SYSTEM AND METHOD USI NG COOL HYDROGEN FLAME FOR
DESTRUCTI ON OF VOCS AND ODOROUS COMPOUNDS Fi el d of the
WO pws6420n [ 0001] The present invention rel at eBCT/8G2004/000408

general to the destruction of odorous conpounds from

i ndustrial exhausts. Myre particularly, the invention
relates to a system and rlet hod for using cool hydrogen
flame for destruction of odorous conpounds. Background

of the Invention [0002] Factories and industri al
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t hese exhaust gases undergo pretreatnment to renove or
reduce toxic conmpounds present. Furthernore, wth

hei ght ened awar eness of environnental conservati on,

rel eases of cheni détld dfithednyéntiongr eenhouse gases" have
al so begun to be regul ated. [0003] Some conpounds in
certajn exhaust streanp contain Vol ati Is Organi c
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as anbient air even at oncéntrations.
systomoargl aethwdufo susiirge cadl t Igrapeh f flamarfok déedtruoi@n of odorous
contai pi ng and sone exanpl es of which are dinethyl
‘?H}PPP%‘E'(DI\/B) and di net hyl sul foxide (DVSO). DMS and
DMSO are used as organic solvents in the
sem -conductor industry. Unfortunately,
Background of the Invention

[0002] Factories and industrial processes produce a variety of exhaust gases which
need to be treated before being released into the atmosphere. Regulations and
protocols require that these exhaust gases undergo pretreatment to remove or reduce
toxic compounds present. Furthermore, with heightened awareness of

environmental conservation, releases of chemicals like the “greenhouse gases” have

also begun to be regulated.

[0003] Some compounds in certain exhaust streams contain Volatile Organic
Compounds (VOCs) and also other odorous compounds which are often a nuisance
in the work environment as well as ambient air even at low concentrations. Such
odorous compounds are often sulfur and nitrogen containing and some examples of
which are dimethyl sulfide (DMS) and dimethyl sulfoxide (DMSO). DMS and
DMSO are used as organic solvents in the semi-conductor industry. Unfortunately,

they are difficult to treat with conventional methods, which can also be costly.

[0004] One of the present methods used to contain and control DMS and DMSO is
by activated carbon adsorption which is also costly and is merely transferring the

pollutant from the gaseous phase into solid form.
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activated carbon adsorption which is also costly and

is merely transferring the pollutant fromthe gaseous

phase into solid form[00D5] O her conventional
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addi tional space for installation of new equi pnent
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nodi fications to the existing exhaust system Sunmary
of the Invention [0007] The present invention seeks to
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flame for destruction of V and odor ous conpounds in
an exhaust stream conprising the steps: producing a
hydr ogen surface-m xed diffusion flanme; and exposing

t he hydrogen surface-m xed diffusion flame to the

exhaust stream \gagmeirpof e Ikediigwen surface m xed
diffusion flane further

[0007] The present invention seeks to provide a system and method for using cool

hydrogen flame for destruction of VOCs and odorous compounds.

[0008] Accordingly, in one aspect, the present invention provides, a method for
using cool hydrogen flame for destruction of VOCs and odorous compounds in an
exhaust stream, comprising the steps: producing a hydrogen surface-mixed
diffusion flame; and exposing the hydrogen surface-mixed diffusion flame to the
exhaust stream; wherein the hydrogen surface mixed diffusion flame further

produces free radicals for destroying the VOCs and odorous compounds.

[0009] In another aspect, the present invention provides, a system for destruction of
VOCs and odorous compounds in exhaust gases of an exhaust system, the system
comprising: at least one burner nozzle for producing a configurable hydrogen
surface mixed diffusion flame; wherein the at least one burner nozzle is disposed

within an exhaust duct of the exhaust system.



produces free radicals for destroying the VOCs and
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of VOCs and odorous conpounds in exhaust gases of an

exhaust system the system conprising: at |east one

burner nozzle for producidng a configurabl e hydrogen

surface m xed di ffusion flane; wherein the at | east

one burner nozzl g;ifDecHPRGESF the DRiwingsr exhaust duct

of the exhaust system Brief Description of the

Drawi ngs [0010] A preferred enbodi ment of ‘the present

[bEHOF A ipReFeibd bmbediiest ofthe rredehtyindensioni willinowibermore fully

reference to the draw ngs of \Agl:qﬁh [0011] FIG 1

debériletl with seferengedo din dravings 8 WaiGRe with the present

invention; [0012] FIG 2A illustrates an alternative

arrangenment of FIGI ; [0013] FIG 2B illustrates

[gm? haG. lil@EaRE h ¥t prgeniante with ik Grestnt ifedtid); FI G
ITlustrates a further alternative arrangenent of

FIG 1; [0015] FIG 4 illustrates another
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accordance with the present invention. Detail ed
description of the Drawi ngs [0017] In tl}' )

[detsg rFIG. 2Brillusiratey enether-alematy hyEPoReReRid :@Gclool
hydrogen flame for destruction of VOCs and odorous
conpounds is disclosed h the follow ng description,
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[0015] FIG. 4 illustrates another implementation using a flame spreader of FIG. 1;

and

[0016] FIG. 5 illustrates a flowchart of a method in accordance with the present

invention.

Detailed description of the Drawings

[0017] In this description, a system and method for using cool hydrogen flame for
destruction of VOCs and odorous compounds is disclosed. In the following
description, details are provided to describe the preferred embodiment. It shall be
apparent to one skilled in the art, however that the invention may be practiced

without such details. Some of the details may not be described at length so as not

to obscure the invention.
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not to obscure the invention.[0018] Referring to

FIGI|, a system 10 for using cool hydrogen flane for
destruction of VOCs and dHor ous conpounds conprises an

exi sting exhaust system 6 for an industrial process or

a factory 5. The existing exhaust system 6 conprises

at | east an exhaust duct or a chimey 8 h t
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di ffusion flanme (CHSMDFs) 22. thOOlg] The at | east one
it ieast an exbavkiedubor & chimpeia8 dor gxhans gasend2eXha gxhaugh aapes 12
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ases 12. [0020] The flame fromthe burner nozzle 20

canfignesbttdsydrigse dunfasemixgé diffusion flamsl (CHIMDES ) &2n

burni ng. The CHSMDF 22 is produced by burning pure
hydrogen in either pure oxygen or purified air with or

WoidiOthe QK YRS oRNblGBREzle POS iRiated Midsideythe cgdmusardilct or
oxygen are not pre-mxed before being ignite
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mai n nozzl e ejecting hydrogen gas. [0021] Wen the

burner nozzle 20 is in operation, hydrogen gas is .
[96201gTh¢ Heme drom the burner nozzle 20 can bedescribed to' be gentle, “cool

and clean burning. The CHSMDF 22 is produced by burning pure hydrogen in

either pure oxygen or purified air with or without oxygen enrichment. However,
the hydrogen and oxygen are not pre-mixed before being ignited. Instead, the
burner nozzle 20 may be of a tube in orifice design. That is to say, a main nozzle

ejecting oxygen gas, and a central nozzle positioned inside the main nozzle ejecting

hydrogen gas.

[0021] When the burner nozzle 20 is in operation, hydrogen gas is being ejected
with an envelope of oxygen gas swrounding it. When this hydrogen gas is ignited,
it burns only at the envelope of the hydrogen gas and oxygen gas interface. This
produces a flame referred to as a configurable surface-mixed diffusion flame
(CHSMDF) 22. Tt can be described as a “cool” burning flame as its temperature is
much lower than conventional pre-mixed flames. The burner nozzle 20 may not
necessarily be limited to the tube in orifice design and may also be a slot type
burner nozzle. To ensure complete combustion of the hydrogen gas, an excess of

oxygen is ejected from the burner nozzle 20.



wi th an envel ope of oxygen gas surrounding it. Wen
this hydrogen gas is ignited, it burns only at the
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This produces a flanme referred to as a configurable
surface-m xed di ffusion flame (CHSVDF) 22. It can be
described as a "cool" burfing flanme as its tenperature
is nuch | ower than conventional pre-mxed flames. The
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tube in orifice design and may al so be a slot type
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hydrogen gas, an excess of oxygen is ejected fromthe
burner nozzle 20.[0022] The flane |length and flane
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[0024] The hydrogen surface m xed diffusion flane is
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tests have shown that the tenperature o
teraparatueef OE the epbangt gases. t BpeCHBNBRaR testshhdyiet hdwn that the

temperature of the exhaust gases after exposure to the CHSMDF 22 exhibited

increases of less than 150°C. The absence of soot during combustion also
significantly reduces radiative heat release by hydrogen flames further making it a
“cool” flame. The main by-product from this hydrogen flame is water and free

radicals.

[0025] These free radicals produced during hydrogen combustion, especially the
hydroxyl radicals are extremely reactive and highly oxidative in nature and are thus
extremely effective in the oxidation of organic compounds. As such, odorous
compounds such as VOCs, DMS and DMSO would easily be destroyed by these

free radicals produced during hydrogen combustion.

[0026] Referring to FIG.2A, an alternative arrangement to that of FIG.1 is shown.
Instead of a single burner nozzle 20, there may be a plurality of burner nozzles 20

producing a plurality of CHSMDF 22.

[0027] Referring to FIG.2B, an alternative arrangement is shown whereby the

throat of the chimney 8 is substantially reduced by the introduction of a venturi 40
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"cool" flame. The main by-product fromthis hydrogen
flame is water and free radicals. [0025] These free
radi cal s produced during léydrogen conbusti on,
especially the hydroxy! radicals are extrenely
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that of FIG 1 1s shown. Instea a sing

haizpiebegsgligtds depeeding en thepflaw of the yxlefisttasesan. nozzl es
20 producing a plurality of CHSMDF 22. [0027]
Referring to FIG 2B, an alternative arrangenent is

t .chi |
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'E%{Yepqﬁf’ QHP%%E“ t{ijf’@“‘%?(haust gases 12. [0028] Referring to
FI G 3, yet another alternative arrangenent is shown,

.where a reaction chanber 45 may be installed in line
[0020h Thecarsamgersenss ofithe bulnendozxipsi 20 distlosed are for create more

CHSMDF 22 or for attempting to expose more of the CHSMDF 22 to the exhaust
gases 12. The arrangements also serve to create more free radicals for the
destruction of the odorous compounds. Referring to FIG.4, another implementation
is shown using a flame spreader 50 to spread the CHSMDF 22 for maximum
exposure across the throat of the chimney 8. The flame spreader 50 is essentially a
wire mesh for diffusing and spreading the CHSMDF 22 from the burner nozzle 20.
In addition , the flame spreader may be made from a metal that exhibits catalytic
properties that enhance the production of free radicals during the combustion of
hydrogen. Some non-limiting examples of these metals are manganese and
palladium. Flames may also be shaped by various burner/nozzle designs such as the

use of a swirl burner, or other aerodynamic enhancements.

[0030] Referring to FIG.5, the method 500 in accordance with the present invention
starts with the step of producing 510 a configurable hydrogen surface mixed
diffusion flame 22. Next, the step of exposing 515 said configurable hydrogen
surface mixed diffusion flame 22 to the exhaust stream which may comprise of
odorous compounds. The free radicals produced by the CHSMDF 22 will then

destroy these odorous compounds.



chimey 8. The reaction chanber 45 conprises a chanber

42 for housing a plurality of burner nozzles 20. The
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the plurality of CHSMDF 22 produced is in the path of

t he exhaust gases 12 as they pass through the ducts.

[ 0029] The arrangements of the burner nozzles 20

di scl osed are for create nore CHSMDF 22 or for

attenpting to expose nore of the CHSVMDF 22 to the

exhaust gases 12. The arrangenents al so serve to
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production of free radicals during the conbustion of
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swirl burner, or other aerodynam c enhancenents.
[ 0030] Referrlng to FIG 5, the method 500 in
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ame 22 to the exhaust stream which may conprise of
that the spray nozzles are co-axial to the burner nozzles 20. e fine mist of

hydrogen peroxide directed into the exhaust duct or chimney 8 results in more free
radicals being formed as the hydrogen peroxide dissociates due to the heat
generated by the CHSMDF 22. Any water formed as a result of the dissociation of
the hydrogen peroxide is converted into steam by the CHSMDF 22 and exits the
exhaust duct or chimney together with the exhaust gases 12. Correspondingly, the
method 500 in accordance with the present invention further comprises an
additional step of spraying a fine mist of hydrogen peroxide into the exhaust duct or
chimney. This spraying of fine mist of hydrogen peroxide occurs simultaneously

with the providing of the CHSMDF 22.

[0033] The introduction of steam into the chimney 8 may also further assist in the
destruction of the odorous compounds. Steam may also be introduced into the
chimney 8 by way of the spray nozzle, but may be situated away from the burner

nozzles 20.

[0034] Furthermore, the use of the flame spreader 50 having catalytic properties
will also aid in the enhanced production of free radicals and enhance the

effectiveness of the method 500.



odorous conpounds. The free radi cals produced by the

CHSMDF 22 will then destroy these odorous
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hydr ogen conbustion which is inportant to the present

i nvention can further be enhanced by addition of

certain predeterni ned che¥ical agents or nodifiers.

Exanpl es of such chem cal agents are ozone gas and

hydr ogen peroxi de. The apparatus 10 of the present

invention can further conprise a plurality of gas

1992511 Bsvillrfe apppvoiated thet,vasious prasifiostions el maproveiveents can be
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maehtical S. The net hod 500 can al so further conprise
addi tional steps of introducing or spraying ozone gas
or hydrogen peroxide into the chimey 8. [0032]

Hydr ogen peroxi de may be introduced into the exhaust
duct or chimmey 8 in the formof fine msts by at

| east one spray nozzle. The spray nozzle is preferably
| ocat ed near the burner nozzles 20. The spray nozzles
could al so be arranged such that the spray nozzles are
co-axial to the burner nozzles 20. The fine m st of
hydr ogen peroxide directed into the exhaust duct or
chimmey 8 results in nore free radicals being forned
as the hydrogen peroxi de di ssociates due to the heat
generated by the CHSMDF 22. Any water forned as a
result of the dissociation of the hydrogen peroxide is
converted into steam by the CHSMDF 22 and exits the
exhaust duct or chimey together with the exhaust
gases 12. Correspondi ngly, the method 500 in
accordance with the present invention further
conprises an additional step of spraying a fine mst
of hydrogen peroxide into the exhaust duct or



chimey. This spraying of fine m st of hydrogen
peroxi de occurs sinultaneously with the providing of
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the chimey 8 may al so further assist in the
destruction of the odorous conpounds. Steam may al so
be introduced into the chBPmmey 8 by way of the spray
nozzl e, but may be situated away fromthe burner
nozzl es 20. [0034] Furt kgsipRre, the use of the flane
spreader 50 having catalytic properties will also aid
in the enhanced production of free radicals and

nhanc he effectiveness of the thod 5 035] |
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compouhd® PYPERRALS s&@&n,%niﬁgﬁlglib{e gepperson skilled in the
art wthout departing fromthe scope of the present
d. nvenpiodnci@t aihydrogen surfaet-nasled diffusion flgmepwid hydr ogen
flame for, destruction of VOCs .and odorous compounds in
Bin exF\’él?%’cngSFeFégmdr%ﬂp? ?Tﬂmi“ﬁg db‘%?kﬁ? tlage n@r & ceixh st
a hydgagen surface-m xed diffusion flanme; and b.
exposi ng sai d hydrogen surface-ni xed diffusion flane
whereintsaid diydrogeh sudhcesiadndiffnsion dlames fiirtheh pehdoggsnfresuradivgls for
,nix%g\gb&fu§Lo flame further produces free radicals
destroyipg, said AP ¢3 g @%&?S&W d odorous conpounds. 2. The
nmet hod according to claim1l, wherein said hydrogen
surface-m xed diffusion flane is configurable.

2. The method according to claim 1, wherein said hydrogen surface-mixed diffusion
flame is configurable.
3. The method according to claim 1, wherein said hydrogen surface-mixed diffusion

flame is produced by burning pure hydrogen in pure oxygen without pre-mixing.

4. The method according to claim 3, wherein said pure oxygen is in excess of said

pure hydrogen.

5. The method according to claim 1, further comprising the step:
c. spraying a fine mist of hydrogen peroxide towards said hydrogen surface-

mixed diffusion flame and said exhaust stream.

6. The method according to claim 1, further comprising the step:

d. introducing steam into said exhaust stream.

7. The method according to claim 1, further comprising the step:

e. introducing ozone gas into said exhaust stream.

8. The method according to claim 1, further comprising the step:
f. utilizing a flame spreader for diffusing and spreading said hydrogen surface-

mixed diffusion flame.



3. The nmethod according to claim1, wherein said

hydr ogen surface-m xed diffusion flane is produced by
whewosieg3pur e hydrogen in pure oxygen w t hout PCT/SG2004/000408

pre-m xing. 4. The nmethod according to claim 3,

wherein said pure oxygen is in excess of said pure

hydr ogen. 5. The net hod Hbcording to claiml1, further

conprising the step: c. spraying a fine m st of

hydr ogen peroxi de towards said hydrogen surfacen xed

di ffusion flame and said exhaust ;stream 6. The net hod
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step: e. introducing ozone gas into said exhaust
stream_ 8. The nethod according to claim1, further
10.  Aowem Sorrdgsirpdiontod f O€s ang ¢doroysrgmporndsnia exhresdiepesiadran
nd %BreadLng sai d hydrogen surfacem xed

di ffusi.
extaust Syefe 3 S B o e ov e e T o cl i m 8.

atheisebie ek ﬁéz%_f&fo??fr&ﬂﬂﬁfg 4 SomfRARatl hidré@indlsMifhde mixed
__ metal for enhancing free radical production during
diffusiomflainesgen conbustion. 10. A system for destruction of

wlrehn S0 o KPR SRR AURAS 3 RoRirT P2 Pe i g o sia

exhaust Bysfeier nozzle for producing a configurable hydrogen
surface m xed diffusion flame; wherein said at |east
one burner nozzle is disposed within an exhaust duct

11. ’I%fe ssygtler% according to claim 10, wherein said at least one burner nozzle is
substantially in the path of the exhaust gases.

12.  The system according to claim 10, wherein the exhaust duct comprises a chimney.

13. The system according to claim 10, wherein said system further comprises a venturi

for limiting throat of said exhaust duct.

14.  The system according to claim 13, wherein said at least one burner nozzle is

substantially in a constriction of said venturi..

15.  The system according to claim 10, wherein said system further comprises at least

one spray nozzle for introducing one or a combination of chemical agents.

16.  The system according to claim 15, wherein said chemical agents comprises

hydrogen peroxide, ozone gas and steam.

17.  The system according to claim 10, further comprising a flame spreader for diffusing

and spreading said configurable hydrogen surface-mixed diffusion flame.



exhaust system 11. The system according to cl ai m 10,
wherein said at | east one burner nozzle is
waasvensially in the path of the exhaust gaseBCT/3Q2004/000408
The system according to claim 10, wherein the exhaust
duct conprises a chimey. 13. The system according to
claim 10, wherein said shistem further conprises a
venturi for limting throat of said exhaust duct. 14.
he Corgi ClyRéreinl Shid ilk@lee spreaddrdisathade of a
18. ’ﬁ%bgé%%%g&%ﬁﬁﬁgﬁgﬁgggf271gﬂgﬁ%gpantiallyﬁﬁn a
catalyticGR&alt foi @thancingfres midital/production durigg hyfsegeneomgstion.
according to claim10, wherein said systemfurther
conprises at | east one spray nozzle for introducing
one or a conbination of chem cal agents. 16. The
system according to claim15, wherein said chenica
agents conpri ses hydrogen peroxide, ozone gas and
steam 17. The system according to claim 10, further
conprising a flanme spreader for diffusing and
spreadi ng said configurable hydrogen surface-m xed
di ffusion flame. 18. The system according to claim 17,
wherein said flame spreader is made of a catalytic
metal for enhancing free radical production during
hydr ogen conbusti on.



