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particularly, the present invention relates to a gas-
phase process and apparatus for producing an inorganic
compound, for example, chloramine gas, from commercially

available gases.

Description of the Prior Art

An efficient process for forming chloramine is the
reaction of chlorine gas with ammonia, as set forth in

the reaction below:

Cl, + 2NH3; = ©NH,Cl + NHuC1

Product Byproduct

(chloramine) (ammonium chloride)

Examples of this basic reaction are disclosed in
U.S. Patent No. 2,837,409 to Sisler et al. and U.S.
Patent No. 3,488,164 to Grushkin et al.

The chlorine/ammonia reaction is especially
effective if it is carried out by introducing gaseous

chlorine into a large excess of gaseous ammonia,
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many 5 drawbacks associated with the reaction of

gaseous chlorine and gaseous anmoni a. One notabl e
drisvedie tely e Ere i o 9RC E et Byt cULERIBAMDRT uRhem

E%IQ&L C@he Ag%%%tgiegsl@;ﬁgdr% es bel ow 3500C, anmoni um

ori de con solids precipitate fromthe
product gas. The solids may 10 foul the reactor if not

properly controlled. T event. _or_mnjmze is
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Patent No. 4,038,372 to Colli discloses a process for
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product gas streamand carri'es the gas streamto a
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PR T RBC T 1ON AP 6 A S P DREE B° Pr bRWES 5T Ehatove
preglyed i on of chl oram ne. The process includes the
reaction of chlorine and ammonia in the 30 presence of
an inert diluent gas. The reaction takes

U.S. Patent No. 4,038,372 to Colli discloses a
process for manufacturing chloramine. The chloramine is
formed from a gaseous reaction of chlorine and ammonia at
about 360°C. The resulting product gas discharges to a
discharge zone, which is heated to avoid ammonium
chloride from precipitating out of the product gas. The
product gas stream is then entrained in a high velocity
jet of entraining gas. This gas cools the product gas
stream and carries the gas stream to a filter system
where the ammonium chloride solids are separated from the

chloramine gas-.

Great Britain Patent No. 1,149,836 discloses a
process for the production of chloramine. The process
includes the reaction of chlorine and ammonia in the
presence of an inert diluent gas. The reaction takes
place at a temperature of at least 250°C. The gaseous
reaction products are maintained at a temperature of

about 50°C to about 250°C until at least a portion of the
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the -2 WD 2004/ 046280 PCT/ US2003/ 036781 anmoni um

chloride is solidified. T a ium oride . is

coPW@EFéHmoﬁhéO§P§§slﬁoﬁP Fﬁgn%%'an %Fh@maaqﬁam feride
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solvent. 5 The present invention overcones the

bugdeasvaechppubiéneof st hecbyemed opreffeyakilys iy a solvent.

providing a novel reactor with a solids collection

and renoval system downstream of the reactor. This

novel reRBVakes¥steihvahtovn bokeractierplted eagiiehsome

design, which is easy to 10 cl ean and_conti nuously

opeFabésmogér then§ermpeiPeds fof o lipve PYSOMURRYLDES PHROVEL
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pr%iint |£vent|on tg1e EYOVIde ne.or e ans for
PWG £BFi 8sSErBAPt hEEC56 pFEgder g& eSImSAsY to
avel dafodhiingohheni8881 9" opklrakesaofdit heh R eetrielis of
the present invention to provide such a reactor that
hasimesi npl e streamined design. 25 It is yet a
further object of the present invention to provide
such a reactor that is easy to clean

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
a reactor for the continuous production of inorganic

compounds .

It is another object of the present invention to
provide one or more means for removing solids from the

product gas stream to avoid fouling the reactor.

It is a further object of the present invention to
provide such a reactor that has a simple streamlined

design.

It is yet a further object of the present invention

to provide such a reactor that is easy to clean.

It is still a further object of the present
invention to provide such a reactor that has an increased

continuous operation time.



It is still a further object of the present 30
i nvention to provide such a reactor that has an
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2004/ 046280 PCT/ US2003/ 036781 These and ot her objects

of the present invention are achieved by a gas-phase,
reactidﬁh%$ec@ﬂﬁe@Eh%Tl9b3%95FIQSIEhﬁe8§eﬁﬁgéslgﬁ6Pﬁé0n are
pr fr,an,i t [ i Bea gl-k or
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oravtédeedbhastsédi sageanin tbe ppesposesobf aphiisert carrier
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col l ection and renoval system downstream of the 10

r epetpeseahef etBobi dBPhi@abipici At LyclufsyEgartontt gaes (es)
product . gas, str ViR, PLO LLy. >t...gas
ot tpErBEa ey S bR o g P eb Y 1Re L ebndth ohe

desbgBtowhheh asseasymlbneficanompdcopepatéguration and a
ContinUOUS|¥% over | onger periods of ti
®

.
pr&p bt fedeenbsar heft 2245  EHEVA VEVSFgﬁcgan?gr%QQdoﬁothe
EE&%%E@&PraﬂhQEepéeﬂyéé 828 . e BREEENPESCRERION SFofHERe

NGS Fig. 1 1s a plan view of a reactor according
t optbducpresenstiragsnt Lleayirg Righ Rursty plradugiegest
a solids collection,and . renpyal system.accordin
NEES SR eSS TR e Sl S 2 S
r east 9§nW hidhspki a2 dbsehasgeahtinepacaoedi Bgntdnabusly

enbodi nent of the present . )
over longer periods of time. In a preferred embodiment,

the novel reactor is used to form chloramine product gas.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view of a reactor according to the

present invention;

Fig. 2 is a plan view of a solids collection and

removal system according to the present invention; and

Fig. 3 is a plan view of a reactor with a split
discharge line according to an embodiment of the present

invention;

Fig. 4 is a plan view of a solids collection and
removal system with two collection units according to an

embodiment of the present invention;

Fig. 5 is a plan view of another embodiment of a

solids collection system according to the present



invention; Fig. 4 is a plan view of a solids
collection and renoval systemw th two collection

wanioss4@scording to an 30 enbodi nent of the pPEFES1003/036781
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invention; Fig. 5is a plan view of another enbodi nment
of a solids collection systemaccording to the
prEdeaRtian P804/ 046280 PCT/ US2003/ 036781

invention; and Fig. 6 is a graph illustrating the
abundance of chloramne with relation to ammonia and
chlorineign & i5 prodeph fasusbrabdneaccbedebgndentheot
present invention. TAL LED DESCRI PTI ON THE . .
R RIS RS BT b1 g0 1248 - BRas ) G5ers i 2
acsprdihfe ghe EbEmpaESEBbrimNgNtbOBhkSphepeasenheention.
general |y %y 10 reference nuneral 10. Reactor 10 has

an outer shell tube 12 and an inner tube 16, both of

whi ch Teed 1 ¢ahizohn Shapaserhoy Hr AP nRRIIGS!

commercially ube

12 via RefstringetolBigOng, argabrphbrer ktegases mscbeding
to outer tube 12 via second.15 inlet 14. _-The one.or

nmofe FherPrgssBt ApYeR5igndifuERPTesRRTSS aeesrﬁﬂiw by

foretbeefte! RaRErQNC1DI T SkebOEBRI E02hhY aBVBLLAR! 8hell tube
as. At least one additional or second commercially
avh? | abfleaheddngastibecbhcehechcafl yhielh fepderesaghaon

O AR ERLeEY L RE S BESL LRSS, L LMD B 91120, ML e

I npgeashel! ikubedléo Byteenceberigalliy Feedingnibe 13. One

feed gas to reaction chanber 18, the reaction qccurs

. or more inert gases 1s fed to outer tube 12 via second
inlet 14. The one or more inert gases act as a diluent
and as a carrier for the at least one first commercially
available gas. At least one additional or second
commercially available feed gas is concentrically fed
(i.e., one or more feed tubes positioned within one or
more additional feed tubes) to reaction chamber 18 via
inner shell tube 16. By concentrically feeding the feed
gas to reaction chamber 18, the reaction occurs |
immediately upon discharge of the feed gas to the
reaction chamber, thus providing a more efficient
reaction. As a result, a greater conversion of feed gas

to product gas results, thus avoiding the undesirable

formation of solids in reaction chamber 18.

Suitable commercially available feed gases for use
in the reactor of the present invention include, without
limitation, acetylene, ammonia, boron trichloride, boron
trifluoride, butadiene, butane, butene, carbon dioxide,

carbon monoxide, chlorine, cis-2-~-butene, deuterium,
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gas to product gas results, thus avoiding the
undesirable . formation of solids ighreaction hamber

1 gkl eematBeERY Y QVAPT abPENFREd §RE¥SSPEr GEBYL
3Liibi g [ AAEALLOL, [ PaRbESRNbrbAYED! | RPLBGEdBN 0T de,

out ation, acety ene, .ammnl a, or on
t rivchtagemlesubbida, isobhuaneédeispbtbviiene, bethasve, methyl

but ene, _ carbon dj oxi de,. .carbo noxi de, . chl ori .
o T o et e f o oSl P RD AR Ehesnst, Shblfylamine,
PG &4S20034 0367841 + db gk hyl exiae, divebhiyl ogiber, oxygen,

et hane, ethylene, ethyl chloride,_ hydrogen, hydrogen
briesd HeloFgidlf R cHPBPPERS . PyePYheResuF Rl §er dloXide,

Lé%%#f@%ﬁ?e%é?f&&yiﬁ gitygﬁggﬂgbuggﬁ {Lgfgﬁggh9§%mine, or

oride, ne ner capt an, ne am ne;
ni dxiy ccatb T t hohs ogleardd6xi de, nitrous oxi de, oxygen
perfl uoropropane, propane, propylene, sulfur dioxide,
sul fur hexafl uoride, trans-2-butene, trinmethylam ne,

or anygeprbihnat i 9ost theLesf rodOusHi 1AbLBei peEtegases
for use In the present invention include, but are not
| i mvedtion hheteden, bubrgoa, noel Lunitadoho, opihrggen,

combi nations, t hereof, B 0 e '
RIS e b T ES e o o 1 oS BIRL Eonb AL LEBE
may include, but are not limted to, the follow ng:
Cl2 + 2NH3 -3 NH2C1 + NH4d NH3 + B3 4 C 3B-NH3
By way of example, reactions using the novel reactor
of the present invention may include, but are not limited

to, the following:

Cl, + 2NH3 =2 NH,C1l + NHCl
NH; + BCls = Cl3B-NH;

SO3 + NH3z > SO3NH;

Cl, + HBr - HCl + BrCl

Cl, + NO - NO; + CINO

In one embodiment of the present invention,
chloramine gas is produced using the novel reactor of the

present invention.

Chlorine or chlorine containing gas is fed to the
reactor via first inlet 13 and outer tube 12 at a flow
rate about 0.001 ft3/min to about 0.1 ft?/min.
Preferably, the chlorine gas is fed to the reactor at a

flow rate about 0.01 ft3/min to about 0.05 ft’/min, and



20 SO3 + NH3 - SOBNH3 C12 + HBr 4 HC1 + Brd Cl12 + NO
- N2 "+ CLNO I n one enbodi nent of the present
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novel reactor of the present invention. Chlorine or
chlorine contalnln gas |s fed to, the reactor Vi a

f inate Ak enz-n Bl lr 0t ¢ibed 1”21"a(tméfl T DR Bt ELS

abioéxat 3,001 ft3/mn to about 0.1 ft3/mn. Preferably,

t he cﬁnl orine gas is fed to the reactor at a flowrate
about Ot fn&f/tigasoiabbed Bo0BhétBéathoravda s6cy@l inlet

2004/ 046280 PCT/ 820 / 03678 nor e, preferably )

o G o CUbanbat ah 1517Y Srren Pothoty hafE hmin to
I sph&ek to E’@Qnﬁ@ﬁm @"ré@eﬁ:a&ﬂ%ﬁ,ndck'l@'iﬂer’cldg@@dl@%&l to the
tube 12 at a flow rate about 0.1 ft3/n%'n to 5 about 1

f t¢adrer Rrlefarbbdy, r@h@ ?lpert Qak2i Etiguin o bout 0.36

re ci/or at %%rc]if Im%\% 139 (%Zlg Bﬁﬁlg‘x@tt%oa%%%ht 0.18

3/mnto
abﬂtﬁ/nﬁnlS ft 3/m n . 10 Gaseous anmonia is fed to
the reactor via inner shell tube 16 at a flow rate of
about 0.002 ft3/mn to about 0.2 ft3/mn. Preferably,

o the gasegus,amonhanis {€dre§Orbhenteastotodt vaaf kaver
rate about 0.032 ft3/mn to about 0.096 ft3/mn and

moslee bl efwrabl§ aboat £0004rdt8/ of napout 50 aBB4t £0° bwgn to
\fl\:q%tﬁc% . 0 AZ Cft':i/lnglarl. aSEPrngeroabfy,e tﬁ{ esenéeé é’e%gﬁ]ia is fed
to the reactor at a flow rate about 0.032 ft3/min to about

0.096 ft3/min, and more preferably about 0.04 ft®/min to
about 0.048 ft*/min.

A critical aspect of the present invention, when
forming chloramine gas, is the pre-mixing of the chlorine
gas and inert gas prior to preheating the gases.

Chlorine gas by itself is highly corrosive at higher
temperatures. It has been found that by mixing the
chlorine gas and inert gas prior to heating reduces
and/or eliminates the corrosiveness of the chlorine gas.
As a result, materials that are less expensive and easier
to machine can be used for making reactor 10 of the

present invention.

Suitable materials for constructing reactor 10 of
the present invention include, but are not limited to,
hastelloy C, stainless steel, brass, borosilicate glass,
silicate, sodium silicate, potassium silicate, silica, or

any combinations thereof. Preferably, the materials used
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at higher tenperatures. It has been found that by
m xing the chlorine gas and inert_gas prior to

he&Pi @nﬁgaﬂegsreﬁﬁBPErlglFHFH&@@shPﬁ§e&&Pﬁb§ﬁvéﬁ@&?less

of sthg1chber kNecRABInaAS od kegtkbs Materials that are
| ess expensive and easier 25 to nachine can be used

for making reactor 10 of the present invention.

Sui t abl erials f onstructing,reactor th

o esent SPRUBRET SCPREPRGe SoB0r aPe RBE PrAFERY fgverigon is
hashel be¥nbatsha alfeas_lsbeelthebga%&s beres lticcateir

glass, silicate, sodiumsilicate, potassiumsilicate,

si Lnerodsetiany teokBraatransherBrEolS - Pr éﬁeﬁamefulﬂq@f

My erhal s tisedhe FoUR 5004040280 RGTLUS %%%%’ e

to cons ruc react or incl'u Ste
st eebgctor aanohblnaEdoW1theueotheApmbbéEmlmﬁomm&nteactor

aspect .of the pre e invention is 5 the preheati,ng
of GR1 188 PRENGRELEanr | GLCRo SBnalTonLHEY GHICEIGR o the

re@SEEOBfCBﬁﬂBEémlﬁe As1a Besuktoafl tBeeheahicRrd thi®eratures
feed gases, a snmiler, nore conmpact reactor can be

usgaowdhomghh@ pp@tyﬁéﬁn@ﬁ trh&epeattigpr S@&Iemgwtts/h This
sol i ds

ChPEPXidegCh ﬂégdggggh%gb%hlgr gﬁt&ﬂy&ﬂ%l&i %%s%f%lclently

m ne on hehi tres

pr pybdachhghprocaaregakon rates and/ or select|V|ty.
This provides a key advantage to continuously and
efficiently producing product gas.

The device or element for heating the feed gases
include, for example, heat tape, high resistivity wire,
steam, furnace, or any combinations thereof. Preferably,
heat tape is used to heat outer shell tube 12, which in
turn heats both chlorine gas and inert gas flowing
through outer tube 12 and the gaseous ammonia flowing

through inner tube 16.

In the case of chloramine gas formation, outer shell
tube 12 and inner tube 16 discharge into reaction chamber
18. The chlorine gas reacts with the ammonia gas at
reaction zone 20 in reaction chamber 18. Reaction
chamber 18 is heated to a temperature in excess of about
350°C by one or more heating elements 22 and measured by
one or more temperature sensors associated with heating
elements 22. It is critical to the invention that the
reaction occur at a temperature in excess of about 350°C

to prevent the condensation and precipitation of ammonium
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Preferably, heat tape is used to heat outer shel

tube_12, which in tgrn heats_both ch| ori ne gas .and
| nehEogAEST | BUPKGPEBATRFoBG LBEt SRSCRBES T2 TR LERD

93888H§r§H§UB£arééeﬂﬁaﬁ chBf:gughignner tube 16. In the
case of chloram ne gas formation, outer shell tube 12

and i nner tube 16 discharge into reaction chanber 25

18. The_chl orine _gas- reacts-with the i a.aas
react i oft Sﬁécﬁoogne%%% P%oﬁo5haﬁ%e%n%ggggggégﬁo%%he 20

chapbendd8 rsrhertrgdleo aechenpepat uneéghnrexdéessvifty wire,
about 350C by one or nore heating,elenents 22 and
neaserBd Byrnane. offofBYt ERPELBRGLENSeRBEFSOL -

asspckaledvi thobeating 30 glements 22. It is critica

e ITnvention that " the reaction occur at a
tenperature in excess of about 350C to prevent the

condensatj on an ecipitation of ,anmmoni um, -8

2004/ 046386 E%ﬁ%%géogégoég?gim EﬁEgFi6§?C lﬁﬁ;ﬁﬁgﬁESF 18

of vt heggasnpbgseciBacbk0At QCEUhpbREruRel 8R¢HI0AN excess of
chanber 18. A device or elenent for heating reaction

zoakord B5PAELude, for exanple, heat tape, high

resistivity wire, steam furnace, and any

conbi nati ons thereof. Preferably, heat tape is used.

The prodgcekrgasgstoernyexkt stheaprbdncehgaBesti@all) via

via_ discharge tube 26 at a tenperature still ,in excess

ofdlggaa{gg5§@pe 26, enters a solids collection system
according to the present invention, represented generally
by reference numeral 30. Solids collection system 30 has
a trap 32 with one or more baffles 34, 36. Baffles 34,
36 help collect solids that may have precipitated out of
the product gas. Following trap 32, solids collection
system 30 has one or more filters 38, 40. Filters 38, 40
further collect any precipitated solids that may be in
the product gas. The product gas discharges from solids

collection system 30 via discharge line 42.

Any suitable filters, compatible with the desired
product gas, may be used with solids collection system
30. Suitable filters for use in solids collection system
30 of the present invention include, but are not limited
to, one or more cartridge filters, bag filters, granular
bed filters, or any combinations thereof. Preferably,
one or more cartridge filters are used. In a preferred

embodiment of the present invention, one or more
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generally by reference nuneral 30. Solids collection

system 30 has w t.h on e baffl es
%Caesrﬁﬁee §&1te§8 Eaié E8PrEct Fﬁg§EPﬁEFS 7@§%§ and

prﬁ?beLEE@QnOQRI@fbyt@@N@rﬁ§§C$e9@§edF0||0Wﬁng trap
32, solids collection 20 system 30 has one or nore

filters 38, 40. Filters 38, 40 further collect any
pr eci pi ed SO|I be n th I t
%ﬁ%? 6&§gd|scﬁggges fano m%o% %%%% o%a% reactor

The pro ron1so ection

sya&ea‘raﬁzngl aodtﬁeh@tgeehrcnen%ntaBnAmg mptrajsleelted
filters, ngatible with the desired roduct g may
begaeakLYh §oreéereaFeeEPWeﬁaéyépen1 s9Ctgi PApfhes the

fi LLOESfoLiUgRekNa §°kh9§ecabé%9ﬁb%6.%M%%G%bs%%c?gt%he

present invention i1 nclude, but are not limte
oneeactnmreOcaetrfdgehfabbees,hbwgvbmlteeectgmaﬁ@l@as

30.bed. filters, or _.a onbi nati ons t her eof

o ot erharye ohe 56 RhE CRRrRR BEBCHY GRS LPealisdgast two
I nsg1pretennedtrisAbagdiaeat rabqat Rappeesent siunventi on,
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cartridge filters sold under the tradenanes CT-101A(r)

and M gr %e%&?ﬁﬁekb'ﬁggd %éC%NQ?EEésb% #ﬁ%@té RR &< for

to Fig. ano a reac
acaeédwmghtahbhEeaeesenﬂepmmeeﬁl@n Figreprésemb©desented
generalliﬂby reference nuneral 50. Reactor. 50 has th

safBnErerLIBuP¥sTSESFRBSE HBYEFA eéOMAtﬁoﬂé§5e89198Ctlon
reagkebn1@osahsf ehkhsghavec chowayes, akeaebet 3@thasrtn

above for solids collection system 30 depicted in Fig. 2,

however, system 60 has two collection units 62, 64.

Collection unit 62 receives product gas via
collection system feed tube 52. Collection unit 64
receives product gas via collection system feed tube 54.
Both collection units 62, 64 remove solids from the
product gas by the same mechanisms described above for

collection system 30 depicted in Fig. 2.

A benefit of having more than one solids collection
system achrding to the present invention is that it
provides an end user of the reactor with various
operating configurations to optimize the continuous
production of the desired product gas. For example, the
reactor with two or more collection system tubes, and
corresponding collection systems, can be operated

simultaneously on a continuous basis.

-10-



di scharge tube 26 that feeds product gas to at | east

two 10 solid collection system feed tubes 52, 54.
wRedoaioud2sg to Fig. 4, a solids collection systror/is2003/036781

use with the reactor depicted in Fig. 3 is represented

eneral Iy by reference nuneral 60. Solids collection

%5 systé‘?/ﬁﬁ @%‘ T ﬁ'g&)? Reri &S Phded s diwo or more

f o 1 2ave Qi tenl itd®eeoldRe tdan SypremmP depigd ed

in Fig. 2, however, system 60 has two col l'ection

unices 16ZLien. sESItEBSt iCeM T LUeR ire@aingdsl qdr.odudt s

via.20-.cal | ecti-on syst d tube 52, Collection-unit, .

64Slgnélgéfia\r/1§§?u€rlgduct geggff?sfge'cg%eglctoﬁlgn Osryériogrﬁ fcé)el sction
5t ubgstéms Beblnicel hedhitemandid,s hdsb4lamme oipldviitems can

fromthe product gas by _the sanme nechani sns described
ab&Fe tREED ESIH-ddtfon Wey-de PRS0 e Fiodie & R irigle roldmction

A henetls %figﬁ‘l%‘fj BGAREE AN faNe, S Alddd$, fOLLRH iQvice to
systemaccording to the present invention is that it
pr oepdeseathengyssemsottakiea oddectlamen t Asvar imasilt, the

operati.ng configurations to opti.m ze the cantinuous 30
o SBUCHTUR U8 PEAG A8 PRYE b SRt “Gado"Port ieh FHi% £

10t h@ia ih@dekak eWolfh thwo teb BT éos@ |RatideN SMSRM1ldPes stems .
and correspondi ng coll ection systens, can be operated

si mul taneously on a continuous basis. -10 WD

20047 019280,061cUB0BAA3G ALy | RANOKNG SO0 i ces o

the reactor w two or nore colTection system tube
andeeeroesEanti ngosebildectdohl egisitem Sesicemmbean el Fig. 4
rugebgc %rgugegbsggga%%% solid collection systems, one
15 skilled in the art would appreciate that the present
invention can be configured with any number of collection
system feed tubes and associated solids collection
systems to ensure continuous operation and production of
product gas.
20
Referring to Fig. 5, another embodiment of a solids
collection system according to the present invention is
represented generally by reference numeral 70. Solids
collection system 70 has cyclone 72, to which product gas
25 1ig fed via reactor discharge tube 26. Cyclone 72 is
effective at removing any solids that may have
precipitated out of the product gas. Any solids removed
by cyclone 72 will collect in collection drum 76.
Product gas exits cyclone 72 via cyclone discharge line
30 78, which in turn feeds filter 80. Filter 80 further
collects any remaining solids that may have precipitated
out of the product gas. The product gas discharges from

filter 80 via filter discharge line 82.
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si mul t aneously. Therefore, when one or nore collection
5 systens require mai ntenance, those collection

wayaenescan be taken off-line, while one or POI/ES2003/036781

10

remai ning collection systens either remain on-line or

are put into service to replace the systenp take .

of f-1i it s&smaléé%%mf}d&i%t@%&t‘f%%d@%f%c‘%ﬂs%- reveppicts a
' SULLES. ot AP BB 4o dO1 T8l DL GRAnEE: O, theet¥RIDled in
nmore solids collection systenms. It should bg )

undes stwodvddial agpteciFite Ghalepilet soreseracioventipn can

two collection systemfeed tubes and Fig.. 4 dep

LR ST ST R RETeh 25 oreee phen 18P E s,
skiiphechi ned hendd sl £boppr S6ové evitiat rédie=Pt esenFigs. 3
I nvention can be configured with any nunber of .
cand®cdi o eysHe A PSR akieRi anedsofngsion of
cqll ecti.on yst . re nt, | rati a
et S e R
angs Tiesc eido diyengmofdep sotédsin cblgect 2 prd sgisd ebn may be
according to the present inventjon i represented. .

QAR BTy 1 AP b P VAR TOLeSaPY (i R bLTfohR the
syst€m 70 has cyclone 72, to which product gas 25 is

fed via reactor discharge tube 26. Cyclone 72 is

effective at renoving any solids that may have

preci pif.ated out of.the oduc Y. S0l |
reanedﬁh%yp?§§§9ﬁmﬁqﬁf%§¢?gc%%I%@?t?égc% ?%%??%%e%rﬁﬁ1the
76501 Pswihigteg@goBxi ts cyclone 72 via cycl one

di scharge line 30 78, which in turn feeds filter 80.

Filter 80 further collects any remaining solids that

may have precipitated out of the product gas. The

product gas di scharges from
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filter 80 via filter discharge line 82. -11 WO
2004/ 046280 PCT/ US2003/036781 It shoul d be understood

WO bat/owd280 e Fig. 5 depicts a reactor with one BOGI/UE®03/036781

10

15

20
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coll ection system one skilled in the art would

appreci ate that the present invention can be

configured with any nunber of E Fon systens, 5
simlar to those set forth above with respect to Figs.

3 and 4, to ensure continuous operation and
producthm‘Wﬁs Produed Pasl2 |peaddi of o, - afynmonia gas was

conp.nathon.of Lhessol e col Ll on, 943! 678 depoted oo

as w

ap@h@cmkgd bynoBeowkil bed2BnLyhen &0, atixed e i ESENtL/min
invention is further illustrated by the_ follow ng
ex¥mplEhich wap WV%G@-’B@ FCT l]SZ@E@/@:%?SF GEWL@S%

1 &égem@é?gtgatgg %éraeﬁkésoke@%eenA@g@nb@ %§S4®@§ °C.

charged a stoic tric amount with a sl
exmhsstotslTheaﬁtmsh tmmeftomedn@etﬁSlD/knﬁo@lﬁawlﬂ@@

with 1.5 L/ ich was r acted wth 0.3 L/m.n
\BCuFRe {FBeqsbeauthuit Pag tBatntrErnara: fobe tines by
beiﬂ@?@a§§9g_¢th@ 400¢ Catelhgyt gbal teaeki ONHLIER O the N,
convert 10 kilos was 170 hours. The throughput was

thEﬁtiﬂcW@aSééct@aﬁeﬂ|ﬁbgebytlmeﬁnﬁpeasLﬁ@lphénfp@ﬁer to
rates b ﬁ gg%altb%ﬁ%gkgﬁku% wgllg kﬁglwgiln the
ree er

dec?%as YThe i nor ease
thenayeaabl ihheaugbpatadhi Feowrakcs.zi ng t he

In order to monitor the progress of the reaction, a
GC/MS was placed in-line with the reaction. By splitting
the stream exiting the second filter, one of the streams
was sent directly into the GC/MS. This apparatus was
able to quantify the ratio between the amounts of
chloramine, ammonia, and chlorine exiting the reactor by
comparing the size of the peaks of elements with certain
molecular weights. A sample of this data can be seen in

Fig. 6.

It can be seen from Fig. 6 that the stream consists
almost entirely of chloramine at a ratio greater than
10:1 with respect to ammonia. Ammonia is expected
because there is a slight excess being fed into the
reactor. It can also be seen that chlorine does not
appear because it i1s almost entirely consumed in the

reaction.
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increase in the overall flowate. 15 In order to

nmonitor the progress of the reaction, a GO/ M5 was
wW@b@ameb28n- | i ne with the reaction. By splitti neCT/UR®03/036781

streamexiting the second filter, one of the streans

was sent directly |nt the S_apparat us was

abl e tolﬁuh%tF?yb?h%n %é?ggéﬁ Wh@t ﬁ%ﬁn?%eﬁfdﬁﬁcrlbed

Chi@ﬁﬁ'é&é‘fy f‘f‘?ﬁé‘t@atf\%‘ 8@'@1&én§r§ﬁ&:ib§]9st8§ £BaCiAYention
conparing the size of the peaks of elenents with

cea:mcau tha noheset aus wer:gdzmemsm‘sanpnea@f:orﬁascdawatbahhls
be, seen in e_sSeen

[ b Fi
th%”%??%%ﬁ?éﬁﬁgi%?sde%}%%dqgn PYTefy %? %Eﬁ%: %?ne Q?t

5 a wAthOuareabertihantrd®: dhav §hirespentl EeogaMenedeot .
Ammoni a i s expected because there is a slight excess

being fed into the reactor. It can al so be seen that
chl ori ne does not 30 appear because it is al nost
entirely consunmed in the reaction. -13 WO 2004/046280
PCT/ US2003/ 036781 It is to be understood that what
has been described is nerely illustrative of the
principles of the invention and that nunerous
arrangenments in accordance with this invention may be
devised by one skilled in the art 5 wi thout departing
fromthe spirit and scope thereof. -14 WO 2004/ 046280
PCT/ US2003/ 036781 WHAT IS CLAIMED I'S: 1. A process
for the continuous production of
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i norgani ¢ gas, conprising the steps of: 5 (a)
providing a reactor with a reaction zone; (b) feeding

wa@rookmaeBo t wo feed gases concentrically to theCT/US2003/036781

10

15

20

25

30

reaction zone; (c) reacting the at |east tw feed
gases in the 10 reactlon zone, thereby formng a

pr oductWHfEE (Qﬁ ¥W%R| hg at |east one solids

col l ection systen1 and (e) flow ng the product gas to
the at | east one solids collection system 15 wherein
at | east. onk wfoses s @@rl elast combiheeds gaseduckson of

heat ed g j or tg bg&g gnto ﬂhe Eeactlgn zone. 2. The
proteEsEHGC FH mT erel% SAFSFEREL BT 20 furt her

conprises at |least two reactor feed tubes for
concentrically feeding the at |least two feed, gases to
the rebR)i dFPGHEING 2 THeApERE¥SThf 2cT aRATF 1O WRBREF n

at | easpy, pne Sl fedle | £aSt ¢ L £6d598888chBricall
heat ed {opa %%%%g%%ture eg%eater t %50C§ 4. Tﬁe rically
process of ctaithd, r@ﬁ@teon sand; reactor IS

construct ed fron1a e sel ect ed t he up

30 constSti mMgFRHFT %Eé?%#?o@ e@?%lﬁwgsgegaggﬁse%ré the
bor osi | i cat e-gd @sson Stbheat @heﬁ@ﬂyuﬂbﬁmﬁ.hga&eproduct gas;
potassium silicate silica, and any conbi nati ons

t her eof (d) 150y XHDAg 0462802 PCTPIUS26081 886781 1ection

system; and
(e) flowing the product gas to the at least one

solids collection system,

wherein at least one of said at least two feed gases

is heated prior to being fed to the reaction zone.

2. The process of claim 1, wherein said reactor
further comprises at least two reactor feed tubes for
concentrically feeding the at least two feed gases to the

reaction zone.

3. The process of claim 1, wherein at least one of
gaid at least two feed gases is heated to a temperature

greater than 350°C.

4. The process of claim 1, wherein said reactor is
constructed from a material' selected from the group
consisting of hastelloy C, stainless steel, brass,
borosilicate glass, silicate, sodium silicate, potassium

silicate silica, and any combinations thereof.
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5. The process of claim1, wherein said at |east two
feed gases are selected fromthe group consisting of

w@e@uplese, ammoni a, boron trichloride, boron PCT/US2003/036781

i0

15

20

25

30

trifluoride, butadiene, butane, butene, carbon
di oxi de, carbon 5 nonoxide,_ chlorine, cis-2-

deuterium TRR NGRS A, CHFHBt hyl VREHRTD %‘i?‘i'w nec least
ethyl epg. 4 éggés &@éoééﬁgctgadngﬁnth@Y@f@ﬁﬁncBﬁgﬂb@Qng of

hydr ogen chiorid hydr ogen sul fide, isobutane,
| sobetyl ene, aTEn e, h@rhwltrb¢bh®ubdenebﬁybn trifluoride,

ori nmet.h apt an n ni,
o AT o oN b ARCON? (r S oR A6 bty oy FLon
P& &h SHT QBT OPATEx i 6 PD@D§r2P}b@@&hénedeﬁtléfﬂﬁmdl oxi de
sul fur hexafluoride, trans-2-butene, trimethyl am

ar@lmgmyla@mmmt%ﬁ%tmér @*élfler&SGBhalT‘ﬁe %F]a?&éggeof ethyl
| t
¢ gﬂ?&gas urﬁ &%o%nt1rﬁg?9ﬁg eﬁgbﬂgdé ﬁﬁéﬁ&g@ﬂechgorlde,

i NEr corcurr east one of Sai
Iemﬁdrég@mfsm&ﬁiﬁme31s6buﬂhneprDsebstmlenéalmeehane, methyl

wherei n_said eas 20 one | as | sel ec

{ TOROHAS o BB Ebrde LoT £ae of e Y 1 JBERC B 5o, TRERY AATine.
neﬁftrﬁgdoﬁf&eFQHP&F@&éQ”élokbééeoﬁltﬁeughSXDﬁéceéﬁygén,
claiml1l, wherein said at | east 25 one solids

cq¢¢eﬁlm@m0@y@p@m¢1spsep@@eedprenﬁiﬁh@,g$@b§ur dioxide,
cons ra f|| e cyc an .

coﬁ% fi%ofeo? 5ﬁﬁe¥p%§§§§§ro€ %ﬁ%?ﬁyé?mlne’ and
mh@ﬁyl@bﬁpiﬂaﬁibmgrthéreaﬁ.selected fromthe group
consisting of cartridge, bag, granular bed, and any

conbi nations thereof. -16

6. The process of claim 1, further comprising
feeding at least one inert gas concurrently with at least

one of said at least two feed gases.

7. The process of claim 6, wherein said at least
one inert gas is selected from the group consisting of
nitrogen, argon, helium, neon, and any combinations

thereof.

8. The process of claim 1, wherein said at least
one solids collection system is selected from the group
consisting of trap, filter, cyclone, and any combinations

thereof.
9. The process of claim 8, wherein said filter is

selected from the group consisting of cartridge, bag,

granular bed, and any combinations thereof.
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WO 2004/ 046280 PCT/ US2003/ 036781 10. An apparatus for
the continuous production of gaseous conpounds, the

w@ppana2es conprising: (a) at | east one react oPCTHSIV03036781
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15

20

25

30

| east two reactor 5 feed tubes for concentrically

feeding feed gas to the reaction zone; and (b)_at .
| east okt s FPRANAEET | TaF SHA% FRTGHIYUS Teeduction of

an aareaglyss coc{m A ,1oché/"_hag§ | S dcc?rﬁpg::’.@f& . one
reactor 1nc es a reacti zone. 12. The process of
claim 10, wherein said at | east one reactor is
constructed frgg;a materi al selected fro

15 the
group ciisi &% nFHBI- HIG 1935 %t 'rﬁ%gée%?%egwo reactor
brass, borosiddgatedd assy Sbdd&at €SP uPesdihgat€ed gas
potassiumsilicate silica, and any conbi nations
thereof. 130 THee apperatas @¥nel &7H 10, wherein said
at 20 least one solids collection systemis sel ected
fromthe group consisting of trap, filter, cyclone,
and any(b)cordi rnagd onsoridesebids ldol Tdet pomwcegstamh.
claim 13, wherein said filter is 25 selected fromthe
group consisting of cartridge, bag, granular bed, and

any comnpj natns,dhereofs J5. sk oeesswhdfeifitsaid at

conti nuous production of chloram ne gas conprising

t hbesd e psnofrelditdna)ipe bwdes ny veachitoDdrzo@®i ng a
reaction zone, and having a first feed gas tube and a
second feed -17 WO 2004/046280 PCT/ US2003/ 036781

12. The process of claim 10, wherein said at least
one reactor is constructed from a material selected from
the group consisting of hastelloy C, stainless steel,
brass, borosilicate glass, silicate, sodium silicate,

potassium silicate silica, and any combinations thereof.

13. The apparatus of claim 10, wherein said at
least one solids collection system is selected from the
group consisting of trap, filter, cyclone, and any

combinations thereof.

14. The process of claim 13, wherein said filter is
selected from the group consisting of cartridge, bag,

granular bed, and any combinations thereof.

15. A process for the continuous production of

chloramine gas comprising the steps of:

(a) providing a reactor having a reaction zone, and

having a first feed gas tube and a second feed

-17-



gas tube that concentrically feed gas to the reaction
zone; (b) feeding a chlorine-containing gas to the

wo oogi4628ked gas tube; 5 (c) feeding ammoni a tPBCT/H82003/036781

5
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second feed gas tube; (d) reacting the
chlorine-containin% gas witht
&

reacti on zong2St k& b?hﬁérﬁpﬁﬁenEﬁPgng n5e§§%96€efo the

provi di ng atrggéggogn os@lids collection 10 system
and (f) flow ng the chloramne gas to the at |east one

solids ¢o) | eﬁteedﬁmgyst emlowheeepnn;taul@lng gas to the first
chlorine-cont said amonia, 15 or both
sai d chl ori n&St n? Hﬁegas and said anmonia are

heat ed p@)orfé@d&hgpaﬁﬁbnléﬁtoThﬁepbéeaﬁs.Q%e@.@d@iﬂabe;
wherein said chlorine- containing gas, said amonia,
or both(@te h‘@aﬁﬁélngotHGZGhtl@F?ﬁé‘?aFQP@a@PéﬁgeEatsh&’ﬁth the

350C. .17 Th ?ggﬁggsﬁanhglglgg%§on %5%'” %@flbgbgormlng

chlorine- contarning gas I o the réaction

at a flom1rathloahmuhe0ga@1 ft3/mn to about 0.1

ft3/mn. 25 18. The process of clalmitl |n sald
anmoni a'®f's PEBVFQlPHeaFe EBFEN OP6nE Cat- 98 FP Sehte™

about 0.002 gf,st3m/;mMiRgto about 0.2 f t3 /Mn. 30 19.

The process of claim 15, further conprising feeding

i nert gaé)toféawdngeabﬁlGhlzﬁﬁ@l@@CGﬁﬁeﬁplﬁhﬁiﬂt legis§ one

chlorine- Congghlhggcgaﬁectlon system,

wherein said chlorine-containing gas, said ammonia,
or both said chlorine-containing gas and said ammonia are

heated prior to step (d).

16. The process of claim 15, wherein said chlorine-
containing gas, said ammonia, or both are heated to a

temperature greater than 350°C.

17. The process of claim 15, wherein said chlorine-
containing gas is fed to the reaction zone at a flow rate

about 0.001 ft3/min to about 0.1 ft3/min.

18. The process of claim 15, wherein said ammonia
ig fed to the reaction zone at a flow rate about 0.002

ft3/min to about 0.2 ft?/min.
19. The process of claim 15, further comprising

feeding inert gas to said reaction zone cocurrently with

said chlorine-containing gas.
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-18 WD 2004/ 046280 PCT/ US2003/ 036781 20. The process
of claim 20, wherein said inert gas is selected from

WO b@4@uasp consi sting of nitrogen, argon, hel POMUS2003/036781

10

15

20

neon, and any conbi nations thereof. 5 21. The process
of claim 20, wherein said inert gas is fed at a_flow
rate abdlt OTHe feBpeeds tof apbiii™m 124 ¢ RPReAD 221dTRHRSTE gas

Proce LS i 1886407 o Spi tfogen, ,
cdﬁgf%%%ggﬂg#?%ﬁ%% %%%2?%2?852 é%ted f?oﬁwtﬂé g?%ﬁ% argon
cansl 8im nhedn hasthé@l oy Smisimenl e@ss sherkofbrass,

borosilicate glass, silicate, sodiumsilicate,
potassium silicate silica, and any conbi nations

thereofa; 15 #ge §P§CQ£QC§§SCP£JLI§|mmﬁﬁeré@ﬁr ghDdsahdrt gas

at least one solids collection systemis selected

f rom e aff cupflewnsatei agowt @ rhpfti/inirerto gkvnel

aqg;ﬁ?. conmbi nations thereof. 20 24. The process of

claf ," wherein said filter is selected fromthe

group consisting of cartridge, bag, granular bed, and

any conbi nati ons thereof. -19 | i ,

22. The process of claim 15, wherein the reactor is

constructed from a material selected from the group
consisting of hastelloy C, stainless steel, brass,
borosilicate glass, silicate, sodium silicate, potassium

silicate gilica, and any combinations thereof.

23. The process of claim 15, wherein said at least
one solids collection system is selected from the group
consisting of trap, filter, cyclone, and any combinations

thereof.
24 . The process of claim 23, wherein said filter is

selected from the group consisting of cartridge, bag,

granular bed, and any combinations thereof.
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