a venturi scrubber.

Item 20: The system of item 17 wherein said heating device

comprises a direct-heating device.

5 Item 21: The system of item 20 wherein said heating device is a

gas burner.

Iitem 22: The system of item 17 wherein said heating device

comprises 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.



I n anot her aspect, the invention provides Item 26: A nolten salt treatnent

system i ncl udi ng: a nolten salt reactor including a
vessel capabkbw/wobsseont ai ning a nolten 20salt, the vesselpCriGRrapop2stit ached
to a reactor overflow outlet; an overflow conduit flowably

connected to the reactor overflow outlet to receive nolten salt therefrom
and di scharge the nolten salt to a salt recovery vessel; and

a gas nover flowably connected to the nolten salt reactor and the salt
25recovery vessel and capabl e of preventd ng backflow of cold gases through
the overflow conduit to the nolten salt reactor. The overfl ow
conduit may be connected to a side of the nolten salt reactor, wth the
overfl ow conduit extending substantially transversely with respect to a

reactor axis. VI)20;&5g]@;g9&§;&%ﬁ&99&{Qggﬂﬁﬂ,mgyeggQQQing to this aspect,

the invention may provide:” Item 27: The systemof item 26 wherein the gas
mover conprises a supemheat ed BleefBtdnnpEicdrRs wHeedh 28 dhemsyat@mpoikes & em 26
ctor 5further conprises a splash shield

wherein said WE|%%9 sal t. Q&E
posi ti oned “&R<"8E1H" 3VEFY MW Londui t . 1tem 29: The system of item 26 wherein
said overflow condui fter;\SZS'Sl Opﬁﬁqeb%%n% BifeL A zgafﬂ%raﬁlssﬁgna?éntsanﬁ«@s&er- Item

30: The systemof item 26 further cogpr|5|ng a heating device connected to
i ntroduce Rethej&amprses asaRlephoved'd PesiHeMsdtiseid Svsrintesuifthe system of item

30 wherein said heatjn Vi i i i ice.
Iter% ZdQe CeThCeOs%{eIms gfs itéam (1|6rvvqwcetreirqesgltdloqg o%vvéo%%uit is
sloped back toward said molten salt reactor.

Item 30: The system of item 26 further comprising a heating device

connected to introduce hot gas into said overflow conduit.

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



Item 32: The systemof item 31 wherein said direct heating device is a gas
burner. Item 33: The systemof item 30 wherein said heating device
15conpri swe 2an/i763Pr ect heati ng device. Item 34: The sSysPEmGH2009%®29633
wherein said indirect heating device is a heat exchanger. Item 35: The

systemof item 26 further conprising a salt di ssol uti on device
flowably connected to receive the nolten salt fromthe reactor, 20dissolve
the salt in water, and transport the salt to the salt recovery vessel. Item

36: The system of item 35 wherein said s_aé; di ssol ution device conprises a
sluice line. Item 37: The systemof item 26 further conprising one or nore
directional superheated steaminjectors |ocated to inpinge and break up

nolten salt 25issuing fromsaid overflow conduit and to direct the nolten

salt to the salt recgy%tyan\gmggpec{ BB R pidegm of 1tem 26 wherein
sai d gas nover conprises a blower having a | ow pressure side flowably

connect ed t@nt be sal ta :ﬁweﬁéh/&a"lt/tr&&ﬁ&&t spdiémandi@hgpressure side flowably
connected to the nolten salt reactor. WD 2010/ 076559PCT/ GB2009/ 002964 -6

I n yet another aspectmdites saltvestordncipdioyiadessel lcepablSef cantedtiten reelten
treat ment %XI%,tt‘?\@v'(eEs%ll Hg‘vsﬂﬂy attached to an off gas outlet and to a reactor overflow outlet;

5 one or more tubular conduits flowably connected to the moiten salt
reactor, each of the 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 the tubular conduits into the 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.



a nolten salt reactor including a vessel capable of containing a nolten
salt, the vessel flowably attached to an off gas outlet and to a reactor
over f | ow wotbawa76one or nore tubul ar conduits fl owabl y PCOMGB2009%02968 t he
nolten salt reactor, each of the tubular conduits containing concentrically
within it a corresponding pipe or shaft so as to forman annul ar space

t her ebet ween,; one or nore gas sources connected to feed a gas
t hrough the annul ar space in at | east one of the tubular conduits into the
reactor; toa scrubbing device flowably cpnnected to the off-gas outlet to

receive therefroman off-gas containing entrained salt; a
first heating device configured to heat a gaseous effluent fromthe
scrubbi ng devi ce; a filtering device flowably connected

to receive the gaseops.gdi fq% WS RHis dGheatedi¥nddiembeatdvg: devi ce;
an overflow conduit flowably connected to the reactor overflow outlet to

receive nolten salt tier4d:r om Bikydiesst baitge 30hehareihtsenl g@l dr nh@edumadmt
recovery Vesrﬂtguéétl%Fonénﬁate{jh%referiatgly ﬁvdth th® tItnar WG EL@%R};M&Q&%@&M to the

mol t en sal £ recovery vessel capab preventing
backf | ow ofrapeveisejnwid resnesuiphn raretos @it t%mec"@q{m wltreatthie PRIETEEYY 84 t

reactory  gide thereof, at a IJda@oRBEIA a i@ IdvVEPsH rAsItehOftUh tthe FRYeR Calt pitiaeet ed t o
a side of the noltén salt reactor, with the tubular conduit extending

substantially transveesedy W t’rherg,sm@bf ttemn 89rfeetbéoronacistng 2BFheealihg - gas
g?} ! S;S rrgﬁt Paglf:gg nECt reatrT9 (I:"on lﬂpatq)nl[asI: Pﬁe HPéa'id?Bné?J FnoFee@%LQF coﬁ’(‘fu‘tg t he

ant ongi tudi na respect
react or axiasd a Second Sea“ng deVlce inTeaEd Wé@ﬁtloﬁwt%ﬁiﬁﬁﬁoﬂd%?t Bé’OWBﬁF@@% ed t o a
side of the,dmpbten salt reactor, with the overflow conduit extending
substantially transversely with respect to 30a reactor axis. WO
2010/ 078559PCT/ GB2009.A02864 - Thefoctandbhigerh et 1t wheseiaspitdeconchsealing deNiteon may

provide: | tls?g]vg'l(\)/éTlgsmg%ﬁgr?ghgt:lokécemsﬁ:?on\ébere' n said one or nore tubular
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.



conduits is connected, preferably with the tubular conduit extending
substantially transversely with respect to a reactor axis, to the nolten
salt reacwvoroiop7efserably to a side thereof, at a | ocati eaThas2080/@296i4qui d

| evel of nolten salt in the nolten salt reactor. Item 41: The system of item
39 further 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. 10ltem

42: The system of item 41 wherein said segcond sealing device is a valve
havi ng open and cl osed positions. Item 43: The system of item 42 wherein
said first sealing device conprises a packing gland. Item 44: The system of
item 39 wherein said tubular conduit 15further conprises a stop limt in a

portion of said one qr.for.e tubid &kihoBEREhS0 WESBhARidTIE: sYsHam of item 44
wherein said stop limt conprises ‘a coupllgg. [t em 46; hes%%%ten1of item 39

wher ei n i nCamPrigassa dighbit grougigdrnipe downstregyp epg 05 s3igB{RcH" duits, said
pi pe or shaft is a pipe connected tp a feed source to. 20fee jal to
said nolten saltreahgg}g'Iteni%%@?ﬁ%ngég?@ d@“??@ﬁ?ﬁ%“ﬁﬁgggﬁﬁqgéﬁ%lone or
nore gas saeondes doeetisaayesst artedubalipdcentdultaastendically gonfeminacan@eiandat a

pressure syl ﬁg@t@%r &%u@?@éfrﬁﬂlﬁt RAcdH iy QbntEliAgR sRAtL 1nto said tubular

conduit. Item e systemof item 46 wherein said material conprises

25hal ogenat ed waste mRhesi:al . THLMsADn bheep)stwimareh salcegas4Bmiphieseain sai d
material conprises chlorinated waste material froma sucral ose
manuf act uri ng processtem 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 50: The systemof item 39 wherein said pipe or shaft is a WO
2010/ 076559PCT/ GB2009/ 002964 -8 Item 51: The systemof item 50 wherein s

pi pe or sWweafabioooespi ses a dri l

pi pe or shaft. Item 52: The systemof item 39 wherein said one or nore
tubul ar conduits conprise at |east one tubular conduit concentrically
containing a pipe and at | east another tubular conduit concentrically
containing a shaft. Item 53: The system of item 39 wherein said gas

conprises air. Item 54: The systemof item39 further conprising an _
evaporating device flowably connected to said one or nore tubular conduits
upstream of said one or nore tubular conduits. 10Item 55: The syst em of

39 wherein said pipe or shaft

ai d

bit nounted onto a down®Cr&EBwevd2wi sai d

item

is a pipe connected to receive nolten salt

di scharged from sai digpl é£n satfe £,2864 of it@RGotwhtinahapsemoba: drigess sal t
to the salt recovery vessel. Item56: The system of item 39 wherein said

scrubbi ng GERETEEAPY SN Y cr ubber. 151t em 57: The system of item 39

wherein sai d scrubbi qﬁ¥ice 1
item 57 wherel Ww”

syst em of

Oen;;)yrs.tesn’ef\%f @e%%&)ﬁéreiﬁcsra%bggl!’fcen 4atlte1@a§t§r The
g aevi ce conprises a

sai d Q|rs heati n

di r ect - heaffinigerdewipciees 4 s@astbshiai @osifignashatgid evam ®Y coiffeitei n sai d first

heating device is
5

10

15

20

25

Item 66: The system of item 39 wherein said overﬂow conduit is

sloped back toward said molten salt reactor.

Item 67: The system of item 39 further comprising a second

heating device connected to introduce hot gas into said overflow conduit.

Item 68: The system of item 67 wherein said second heating device

comprises a direct heating device.

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.

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.

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.

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:



20a gas burner. Item 60: The systemof item 39 wherein said first heating
devi ce conprises an indirect heating device. Item 61: The system of item 60
wher ei n swiodofoa7eisoheat i ng device is a heat exchanger. 2PBTiGE@20T96e syst em
of 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
devi ce conprises a baghouse. WD 2010/ 076559PCT/ GB2009/ 002964 -9 Item

64: The system of item 39 wherein the gasynover conprises a superheated
steaminjector. Item 65: The systemof item 39 wherein said nolten salt
reactor further conprises a splash shield positioned at said overfl ow
conduit. Item 66: The systemof item 39 wherein said overflow conduit is

sl oped back. toward sai g,mmLt&n Sy 4 @a&kHal in d hemePLaiThacky sthemestod t em 39

further comprising a second heating device conne
into said g\p}gfdfirpgo@gvv%ﬁmﬂnfa_ining a molten salt, the process%c?t?di%(_;Otf‘lnensttggsd&ce hot gas

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

forming an annular space therebetween; and

h

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
10 reactor, with the tubular conduit extending substantially transversely with respect to a

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;



Item 68: The system of item 67 wherein said second heating device

i oconprises a direct heating device. Item 69: The systemof item 68 wherein
sai d secowO 2nh®Al7655%g device is a gas burner. |tem 70: The PEygiB2mf0296tem 67
wherein said second heating device conprises an indirect heating device.
15Item 71: The system of item 70 wherein said second heating device is a
heat exchanger. Item 72: The systemof item 39 further conprising a salt

di ssol ution device flowably connected to receive the nolten salt fromsaid
heating device and connected to transpokt _dissolved salt to the salt
recovery vessel. 20ltem 73: The systen1o% item 72 wherein said salt

di ssol ution device conprises a sluice line. Item 74: The systemof item 39
further conprising one or nore directional superheated steaminjectors

configured to recei VReigtBB nddtlire fRRisRL GasdRisldrmwneosidui t and to direct
the nmolten salt to the salt recovery vessel. 25ltem 75: The system of item

39 wherein said gas meselg hergiucheso @rdvewemhamaw ergranddosw!ip ipesiiurate si de

fl owabl y cogpggted to the dissolution vessel and a high pressure side
fl owabl y cOlinetted to said nolten salt reactor. In yet anot her aspect, the

i nvention provides: AWQ.ZA30) BFERGLBCTERIOAN 02 BhvaCL0 -

5 Item 83: The process of item 82 wherein said scrubbing step

comprises scrubbing with a venturi scrubber.

Item 84: The process of item 82 wherein the solid particulate

matter comprises particles of a salt.

Item 85: The process of item 82 wherein the step of heating 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.



ltem 76: A process for treating a material in a nolten salt reactor, the
reactor including a vessel containing a nolten salt, the process including
t he st epswof2010/076559 delivering the material vi Ca/qGB2p@®/002964
concentrically contained within a tubular conduit flowably connected to the
nolten salt reactor, the pipe and conduit form ng an annul ar space

t her ebet ween; and injecting a gas into the annul ar space,
the gas having a pressure sufficient to prevent nolten salt from
backfl owi ng out of the nolten salt reacter into the annul ar space. The
tubul ar conduit may be connected to a side of the nolten salt 10reactor,
with the tubular conduit extending substantially transversely wth respect
to a reactor axis. According to this aspect, the invention nmay provide:

| tlem 7t71 fThe pr ﬁcess abmi éicﬁ._m 767HeurobeE OCQBEPFS'?Sﬂ'UHﬂei bensisepy vk st@®vi ng a
sol ven romthe terja an ampunt s icient to preyent

150ver pr esgﬁﬁ?t%tggﬁnwgﬁaltﬁé{e'ﬁlﬁwg%eﬂn ﬁoghia REF STYe \{%rs]?e\(g “the Mot ER'Sal t
react or undeectoper superfgatasinsteam omsciorst em 78: The process of item 77 wherein
said solvent is water. Item 79: The process of item 78 wherein the step of
renoving a sol vent cBapr¥kes elRfPeass 9§ teRSMbKE Nt sakhiten el feitessting

20{ tem 3|80: Ebmi@dsmsrﬁqr@és gér@ﬁtE@ 4 bfetsﬂ_&é,l Kéﬁ‘l’ﬁéf‘éﬁﬁi‘d'@l dohirsdtiep térebewt i ng t he
materi al prior I I verl t he terj.al t t nolten salt reactor. ltem
81: The pr o@é‘?s@”%gaﬁ:(aﬁ%‘?ho%"'_a%@?eéﬁ tﬁqﬁﬁgoétgg Sglgr?%arc:g%rés air. In a further
aspect, the inventiop.proyi desinZoLtemBReA & Af&eR thelstdd §YehBtiRb b- gas
froma nolten salt reactor, the reactor

pressure comprises generating a low pressure in the dissolution recovery vessel and a

high pressure in the molten salt reactor with a blower.

10 Item 93: The process of item 87 further comprising recovering salt

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;



i ncluding a vessel containing a nolten salt, the process including the
steps of: scrubbi ng an off-gas containing solid particul ate
mat t er diwoharigeessbrom the nolten salt reactor with an &qaaBe0%temsam t o
remove at |least a portion of the particulate matter and produce a

nmoi st ur e-cont ai ni ng gaseous effluent; heating the noisture-containing
gaseous effluent; and ffltering.the effluent to renove remai ning entrained
solid particulate matter. According to this aspect, the invention may
provi de: 5ltem 83: The process of item 83;3wherein said scrubbing step
conprises scrubbing with a venturi scrubber. Item 84: The process of item 82
wherein the solid particulate matter conprises particles of a salt. Item
85: The process of item 82 wherein the step of heating the

i onoi st ur e- cont ai n| ngcrﬂ@&ﬁ@k&ﬁ dﬂ’fée!stt%ﬂtaxmﬁglsbld:eﬁarh@aéﬂengateervw&ﬁérg&atfmt ed
gaseous eff e above a s turat ogbtenper tur%tge t he

%uen tur

ef fluent. I'fef F‘?ﬂ r?ﬂ’:g% @ ag%egwggeafru ? REPOEHFTS PG VERTithG t he
gaseous ef pradxﬁm:ﬂate mattfee aad DUBiph@aGETJOIS.tEI‘GﬁC(y“é@Inagfwﬁtm@remé,ct t he
invention provides: Item 87: A process for discharging nolten salt froma
nol ten salt reactor, hedféng EaceesturaTeniainiy sees: ﬂ'“%‘éﬂt aining a nolten

salt, the process |nclud|n the steps of: heatin
terrper at urg of a nol {l ﬁrl egftltfeé% remove rema'%nin entralne soh%lpglrtrl]gjla%e

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
10 the salt 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.



di scharged fromthe nolten salt reactor to a salt recovery vessel to

mai ntain the 20noblten salt streamin a nolten state; and operating a gas
nover to woevanteisackf | ow of cold gases to the nolten saCT/GB2aeXwr964
According to this aspect, the invention may provide: |Item 88: The process of
item 87 further conprising dissolving the 25npolten salt streamin water
prior to introducing the salt to the salt recovery vessel. Item 89: The
process of item 88 wherein the step of dissolving the nolten salt overfl ow
streamincl udes dissolving the nolten sglt in water in a sluice line. WO
2010/ 076559PCT/ GB2009/ 002964 - 12 - Item 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 steam

injectors. |tem 91: The PI@cesstf pbt&doPheMes RhiteRtdtl S-E5biR sl@gner ating
condi tions conpri ses generating a pressure, tenperature or conbi nati on

t her eof t o SPIMBUERFSCHLORTA B BVERIGIFEPO8S to the nolten salt reactor. |tem
92: The process of item 87 whergin the s 0 nerating. essure

conpri ses generati ng?tS"W o pr e SERECFH 0% ﬁgmd%s‘gg?rﬁ{nﬁ%ﬁ Sg“eég%%%ﬁ/at\?essel and
a hi gh pressattes comptibes sail t en salt reactor with a blower. ioltem 93: The
process of item 87 further conprising regovering salt fromthe nolten salt
reactors as a salt soltgf Bi: |t Ef Decshef practsyherin thestepofthertipeEhe

conpri si Ng mMR&aMEeEdREnmaldaseous effluent includes heating a water saturated gaseous

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

Item 108: The process of item 97 further comprising venting the

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.



fromthe nolten salt reactor as a solid. Item 95: The process of item 87
further conprising maintaining a 15splash shield at an outlet of said

nol ten saWO 208206359. |t em 96: The process of item 87 fur PREGB09M02%itNY
limting flow discharged fromsaid nolten salt reactor via a restriction
neck downstream of said nolten salt reactor. 20ln an additional aspect, the
invention provides: Item 97: A process for treating a material in a nolten
salt reactor, the reactor including a vessel containing a nolten salt and
the vessel flowably connected to a reacter. overflow outlet, the process
including the steps of: delivering the material to the nolten salt reactor
via a pipe 25concentrically contained within a tubular conduit flowably
connected to the reactor, the pipe and the conduit form ng an annul ar space
t her ebet ween; injecting a gas into the annul ar space, the
gas having a pressure sufficient to prevent nolten salt from backfl ow ng
out of the molten salthe beaehOihvertiod higallso brdvade, coraatidn torenttoeinpeme; WO
2010/076553F 652Q99/002964 - 13 - scrubbing an off-gas containing solid
parti cul at SRt charged fromthe nolten salt reactor with an agueous

Streamto remove at heash A POFLL QLiah o RERRHEHLEREdTRS b oAl BioduCe a

noi st ur e- cont ai ni Nng gaseous ef uent ; heat | ng t he npi st ure-cont ai nl ng
gaseous s ef fdowastreamiengd of thiyPippesaid F‘Pztﬁ@rﬂo””t%'si‘“@r?oﬂ’/‘érar“@hﬁf RASPRPCEREFHThed
solid partidsh aheupdridaf! énd of the nozzle into the interior of the pipe and terminating near

the downstream end thereof.

Item 118: The system of item 9 wherein the passages are oriented

in an inwardly twisting direction.

10 Item 119: The system of item 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.

Iitem 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.



di scharging nolten salt fromthe reactor to a salt recovery vessel through
an overflow conduit flowably connected to the reactor overflow outlet; and
oper ati ngvea 2gaa7edsver fl owably connected to the nolten gariGB2e@dess64and

10t he salt recovery vessel to prevent backfl ow of cold gases through the
overflow conduit to the nolten salt reactor. The tubul ar
conduit may be connected to a side of the nolten salt reactor, wth the
tubul ar conduit extending substantially transversely with respect to a
reactor axis. 15According to this aspectg_the invention may provide: Item
98: The process of item 97 further conprising the step of renoving a sol vent
fromthe material in an anmount sufficient to prevent overpressurization
when the material is introduced into the nolten salt reactor under
operating conditions. 20ltem 99: The process of item 98 wherein said sol vent
is water. |Item 100: The process of item 98 wherein the step of renoving a
sol vent corrpri ses evaporationgxishas thatterm iy credtHeecingit euitatlly sutdsemtidOyl: The
process of &en197 further conprising the step of heating the nateri al

prior to deF|§%#|ng the material to the nolten salt reactor. 25ltem 102: The

process of item 97 fuLihehocQpd ﬁ»éétanetnbeys%ér%fqie SRRk &t dhinflen #Naifti 1l ock in
a portion of the tubular conduit. Item 103: T “F ﬁfss of item 97 erein

t he gas’ cofpPPdigenss Fom?rtséﬁﬁmteﬁk@'tdﬁﬁ‘it@%@’hﬁ? QgFtediPBy 87 OPRtS
scrubbi ng su@pesTPEd, 280rfacs (fobéstgnple the grovad e thescraaioberis, asBed herein,

2010/ 07655?5%%%%993&5@ n%%ﬁ& normial to the surface.

Furthermore, as herein defined and described, the molten salt reactor
will comprise a base, substantially in contact with 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.



Item 105: The process of item 97 wherein said scrubbing step conprises
scrubbing with a venturi scrubber. Item 106: The process of item 97 wherein
t he sol i dwpantowsdsate matter conprises salt. Item 107: TRET@BR0O@®I®2Wf |t em
97 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. Item 108: The process of item 97
further conprising venting the gaseous effluent to atnosphere. 10ltem

109: The process of item 97 further conp{ysing dissolving the nolten salt
streamin water prior to introducing the salt to the salt recovery vesse
Item 110: The process of item 109 wherein the step of dissolving the nolten
salt overflow streamincludes dissolving the nolten salt in water in a

sl uice line. 151tem gdikr Drecrirees ©FofHE bRAWENGS urt her conprising the step
of directing the nolten salt overflow streamto the salt recovery vesse

usi ng one or nore diTechiantmn istpenndatsesbdsteanne fujleeingrdetaillet @asctipBoThe
process of wll'xter?rl% 97m%§r§e%k iOn thhgggc%n‘ganggg%rr% ggn%)l is empﬂg&fgdtehgps

COITpI‘I sSes gener a ressure e or nation thereof to
20pr event b@t@kdlh@)W @ﬁm'@@'h araghiseghe eesart'cms fReresrPf4Be draviag eirnot renderef1®: The

pr Ocest% of séaﬁ(fnb%hé'\/&ﬂ{t@r@ thBQirsérapnefor gaNedrius fghtGRedid amrwarmprrprl ses
generating a | ow pressur recovery vesse ressure
T T 1o} EgTaT b B Er Her: apEa s Tty e e ool e8! Bory o7
further comprchsikagefeenow eninecelsadfer tESfmltanfeateramhttlee1re§a¢¢twﬁéw@r¢§r in a salt

sol ution.
FIG. 1A is a block diagram of an exemplary embodiment of a molten salt

oxidation treatment system according to some aspects of the present invention.

10 FIG. 1B is a block diagram of an another exemplary embodiment of a

molten salt oxidation treatment system according to the present invention.

FIG. 2 is a schematic of an embodiment of a molten salt oxidation

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.



Item 115: The process of item 97 further conprising recovering salt fromthe
nolten salt reactor as a solid. Item 116: The process of item 97 further

conpri si NyoI2orva763sg f |1 ow di scharged from sai d nol Pen/GEabav/a0emwadt or vi a
a restriction neck downstream of said 30nolten salt reactor. WO
2010/ 076559PCT/ GB2009/ 002964 - 15 - The present invention

may al so provide, in relation to enbodi nents descri bed above: Item 117: The
systemof item9 further conprising a nozzle on the downstream end of the
pi pe, said nozzle conprising a pluralitygof passages passing fromthe
upstream end of the nozzle into the interior of the pipe and term nating
near the downstream end thereof. Item 118: The systemof item 9 wherein the
passages are oriented in an inwardly twisting direction. 10ltem 119: The

systemof item 1 furghers g%ﬂ&&ﬁesﬁbﬁaofaars&éﬁ%;;ﬁar?tgnﬁmnﬁwg;f@tm&msgauta portion
of the vessel, |located and shaped so as to ne an aB? ar v ntllatlon

space bet wosHafifR freRfragny OgnQFSttﬁ‘?é“tWSE%@ﬁerT ?‘é‘i?f‘i?@)t‘ﬁ'ﬂ'é"t "85 VNG t em 76

further compédedt myentndrr oduci ng a conbusti bl e gas or vapor into the
reactor below or above a surface of the nolten salt, 15or both. In yet
anot her aspect, the Fifw.ehisiassthpmei¢ dicanotharepxemernepmbodiawst pop molteaselhg a

material i n,afBh h%atéarlttoﬁf%% &Jtmem@ysfeeﬁg&&wm@% HABtAS: Apkassiehe
containing a nmolten salt e process including the steps of: 20delivering

the materi &reSeRt BVERE T eact or; and
FIG. 9 is a schematic of an exemplary embodiment of a molten salt
oxidation treatment salt recovery system according to yet another aspect of the

present invention

10 FIG. 10A is a schematic of another exemplary embodiment of a molten
salt oxidation treatment salt recovery system according to yet another aspect of the

present invention.

FIG. 10B is a schematic cross-sectional view of a molten salt oxidation
treatment salt recovery system according to another exemplary embodiment of the

15 invention.

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



di scharging nolten salt fromthe reactor through a pipe to a salt recovery
vessel, the pipe contained concentrically within a tubular conduit flowably
connect edwbaotogesseact or, the pi pe and conduit form ng &0TAB%ZN02Wpace

t herebet ween; and 25injecting a gas into the annul ar space, the gas having
a pressure sufficient to prevent nolten salt from backfl ow ng out of the
nolten salt reactor into the annul ar space. The tubul ar
conduit may be connected to a side of the nolten salt reactor, with the
tubul ar conduit extending substantially gransversely with respect to a
30reactor axis. WD 2010/ 076559PCT/ GB2009/ 002964 - 16 - The reactor axis,
as the termis used herein, is suitably substantially vertical. As the
nolten salt treatnment system of the present invention in all 5enbodi nents

?ggg;gtsetsoan gﬂysﬁliel'ﬂer's?dlﬁlnf&&%@ﬁly‘l’é’@f%h didside R Waeat ¢¢p|@fﬂliy, e WRHIOEE@ERMW t 2

u anpl e eact o use
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her ei n def isneacearithecetctiodbetsalt foe ambdISCesystah ts iglaly tdependeht o ereptyps ef a _base,
substant | alloh oMbl We tb?attn%néwafc%ggase%e defre@Qﬁﬁu@ihﬂ%%ak%ﬁg?Q?nd' ng

on the shape of the np reactor)” exten fromt base in a
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t hat can be trea accord to the proces 15 nt _.i.nventi on
in all enbg’aloﬁs tsvaﬁé)fjs k)egﬁ?'?rgiﬂr% NP eeogn rnc§v°|n2[e8 Fl%%%% %Smon
fl owabl e, iFar e*mmzle,ri‘s%O tréegtors Mlmanlxmeueﬂ swmdaftbgnath@nﬁrﬁpdlem gudrider eact or
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liquid, or sthat can be treate
descri bed |CﬁJsﬁ~§'|ra§ f@'gnsa@q thﬁ@ug‘aﬁ%ﬁfﬂéfe salt The non -volatile components accumulate

in the molten salt solution where they can be collected and treated separately.

15 MSO technology has conventionally been used in small-scale operations
and with limited use in industry. For example, the 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.



WO 2010/ 076559PCT/ GB2009/ 002964 - 17 - BRI EF DESCRI PTI ON OF THE DRAW NGS
The invention is best understood fromthe follow ng detail ed description
when readwOropaTeEset i on Wit h t he acconpanyi ng drawi ngs. PCT/dBR0@mobwsi zed
that, according to conmon practice, the various features of the drawing are
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drawing are the following figures, in which like reference nunerals refer
to simlar features in the respective Figures: FIG 1Ais a
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1B is a block diagram of an anot her exenplary enbodi ment of a nolten salt
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schematif ¢ GHSCAUEHRS MK ERD F e ddridFaapaaal it a S%B?%BWE%SS\M%W%(W'
exenpl ary eprboion®obndddgyt frevipeLs antmbenafereneits.for treating sucralose by-products.
For example, it is expected that the capital required to build the treatment system
would be approximately one-third that of a conventional waste treatment system.
Further, the salt present in the by-product waste stream can be recovered and
15 potentially converted back into the basic process raw materials of chlorine and caustic,
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
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anot her aspect of the present invention,,FIG 9 is a schematic of an

exenpl ary enbodi rent of a nolten salt oxidation treatnent salt recovery
system according to yet another aspect of the present invention 10FIG 10A
is a schematic of another exenplary enbodi nent of a nolten salt oxidation
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FIG 10Cis a schematic of another nolten salt oxidation treatnment salt
recovery system accoinbngeinbogistenaribt heenéxeppvaey ae Mséuireatntend bystére

I nvention. g as shown in F1Gs H A%and 18! %h@s?ﬁ%%%br%ll?fpr&/ld@latfggd s@dttm@ggdat i on
reactor in accordance wt an exenplar nbodi nmen i nvention,
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below.

15 As shown in FIG. 2, the feed system 100 (or 100a, 100b) includes 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
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20 location 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.
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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
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fl owably connected to an of f-gas recovery system 300 and a spent salt
recovery system 400. Optionally, the 'Igo treatnent systemmay further be
connected to renove nolten salt fromthe MSO reactor 200 by salt renova
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The gas nmay be supplied at a pressure_of about 10 00_psi en
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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
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exenpl ary use in present invention is
a packi ng ghcntdd fohdeokerawrthp deadanhazierid 'Iﬁltgﬁtlﬂté#ﬁféoatjﬂﬂf é%aéfl’d . The val ve

105 nust b%ré’u%twﬁné %@édc@‘é’n@aﬁ‘@xd?éd@%n%’?pfplééifdz frémRen&it abe, or pass through.
One exanple of such a valve is a full port ball valve. WO

2010/ 076559PCT/ @20095@98ﬁ&4112,23% shown in more detail in sida cansetsheionambiediafent ,

shown in Fi vast e e e | ar
condui ts 1(5% E%T%q'?ﬁ ?rof)sf 3%%'8?% hehr'n IGls'f"Et glohg R‘L'sjsgjr{be\?@l‘l n%suéjfeFﬁ‘leMﬁ?I ow
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t he 5desi re oxi dat'1on 1evel pressure nmaintained in the ai %M{)ﬁﬁg
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chanber f osiMMEES ¢¥nADE P?%%%aﬂﬁgs vy 18ifIGoFC.ofREPOYLLhe pagsage
f eedi ngo Wagdags fromythb @psiddit ahdefndzaleat 1AMge thaf infariomofibipe tLOR5 téronisetingt 20

pstg. 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
comt;ustion 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



Wien the shaft or pipe 102 or their attachnents are changed, the procedure
i ncl udes | oosening the sealing device 103 and retracting the pipe or shaft
icr 102 uwoi2b10/a76358 conpl etely renmoved to the upstream ent/GH20e296al ve
105. Next, the valve 105 is closed, at which point the air |ock chanber can
be di sassenbl ed and reconfigured, if desired. In an enbodi nent of the
present invention, a screw type val ve arrangenent can be nounted externa
to, or upstreamof, the sealing device 103, so that a solid shaft 102 with
a tapered end piece nounted on the downstream end can 15be gradually and
variably inserted and retracted into an Injection pipe seat. An exanple of
such a configuration is depicted in FIG 5, in which the tapered end piece
is | abel ed as conponent 116. The screw type arrangenent can be manual ly
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chanber cr @I ET BT WEER " DES ng device 103 and val ve 105. An exenplary stop
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shaft 102 past val ve 105

I n embod |rrent§ of the Etg%a g ?ntlﬁn such
as shown i §haff 82 ngounted with dli'}i bltt Hes {see@aRie T BarnHte t é
The pi pe [ %aﬂﬁllhftemeedol'tﬁ &reb eecasiodl (,Whélrﬂ.dpetrateﬁexecbramgﬁb ¢inib ah”lbbcblmdme, VSO
react or gh f 5 a% br%mﬁ;rﬁq% %ﬁ%{gn?P?PQ‘E Qh VWS§?0 prleogrktqg'dgﬁow of

intermtte source |nc es an eva oratlng devi ce
fl owabl y cm@@tseu qnge theepashds @earmit [ Q‘%Po@ﬂné?mélémtﬁ“?%thfﬁfa@&QtzrfééYn of the

one or ,i1or @t AL Bthef ARFHILAShcd QduipHRh8 mALhRWDNEOthet dhaftromval of 10sol vent,
such as water, fromthe feed streamto mnimze or prevent the

OVer pressuri zation of intylee aMBAer eabédimerDéccasiinde theedpsdty temresent nt r oduced

into it. For\feggor[lrpnc?udefg fle%EnO%é?mtdddgs ée%r %ﬁ% #ff %F\L%'{:I o(l:\opméaﬂbz' s too

hlgh an ex I on COu en 1 njectil strean1|nto
nol t en sal fThbdedd gunt isipsefatably reawivalpl é’h@ @qdamﬁ@nwl rRERYehPRGINSEEET, é@du ng

the MbO reagh@biel Qithithe isd Bea hBable }odd 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



15fromthe salt bath. Renoval of solvents prior to the M5S0 reactor also
allows for the recovery and re-use of those solvents. The waste streamfed
to the MBROremal7ess9200 preferably shoul d be sufficientl ycricBraiimdsyt have
a reduced solvent content. Streans with higher solvent content, however can
be fed to the unit but at a reduced flowate to allow for additional gas

| oad generated in the MSO reactor, to reduce the 20risk of expl osion.
Optionally, as discussed above, the pipe 102 can be designed to feed
nitrogen, air, or sone other oxygen- coni, ining gas into the M5S0 reactor
200. The material fed to ?he reactor may include a nunber of
waste products froma variety of sources. The MO treatnment process is of
particular use in treating hal ogenated waste material, and nore

speci fical | %ntamﬂ}g aeﬁggpgo?exé}mf ?r 103t Sl g@@@ét%%i’@r%ﬁ‘% 19erul(étr b&fduabl ori nat ed

or gani ¢ was as §sodi umacetate and other organic salts
that are byOpbsdoi@ining A6he™ 198kr al ose manuf act ur i ng process. In an

enmbodi nrent of the invention, the feed strea ise _a Vi t
stream havi ng about IfSW/%ttaBOQEBGWDSgW”BP“ﬁB#'%ﬁ%ﬁq'%ge%&f & I Orﬁgﬂ%as ©
mat eri al i aswesireinf FIGE 2, 3,uby, ahd Semapbe Lisst instiend aprotdss), saﬂtrmsmeezﬂz mat eri al
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exanpl e e. se auger type de t
be enpl oyedFHY 't HTECHEH [o818° %%@r‘i‘?ﬁgg‘iy@l'%ﬁ ﬁﬁgo ?églg rerﬁg |V§FSVeIILr%§§| rr?cPude
an i nt er nedhatceuldetegydratméd oyradicoly the abagbuppdy fremsgastsonrceptR6randMT-108 ati | e
| nor gani ¢ GORPONGAL, AL B3 2R Ahne SBY 188 UEBRANIESHLY ALIE 1688 Lot as

a wast & mate I ment feed system
100 i ncl udeerogenyivsesel 32749 arréerebiy at'@”@ é@ﬂt"'&a'é\tfrré%ﬂﬁ’]fkﬁx hegeerntignaltyo t he MW
reactor 20Qyupidredfieadisysioagh.ney conprise a feed gun with an atom zing feed
nozzle 112 such as that shown in FIG 4A. The nozzle 112 is applied to the
downstream end of the g peerdf)2ry e‘HﬂﬂJdmml eheldrgsent Gacotom carginclode hiebular

enbodi ment shao I%Pwﬁk%pléésmb ?'%'WE?’E%EE%%‘Q qrhg%deaioé)gto the end

of pipe 105°"AS nozzl
opt i onad | y conrected tpire¢eive mpléqsﬁalbml fisaharped trgmrf‘é%deacﬁprﬁ@ t%@S‘é‘@qu ns

118a, 118byanghotdSsalt EmganaF&ovmIve@%dﬂwwﬁ@ntr@rga@mom@ the b oneaabe 112 in
t he tubul ar conduit 101,

e gt s s e S B BIC b R " o
si de crossmsschd @nakcted ena 8fde 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



FIG 4C and end cross-sectional view of FIG 4D, along |ines 4D 4D,

i ncludes multiple passages 115 as shown. The viewin FIG 4D is of the
upst reamwodonfo7s3se nozzle 112. Ei ght passages are showeCTaH2009m0g®0REr Al
two or nore should be used. For sinplicity, only one passage 115 is shown
in FIG 4C As shown, the passages 115 20pass fromthe upstream end of
nozzle 112 into the interior of pipe 102, termnating near its downstream
end, so that the liquid waste exiting themis atonized. In sone

enbodi ments, such as that shown in FIG ,4D, the passages are oriented to
conduct air passing through themin an inwardly tw sting direction. This
shears and inparts a swirling notion to the waste exiting pipe 102. 25Wen
fully inserted, the atom zing nozzle 112 is centered inside the conbustion
air passag‘alﬁe&%ﬁtox &en hﬁas@@%lo@“%&as@fbhpge%ﬁpzmr EMJ\@&U&@WU” 101
and the pipe vvn in FIG t he "downstream end of tubu LrElr
condui t 10f2TPaY W%@Se?'gﬁg?%ﬁﬁ?%ﬂ )F”ﬁitba'?eeﬂ‘ijlp{?fe”f'ﬁ Q6n %ng’?pqurtpg

passageway reslite odtf%ﬁ@t@ts & thiae batused 2o trermoinz wahidhsoxygén toowastairatize t he
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air or gas 8%?%5 e |vere ?B%ﬁs%dbg‘/ég%“%%ﬁ fig@%udetpf ﬁ%%nvtﬁ))}-? IPrchlft?
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nozzle 1124 (g& éEerlstltooﬁéW’a i€fte @r Iﬂilﬁhﬁéﬁ%b@@d tft be&d. |TW§_ eWinddducal WO
2010/ 076559PCT/ 2009/ 00296 USt e feed

materi al whY|tRe 3 apAavastee Ah%orblsot?ﬁ?'ﬁﬁqéoa{‘aﬁﬁ girupr 8'%' ”:ﬁjrc8ﬁs's’f88? exanpl e

a 65 psig ppessiun ef theapactbr.om t he upstream end of the nozzI e 112 to the
downstream end of the nozzle 112. This high differential is used to force
air through the atonmizéngefpasseageedimest offthe psegent invgntiaty fmMPRIE?E@d by t he

air 5Sexd tiRgstbhes BRSISRLED HRKaM884 mr)%é%ﬁe stedtp'aﬁlti ﬁ_ﬁﬂnr@t\ﬁ@fﬁh‘éﬂs&&eﬁhe
conbustion air as the feed ls?;treageﬁ‘?ter gn sal

t
MSO react ofS PAPEAHONh LEHERNY  fieg rn%atemfaeﬂreﬁceﬁ RCUNAShE flrﬁum%(r)eznzc of

confi gur at tlenrgacivi des a significant reduction in the anount of combusti on
air required to keep carbon nonoxide (CO production sufficiently Iow. 10In
an al ternative enbodRatetad tefthe Restenalssgibedmbeyr.itha inveRECpiihanghespretti s a

shaft 102, lrféﬂjde%aﬁm&é%s f&?tre%faﬂwwalsfb nﬁlaﬁnoﬁen thteoﬁhlﬁfdn ré@&omte‘mnwhe se a
drill bit, which is re resente nnumcgﬁlyonto a

116,
downst FeamPEHESHFOERiSE §'PFa?tFpS_L6f2‘Pe¥'I5? M9 "clﬂ f?agecfﬁe%ﬁ BPEGTSIIEY in the
present i neentaired withyn beuflaraoydsiticoratsceddonhie guwitat isalh oxidpiadsl reagor dnd | | i ng

into nol te“njéﬁLnté; d? % Qﬁ%ﬂ@aﬂ: QH@ tﬂsltMarJ&BB@& hﬁé%géj%seéj @Q%r@@hﬁi‘éieﬁt ed.

For exanpl e anond-t i he shaft 102 npunted
with drill t@pfevmernogeeaﬁihme @FKW'P%QUH ?fttBe m?étegéﬁ'ﬁ OBIIBHODPRCIRETP a path
into the nphé apuiresndst sidelpash. Wien operated according to this

enbodi ment, the systemnmaintains a mninmumvelocity of gas at all tinmes to
prevento back fl ow of Optbnaly, gal trocess énduties plag step of tdreeming @ solventafaso

cont enpl at %Qar%ﬁ%twétgle, fﬁ)tﬂr@{ﬁe I;]cfa?d fBYerial 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



20conpri se ot her mai ntenance equi pnment nounted onto the shaft 102.

In yet another enbodi nent according to this aspect, the present invention

i ncl udes wofR2emd7gism t hat i ncludes a feed nozzle 112 noulrCEGBNOMIORE4102.
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
the upstream end of the 25feed gun. Preferably, the flexible hose is
electrically traced to maintain sufficiently high tenperatures to prevent
the liquid waste from cooling and solidiLfying. The feed gun in such an
enbodi nent is designed to remain 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 112 into tubular conduit 101 and

30r econneCMWretagto??bat%'régé \)(eI éﬂ’\bff-ggpc@gég{ n@l@@r@%@o@g%@é@%@énal 27 -

containing a pi or exa a, and | east anot her_ of e t ubul ar

condui ts 169¢h %’i)?ﬁlfalfrﬁﬁhﬁ‘ea{"' é?aICtOIC??(? %Sr}}"é‘t“ 'BSE ne PG Ad ﬁkieen? 48T or di ng
to this aspggts 265 FRYbeSHEheRStiCtheasp ShemolterHaESeadtor 200 AWith ardof6 Ny be

d t ead t di.sch 3 i
102 r enovedsrori g PELPREdRS o GETREMRL FEREROp B brire iy e Felr P! Pes
enbodi nent 200heFypinee the hviestian droaides pitpetinh deviemP0obeonfiaeed dhdapthe t ubul ar
condui t 10 agéoug%%n%gE £mife QErQSb:JwB%evu'cQ 36Bi £ éhgermgﬂfevégélw&vﬂ%fy i's

connected 0 pl pe to connect pi fo a salt recovery vessel 117.
This could Cb@“%ﬁ@ﬁ@rrﬁ%ﬁﬂv%ﬁher@éwsr@p %Qﬁ‘éfrﬁﬁ‘sm@‘?dﬁﬁwg fieeR 3% sources 106

and/ or 108 10or by shutting off

seal i ng device 103 afe syt r?@@ove&§cgﬁ #g%ﬂ¥n9§n§PQF§P§%ﬁU"H%Fong

el ectri cal lryadcsrazealisfdigkatyed éonopffiganalitist 205 pod tsdfdd totre stubbding dayicggh. | n
an exe L argp et %835% Tﬁ@?cr@gqgﬁfaéV|&éqar%O|tdbgau&ﬁﬂ cb@lmgué#‘d érH&qjeﬁ{ovglondu' t

101 MA a plpe concentric contai ned pi pe 102 is 15
connect ed toderteiapd solifpardslagIrpatepal éH@(ﬁ%ﬁa&eHO‘PrtBﬁPWSr é%?brorZOO to

di scharge tpgHEPkdSingSialid, tsQ‘eélt§@{etsthﬂibm@ed@(/ldéG’ScSﬁ|llth&l%ouMb3I03t\h£p@as fl ow

to the MSO reactor I is d h
R s L VR T e
react or 20@thaniprécestes driitegh avateramoided frorb afkednddtagseuregisieamndary wi t h
respect, to su]j'_u%b\ﬁgrote\/&% in@PlS m%](l:ert&ﬁ.lbrb@%cgr@rve%gﬂl scTU@oeggﬁ@-lrémé\ﬁaq:@F’er y vessel

117 may” be qP an open hole or pit in which the nolte
‘entrained soli partlculate 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



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 iwolzah7es58al t di ssol uti on vessel in which the ®aTtGB2809%wkY6ect ed
and dissolved in a solvent, such as water. Preferably, this enbodi nent for
salt renmoval is utilized when the systemis 25 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
tubul ar conduits 101 are al so incl udedL.j nerein 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 achi eve 30an optinmumair or oxygen to waste ratio. The ratio
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conpri ses ftreexeheps byfhedetranser theoudghdgbi G\'aﬁﬁpe?hed'leawgldav'ﬁ pat é@?@é@tﬁtth? cally
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200pt i onal '3\65 s BI2 a%§$usl é}ﬁ%émfatt&ﬁ SLERe %Bo@ee{m.vé.aﬂg?%é@lﬁb%%turef at

exanpl e water, FTom-t &rralin an amount su cient to prevent
overpressurthqaese@nsﬂﬁle'ﬁmt he liquid material is introduced into the nolten

salt oxidation reactor under geer at %E% condi t'te%\r}vg. #[p an den.boéhgent Ine
accordithg to this aspBeNeGAGREFLRETLEENYIEM™F et eNe YT BovEPIBY
evapor at i ngdadieon@beimple ofa khieatle Ouuerthgddvie iatludes 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



25Further optional steps that may be included in enbodi nents of this aspect
i nclude heating the liquid material prior to delivering the liquid nateri al
to t he nowbeniabisooxi dati on reactor and nai ntai ni ng anPairdB2009/40296a
portion of the tubular conduit. In another aspect, the present invention
provides a nolten salt 30oxidation treatnent system such as that shown in
FIG 7, which includes an off-gas recovery system 300. In an enbodi nent
according to this aspect, the systemincludes a scrubbing device 302
flowably connected to an off-gas outlet 205 of an WO

2010/ 076559PCT/ GB2009/ 002964 - 29 - MsO“reactor 200 to receive an off-gas
containing entrained solid particulate material, such as salt, fromthe MSO
reactor 200. As shown in FIG 7 and FIG 8, the off-gas outlet 205 may be
connected to.the to f th ; i i fd ragas

out | et ZOSP%%CEIHH? rr?gtt rdnfgnl %nu%?hg(ﬁF’flzﬁ%%Cﬁh?@gg%g@sz%%e?mﬁé\}glg?ggICLEXi s of

t he react omas20®. saturt her, the invention provides a heating device 306
configured to heat the gaseous effl uent f%é)mthe scr ubbi ng g%viace t?pZ and a
filtering device 310MFINGwaBIy oteRPRIHRPPEEMNRE RAETYSZ4 1S 2fF Fuent
from t he heaubhg, devnhtie ssfbber, or the like, the detads shwhinh haveFpegn descritted of f - gas
containing entrajned salt fromthe MSO reactor 200 is discharged from

of f - gas’ oufl€1°905 and is fed to the scrubbi ng devi ce i 0302 via pipe 301.

The scrubbing devi ce;pfRvdcdesr KBABAG Ih& RBIstE-BAEIPR@§Ss, tREPItabssahagnt r ai ned
solid particulate material, such as sa ter, or

lt, fr t he off:qgas.
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303 vi a pi penpédturt abave £xanpdtanfeepbadiraehthe ¢ffieerti qui d source may supply
wat er recycled fromother processes or fresh water provided froma fresh
wat er source. Exenpl Zhgpisessrmpbiing inftidedhs opienal gePgivertindingi98es¥isand

venturi, SCfe#EJ%ﬁft?o fiPoshRira Ak Afkefi ihnah@ e étdpparticul ate in an anount
expected to be 1 n the range of about 90% or nore, nore preferably, in an

amount of about 90 t o iab@dtcoR@Mplatad, asrst oftivetlegrabddiment, dretarweint >99%
Al ternative it is alsao cont I \ Hid Y §@fifnPastd-r eat ment
20system meiﬁ%fmf’tﬁgf t%eeqpgﬁtoélcgglt%%s%@&:etdg’?ﬁ&?rp?’t at or uasecll r:al one or in
conj unct i oscwbbér ta aftent tei grogsts@it re®eVdIFERP: positi oned either upstream or
downstream of the electrostatic precipitator. scrubbe

. ) A venturi r..
accel erates the of f - fa¥etlsanobinaseedt GripeEntRR péoé’r“f?ﬁlﬁ il %ﬁlﬂki X8 h as
wat er, ;30 itRREAYR Faten inwihich eanhaktén sdit cansbeatesmved fittemihiedd @ redatr 2600her

types of water scrubbers_coul.d . i Qar e venturi
scrubber afd ’te‘?céﬁ'fnr“'gatsg?sat?ﬁpaﬁiﬁ'ceuc'?']p?s 8?‘%9&%8“8?%?@? itgﬁ_Mghaéggngﬁaof such
scrubber s icontmmwalyt theosystent insludenan pmbriliment AT figdnygntion, such as shownin - The

gaseous ef fgeqti &l bRo8GH HRDieRY AR sEdn 30D, ADihoenanPl® B thetytem
saturated gas streamWw th sone res sal t sui tabl e _for

di schar ge tieclydss aat HSEEFRdyjt éj\,ga[ l efongpte ig UISeRg SyETRfe Rk
i nvent gg s hmetrd reuade toiten salt from the overflow outlet 207 and discharge the molten sait
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,



30 direct discharge to the atnosphere is sonetines not possible, due to
opacity concerns around the exhaust stack, w thout further treatnent of

thi s gas wonemm7es6e produce a gas stream suitable for dipeThaB9®/002963ySt €m
may be used to first heat the water WD 2010/ 076559PCT/ GB2009/ 002964 - 30 -
saturated gas streamsuch that it was no longer saturated and then to
filter the streamprior to discharging to the atnpsphere.

Referring to FIG 7, the gaseous effluent fromthe scrubbing device 302,
for exanple a water saturated gas streagw th some residual salt, is fed to
heating 5device 306 via pipe 305 for heating the gaseous effluent. Heating
devices suitable for use in heating the effluent fromthe scrubbing device
may include a direct- heati ng device, such as a gas burner. As shown in FIG

8, |n mhlch the heat. "
v achr R SO ASIOER A0, ooy el e Sheip e 1
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its saturation point _and allows fo the
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fed to'a filFerithe via pl pe 309. One exa
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cont ent an requi renents ot her aspect

rel ated t09t3$1é0 ﬁﬁd\ﬁéf'ﬂ@éé‘f'?%éﬂzs‘{fétpéﬁs 4 af‘ﬂ\?gﬁf? B‘% pﬁlg{;l des a process for

treating off-gas froma I
g g The mo tert1 Es'\z[;'lt s opttlo I'Iy I%E‘jl \%Q pip a&a:grto 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



3osystem conprising the steps of scrubbing an off-gas containing solid
particul ate matter discharged fromthe nolten salt oxidation reactor to
produce avorbawrss9cont ai ni ng gaseous effluent, heati ngPClasB2009/002964

noi st ur e- cont ai ni ng gaseous effluent, for exanple above its dew point, and
filtering the effluent to renove entrained solid WO

2010/ 076559PCT/ GB2009/ 002964 - 31 - particulate matter. In an enbodi nent
according to this aspect, the solid particulate matter is salt. In the

scrubbing step, the scrubbing my be peg ormed using a water scrubber,
a venturi scrubber, or the like, the details of which have been descri bed
S5previ ously. In the step of heating the noisture-containing

gas, the process may further include the step of heating a water-saturated

gaseous ef fg!asug&klvegr? et LRRELDE #ﬁ@q@&%ﬁ%rﬁ( SAAE BldrOTs ﬁ@E@:@ﬂ@k Ur Ralf the

ef fluent. rocess nay al so include the optional
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filtering gb€phd dry from the MSO reackdr tb&h@-h&tbr(t@ﬁﬁaeﬂmlait el bakflaw ob pteronal
enbodi ment, that a wet ele téoogtatl ¢, eC| ?t or could be enployed with or
without a VPRSP CRIOREHSERRE 7't O esBEP PLY the gross salt rempval step.

In yet anot her aSpeC{-h#?ﬁﬁ%&&%@8t&Fé?Hi;\%er%oI@er{@AI@ﬁ&nstﬁéNS@(ﬂeQ@ebfOn

15t reat’™ent systemin ten salt can be renoved fromthe MSO
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MBO r eact 0fntd QOy£0NbatA WRHSD VaoF I obY Bé@ind thelsaleso auickpbodi ment of the
i nvention, such as shown in FIG 9, including a nolten salt recovery system

400. As shown in FI GA!sS,astsh@msysEIGnuDApdamebesnramcgaemW\@WC@fbwdmﬂﬁ aq01
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salt from the overflow o Ischarge the nmolten salt to a salt
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axi s of the reactor aeaonaTlgﬁtrm\@sn‘ehomag(ardefurtthéromclu@e prebremals dirdctigndl at ed
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206. The sysk %‘aot/é'rryt\}%%el s Uﬁ\%§e SreBMONRELAHD 8is6 aBNRCIRLnbdvers becalviOthegact or
200, via l'ine 409 and gas in salt recovery vessel 406 and

t
confi gured W%VGQEH%‘?"QP@ oéﬁ?llﬂlgﬁi;‘i?n@ tgﬁf"?alr}f:‘?re*heo ‘to maintain uni-directional
flow of 30gases out ghroug rl}{asl?seroef%% 8row%990%0a9<5 RERE sgﬁﬁéﬂ%gﬁy}‘gocfheco' d

gases to reactor.
blower 408 w1th 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



backfl ow of cold gases would cause salt to freeze at the overflow conduit.
Any gas substantially colder than the nolten salt is a "cold gas." For
exanpl e, woenidt7esmm WO 2010/ 076559PCT/ GB2009/ 002964 - P82/GB200W0eB4i t i S
sufficiently superheated, nmay freeze the nolten salt. The bl ower 408 hel ps
prevent plugging in the overflow system by acting as a gas nover to

mai ntain uni-directional flow from MbO reactor 200 all the way to the salt
recovery vessel 406. The bl ower 408 forces hot gas flow out of the MO
reactor 200 in the direction of the 5 sgh recovery vessel 406. As will be
di scussed further bel ow regardi ng Fi guré 10A, anot her type of gas nover may
conpri se superheated steaminjectors to assist in maintaining

uni -directional flow Optionally, an enbodi ment of the system further
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outlet 207. It is believed that the molten salt wi d 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.



- 33 - gas between the salt reactor and quench tank so that there is no
backfl ow of water vapor into the salt overflow outlet. Otherwse, if the
salt overwbaomod7esodoes not remain hot and dry from t he PRBGB20@02964t 0 t he
wat er contact point, the backflow of steam vapors can cause the salt to
freeze and plug the line. 5The systemis designed to renove nolten salt
fromthe Mb0O reactor 200, in which the nolten salt streamtypically has

t enperatures of 1500F or higher into a water bath near 212F w t hout
freezing the salt too quickly. Al so as §Eomn in FIG 10A, an exenplary gas
mover can include a bl ower 408 having a-“Pow pressure side flowably
connected via pipe 407 to a salt rorecovery vessel 406 (for exanple, a

di ssol ution vessel), and a high pressure side flowably connected via pipe
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30Addi ti onama Vi I'S cont enpl at t e salt dissolution device 404,
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ICﬁnJF:Jg.Ct I60n| \rI]M LBCLh:H’lﬁg%erégelssog\{:ch l;[\gepo t?\ls aspe&cc%\éeaﬁ% I\F{(Illgdéj £8VEJFQ]% SaﬁS shown

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



WO 2010/ 076559PCT/ GB2009/ 002964 - 34 - exenplary enbodi nent, the invention
may conprise electrical resistance heating whereby an electrical current is
passed t hwougtvabss9conducti ve nolten salt, heating the moTtGBro®alorIsand
allowing the nolten salt to remain nolten. This would involve setting up a
fl ow channel with two netallic pieces connected to a positive and a
negative electrical grid to utilize the electric arc heating in the salt
renoval lines to heat the salt and prevent the nolten salt from cooling and
thus solidifying or freezing. An exenplsry enbodi ment could .involve
setting up a flow channel wth two neta Pirc pi eces connected to a positive
and negative electrical grid. Such heating devices are known to those of
ordinary skill in the art. 10l n another exenplary enbodi nent for renoving

| t I f he NSO t f |
L% S8 S AR AP g g

over f | ow oaht el 720heddir inlredueedotaeir indgtsi2d dstroinple WEWItG DFQY}Bed Phén gl ash
shiel d 210 b‘o%nleﬂjgﬁétgs'?ﬁ@n OIrp?wl%Ve‘?mod%érﬁsa@'sﬂgwflermd he, EHérl‘bgd)eéEctdr@bU d

surface up agai the overfl ow outl et ) ‘ﬁ shield s |ncI uded
to 15pr evemaysiug§sr HEUApRD dpukiion biankay 242 &tPRgst Bet§"§F‘E thee@878F 5Ly st em
400. The splozsihditic@ueer2d@pestsbenrld P18 bfoan1@Beasoréion ohthermed raacenrf foow

ir. As sh 210 t det i ned
hel ght 211 FABPIBBYE TPl Br 08¢ over 1oty AT BeMBY: “rhe “spl ash ohi el d
210 is preferably mage %hﬁuargeangtg{ Er@ahtg?it%rl gaﬁ&%ﬁh&f‘dn mtzsmradhe sl ftefis |

preferred enbodi nent, e base 0 l ocated a predet er m ned
hei ght, forcexdinglte te: aresenidmestionaromefaiaby siaebon Hekel HéS%PY? B¢ Bt | et

20|7 Iht 'hS thehi @n\/c@ﬂptef’%aireé Bed Bait bn%@er&ah thé/\d;;}sterbuMadertmsmd asUncorebomnd t he
spl ash shi

f
In yet l%noﬁ‘?é?e B&Qf%gﬁyﬁlr‘:?I?yeW‘t%d ﬁ)@nnf’ I}Fr'ave enovI ngg)ol%]%ﬁ%'\' t%qz% RS he MsO

reactor, tseltBBameactorecopsalopakays.i ncl udes a sl oping overflow outlet 207,
as 25shown in FIG 10C, and an optional restriction neck 415 in the line

exiting the heating deilbanaber e"%ﬂ’oéjd“ewflth‘?ﬁﬁsﬁ@t iPYSWoRi K YEFF Y om t he
salt overf |v@$br0wak@(| 20the\dr@a sR/ertRS triviteh iselb) ceche 1415125 fbnothbhealchxmsmn eam

portions of the s [ecovery_s ste 4 ajetgin
the reactor %H?"S'Pltp‘%efﬁ?égs%qlﬁags%fo e g]él g 9‘%% {}ﬁgpérgkgg?éecébser y
syst emi#00 coateripatay thatedingFoe ﬂ"h?@rrea@themsa dprl P@'qusﬁéO‘é\ﬁé? hpva\2 6i9nifieent30207

may be angl ?cacﬁvk BWes ghdrBe comLERRoSFbr &% |€)Ebl_ﬂ@§l¢rhm%tezt@@ neéd &rd i N
reduci ng tk‘l@gg fectbo sp Iargﬁc '?he rr;)l tﬁél &H he reachtor in

produci ng €I F§3rast tiarow ?’ﬂd'F‘FfeSVg?m for Hoe5G Dt 93788 e fior, npuch a
2010/ 07655URBDAERSAAAE A02B6Aof 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.



- 35 - Related to the system descri bed above, in still yet another aspect,
the present invention includes a process for discharging nolten salt froma
nolten salt oxidation reactor. In an enbodi ment according to this aspect,
the process includes heating or maintaining a tenperature of a nolten salt
stream di scharged fromthe nolten salt oxidation reactor to aisaliprecovery
vessel to maintain the nolten salt streamin a nolten state and generati ng
a pressure sufficient to prevent backfinow of cold gases to the nolten salt
oxidation reactor. In the process, the step of generating a pressure nay
conprise generating a | ow pressure in the dissolution recovery vessel and a
hi gh pressggre in the nolten salt oxidation reactor with a blower. 10As a
further ™ he process may further include the step of cooling and

di ssol ving the mol tep sal g n%&ﬁ%@?t@Féa@ﬁneﬁ@s?s@éﬁx%%r;@&gt he nolten streamto
a salt recovery vessel, for exanple using water in a sluice |ine.

Anot her step of the PrsESSaEasa@ptionpidiyg b nebsuleotthmint matendattect i ng
the nolten salt overflow streamto the salt recovery vessel using one or
nmore isdirectional sgpesheatedbsizeaondujseitivans$y connected to the molteTIseltpr ocess
accordlngtothls spect n,_al I.nC the nolten
sal t oxi dal5e6¥"r &4t Sai%tugmsaglcgg tlguétolagaﬁmég%gxfé é{]%g??&vg“é ,rt%sz a solid.

| n yet anotdrezspasgieg tpjpet $veas toviern iaoreninekIr Fgaee ‘d‘ﬁir@?ﬁﬁ‘éﬁﬁm@ﬁ‘@ conprising an
M5S0 reactor 200 that includes a ventilated annul ar space 0(2%% round t he
reactor 20 shel | 2039nanpi RS FrS YHELSIRENBEES EMTSH & € 3"815f event
the shell 203-fif am-aveshest dandeubbldbcodduidepetife Rab@s] \gh’lertahat reduces
thermal growth inconsistencies during changes in environnmental conditions,
such as a driving rainnst &3t cex ahpdie onalvemanreubiidecafdutthesaimpipeiis a oiagl ed by
rain or w nd nor eothe id t al
expansi on ScfnnFﬁt(?% tﬁaai%e%@%urégn éee?ur%%lléqgga@ﬁg lt‘éﬁl%igg a%%)rh“éﬁjés}ﬁ\éfé&&m

bei ng ri ppedtajEicomatisés saljgsnatest, washe amaterplo@inmasisindotiarin@techyesei on, t he
M50 reacto : i§ tdbiRbghatvl Wasan air gap
202 bet wee{?aﬁyalm’”f?e%@%épr%gﬁ{égrt&'{hegﬁrﬁtor%gﬁﬁgteﬁn eﬁ 218, as shown in
FIG 1 1. watsrial gemarisesdchdniingked sashoeseesr 200, the design al |l ows t he
shell 203 to withstand tenperature extr ovmn t he 203to
expand and contract %venl{/TP € ER" QEBW{” %&?’ Ott’en8 EXenp tqsnu 4

react or 20gyddnek udesneefetac tiog ynoR8A sandemtbeat 5 heht: oa?@@owmifqmleefﬁWfpl ary

enbodi nent | Iustrat reactor shell 203 and outer tenperature
shield, 218° F’hé 'Mﬁ‘eac Eer\{\g‘@%efg%& 076559PCT/ GB2009/ 002964 - 36 - 200

i ncl udes an annul ar $pacey nt1 B @tQurﬁ'lrfu%leﬁt:&ngrlﬁnéﬁfﬁlr@ﬂs@a délite vents
215 and 217. The air intro uce via air inlets 214 and 216 nag e prOV|ded
by an air & »lesptigmistatdpasumne of FaidHeectdarenehE 85802 ha EFeend t he

MSO react 0g.,4R80 daB¥e fiEd iRk 1daBEbikdsbam dasidliakt anothbanketor213 |nterposed
bet ween the reactor shell 203 and the outer tenperature shield 218 on an

upper portion of thes M5S0 TrRagktm of deireanpdreinadady e=dohe sbaithy ddvinege 2219 on

the react OraEv Oplévmg opgn and closed positions.

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

5. The éyst@m of claim 1, further comprising at least one other
tubular conduit flowably connected to the molten salt reactor, each of said other
tubular conduits containing concentrically within it a corresponding shaft so as to

form an annular space therebetween,

7. The system of claim & wherein said shaft comprises a drill bit

mounted onto a downstream end of said shaft.



It should be noted that materials of construction utilized in the systens
according to the present invention are preferably steel or nickel based
all oys due to the high tenperatures and salt present in the system

Mat erials such as Inconel or ioHastelloy are typically used if the materi al
is to be in contact with high tenperature salt streams or aquétu-igalt
streans. In still another enbodi nent of the present

i nvention, the MSD reactor vapor spachEg_i .e., the area above the nolten
salt) can be used for thermal oxidation treatnent of combustible gases or
vapors, e.g., vent gases fromother processes. It is 15contenpl ated that
using the M5O reactor in a dual purpose role can have a significant inpact
?n a plant's energ)&.CfJﬂSHg}g&ét@m ofF@éirrﬁ%];@HEﬂaﬁhﬁd br €8 dvmeirém@latdepigﬂer need
or a separate_thermal oxidizer systemfor these vent gases n _addition,
0 such: B LSBT R S AEEP D PG SOF G B0 LA PE Jeht AEPPL Ly ¢ hat
woul d hayaished bepuiaai duonéthacmakidral so be reduced. 20Wile preferred

enbodi nents of the invention have been shown and described herein, it wll
be under st ood t hat SsuchTeabedemesftciaion & weosin ded $9p Vet emwiegrpl e onl y.
Nunmer ous Makjkftions, changes and substitutions will occur to those skilled
in the art wthout departing fromthe spirit of the invention. Accordingly,
it is intended that the appended clains cover all such variations as fall
within the spirit and 25scope of the invention. MCSLLP -37- C ains

1. Anolten salt trneat "ER spyteedNtOMPr Wkergn saidndstcem ks aireact or
conprising a vessel containing a nolten salt; one or nore
tubul ar conduits flldwabliye spste@cifethimol firtharooranissw an eeworaing éxvide of

sai d { ubyhac, £aRAHLLS GO 0NE 39 FABGEANL! G WobBLEmId: s@iaaHe gspondi ng
pi pe so as to’forman annul ar space therebetween; and one or
nmor e gas 's@arteyacendeidt-ed to feed a gas through the annul ar space in at

| east one of said tubular conduits into the reactor; wgerei n:

in at |east one of 14aj dh& e MublHHIET COMAISTY, 257 PR RENS's a pi pe
connect edohduitcdregidingaufiee flb@ablgednhzdrat es kakittrectrey nedseetv sakiver eact or

wherein sai,d material c ri ses hal ogepate S terial i,.sing
chl ori na&%te\?\éfite&?{rﬁf”égreﬁg%r? ?%‘?T{néﬁg[]%ﬁ I"'68e°Y ﬁ%? %rgaéﬁ?eidn% tﬁ%(%ggétst?éMer ein
t he chl omol@heditvasbe swttrecovalry eesgel.i ses chl orinat ed car bohydr at es.

13. The system of claim 1 further comprising:

an off-gas outlet flowably attached to the vessel containing a molien

salt;

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

an off-gas containing entrained salt therefrom;

a heating device configuraed to heat the gaseous effluent from the

scrubbing device; and

a filtering device flowably connected to receive said gaseous effiuent

from said heating davice.

14.  The system of claim 13 wherein said scrubbing device is a water

scrubber,

15.  The system of claim 13 wherein said scrubbing device comprises

a venturi scrubber,



2. The systemof claim1l wherein said one or nore tubular conduits is
connected to the nolten salt reactor at a location below a liquid | evel of
nolten salt in the nolten salt reactor. 3. The system of
claiml further conprising a first sealing device at a |locatio F%ELQt | east
one of said one or nore tubular conduits, and a second sealing dévice in

said at | east one tubular conduit at another | ocation. 4,
The system of claim 3 wherein said segﬁﬂd seal ing device is a val ve having
open and cl osed positions. 5. The system of claim4 wherein
said first sealing device conprises a packing gl and. 6. The

systemof claiml, rther conprisin | : . r uit
fl owabl y connect ed E% tﬂ@w%@ﬁ éﬂosgﬁﬁ1?é§g§%%%f%%%ﬁ&%Pgég%ggg%ﬁg¥@gﬂguIar
condui t s donattahasting deoneentrically within it a corresponding shaft so as to

forman annul ar space therebetween. _ _ 7. The system of claim
6 wherein sai d shaf t7.confitd systera ofieieint 16herdiprREdeiing devi6\ihdt%&am end of
sai d shaf {,neMCSLLP - 38- 8. The systemof claim1 or claim6

or claim?7 wherein said pipe or said shaft further conprises a stop limt
for preventing sai dipi petiy syshah of biainng 3 pushed said pedtingdievite cofmpiribes
reactor. - . 9. The systemof claim8 wherein said stop limt
conpri ses 8 RAGHE heRjing device. 10. The systemof claim1 wherein said
gas conprises alr. ,q  The system 0}‘ f@lgarm IP%@&E%@QO%&’@'d@vkefiéjéthlégf
conprising an evapordting device owabl'y connected to said one or nore

t ubul ar cench@nter. upst ream of said one or nore tubular conduits.

12. The systemof claiml further conprising at |east one other conduit

containing a pipe f?®dwablie kR 88N 8345 SPELRRASINY dF¥EEdT "F 0 recei ve

mol t en sahtaHs&hasaedut EARchN® i eiatat bbdeaticfat@atos aampatade oo

transport the nolten salt to said salt recovery vessel.
the gaseocus effluent.

21. The system of claim 13 wherein said filtering device comprises a
baghouse.

22, The system of claim 1 further comprising:

a reactor overflow outlet flowably attached to the vessel containing a

molten salt;

an overflow conduit flowably connected to the reactor overfiow 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 sait
recovery vessel for preventing backflow of cold gases through the overflow conduit to

the molten salt reactor.

23. The system of claim 22 wherein the gas mover comprises a

superheated steam injector.

24, The system of claim 22 wherein said molten salt reactor further

comprises a splash shield positioned at said overflow conduit.

25. The system of claim 22 wherein said overflow conduit is sloped

back toward said molten salt reactor.



13. The systemof claim1l further conprising: an off-gas outlet flowably

attached to the vessel containing a nolten salt ; a scrubbi ng
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 fromthe scrubbing dév$cies and

a filtering device flowably connected to receive said gaseous effluent from
sai d heating devi ce. 40-The system of claim 13 wherein said
scrubbing device is a water scrubber. 15. The system of

cl aim 13 wherein said scrubbing device conprises a venturi scrubber.

MCSLLP - 39- T?%égiteg%éﬁrﬁzé%qhep lc@h'ﬁ]‘éﬁg%?é’f?ih@ ¢Bdicd heating

devi ce conprises a 5|6r ect I'ng _ . The system of
clai m 16 wherated wahtrofee hetgradevioceid avesigasomiiher . 18.
The system of claim 13 wherein said heating device conprises an indirect
heating devi ce. 27.  The systengf cipig Zéy‘gg%”ﬁirb?a'glhﬁ? 9 BN FTET 1648

heati ng dewkeenda=8ing d2ert. exchanger. 20. The system of claim
13 wherein said heating device is for heating said gaseous effluent to a

t enperat ure above t he. safbe aysten df ergrer2at whereof sdithdirgeshestiog efficedns .

21. The sggggmn%; claim 13 wherein said filtering device conprises a bag
house. ' 22. The systemof claim 1l further conprising: a

reactor overflow ouphet HhOURhLY RLIARNRAA ISy Resto GQRAIM B ol ten
, an indirect heating device.

30. The system of claim 29 wherein said indirect heating device is a
heat exchanger.
31. The system of claim 22 further comprising a salt dissolution

device flowably connected to receive the moiten salt from the reactor, and connected

to transport the dissolved salt to the salt recovery vessel.

32, The system of claim 31 wherein said salt dissolution device

comprises a siuice line.

33. The system of claim 22 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.

34. The system of claim 22 wherein said gas mover comprises a
biower having a low pressure side flowably connected to the salt recovery vessel and

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

35. The system of Claim 1 wherein the vessel is flowably attached
to an off gas outlet and to a reactor overflow outlet; and wherein the system further
comprises:

a scrubbing device flowabiy 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;



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 for preventing backfl ow of
cold gases through the overflow conduit to the nolten salt reagct.Q

23. The systemof claim22 wherein the gas nover conprises a sh& thated

steaminjector. 24. Thg-system of claim 22 wherein said
nolten salt reactor further conprises a splash shield positioned at said
overfl ow conduit. 25. The system of claim 22 wherein said

overflow conduit is sl sai d I ten salt Ne) LI S
- 40- P‘%{@gs fcg o&all’apltann ST ngrl Si %Sfﬂg eating

devi ce connegtetby saldmteatnmtl,jdewctmt gas into sal d overf I ow condui t.
27. The system of claim 26 wherein said heating device conprises a direct
heati ng devi ce. an overflow cagiuitFlieabystadftefed dp Ahsreartafioapaion %‘&ie@

direct heatﬂoﬂ%cQWhﬁﬁeh Salf tIIBSH BN AN discharge the molten s#Sko J B&t Rxsl @ of
claim 26 wherein said heating device conprises an indirect heating device.

30. The systepglof"@l ai m 29 wherein said i nd| rect heating device is a heat
exchanger. stem her

salt dissolution deviac@sfmgﬁtf{]wa nﬁ?@&?%a g%s?'g]cf’%?%’\cle@ ﬁ}}t tﬁf gﬁé lé@ﬁ %}ﬁ% rom
t he react orrecangy cessrell edevicating aasqont oftdet ghses dhroedh shed ovdarbow lwendat o

recovery vessel tor 32. The systemof claim 31 wherein said salt
di ssol uti OrFaOagmoggn cs:%{Frﬁeralcsoes a sluice line. 33. The system of

claim22 further conpgl S' Afle QY of i S [REIPEAN O%H%‘?H}ﬁ@tt@!ﬂx@rt eam
injectors |located to I npinge and break up nolten salt |ssumg roms

over f | ow cowddeits ﬁrﬁ?”t‘@ﬁ‘i@ﬁ’ QeE]id P‘l’?éteﬁt?la{téﬁa§a'l gt 3 pcatin BgiPY & MUK &/ essel

34. The syshgmPiaiCinadain 2ditvhesiersncs® d gas nover conprises a bl ower having
a |low pressure side flowably connected to the salt recovery vessel and a

hi gh pressure side f|37v\lab|7ye@9$tﬂmcbfeﬂbih‘035 hethalcoemrisiabta fireasdating device
3 one syshem ok bRl Mt ANELEIE bte ¥eRaghnl 8- HovaRl L Abaghed e an of

gas outl et Pow out and erein the systemfurther
conpri ses: second sealing dewcasfsszamlbbleragt o/ iubelar Icop@ibil gt @éﬂﬂ@%ﬁf@m toasatiere
of f-gas outlet to receive therefroman off-gas containing entrained salt;

a first heating devi &8 codhfgusedr efcidieat” é!%ﬁ‘é%‘ééi‘jg sefFdreAting Forte ie
scrubbi ng dgWeCksving open and closed positions.

39, The system of claim 38 wherein said first sealing device
comprises a packing gland.
40, The system of claim 35 wherein said tubular conduit further -

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

preventing said pipe or shaft being pushed or pulled out of the reactor.

41.  The system of claim 40 wherein said stop limit comprises.a

coupling.

42. The system of claim 35 further comprising at least one other
tubular conduit flowably connected to the molten salt reactor, each of said other
tubular conduits containing concentrically within it a corresponding shaft so as to

form an annular space therebetween.



MCSLLP -41-- a filtering device flowably connected to receive
sai d gaseous effluent heated by said heating device; an
overflow conduit flowably connected to the reactor overflow outlet to
receive nolten salt therefromand di scharge the nolten salt to a salt
recovery vessel; and a gas nover flowably connectgg to said
nolten salt reactor and the salt recovery vessel for preventiﬁg 2ckf | ow of
col d gases through the overflow conduif,-to said nolten salt reactor

36. The system of claim 35 wherein said one or nore tubular conduits is
connected to said nolten salt reactor at a |location below a liquid |evel of
ol j[en salt in said %.t .enThSea:ls tstér%%?tc%'i’ .42 whereain said haf@deérrri]seessay&InPWc OT
claim 35 further conpri'sing A frrst’ Séa i ng deVic&" %t "%n upstréam [ ocati on
in at | east nonetaf orfaiaddcymstrermnmrdecftsabigtaift. conduits, and a second sealing
device in said at |east one tubular conduit at a downstream | ocati on.

38. The system of claim 37 wherein said second sealing device is a valve
havi ng open and cl osed positions. The system of cl aim 38

39.
wherein said first sedti ngHeiSEem COAFIT Sasvher BRI hePfatrRyises air.
40. The system of cl aim 35 wherein Ea{d %ﬁ%ulﬁr conduit further - conprises
a stop linmt in a portion B Y5rd"Gh&2EP ndF BN eLBUT RIS SORUGY FROTP MY
preventing gatick poysblprosteatdd teiangopushedraotubptdrlceddwtst upstrek heofr st e o .

41. The system of . cl ai ég.ﬁperein said stop limt conprises .a coupling.
42. The sys?%ﬁPS?“§¥@¥2% YFUr t her conprising at |east one other tubular

condui t 1 ovabl y: connggt edrqdeshen PLEER 383 knk LA Aisin8CRag ortalie ot her

t ubul ar conduits contalning concentrically in it a correspondi ng shaft
so as to fofubular canfiil ePntahie? PSSP I@RNeCtREES L mglien salt reactor to 43.

The syst em plcefkahiMdlsaM@E@iafytindrGhah bin€ @B dcs@s ot raispbh thi tmdTRiMNaad
onto a downstream end of said, shaft. 44. The system of claim

35 wherein ©aih¢ FHSCEQFHY VeEEair . 45. The systemof claim
35 further conprising an evaporating device flowably connected to said one
or nore tubular conduits upstream of said one or nore tubular conduits.

46. The system of clajm 36@&%&% of QERE 81 & daRAST NG BENES istd MR
conduit containing a pipe flo y connected to the nolten salt reactor to
recei ve nol $ewblydl t di scharged therefrom and connected to transport the
nolten salt to the salt recovery vessel. ) _ , , _

48 The system of claim 35 wherein said scrubbing device comprises

a venturi scrubber,

49, The system of claim 48 wherein said first heating device

comprises a direct-heating device.

50. The system of claim 45 wherein said first heating device is a gas
burner.

51.  The system of claim 35 wherein said first heating device

comprises an indirect heating device.

52, The system of claim 51 wherein said first heating device is a

heat exchanger.

_ 53. The system of claim 35 wherein said first heating device is
capable of heating said gaseous effluent to a temperature above the saturation

temperature of the gaseous effluent.

54. The system of claim 35 wherein said filtering device comprises a

baghouse,



47. The system of claim 35 wherein said scrubbing device is a water
scrubber. 48. The system of claim 35 wherein said scrubbing
devi ce conprises a venturi scrubber. 49. The systemof claim
48 wherein said first heating device conprises a direct-heating device.

50. The system of claim45 wherein said first heating device ié ﬁ?Fgas
bur ner. 51. The systemof claim35 wherein s i' % st
heati ng device conprises an indirect he&ati ng device. ‘ 52. The
system of claimb51 wherein said first heating device is a heat exchanger.
53. The system of claim 35 wherein said first heating device is capable of
heating said gaseous effluent to a te,rlererature apove the saturation
tenperature of the gaseoudesPpiegeptclaim 35> wherein the gag MOYRECADRISERMZ0f ¢l ai m
35 wher ei ng §Rirkkatéd &esmngjedeii ce conprises a NI CSLLP -43-

55. The system of claim 35 wherein the gas nover conprises a superheated

st eam i nj ect or. 56. The sys&6n oTtieins §5vawreh seldainnit8bsalheaasian fggher

ol ten sal (o 1eact ore funiRks GRIRLLRES BieRARl Shhglid positioned at said

overfl ow coHAUi he system of claim 35 wherein said

overflow conduit is &) opedngctent Brahth S8ivthef@hisay SRk fiow E8fdudris sloped
58. The systemof claim 35 further conprising a second heating device

connect ed BaFki tavpGHtRie Meden §a8 9 sai d overfl ow conduit.

59. The system of claim58 wherein_said cond heating devic ises a
di rect heating devi c&: '8l B da'é‘bﬁ?ﬁ%?y%%rﬁsb %F%Clorrﬁggé%v\ﬁ%r ein

sai d secongeheatdnRgctde s oerddtica hgagadbimtmesid overflow conduit.  61. The syst em of
claim58 wherein said second heating device conprises an indirect heating
devi ce. 59.62. ThErsyswys pEarof 58 [vdiensi6 Baighwcenth heing dvénd

heati ng deyjce..l : ﬁf%h@é?%r 63. The systemof claim
dariprices aad‘%%%e di ssol ution device fl

35 further conprising a salt owably connected to .

receive the nolten sgjt fremgaidoheatd BY viRYEiE Barngkc6N ReStrtddvaetis anspor t

di ssolved salt to the salt recovery vessel.
gas burner.

B61. The system of claim 58 wherein said second heating device
compriées an indirect heating device,

62. The system of claim 61 wherein said second heating device is a
heat exchanger,

63. The system of claim 35 further comprising a salt dissoiution
device flowably connected to receive the molten salt from said heating device and
connected to transport dissotved salt to the salt recovery vessel.

64. The system of claim 63 wherein said salt dissclution device
comprises a sluice line.

65, The system of claim 35 further comprising one or more
directional superheated steam injectors for receiving molten sait from said overflow
conduit and to direct the molien salt to the salt recovery vessel.

66. The system of claim 35 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.



64. The system of claim63 wherein said salt dissolution device conprises a
sluice line. 65. The system of claim35 further conprising
one or nore directional superheated steaminjectors for receiving nolten
salt fromsaid overflow conduit and to direct the nolten salt to the salt
recovery vessel. 66. The system of claim 35 whergisnlsai d gas
nover conprises a blower having a |owpressure side flowably connected to
t he dissolution vessel and a high pressure side flowably connected to said
nolten salt reactor. MCSLLP -44- 67. A process for treating
a material in a nolten salt reactor, said reactor conprising a vesse
containing a nolten t the r ; :
delivering the nater%%l VIamgc8%98?ﬁgﬁﬁﬁﬂ$nhﬁéﬁg:Egonégﬁﬁg acﬁ“ Smd

t ubul ar con@actbrtcbmmiamgaoz@mcmetasmrm@mofmlﬁaétnt*wmocwar@mismdm pi pe
and condui t g&;&;ng an annul ar space therebetween; and

i njecting a gas into the annul ar space, the gas haV|ng a pressure for

preventing nol ten saldeiif &y hrckédeow Ng aq:u;Be @$ndeh&1dafniz tenasrbtvirgast or into
t he annul ar spac conprlses chufrlnated

ot o et RPaE Fandui farably werndp Sht maen ol deedtr SRR R P bRl

chl ori nat edrowamigenn@ireldralpacoterétsesecahlad nat ed car bohydr at es.
68. The process of claim67 further conprising the step of renoving a
sol vent from the nat eénjealing a gan irdowmenmidf sreicenthetgesagingrit pressure for

OVEr pr essur ré\%dtf?xl’a rﬁ@l?éh LheBRUSSLAbwihg oLDbf %%Sﬁeﬂ Qé:?réa%rﬁ%ttﬁé‘ sal t

reactor under operating conditions. . The process of claim
68 wher ei n IWiLrsedsant i s wat er. 70 The process of claim 69
wherein the step of rennvin% a sol vent coggrlses ﬁforatln Lge wat er from
the material . wherein the matqigd QPPEEES U IRATEF HoBF ‘Pﬁ’i’e?‘ﬁ O dhpri si ng
the step Ofsulaﬁéﬁéslengaﬁmctcrah@rpt-@:lesenrar@rwm@ed&hemrdrmgtddheammemi to the
nolten salt react 72. The process of claim67 wherein the
gas conprl§%@“§F?SCMO”nMEdCaﬁmhym?gﬁ The process of claim®67 further

comprising the stens & e arocess g it ey {IRADGAL LT RSO0 Al

solid particul ate matt romthe nol reactor wth
aqueous st resgivand froemrmﬁamaterlaéascn ampont swficient tonereprtttave tAraiserireiaer and

produce a npi&{ W6 SRRk Ak Mt 088 §RISnEHdidRRbI rBeabl ftdrRPerating
noi st ure- contai ning gaseous effluent; and filtering the effluent to renove

remai ni ng ®P¥EPARd solid particul ate

69. The process of claim 68 wherein said solvent is waler.

70. The process of claim 69 wherein the step of removing a solvent

comprises evaporating the water from the material.

71. The process of claim 67 further comprising the step of heating

the material prior to delivering the material to the molten salt reactor.
72, The process of claim 67 wherein the gas comprises air.
73. The process of claim 67 further 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 effiuent;
heating the moisture-containing gaseous effluent; and

filtering the effluent to remove remaining entrained solid particulate

matter.



MCSLLP - 45- 74. The process of claim 73 wherein said
scrubbi ng step conprises scrubbing with a venturi scrubber.

75. The process of claim73 wherein the solid particulate nmatter conprises
particles of a salt. 76. The process of claim 73 wherein
the step of heating the noi sture-containing gaseous effl uent %ﬂﬁkﬂgﬁs
heating a water saturated gaseous effluent to a tenperature aboVe
saturation tenperature of the ef f | uent43- 77. The process of
claim73 further conprising venting the gaseous effluent to the atnosphere.
78. The process of claim67 further conprising the steps of:

heating or maintaining a tenperature of |ten salt stream di scharged
fromthe nolten salt 7g4eact"‘”(5‘f‘3 RTBCesS §’gF|tamP gé%’?‘”\ﬁé’ %ﬁr”qbd”%ﬁeﬁtcﬁmr‘lsﬁse

:
nol t en sal tscptifmanwitn aavamplit ecrusbat e; and operating a gas nover to prevent
backfl ow of cold gases to the nolten salt reactor. 79. The
process of claim 78 ikt héhequomss of plginai7§ ydlareinghe lselichpirtiowatamettst ream i n

wat er prior intr j tha salt to the salt recovery vessel.
80. The pr o%oéss?%Asg% pgﬁglﬁr%qgg wherein the step of dissolving the nolten salt

overflow streamincl uges dingsRbiEsBas tiBen MBlRReBaht stdp Halegting ther sl Ui ce
l'ine. 81. The process. o im78 further orgpri sing the

] |
St on of di rBEEHEORETHED GETF oL T LIT P BEPURh PO S Y SAE By v

vessel usi ngroae oz epperaturesidvanadatstapien heabedtstcednhée pjfleebor s.
82. The process of claim78 wherein said step of operating a gas nover
fl owabl y connected t &% he Timlptresess af tlameds tferttheompnirsey gaviegdbé ngsepus

pressure, tenn j nati on thereof to prevent backflow of cold
gases to the rreel;r{t?cé#ﬁ%g O{pgac’or. MOSLLP - 46- 83. The

process of claim 82 wher eietfgcst 8PciBim GENERALT BhFishHLHS W& sCNPr | Ses
generating a | ow pressure in the dissolution recovery vessel and a high

pressure in the nolt %aﬁﬁd} br FEAAEBINgM tdimBerBlL@WRF 2 molten salt stream
discharged from the moiten salt reactor to a salt recovery vessel to maintain the

molten salt stream in a molten state; and

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

sait reactor.

79. The process of claim 78 further comprising dissolving the

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

80. The process of claim 79 wherein the step of dissolving the
molten salt overflow stream includes dissolving the molten salt in water in a sluice

line.

81. The process of claim 78 further comprising the step of directing
the molten salt overflow stream fo the salt recovery vessel using one or more

directional superheated steam injectors,

82. The process of claim 78 wherein said step of operating a gas
mover flowably connected to the molten salt reactor comprises generating a
pressure, temperature or combination thereof to prevent backflow of cold gases o

the moiten salt reactor.



84. The process of claim78 further conprising recovering salt fromthe

nolten salt reactor as a salt solution. 85. The process of
claim78 further conprising recovering salt fromthe nolten salt reactor as
a solid. 86. The process of claim78 further conprising

mai ntai ning a splash shield at an outlet of said nolten salt red&S6kP

87. The process of claim78 further comrising limting flow di scharged
fromsaid nolten salt reactor via a restriction neck downstream of said
nolten salt reactor. 88. The process of Caim67 wherein the
vessel is flowably connected to a reactor overflow outlet, and wherein the
gas injected into the annul ar space_has a_pressure sufficient to prevent

mol ten salt from back@t ow'i§ PERAESDHPT FAE ABIMNERCIE 4 SYERLLEEPERATS 2t he pi pe;
the processrédbitdesmp@imRIgestRgintelosgt @RSsueE in the dissolution recov&ey ubdzehgndan

of f-gas contaiping soli artjculate matt discharged fromthe nolten salt
reactor W tanh'ﬁa PE BBEiJigdLEEPéOA "3 ?trrgﬁ% Ewgtbaltgé"sv?r'a portion of the

Lo . >t ¢ .
particulate matter angd prqﬂg_(,},‘?%c%sé@% SELAY 9??%!%@1 J&'r#})?is%sr%%\?erﬁ% G

heating the noi sture-contai ning gaseous e ent ; tering t effluent to
renove ent rthe nmedtescieitdepdpt s alsalt sowiicber ; di schargi ng nol ten
salt fromthe reactor to a salt recovery_vessel through an overf 'ﬁ: condui t

fl owabl y connected t &5t he TRE@RERSEFS BUERIT S UG etomALisg'9 recovering sait from

operati ng an8astFavl: bhawabd ¥y semnnected to the nolten salt reactor and the
salt recovery vessel to prevent backflow of cold gases through the overfl ow
conduit to the noltemssal trhe @amices of claim 78 further com@BBingTheinpaioicgssspidshcl ai m

88 further conprising,th t A a solvent fromthe material in
an anount gﬁfeﬂje% %%Pglil%: ogrsgi\fjgrﬁf)i?%r{/éarqg?eeascgbg'ri zation MCSLLP -47. -
87. The process of claim 78 further comprising limiting flow

discharged from said molten salt reactor via a restriction neck downstream of said
moiten salt reactor.

88. The process of Claim 67 wherein the vessel is flowably
connected to a reactor overflow outlet, and wherein the gas injected into the annular
space has a pressure sufficient to prevent molten salt from backflowing out of the

molten salt reactor into the pipe; the process further comprising the steps of:

scrubbing an off-gas containing solid particulate matter discharged
from the molten salt reactor with an agueous stream to remaove 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 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.

89.  The process of claim 88 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 nolten salt reactor under

operating conditions. 90. The process of claim 89 wherein
said solvent is water. 91. The process of claim90 wherein
the step of renmoving a solvent conprises evaporating the water fromthe

mat eri al . 92. The process of claim88 further &dfulPsing the
step of heating the material prior to delivering the material to the nolten
salt reactor. 93. The pfocess of claim88 further conprising

the step of maintaining an airlock in a portion of the tubular conduit.
94. The process of claim88 wherein the gas conprises air.

95. The process of clajm 88 erein.the scr i 0} i.5es scrubbing
with a vvat‘%?eréﬁ}edﬁﬁt&”?’ TR0dREE TheB hE %ﬁte?%gnprrgg%téégg%eﬁ {H%é%t%%88 wher ei n
sai d scrubkinagiostep conprises scrubbing with a venturi scrubber.

97. The process of claim88 wherein filtering the effluent renoves salt..
98. The process of d0ai mT¥8 pabeaseiohcleiie StvesTein KL YR tihwater

noi st ur e- cont ai ni ng gaseous effluent includes heati ?F%t% wat er sat 3rat,ced
gaseous effluent to %-t ePErrdPeRse CARGR °8 Y gPdtr § 1S o A T )

ef fluent. comprises evaporatindthe i&ter poacessmeteriel.ai m 88 further conprising
venting the gaseous effluent to atnosphere. 100. The process
of claim88 further gonpriheigrgceds o6 olaim 8§ ftfibe nodrpisizathe gep edhedtinonat er

ior to introducing t It t t
101" The piRGCBEE BrE dh AeLtn e P R el A SR Ihg the mol ten

sal t overflow Strearst.nCl'[‘ﬁg%%aézgé_?_)ﬁ'ec}i\éirﬁ‘%&%tfnﬁhéfpwrﬁﬁis‘iﬁd the flepmt er in a

sluice |ine. process of claim88 further conprising

the step omaditzieotiangiterk ifel peHOB &f theotpdpier sandtream to the salt recovery

vessel using one or nore directi ongl _su%%r eat_eghsteam i nl'_.ect ors. MCSLL.P
§138F 3¢y g

- 48- 3. TREBIGES I 8EGuTEr EPRPEA St ep of
operating a gas nover_fl bly connected.tao t I I o)
conpri ses generating-a p%sﬁfﬁ%‘%sstogﬁ%ér?gﬁu&eergﬁ tggs 'i%ﬁg ?osttne% %ﬁﬁeo “to
prevent bagkfibtong aftheolstegasesbéro t he nolten salt reactor.

104. The process of claim88 wherein the step of operating a gas nover

fl owabl y connected t%.t herhemirpeass Sakkin S8cylsreld $EeRbIge AEPEOMGSES | ow

pressure i{kﬁ&lﬂﬁnf%lﬁh 4 8LRVELYupessel and a high pressure in the nolten salt
reactor w a bf ower.

97. The process of claim 88 wherein filtering the effluent removes
salt,

98.  The process of claim 88 wherein the step of heating the
moisture-containing gaseous effiuent includes heating a water saturated gaseous
effluent to a temperature above a saturation temperature of the effluent.

99, The process of claim 88 further comprising venting the gaseous
effluent to atmosphere.

100. The process of claim 88 further comprising dissolving the

molten salt stream in water pricr to introducing the salt to the salt recovery vessel
101. The process of claim 100 wherein the step of dissolving the
molten salt overflow stream includes dissolving the molten salt in water in 3 sluice
line.
102. The process of claim 88 further comprising the step of directing
the molten sait overflow stream to the salt recovery vessel using one or more

directional superheated steam injectors.



105. The process of claim88 further conprising recovering salt fromthe
nolten salt reactor in a salt solution. 106. The process of
claim88 further conprising recovering salt fromthe nolten salt reactor as
a solid. 107. The process of claim88 further C@E‘EHSI ng
limting flow discharged fromsaid nolten salt reactor via ar "ction
neck downstream of said nolten salt re&etor. 108. The system
of claim1 further conprising a nozzle on the downstream end of the pipe,
said nozzle conprising a plurality of passages passing fromthe upstream
end of the nozzle into the interior of the pipe and term nating near the
downst ream end t her eof . . 109. The syst cl al wherein
t he passages are ori éﬂ?edq“ﬁpé%eﬁ%aﬁj%fwgé;mhgw%ag’ is(r% C?{og_r@ﬂnr@ 345

110. The syséwenriofvasly abmdcotéditd thermolosrpsadlsraagtca compeibels seraraiingdi ng at | east
a portion of the \{essgrjaturleoqig%g‘%irgﬁ@ignzﬁ%@&dtosﬂ‘egéntltt%cgﬁéw BEcAE gé&!@%i‘g—l

ventil ati of $pace ‘Detween t fhe vessel .

The processhofmolkeaisat6Fadtort her conpri sing i ntroduci ng a conbusti bl e gas or
vapor into the reactor bel ow or above a surface of the |ten salt, or

bot h. 1942, Thperaspss eiilaim ¥ RN Mese? “AREe 689 éF%F10,

wher ei n t he, Qe fiBka B Bnhatitd 8F teORdikd SalareacaonBephiees jamarattige lof t he

nolten salt reactor, with the MCSLLP -49- tubul ar.condui i ng -
subst ant i alPF§PSETEARDE 58 IMGCYEThY TS8-I 2 g'ghan "TEACT bnr&gxnﬁlé'?esn geﬁr %%géc{? he axis
I S subst antqitl 4 ylower.ti cal .

105. The process of claim 88 further comprising recovering salt from

the molten salt reactor in a salt solution.

106. The process of claim 88 further comprising recovering salt from
the molten salt reactor as a solid.

107. The process of claim 88 further comprising limiting flow
discharged from said molten salt reactor via a restriction neck downstream of said
molten salt reactor.

108. The system of claim 1 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.

109. The system of claim 108 wherein the passages are oriented in
an inwardly twisting direction.

110. 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,

111. The process of claim 67 further comprising introducing a
combustible gas or vapor into the reactor below or above a surface of the molten
salt, or both,

112. The system of Claims 1 to 67 and 108 to 110, wherein the one

or more tubular conduits are connected to a side of the molten salt reactor, with the



MCSLLP
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tubular conduits extending substantially transversely with respect to a reactor axis,

wherein the axis is substantially vertical.



	Biblio page:1
	Description page:2
	Claims page:38
	Drawings page:51



