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USI NG COOL HYDROGEN FLAME FOR DESTRUCTI ON OF VOCS AND
WODORARISLIZOVPOUNDS Fi el d of the I nvention [ 000PCTHG2004/000468

present invention relates in general to the

destruction of odorous conmpounds fromindustri al

exhausts. More parti cul ariy the invention relates to

a system and net hod for using cool hydrogen flanme for

destruction of odorous conmpounds. Background of the
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produce a variety of exhaust gases which need to be

t RBSERUHETHON O YOS ANBODOROWS COMPORRDS
Regul ations and protocols require that these exhaust
gases undergo pretreatnment to renove or reduce toxic
conpounds present. _Furthernore, w th hei ghtened

awar eness of enV|FﬁﬁhﬂﬁhﬁhW@@H@ervatlon rel eases of
chem cals |ike the "greenhouse gases” have al so begun
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often a nuisance in the work ‘envirorfent as wel
sysigineand anathad, &or wiing coelclyniregenr famerfor d&m*momabtﬁ rcxdosous
&E@ ézgds are often sulfur and nitrogen containing and
anpl es of which are dinethyl sulfide (DVS) and
di methyl sul foxide (DMSO . DM5 and DMSO are used as
organi c solvents in the sem -conductor industry.
Unfortunately, tHesckgroundpf thiedunentiom treat with
conventional methods, which can al so be costly.

[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 comtain Volatile Organic
Compounds (VOCs) and also other odorous compounds which are often a nnisance
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 suifide (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 DMSQ is

" by activated carbon adsorption which is also costly and is merely transferring the =

~ pollutant from the gaseous phase into solid form.



[ 0004] One of the present nmethods used to contain and
control DMS and DVMSO is by activated carbon
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transferring the pollutant fromthe gaseous phase into
solid form WD 2005/064237 PCT/ SG004/ 000408 2 [0005]
O her conventional nethods may be sinply to incinerate
t hese of fending conpounds. This conventi onal
o0es] Gihér eopvemionalenethods magtdiet simphy tosipainerateothese offending
install atigpn of new equi pnent coupled to existing
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properl.y. [t0006] There is thus at present a | ack, of

modificaipnsy 19 dhe exdsfing coxhandt systernsg aseo psually creaweed foir such
st.ructlon. of onpounds wi th mnimal cost,

%gégo#{:gdpg%lel?egagn rﬁ‘g‘%}ygl cations to the existing

exhaust system Summary of the Invention [0007] The

E}r esent invention seeks to Er ovi de a_system and net hod

861, $herg ix B at piegens gelack phard # seedyfos @ systemondomethoddor
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B BA°E S ST o 8o B BA] o coft, 30 o space
atrl mediiegionb yoithe gRiidtihg entBusdtgystelest ructi on of VOCs and
odorous conpounds in an exhaust stream conprising
the steps: producing a hydrogen surface-m xed

di ffusion flanme; and exposing the hydrogen
surface-m xed diffusion flane to the exhaust stream
wherei n the hydr Saaingyof te Enventted di ffusion flanme
finther produces free radicals for destroying the

VOCs and odorous conpounds.

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

4]

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
éomprising: 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.. .



[0009] In another aspect, the present invention
provi des, a systemfor destruction of VOCs and
WEHpHU42onpounds i n exhaust gases of an exha®€H/8G2004/600408

system the system conprising: at |east one burner
nozzl e for producing a configurable hydrogen surface
m xed diffusion flame; whdrein the at |east one burner
nozzle is disposed wthin an exhaust duct of the
exhaust system \Wpie?QREdriHiba3Y tlBrewin@escri ption of
t he Draw ngs PCT/ SG2004/ 000408 [0010] A preferred
enbodi ment of the present invention will now be nore
fookiély A prefrreil emtbodinndnk of dlicepresené ivgntion: Wil Agnbsmere fully
which: [Q011] FIG Ll lustrates.a systemin
desstiberh ve Iﬁ}eﬁﬁ'c? Wet%?aii“é%‘i‘ﬂs ‘ﬁ?ﬁ@é" ion; [0072] FIG 2A
illustrates an alternative arrangenent of FIG 1
[0013] FIG 2Billustrates another alternatjve
ot gnEESENtlustfates|aGystdm in p@OtdEheFwith @ fresenkinrention; a
further alternative arrangenent of FIG 1; [0015] FI G
4 illustrates another inplenentation using a flane

a fs . : toPFiGiustrates a
@p@@cﬁE%Eﬁ%#ﬁ%#%%%ﬁggﬁﬁﬁﬁg%%%#ﬁé%%% with the present
invention. Detail ed description of the Drawi ngs [0017]
In this description, a st em and net ho r,.using
P01 Fifu PBlnettas ppothgr egtis AEEIEGTog oSO Lang
odor ous conpounds is disclosed. In the foll ow ng
description, details are provided to describe the
Poef]EFKR G itindiacts acfutther atternhtive arpogeragniaf EKY. o one
skilled in the art, however that the invention nmay be
practiced w thout such details. Sonme of the details

[5BYs; "RiG. bendastds L8fheRimpemehitisPudsy #Pame 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
" appavent 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.



to obscure the invention. WO 2005/064237 4

PCT/ S&004/ 000408 [0078] Referring to FIG 1, a system
WORPH64233i ng cool hydrogen flame for destr uc®PC#$G3004/000408
VOCs and odor ous conpounds conprises an existing

exhaust system 6 for an industrial process or a

factory 5. The existing efhaust system 6 conprises at

| east an exhaust duct or a chimey 8 for exhaust gases

12. The exhaust gases 12 nmmy conprise of odorous
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purified air with or w thout oxygen enrichnent.

However, the hydrogen and oxygen are not pre-m xed
efigr Thoeat dgisi gne bedher hosdlead, is tsitaated) sy ﬂleoemhwt et or
may be of a tube in_ orifice des That
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hydrogen gas is being ejected wth an envel ope of
hi s, h
ox%(ﬁen g?lgmg lil:{orn?ghré ﬁerlgozzlvgsnca}z ble desé{'x% Be %entle, 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 surrounding 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. It 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 combustlon of the hydrogen gas, an excess of |

~oxygen is e_]ected from the burner nozzle 20.



it burns only at the envel ope of the hydrogen gas and
oxygen gas interface. This produces a flanme referred

W208%0642%0nf i gur abl e surface-m xed di ffusi on PICAIE§2004/600408

(CHSMDF) 22. 1t can be described as a "cool" burning
~flame as its tenperature is much |ower than

conventional pre-mixed flahes. The burner nozzle 20

may not necessarily be limted to the tube in orifice
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nsut e .cogpl ete comqusti gn of the hydrogen gas, an
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flame | ength and flame front of the CHSMDF 22 may be
qonzs] disimpbfire andytherdjal sxidagod foe Y ESEUERNATDIbRIS cOhpounds

fl I he_hydrogen and oxygen gases. [0023] Using
pnd & HaAwE streamyistiyor meansmaw. ddasveves cowventibnal flames
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and other contam nants that would also further
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require a
the exleawist gasey. heat i ng of the existing exhaust system and
t he exhaust gases. [0024] The hydrogen surface m xed

di ffusion flame is advantageously "cool" enough not

j |t | [ systens and.will not .
(0845 PE, ERREEH S8, 0 DR MR 7" pnBbiaipint “ooo!
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t enperature of the exhaust gases after exposure to the
ot ® 9f dhriehaust zasescr Bxpesismests ds testshbave1800n thak the

taRpEaeR Bf MO YhsY AL CAPYUSIAR & $% 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 butner 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



Si gni ficantly reduces radiative heat reI ease by

rogen flanmes further making it a "cool" flame. The
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free radicals. [0025] These free radicals produced
during hydrogen conbustion, especially the hydroxyl
radicals are extrenmely rea@tive and highly oxidative

in nature and are thus extrenely effective in the
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alternative arrangenment is shown whereby the throat
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g d| ng on the flow of the exhaust
%a% S ﬂf%%glf% eferring to FIG 3, yet another
alternatlve arrangenent i s shown, where a reaction

aher 45 may be installed in line with the ducts or
029% SaMEgIeHis Pftthe bumner nozzles 20 disclosed 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 ephance the production of free radicals during the combustion of
bydrogen. Some non-limiting examples of these metals are manganese and
‘palladium. Flames may also be shaped by various burner/nozze 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
WO PUIG2Y of burner nozzles.20 are arranged sRER/SGRH{000408
the plurality of CHSMDF 22 produced is in the path of
t he exhaust gases 12 as hey pass through the ducts.
[ 0029 " The arrangenents of the burner nozzles 20
di scl osed are for create nore CHSMDF 22 or for
attenpting to expose nore of the CHSMDF 22 to the

&?0331 ot g et g redils PR ATTRge AR Tk of ipptant
01;119 ng reSEHIPANERon Rah SfifrfhBY te eﬁﬁ"ﬁcéd BPOddBlon of certain

ntation 1s shown using a ane spreader 50 to
sredeteaninbé clicBbiag s 6mod1ﬁmsmlfmmnplep of sirch chemiabagehts are

t hroat of .the chi me he fl ane der 50.is
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ot e ralvaln. himethost S e o hé%PIH%?t agyiigional

ﬁﬁé&ﬁﬁ‘%iﬁsa BB fE et et HASED RN 0 B eimacy 8.

use of a svvlrl burner, or other aerodynamc

enhancenent Q0301 eferr IG 5, nmet hod
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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 bumner
nozzles 20. ‘

tbosti] Furthéﬁnore; the use of the ﬂémé Spfeader 50 haﬁng catélytib proijertiés
will also aid in the enhanced prodizction of free radicals and enhance the

effectiveness of the method 500.



7 [0031] The production of free radicals by hydrogen
combustion which is inportant to the present
WORPRHIG4SH can further be enhanced by additi on PE/SG2004/000408
certain predeterm ned chem cal agents or nodifiers.
Exanpl es of such chem cal agents are ozone gas and
hydr ogen peroxi de. The apﬁaratus 10 of the present
~invention can further conprise a plurality of gas
nozzles and a plurality of spray nozzles for the
cth on of ozo as .0r r.ogen perOX|de i nto
S ?%ll?ie SPpreSERA Sl S5t TRGRAERS GRS GRPREEONS can be
e SperddieskiRiana %658'9 gé}tﬁ & GohPihe SORIF M present
addi tional steps of |ntro u0|n or- sprayl ng-ozone %as
duventign.ogen peroxi de 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 i's preferably
| ocated near the burner nozzles 20. The spray nozzles
coul d al so be arranged such that the spray nozzles
are co-axial to the burner nozzles 20. The fine m st
of hydrogen peroxide directed into the exhaust duct
or chimmey 8 results in nore free radicals being
formed as the hydrogen peroxi de di ssociates 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 chimey together with the exhaust
gases 12. Correspondingly, the nethod 500 in
accordance with the present invention further
conprises an additional step of spraying a fine m st
of hydrogen peroxide into the exhaust duct or
chimey. This spraying of fine m st of hydrogen
per oxi de occurs sinultaneously wth the providing of
the CHSMDF 22. [0033] The introduction of steaminto
the chimmey 8 nay al so further assist in the



destruction of the odorous conpounds. Steam may al so

be introduced into the chimey 8 by way of the spray
Wib9384235ut nay be situated away fromthe bur REA/SG2004/600408

nozzl es 20. [0034] Furthernore, the use of the flane

spreader 50 having catalytic properties wll also aid

in the enhanced productioﬁ’of free radicals and

enhance the effectiveness of the nethod 500. WO

2005/ 064237 PCT/ SG2004/ 00R@#8 8 [0035] It wll be

appreci ated that various nodifications and

i nprovenents can be nade by a person skilled in the

Lo B a0 o0 B Bt T G BR Blon. s VB G orous
compotthds An an eklhst sireatnS corgpsiag thbytpogen flame for
destructjon of, VOCs and odorous. conpounds in an

#x haugyodic sheagegnixgd diffusipn tlame: and oduci ng a
d : f : i [ fi- : b :
B pos ol RACHIACE Srricd3hRls i on Hihto spid odhanst

t o saistlegihaust stream wherein said hydrogen surface

.mxed diffusion flame further produces free radicals
wherein; ypad hydsqgesysupfgee mged,/didision flasar futhsr perdvsembee ragicals for

destmﬁjs%rg Begaﬁ‘?&g‘.g‘ﬁ'%‘g‘?“f‘;ﬁ"“ﬁbﬁi m 1, wherein said hydrogen

ace-m xed anme i s 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.

f. utilizing a flame spreader for diffusing and spreading said hydrogen surface-

mixed diffusion flame.



3. The nmethod according to claim1, wherein said

drogen surface-m xed diffusion flame i s produced by
“@YROH 2fure hydrogen in pure oxygen without FPCT/SG2004/000408

pre-mxing. 4. The method according to claim3,

wherei n said pure oxygen .i.s in excess of said puré
hydr ogen. 5. The net hod égcordlng to claim1l1, further
conprising the step: c. spraying a fine m st of
hydrogen peroxide towards said hydrogen surface- m xed

d h 6. . Th
9. JokgBBhRD abdoRie A AR §, SHHRRHR e, PR srRatet fe e 1 o
catalytic Eﬁdlfﬂ’i’dtfehﬂéﬁlcﬁigq?d@rhdiédl ﬁﬂu%&fﬂiﬁhﬁ%‘h y&obERBmbAstibie

met hod according to claim1, furthef conprising the

step: e. introducing ozone gas into said exhaust
further

tream_.8., The..net ccr in to claim1l,
10. 2‘0#5‘??’5’? hge gAY %€98Fa © @f’fapcrqﬂ&ﬁal Sihaustigases of an
exhaus@ygtgﬁsga% & R F@@ang Sal d hydr ogen surface- m xed

di ff usi on fI ane. WO 2005/ 064237 PCT/ SG2004/ 000408 10

8 legh @nedntnsd nacdefoli prydocing b aionfigyrabll drydioges asutifabd arieed
diffusios ader is made of a catalytic nmetal for enhancing
THUSIOR L8l adi cal  production during hydrogen combusti on.

Wwhereif 854t 960s Bhe BERL MfzbIcqR d&gos\éﬁﬁﬂﬁﬂ A QURR R Auct of, said

conpounds i n exhaust gases ust system sai

exhaustsystanmm conpri si ng: at | east one burner nozzle for
produci ng a configurabl e hydr ogen surface m xed
di ffusion flame; wherein said at | east one burner

11, THZ&sRnl 8cdRSI6 Hidin' 10, "whAGeRXBAYSE 18M4E bnd@ i AkiOnozzle 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 bumer nozzle is

‘substantially in a constriction of said venturi..

15.  The system according to claim 10, wherein said system further cormprises 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 claJm 10, further compnsmg a flame spreader for dlﬁusmg j

and spreadmg said conﬁgurable hydrogen surface mlxed diffusion flame



exhaust system 11. The system according to cl ai m 10,
wherein said at | east one burner nozzle is
WOA98Ye1237al Iy in the path of the exhaust gase®CT/EE2004/000408
The system according to claim 10, wherein the exhaust
duct conprises a chimey. 13. The system according to
claim 10, wherein said sy$tem further conprises a
venturi for limting throat of said exhaust duct. 14.
18. The s§3tEheibea@any t olpin 017 Iwtieraid 3pidwiizme | spreadénisamade of a
| east one burner nozzle is  subpstantjally in a..
catalytic metal farenhaseingriresandical praduption durisg bygrascy corahystion.
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 peroxi de, ozone gas and
steam 17. The system according to claim 10, further
conprising a flane spreader for diffusing and
spreadi ng said configurabl e hydrogen surface-m xed
di ffusion flanme. WO 2005/ 064237 11 PCT/ SG2004/ 000408
18. The system according to claim17, wherein said
flame spreader is made of a catalytic netal for
enhanci ng free radi cal production during hydrogen
conbusti on.



