1 [DESCRIPTION] [Invention Title] APPARATUS FOR PRODUCI NG HI GHER- PURI TY
CARBON DI OXI DE FOR RECOVERI NG CARBON DI OXI DE FROM WASTE GAS 5CONTAI NI NG
FLAMVABLE | MPURI TI ES, AND METHOD FOR RECOVERI NG HI GHER- PURI TY CARBON DI OXI DE
USI NG SAME [ Techni cal Fi el d] The present nvention relates to a carbon
di oxi de high-purity purification apparatus for recovering carbon di oxide from
exhaust gas containing conbustible 10 inpurities and a nmethod for recovering

hi gh-purity carbon di oxi de using the sane! and nore particularly to an

apparatus for ef (gﬂgigagﬁrnlng exhaust gas containing conbustibl e
inmpurities usingiééﬁ t her eby producing high-purity carbon di oxi de,
and a net hod fornhamﬁuﬁrnmg hlgh purity carbon dioxide using the same. 15[

Background Art] ent vari Qus ¢ stiog technologl have been
2ppl Led Lo trent wastPRICs BxhadEEd THIR G RSaacr R ET DRESEosCRBROYR fous

products incl udDI@mem@alRmmgﬁﬁ@@ CRREBON esionabegrreNe NWIAGTEA GRS ect
conbusti on net hod catal ytic conbustion nethod, a regenerative conbustion

met hod, ete. MS bggﬂﬁgﬁﬁloﬁLéﬁmﬁéﬁhEdsﬂﬂpgRgﬂgﬁted”FB t PEREHQBI afPRe or gani ¢

COWPOUHd (VOO) grrbaysredcHIGHERIAURITS cRRBOM Biedpiin@easial air. The VOC
reacts Nvith oxygen contained in the gas m xture during a conbustion process,

so that it is changed |nto carbon di oxi de and water, which are, in turn”
vented to the ath§ m(hb \\ ever, when the carbon di oxi de content of the
exhaust gas is 90% nore, as in exhaust gas generated in an only MEG
advanced (OVEGA) pr oéléissvresmte'atmmnm raftestigchcasdnadistidg highwsiingpuligatver al

combustion met h pg)b%}é f&a}éég\ e?l)ﬁg%&%g? 0\9de|f?0 98*%@%%&&;%@99% Cgl%b%%?l. le

at nosphere, ther ess i'censer:
Shel | Conpény) mspualtuaqewdprmethed; fdfr @gcov ermg hlgh purity carbon le\lde using the same,

and more particularly to an apparatus for efficiently burning exhaust gas
containing combustible impurities using pure oxygen, thereby producing high-
purity carbon dioxide, and a method for recovering high-purity carbon dioxide

using the same.

15 [Background Art]

Recently, various combustion technologies have been applied to treat waste
gas exhausted from production processes for various products including chemical
processes. Such technologies employ a direct combustion method, a catalytic
combustion method, a regenerative combustion method, etc. Most combustion

20 methods are adapted to treat volatile organic compound (VOC) exhausted in a state
of being mixed with general air. The VOC reacts with oxygen contained in the gas
mixture during a combustion process, so that it is changed into carbon dioxide and
water, which are, in turn, vented to the atmosphere.

However, when the carbon dioxide content of the exhaust gas is 90% or

25 more, as in exhaust gas generated in an only MEG advanced (OMEGA) process.
treatment of such exhaust gas using a general combustion method may cause
exhaust of a large amount of CO> to the atmosphere, thereby promoting global
warming,

The OMEGA process (Licenser: Shell Company) is a new process for



produci ng et hyl ene glycol (EG, and the world' s first commrercial production
facilities thereof Were installed in Korea in 2008, and are in operation. The
OVEGA process has differences froma conventional EG production process
(Licenser: Scientific Design Conpany), as follow s. 5In the conventional
process, in addition to nono-ethylene glycol (MEG intended to be produced,

di -ethyl ene glycol (DEG, tri-ethylene glycol (TEG, polyethylene glycol (PEG
or the like are produced. For this reason? additional expenses are required to

purify the products. In.the OVE cess, however. MEG al one is produced.
Phus. "t e ovECAMpP s Snile il BHECHR® e D8Ry SHirgh oo e Ab At R y
Furthernore, theclEGhepo06ass ilistdd et K sred e @doiSadodire iar dpetisioh acTd t i eg. Ig
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process i s deenBdceasdp NE@EHc DAMENoRpAR). aormmehkt i veness. In the future,
conventional processes \\ ill be gradually replaced by the OVEGA process. 15

However, tRe OVEGA pribdissomayionplebipessy. dhadgftion éatenemsihslges glved ed to the

conventional prResssttob ducdi gl &ngas X:'aﬁﬁﬁé dif-Lmedngy GPPMER! panal process
is directly usable af toerepgoe(l:]gverly b}ecaugz'\e t e%qrer r] ceggﬁ}t ent of 'Eh’e wast e gas

is 99% or nore. clrienchelveelhEE(apid theghke asehatpsvesd. f FomtiiheeovEGHdiiveless
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expensi ve and nmay invghxgyﬁ chnical diffic act nin the

/ ulty.. In § v
desi gn pr oposed HYIIHE O i Veh S8 rcogPae éoéﬁE&K‘%FEE%S%?“§%eVY”@8WS§n '° exhaust
gas fromthe OMBEBEGK porss i Seched atppo@swasing Higndonipeiiliehesst olnbie Yiemeed to the
at nosphere after being subjected to incineratiqn. ver, when exhaust gas
from he OMEGA HROCMEEEsSH ol tegridihaenpegane BHELE bafsig 30combust od
using a waste heat baidveser, ahé ADPERIYPIoesOhalCRe ifslloanE edisaliOankdpes, akgmospher e.

This is inconsistent with the basis of the recent | ow carbon green growth
pol i cy. Furt her fRIPRArediip desopmediong! Boetsfens of waste of regenerabl e resources

and pronotion of gl obghsedsRflisted from the LoRUAGNAXNMIERs GATRUE! iameRfkd er, into
whi ch active research is elngﬁconducted, is a technol ogy using oxygen

contai ned in ai FECQUFTY ecayss|pdt- Ry conient 68K “VaiPHIas i EehAODMSEY 08 gedck o recover
Cderr] exhaust ﬁ'ﬁdf &R RS @3S niRE MA%F&%%ntﬁins 97% CO> with the balance

20 being ethylene oxide (EO), acetaldehyde, ethylene, methane and the like.
However, although the waste gas exhausted from the OMEGA process contains CO»
in high concentration, it still contains harmful substances such as VOC. Since the
harmful substances emit offensive odors, it is difficult to directly recover the exhaust
gas in order to use CO> contained therein. Furthermore, separation and recovery of

25 CO: alone may be expensive and may involve technical difficulty.

In fact, even in the design proposed by the licenser of the OMEGA process.
Shell Company, exhaust gas from the OMEGA process is fed to a waste heat boiler,
to be vented to the atmosphere after being subjected to incineration. However,
when exhaust gas from the OMEGA process is vented to the atmosphere after being

30 combusted using a waste heat boiler, a large amount of CO> is vented to the

atmosphere. This is inconsistent with the basis of the recent low-carbon green



steel heating furnace, a boiler, or the like, which mainly uses fossil file's.
However, since fossil fuels and pure oxygen are continuously supplied to
continuously maintain flanmes of a burner in this technol ogy, there nay be a
problemin the durability of materials due to high flame tenperature (3, 050K).
In 10 particul ar, when waste gas is vented under high pressure, as in the
above- nenti oned OVEGA process, the burner may not be ignited due to high
pressure of the conbustion furnace in a cdnbustion procedure Under these

ci rcunst ances, the pure ox conb tion tec ds used in a st eel
ent 1 ng. ur nacetoqthgrie YSRReRER e Ty R ARITEIORGUE of BelFFPICU £ to be
applied to the &@@M@xgﬂdﬁ@@ﬂh@ﬁ@ﬁﬂdﬁﬂ@@@ﬁ@gin oh ing high exhaust pressure. |
Di scl osure] [Technical Proble Therefore, the present invention has
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capabl e of achleV|ng conbustion even in a | ow tenperature range, and a net hod
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usi ng pure oxygen. Another object of the present invention is to provide a

met hod of safely 25 éﬁﬁ“%@ﬁé@ﬁiﬁéﬂ&ﬁﬁbé@@éWﬁhgﬂaﬂ1@?g@ﬂﬁhﬁuﬂxﬂﬂmlﬁtm generated
in a process in %h@ﬂlslk” ?}h’ﬁ il &f dlﬁmge(?%ff’l‘n?sttg&nglﬂéxl M CATPHS | hl%f:]ke ®hg a

providing a carb I OXi purlty purification”apparatus
conbust i on fur necée dmﬂMhhchfammumheduq$0rmﬂhlﬂ@@alWem@vmnbé3ﬂnpﬁ)coht|nuously
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boiler, or the like, as mentioned above, is difficult to be applied to the above-

15 mentioned process involving high exhaust pressure.

[Disclosure]
[ Technical Problem]
Therefore, the present invention has been made in view of the above
problems, and it is an object of the present invention to provide a carbon dioxide
20 high-purity purification apparatus capable of achieving combustion even in a low
temperature range, and a method of recovering high-purity carbon dioxide using
the apparatus without causing a problem in the durability of materials even in the
combustion of exhaust gas using pure oxygen.
Another object of the present invention is to provide a method of safely
25 and effectively recovering a large amount of CO; generated in a process in which
high pressure is generated during combustion, by providing a carbon dioxide high-
purity purification apparatus including a combustion furnace, in which a burner is
not required to be in a continuously ignited state.
Another object of the present invention is to provide an apparatus capable

30 of safely high-purity purifying and recovering CO, generated in an only MEG



[ Technical Solution I n accordance with an aspect of the present

i nvention, the above and other objects can be acconplished by the provision of
a carbon di oxide high-purity purification method including: high-purity
purifying carbon dioxide (CO2) of waste gas containing 90% or nore

hi gh-concentration CO2 with a 10 bal ance being vol atile organi c conpound (VOC)
and oxygen, using a pure oxygen conbustion process, until the waste gas has an
oxygen concentration of 1.2 to 2% and a V&C concentration of 10,000 to 20, 000
PPM wi th a bal angce bei The \\ aste gas may. be Was t e
gas exhaust ed fWgﬁ?%ﬁ(ﬁﬁﬂég%ﬁﬁpﬁﬁ%anced 15 (OVEGA) process. I'n
accordance w th anot hwill @speebbjedt dfhike preesenivehtieRtd Providehdr €ohsmptilovi ded a

carbon di oxi de high-purit urification apparatus including: a) a process gas
i nput unit incl Y ﬁ@\'laonm%@ﬂnr%e?f@au@??eéﬁ Gattle Oﬁo?ff%b%w%@m‘a?l &dure of
input gas to 1. EGenk@&h 4n OMEGS Hroc@ssRb bRbRxyg@nthsu@héed cbor 20 suppl ying pure
oxygen, an assistant fuel supplier for supplying assistant fuels to the input
gas, a fan for increasing an internal tenperature of a process gas conbustion
unit, an inlet OPrdglieskonidar nmeasuring an 02 concentration and a volatile
organi ¢ conpound (WC) concentration of the input gas, and a | ower expl osive
limt (LEL) detect or;Ingycerdanqsrwidle g8 agpest ebisuxeseon ryishtion.ribe ablovegprd 2r 5
burner for incr L NG; i I : [ QF Lt, a
conbusti on chanbie! ortpeehrEatipbREBEES i frlynlB SOMPUTHIRMMIE: 2 o1 age

| ayer for storiperityopdsustaiion thethod iacludnge hghupweitdaiuedyiog daobonmdasude ng an

i nternal tenper ne St | 08Hch = tal for
preventing an eg%ggéﬁeéw$ag?%§§§g?%t%%%%fﬁﬁggﬁﬁkﬁﬁgﬁ%%$é§ﬁ§§(gin?ﬁéa

30conbust ilén chbalere; bang volatite ograbust@dpgms GiGChandjexugdrt, usmgl aigureg an
outlet 02 detector and tgqﬁeratureiﬁghectO{ foqlneasuriqg an q7t.
concentration aRoV&"tCHIEF A LPECET BONDUS e ges " 88 P8 T V&M ey el i ng
fan for agai n sapplytang% hed comMngsceacepastidw of Nie @@ooaes8,0gaPEMpwith uni t, and a
heat exchanger. . The _carbon di oxi de high-purity purification apparatus
may further i nchilrcededtnt Pal 1 er for control l'i ng opening/closing of a valve to

control a supply anmurbe vafsteORs infhyaRCOAsRE @xiisad drosi gnahly MPMatii@cddnput 07
detector. The assistant fuels may be one of |iquefied petrol eum gas

(LPG), |idwefi ePMatidy B1°%8s (LNG), methane, and butane. 10The carbon di oxi de

hi gh-purity purificathoRcARBRIARMA B el YEFRE LT HRCH MYt an CQIMONOtHeSE jsf OF
controlling opening/closing of a valve to control a supply. anount of assi stant

fuels in accor daifvdedi 4 Rarkosidimage higdnurie PuBfictereaprsraten el digidla from t he
tenperature det g%tcé’srs- gdNEphe IREALMARg ! P BrSARE MedlABnaRvd RS RELARE TBY

operate only wh . 5 .
pressure of mput gas to 1.0 kg/cm™ or less, a pure oxygen supplier for

20 supplying pure oxygen, an assistant fuel supplier for supplying assistant fuels
to the input gas, a fan for increasing an internal temperature of a process gas
combustion unit, an inlet O, detector for measuring an O, concentration and a
volatile organic compound (VOC) concentration of the mput gas, and a lower
explosive limit (LEL) detector; b) the process gas combustion unit including a

25 burner for increasing an internal temperature of the combustion unit, a
combustion chamber for burning VOC contained in the mput gas, a heat
storage layer for storing combustion heat, a temperature detector for
measuring an internal temperature of the combustion chamber, and a bypass
damper for preventing an excessive increase in the internal temperature of the

30 combustion chamber; and ¢) a combusted gas discharge unit including an



15 the intern& tenperature of the conbustion unit is to be increased, and may
no | onger operate when a process gas is introduced into the conbustion unit
after the internal tenperature of the conmbustion unit reaches a target

t enper at ur e. The conbustion unit nmay be one of a regenerative therma
oxidizer (RIO, a regenerative catalytic oxidizer (RCO, a thermal oxidizer
(TO, and 20a catalytic thermal oxidizer (CTO. The carbon di oxi de

hi gh-purity purification apparatus may fupther include a controller for

control ling opening/c¢losing of the hypass, K danger in accordance wth, a signal
From the tamer Quile hepbBRsr il BacTHIEnDeoitbubE | B andiben GBThe
carbon di oxi de bérghn@atidd ¥ doaltdrhpaatutof apprisdddisadyeaspbetivelera dedgdluge a
controller for gog%rolLing oper%%ion %f tge rec cIing fan in accordance with a
signal from t helAHET AguP SEPRYINgrde SOuYHaS 2pditheHEOtsmSas YiPuF BNttt or .

The carbon di oxhdeathixgharéf.i ty purification apparatus may further 30i nclude a

noi sture renover and a strainer, which are installed upstream of the
combustiondunit, to prieveHPORTHSHHE dIgnBUHY R aHPR  aRearafys Waktfrthels from 6

bei ng i ntroducegijut0 LORARFIYSEORILINAEL Lpening/closifeXbEhNAlvedld cdditd] @duced
t hrough the tenperature increasing fan may be used to cool an iInner disk

included in thesunphagmouairdy. in accordanagheiih & st Epat e sniui dhaletestors .
conpl eted, operationgf. LRE Vqﬂaglﬁaybgq“étﬁﬁﬁﬁﬁﬁﬁ Wgﬁg¥ggg§%§gggf§feventlng

val ve may be opened to introduce waste gas, gs n cted to
pressure reduct ligrefiedmatiraligas buNeermethass and bprageent back-fire and expl osi on

e carborye oxt 9o Nl DE L XyBUBL | P 0, AORRSAIS IR Doght 19 2,
oxygen concent r aciwle areagurlled foy cottelbog Ioptniﬁg/cttesi@bba,vai\met_ot enped at ur e
rEasured Y Lhe PR A e R B RSP TR
respectively. detector and a signal from the temperature detector.

The temperature increasing fan and the burner may operate only when

15 the internal temperature of the combustion unit is to be increased, and may no
longer operate when a process gas 1s introduced into the combustion unit after
the internal temperature of the combustion unit reaches a target temperature.

The combustion unit may be one of a regenerative thermal oxidizer
(RTO), a regenerative catalytic oxidizer (RCO), a thermal oxidizer (TO), and

20 a catalytic thermal oxidizer (CTO).

The carbon dioxide high-purity purification apparatus may further
include a controller for controlling opening/closing of the bypass damper in
accordance with a signal from the temperature detector installed in the
combustion chamber.

25 The carbon dioxide high-purity purification apparatus may further
include a controller for controlling operation of the recycling fan in
accordance with a signal from the LEL detector and a signal form the
temperature detector.

The carbon dioxide high-purity purification apparatus may further

30 include a moisture remover and a strainer, which are installed upstream of the

combustion unit, to prevent moisture and dregs contained in waste gas from



The predeterm ned ranges may correspond to an oxygen concentration 15 range of
1.2 to 2% a tenperature of 700 to 880C, and a VOC concentration of 10,000 to
20,000 PPM respectively. [Advantageous Effects] In accordance with the
present invention, it may be possible to effectively renove conbustibl e
inmpurities from exhaust gas containing the conbustible 20 inpurities, and
thus to prevent harnful substances from being discharged to the atnosphere.

Al so, in accordance with the present invefition, an econonical process is

provi ded becausg .a large a nt of .is recovered from exhaust gas generated
ina productionE%P%EﬁggpC?fgﬁh@eépggﬁﬁgnﬁ%ggibIe to prevent environnenta

25pol ljuti on\ {:auseﬂ bxra]mérﬁ@lhaif Q@tr@j‘uc@@rﬂlﬁ@ﬂglﬂitl?@d&ﬂ)erature increbﬁ?gddﬁ fhegn, | E 4
accordance i.th the present ipventjaon,. a high-purity purification netho

for CO, gener at BHU$S G SOCMBEGA G Jegehylgd H%‘\?ibé@%ﬁgd%"ptehat it may be possible

to elimnate drawbackyhef atmpeMER iRERERSS, corifletbdUSpdrRichabethe @Anfer
efficiently use the OVEGA process. .7 [Description of Draw The

ngs]
above and ot her "8BjPestapped.cud i RasckAHg PotsaRn @ VxRS Qﬁen@qlm% piredesst in

ention \N ill bg,apigs Gligal hys MRARES RGeS RMpkligrd Rl QidNadetablper
description taken in conjunction v ith the acconpanying draw ngs, in which:

5FIG 1 is a di sgrempreveansbratiigng esplesiogur ation of a carbon dioxide high-
purL Ly purt 1] 2t o, ARALE 7 AGSEE Gy PGB8 b T Bt Bt o
Val ve include a personal computer (PC) system for controlling the detectors, to
10 control the oxygen concentration measured by the outlet O, detector, the
temperature measured by the temperature detector, and the VOC
concentration measured by the LEL detector to be maintained within
predetermined ranges thereof, respectively.
The predetermined ranges may correspond to an oxygen concentration
15 range of 1.2 to 2%, a temperature of 700 to 880°C, and a VOC concentration of
10.000 to 20.000 PPM., respectively.

[ Advantageous Effects]

In accordance with the present invention, it may be possible to effectively

remove combustible impurities from exhaust gas containing the combustible
20 impurities, and thus to prevent harmful substances from being discharged to the
atmosphere.

Also, in accordance with the present invention, an economical process is
provided because a large amount of CO- is recovered from exhaust gas generated
in a production process. It may also be possible to prevent environmental

25 pollution caused by discharge of carbon dioxide.

In addition., in accordance with the present invention, a high-purity
purification method for CO, generated in an OMEGA process is provided, so that
it may be possible to eliminate drawbacks of the OMEGA process, and thus to

safely and efficiently use the OMEGA process.



111: Automatic Process Gas |Introduction Valve 10112: Pressure Reduction Val ve
120: Pure Oxygen Reservoirl1l21l: Pure Oxygen Supply Valve 122: M xer Box130:
External Air Suction Fan 131: LEL Detector132: Inlet 02 Detector 133: Rupture
Di sk134: Inlet Duct 15140 Conbustion Unit141l: Heat Storage Layer 142
Tenperature Detector143: Qutlet 0? Detector 144 CQutlet Duct145: Bypass Danper
146 Bypass Ductl SO Distribution plate Reducer 160 Purge Fanl70: Recycling Fan
20180 Heat Exchanger 181 Recovery (Recycli i’ng) Feeding Val ve 182 At nosphere
Vent Val ve200: i St ant E Reservoir 201: Assistant Fuel Shut-off
Val ve 210: exter qSC%t‘l‘mé’ jéfai“d fan 211: Back-Fire Preventing Val ve 212:
External Air Supply Viaewdovbihdbthefosjests.aditufed@hd SpPddyafaded &f 220sredBhir ner

invention will be more clearly understood from the following detailed description
taken in conjunction with the accompanying drawings. in which:

5 FIG. 1 is a diagram illustrating a configuration of a carbon dioxide high-
purity purification apparatus according to the present invention.

<Description of Reference Numerals to Drawings>

100: OMEGA Process 110: Emergency Venting Valve
111: Automatic Process Gas Introduction Valve

10 112: Pressure Reduction Valve
120: Pure Oxygen Reservoir 121: Pure Oxygen Supply Valve
122: Mixer Box 130: External Air Suction Fan
131: LEL Detector 132: Inlet O Detector
133: Rupture Disk 134: Inlet Duct

15 140: Combustion Unit 141: Heat Storage Layer
142: Temperature Detector 143: Outlet O, Detector
144: Qutlet Duct 145: Bypass Damper
146: Bypass Duct 150: Distribution plate Reducer
160: Purge Fan 170: Recycling Fan

20 180: Heat Exchanger

181: Recovery (Recycling) Feeding Valve

182: Atmosphere Vent Valve 200: Assistant Fuel Reservoir

201: Assistant Fuel Shut-off Valve 210: external air suction fan

211: Back-Fire Preventing Valve 212: External Air Supply Valve
25 220: Assistant Fuel Supply Valve 230: Burner

300: PC system

[Best Mode]
In accordance with the present invention, an apparatus for high-purity
purifying carbon dioxide from process exhaust gas containing combustible

30 impurities, using pure oxygen, includes: a combustion unit including a body and a



300: PC system [ Best Mbde] In accordance with the present

i nvention, an apparatus for high-purity purifying carbon di oxide from process
exhaust gas containing conbustible 30inpurities, using pure oxygen, includes:
a conbustion unit including a body and a 8 conbustion chanber defined in the
body to burn volatile organic conpound (VOC) contained in the process exhaust
gas at a tenperature range of 300 to 990C, an external air suction fan for
increasing an internal tenperature of the8conbustion unit: a burner for

i ing the jnternal t ture of the conbustion unit t t
{orperat ure. 1 angiHGRPoH SO0 b 680t b i BELINE St sPuf 8 94l Peduci ng

a pressure of thmtfedCi@sBe prbayekh@dSgds it h. @mEGAare Qhgd 5310 @ INXEraf or m Xi ng
pure oxygen with the process ex austzgas; an 02 detector for suring an

me
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10 neasuring a VOC concentration_ of the process exhaust gas; an assi st ant

fuel supplifer cBfEet MRS ragispirgmotIZs 4 SPUKE af Rretsure; 1sducden ralapde with t he

internal tenperahiify Qfrdslige 6PTRUREINFhaTRE! (AN ILR& YRlIMe MReyred by the
LEL detector: a recycling fan for again feeding conbusted gas so as to prevent

over heating of mhéncRHbastdeBNVilirihe Progesd exhamelatas edocPradrirstor flofr MpasHG a¥g ni st ur e
fromthe combusted.g cel?tgm?lg'ﬁ%c?%ﬂoéfz Etﬁ{é)EEp oBI&MRIRL % REROHL TBRLIC i he

present invention-relatin rity purification apparatus using
pure oxygen w | hechwantesoith bbel Gondeletta |a lower explofing sinsitdbBL helatectad Ifbr be
descri bed {in copj i it . i I G ust i-nLNg
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100. However, t tmtipi@kfeontuppiyvoéngsiscont fualg ilbaccapiphdeedthtthe mreyna @mppraocessSes, from

mor 6 car bon i P a8 e bbb e SR R by G Bl FRrGReac i ng

confi guration ofandocanindseditigooontb@stbd gi3-spuk id preyaur oferl@atinOsr thppatakiis f or
burning aste gas.erfUEteerron1 roductionwproce S H@%acgordance with the
present inventi S A&t &P pighingeiEPeenjoving mustiye ot e opised 835 is i1l ustrat ed.

The combusitsi on uni t  HeihdTet, 4d @Sendpl B M8 6did3hk, o N\IR prékentSniegié RIIHS iond
assi stant fuels gl.quefted petrol eum gas (LPQ, jlquehled na&ural gas (LNG,
met hane, but ane®OaPieh RN iPKE)catio B tpeipHETRRER WH& e URCEPHHEDN df@per at ur e
of t_he combust i on Un!ﬁhisléﬁ)odaﬁﬁén'ﬂﬂil@@@rd@stch@é'ﬂ i‘ﬁfcohimﬁgtf%ﬁm%l?ﬂlbQﬁ‘seqﬁ'\\thiclﬂo- Oxygen
required for conbustion is supplied to the conbustion unit 140 by external
exhaust gas containing combustible impurities to be treated is gas exhausted ffom an
OMEGA process 100. However, the present invention may be applied to any
20 processes, from which exhaust gas containing 10% or less combustible impurities
and 90% or more carbon dioxide is generated.
FIG. 1 is a diagram illustrating a configuration of a carbon dioxide high-
purity purification apparatus for burning waste gas exhausted from a production
process in accordance with the present invention. Referring to FIG. 1, a
25 combustion unit 140 is illustrated. The combustion unit 140 includes a burner 230,
which is ignited using assistant fuels (liquefied petroleum gas (LPG), liquefied
natural gas (LNG). methane, butane, or the like), in order to increase the internal
temperature of the combustion unit 140 during operation of the combustion unit 140,
Oxvgen required for combustion is supplied to the combustion unit 140 by external
30 air suction fans 130 and 210. The combustion unit 140 is configured to increase

the internal temperature thereof to a target temperature (300 to 990°C).



30air suction fans 130 and 210. The conbustion unit 140 is configured to
increase the internal tenperature thereof to a target tenperature (300 to
990T). 9 As the conbustion unit 140, a regenerative thermal oxidizer
(RTO), regenerative catalytic oxidizer (RCO, a thermal oxidizer (TO, a

catal ytic thermal oxidizer (CTO, or the |like may be used. When the internal
tenperature of the conbustion unit 140 is increased to a 5 target tenperature
(300 to 990C), operation of the burner 230 is stopped. At the sane tine, an
external air supply valye 212 connect to the external . air.suction fan 210,
and an automatic proc&s eg%?gl%l“ﬁt{orno'ﬂfﬁtc??%rf‘ %F'\l/eé‘ﬁ'l‘ilt[l?rgl%ﬁé‘rqg&r. ?ékt(g)oradi ngly,
wast e gas exhausb@trdineantaktio okifizM@ Y afeadal (RM£A) TOY, acRts tit Qkeringl fed to

t he conbustion unit ](éo 10l n this gase, the external air sucked through the
external air sufBfigs F4R)-218welike sy Pgaiedel y used to cool an inner disk

included in a bypass W8S inldl ddnpehRureXt Glenombakitibn SHPPLY isMA¥Relb 1 S
closed. Thus, it maé be possible to a \ oid overheating of the bypass danper

145, \ \ hi°Ch i €8k ngéﬁlg'tf‘%)@?pd% R Ehperbstatip of %@ﬁ&llflﬁnéﬁllés@pé%nwtﬂwe bypass

danper 145 fromgal ek EQBIAhir slu?;%l{(’ VR AT EnE QUG ehd ReerPfl 63 3Wiien @fn t he \\
aste gas fed to the conbustion unit 140 to 1.0 kg/cnR or less, a pressure

reduction val veZithand an awigypaiiclpsepessrgagtiodpaiondaloe 1181 dpgredt hdcexdiaglst gas.
Accordingly, st RBle.ARERALIATA! of iy SATRUFLLAN OAIEGAARLS, 36hique, 1N or der
to protect process %ro juction facilities fromincreased pressure, a rupture

di sk 133 i s prothededbusgovent l4Nast e gas to the at nosphere when 20 the pressure

of ihe Inlgt duct 134, igacheSnd g LGNS AolhiE: SN JFULHIGH O of the

conmbustion unit 140 i's sensé rocess gas I n Ion val ve
111 i s aut onat i salktipsic¢lpsied @scoaharmumendith mcbidep impdepass daopdr\idt ed .the

Si mul t aneousl y, an_energen val ve 110 is opened to achi eve.energency venting
of exhaust gas %\g‘?rgaiﬁemf rgﬂl?pg u‘é‘ﬁieo%lzofs 8]>?ﬁe§u;[% Saslt[ilﬂ?og? Wé)ssé@ﬁbtﬁs‘f‘f) n unit
140. Thus, 25sabetheaiins: sebebeshss damper 144 wihicu ghexpoded S @ivé, ter@pdrmingt tiide r enmover

and a strainer are install|ed upsiream qQf. the conbustion unit 140 in order to
prevent noi st ur@‘“%ﬁﬁ’dﬂﬁiﬂ@tgtbe g@ﬁ%&fﬁ‘ﬁ’@ﬂﬂ“ﬁ RmYLEYEOYYS from bei ng i ntroduced
into the cenbustion uniotdel #lredVeaRe pRAURLIfAIR Oistd Hie fLionBE caddfisiich @fiopped
aiiter conpl etion, of e, S0LeTper aLure | ngr ease,, SATRUSLERL 35, T dunetfon as
134 for the exhaust gas. Accordingly, stable operation of the combustion unit 140
is achieved. 1In order to protect process production facilities from increased
pressure. a rupture disk 133 is provided to vent waste gas to the atmosphere when
20 the pressure of the inlet duct 134 reaches 1.9 kg/cm” or more. When malfunction
of the combustion unit 140 is sensed, the automatic process gas introduction valve
111 is automatically closed as an automatic stop mode is activated.
Simultaneously, an emergency valve 110 is opened to achieve emergency venting of
exhaust gas before introduction of exhaust gas into the combustion unit 140. Thus,
25 safety is secured.
Although not shown, a moisture remover and a strainer are installed
upstream of the combustion unit 140 in order to prevent moisture and dregs
contained in the waste gas from being introduced into the combustion unit 140,
When operation of the burner 230 is stopped after completion of the

30 temperature increase, combusted gas may function as an igniter for the burner 230

due to the pressure of the waste gas introduced into the combustion unit 140, so that



due to the pressure of the waste gas introduced into the conmbustion unit 140,
so that 10 there may be a danger of explosion. To this end, a back-fire
preventing valve 211 is opened to introduce waste gas, \ \ hich has not been
subj ected to pressure reductiominto the burner 230, and thus to prevent
back-fire and expl osi on. Wen operations of the burner 230 and external air
suction fans 130 and 5 210 are stopped, pure oxygen is supplied for conbustion
of waste gas exhausted fromthe process, through an automatic pure oxygen

supply- valve 121. The supplied pure oxygen is. . mxed with the waste gas in a
et box 125, e ey PRkt SO B G S 1SRG et ed by
the autonmati c pulrepeaxy dennisstppd Y@l ¥, Ivhichi Rasa@eo bekanadidstetl hroa piBasr ement
val ue obt ai ned by an LnIeF 02 1Q detﬁﬁ%or 132, mhkgh measures 02 content of
the gas i xt ur e"BrYGacBE PHPUPRE 247081 Ty i provent hyckdire 4 &xlgypty anount of

assi stant fuels supplweg §fi@uahoRihe d8fkes baNind &@dmS WRPlu¥iondade 1 R26hd S _
adj usted in accordance with the \ olatile organic conmpound (VOC) concentration

of the NN aste gHsURSEPREPUBYOY St bitePRicd| (65 cembysiion of ppite pagetheetsr 131 and

the tenperaturegngh e C&B&%@tth&'ﬂ%l? ha MRS matit SgiRe oxVeddsStipplasaidtippduggd into the

conbustion unit 140 is increased in tenperature as it Basses t hrough a heat

storage |ayer 1sppliehisreaticer is riked web the vsls dos icombigspedl gt dhe Fuppkr nal
tenperature of 5198{51?% HR bﬁgal%'Fge%ut%gt%&?fxogdﬁl%z@%9-@16 a%nlaﬂﬁé‘éuﬂa!&%'g&u“ ty GO

al one is discharged into an ct 144. ste gas nay remain Tn the heat
storage | ayer 14Dplitaheut2!beiegrdante odlueedkasureent Nelug nblemedby of itl¢te020
conbustionunit ;14 i i L f _the
combust i on uni 1 495 R el PR B RaRANST G SRIENAF: BLATEAH BRafien "0
case, conbusti oboxefA2i ciddvoctheisspegmaded! afsstanr defs tuppled| theugthasagprsabl em  pur ge
air is supplied.by a purge n 160 to introduce  non-treated gas left, in the
neat st orage & ayar=d HE 2 f R Il AP AR ST Er B S b ge Thus
opti mal treat me(MORbainténtiagfncyl ihs wabk aanadasured by a 1oWee BxjlbEve livhie (DEIL)

t enperature of ghe cqgﬁus ion unit 140 is increased to a predeterm ned
temperature O SHFR 1q089 e prrakEe RiheoB i IR BSY- \\ aste gas i ntroduced

into the clenbustion umietwd&Ogast itGofp@siTo dRMEEHbUEASH ugit AUb Qitdreadd ja
controlled in order to stably maintain the internal tenperature of the
combust i on uni t *3WEAO TR EPHS FRE et AT R The nigRAHEnPIEratE ey gas
exhaust ed fr0n1Ehﬁnﬁ@ﬂ&Pﬁ%hQﬂmﬁﬂ“&n&ﬁgukﬁﬁ@QQbﬁ$uhﬂhQMgh4@(ﬁﬁﬂ%9@%@ﬁﬁnger 1
SO Arecycle fan 170 is operated in accordance with the VOC concentration of
so that high-purity CO: alone is discharged into an outlet duct 144. Waste gas may
remain in the heat storage layer 141 without being introduced into the interior of the
20 combustion unit 140 during heat storage and discharge procedures of the
combustion unit 140, and may be discharged in a non-treated state. In this case,
combustion efficiency is degraded. In order to solve this problem. purge air is
supplied by a purge fan 160 to introduce non-treated gas left in the heat storage layer
141 into the inlet duct 134 through forcible discharge. Thus, optimal treatment
25 efficiency is obtained.

When the internal temperature of the combustion unit 140 is increased to a
predetermined temperature or above due to high VOC concentration of waste gas
introduced into the combustion unit 140, the bypass damper 145 is automatically
controlled in order to stably maintain the internal temperature of the combustion unit

30 140 at a desired temperature. The high-temperature gas exhausted from the

combustion unit 140 is cooled through a heat exchanger 180.



aste gas detected by the LEL detector 131 and the tenperature of the
conbustion chanber, in order to avoid overheating of the conbustion unit 140.
A part of the treated high-tenperature high-purity CO2 gas is again introduced
into the inlet duct 5134, to be mxed with w aste gas. In this case,
pre-heating and VOC concentration dilution effects are obtai ned. Accordingly,
snoot h and stabl e conbustion is achieved. The high-purity CO2

di scharged fromthe conbustion unit 140 pbksses around the heat exchanger 180,

for cooling thereof apd myi sture.renoval. therefrom, 10 hi gh-purity CO2
erer gt ng 2om the. heds ERThaHgar SEBE i arorGnd b0 ST ety

fﬁci lity. In thi\ﬁsftélgz&&leteu&@ bheladLEﬁGaa%l@eBlJ:ﬁ@ rt}lfé&ﬁmpﬂi:)r&t@rehﬁf thks &ntudtidnnCr ease
the tenperature of waste gas introdyced into t conmbusti on unit 140.

The hi gh-puri tyc@éﬁe‘i~_é“?"élgf B PR RITGHIS A e et HucEVery)  AdPH o Pont y when
the oxygen COﬂC@&ﬁ&ﬁﬁ%@&n@@@ﬁMéﬁ@h@ﬁﬁ@ﬂ]QH&k@iqﬁﬁlﬂ@&&ﬁ&ﬂhﬁﬂﬁénﬂ&hﬁm15 _
tenperature neasured by a tenperature detector 142, and the VOC concentration

measured by t hel4efo brembed sithrastersgs | pithihrdse de-heting aph¥OC gasd8Riqioky gen

concentration ng@gidhedrbl ibeomutdiet Q2odRLRC R oot dnd LtaBlet & blbickeRPEr at ure
measured by the tenperature detector 142: 700 to 880C, and WC concentration

measured by theadiEvediet ector 131: 10,000 to 20,000 ppm), respectively,. The 20
normal ranges are apﬁ%@Hﬁ?gbﬁ?ggygﬁ%m?g%?%bg?m&ﬁgQ%ﬁ%ﬁm%ﬂdmﬁ@?(P hiyg, of carbon

di oxi de. A personal conpu Sys . Ich can control detectors, is
install ed in ordennd tbe b exahngeh &l deraentingahérerisndnwistwepmratiuheefranf al |

within respecti . r r : t Ot kgt on .
tenperatu?@ faIrﬁﬂﬁ%hﬁﬁh?Hgﬁggiﬁgpgﬁgﬁéé%yﬁﬁg?§%%¥§?ggg&%%?&é%f%aiggecovery
(recycling) feetkagling)dhaikty25In8ids cse.othened: txxhfireed 18hendyi gép peirusedytoCO2 t o t he

recovery facility. the other hand, \N hen th oncentratio and

{emper i ur o do. HEE A e A N g R PEReBR B PSS pRdRr T an
automatic vent val ve 18Re high-pperatD-tio fademtihd igh-pueat@l rgaset dadile oatymospher e.
Al t hough the preferred enbodi nents . of the sent invention have been

30di scl osed for P % PRS0 e“PEFYELUL Mtk DS Ioégeti > pdgecier ¢ 14di 1the

appr eci at €5t hat teMpeia@is ni¥Raiddi 8ad kdipRranad defebton$422R6d SEDBOTT dbntDRSti@ET €
possi bl e, w thout departing 12 fromthe scope and ﬁpirit of the invention as

di scl osed in th@e§8@6nlb‘éﬂﬁ HéLc’cle(tﬁc%_lBl fall within normal ranges thereof (Oxygen

concentration measured by the outlet O, detector 143: 1.2 to 2%: Temperature

measured by the temperature detector 142: 700 to 880°C: and VOC concentration

measured by the LEL detector 131: 10.000 to 20.000 ppm), respectively. The

20 normal ranges are appropriate ranges enabling recovery and recycling of carbon

dioxide. A personal computer (PC) system 300, which can control detectors, is

installed in order to control the concentrations and temperature to fall within

respective normal ranges thereof. When the concentrations and temperature fall

within the normal ranges thereof, respectively, a recovery (recycling) feeding valve

25 181 is opened to feed the high-purity CO: to the recovery facility. On the other

hand, when the concentrations and temperature do not fall within respective normal

ranges thereof, an automatic vent valve 182 is opened to vent the treated gas to the
atmosphere.

Although the preferred embodiments of the present invention have been

30 disclosed for illustrative purposes, those skilled in the art will appreciate that

various modifications, additions and substitutions are possible, without departing



13" [CLAIMS] [C aim1[A carbon dioxide high-purity purification nmethod
conpri si ng: hi gh- punty purifying carbon di oxide (CO?) of NN aste gas
cont ai ning 90% or nore high-concentration CO2 \Nith a bal ance being volatile
or gani ¢ conpound (VOC) and oxygen, using a pure oxygen conbustion process,
until the waste gas has an oxygen concentration of 1.2 to 2% and a VOC
concentration of 10,000 to 20,000 ppmw th a bal ance being CO2. [ aim 2[ The

car bon di oxi de high-purity purification nkthod according to claim1l,
wherein the waste S is ste. exhaust ed nced

10 QVEG) " pr ocebem icseaie g aTiBF Do TaRIR el SR BUbT TS Bt R o
apparatus conprising: a) a process gas input unit conprising a pressure

reduction valve for reducing a pressure of input gas to 1.0 kg/cn2 or |ess,
15a pure oxygen supplier for supplying pure oxygen, an assistant fuel supplier
for supplying assistant fuels to the input bas a fan for increasing an
internal tenperature of a process gas conbustion unit, 20an inlet 0? detector
for neasuring an 02 concentration and a



olatile organic conmpound (WK.) concentration of the input gas, and a lo er
explosive limt (LEL) detector; b) the process gas conbustion unit conprising
a burner for increasing an internal tenperature of the conbustion -r5unit, a
conmbusti on chanber for burning VOC contained in the input gas, 14 a
tenperature detector for measuring an internal tenperature of the conbustion
chanber, and a bypass danper for preventing an excessive increase in
the internal tenperature of the conbust i o chanber; and 5c) a conbusted gas

di scharge unit C@ﬁ?{ ) an outlet 02 detector and a tenperature
detector for ]hg!an 02 concentration and a tenperature of conbusted gas,
respectively, a recycling fan for again supplylng the conbusted gas to

t he process gas j nput wunit Oa. h exchange ai m 4] The carbon
di oxi de hi gh- purM@nbur. fi éactaﬂﬂﬁﬁjd Lpgm&c%%awwg RGR CQMRTIBNF ur t her

conpri si ng: high-purity purifying carbon dioxide (CO,) of waste gas containing 90% or
more high-concentration CQO, with a balance being volatile organic compound
5 (VOC) and oxygen, using a pure oxygen combustion process, until the waste gas has
an oxygen concentration of 1.2 to 2% and a VOC concentration of 10,000 to 20,000
ppm with a balance being CO».

[Claim 2] The carbon dioxide high-purity purification method according to
claim 1, wherein the waste gas is waste gas exhausted from an only MEG advanced

10 (OMEGA) process.

[Claim 3] A carbon dioxide high-purity purification apparatus comprising:
a) a process gas input unit comprising
a pressure reduction valve for reducing a pressure of input gas to
1.0 kg/em” or less.
15 a pure oxygen supplier for supplying pure oxygen,
an assistant fuel supplier for supplying assistant fuels to the input
gas,
a fan for increasing an internal temperature of a process gas
combustion unit,
20 an inlet O, detector for measuring an O, concentration and a
volatile organic compound (VOC) concentration of the input gas, and
a lower explosive limit (LEL) detector;
b) the process gas combustion unit comprising
a burner for increasing an internal temperature of the combustion
25 unit,
a combustion chamber for burning VOC contained in the input
gas,

a heat storage layer for storing combustion heat.



a controller for controlling opening/closing of a \ alve to control a supply
anount of 02 in accordance with a signal fromthe input 0? detector. 15[Claim
5] The carbon di oxide high-purity purification apparatus according to claim 3,
wherein the assistant fuels are one of |iquefied petroleumgas (LPG,

| i quefied natural gas (LNG, nethane, and butane [C ai m 6] The carbon di oxi de
hi gh-purity purification apparatus according to claim3, further conprising:
20a controller for controlling openi ng/clbking of a \ alve to control a supply
amount of assistant fuels in acc m t he det ect or

LE
2nd 5 st gnal T rom t he tenpAIETETOTHRTERvr ME eI re PB4 de

hi gh-purity purifi catdogbuaippahaties aa@cordl ng to claim3, wherein the
tenperature increasing fan and the bur operate only when 2r5 | g?e i nternal
tenperature of the conbust P $HRST ¢ @B@‘?‘H‘é‘ge‘ﬁ’sé -SSR "WE PO MY E° oper at e

when a process gas Isntleﬂhhrt@ﬁ{yé}ﬁﬂrdd]&& dohpuaRnREshdeenni t after the internal
tenperature of the conbustion unit reaches a target tenperature. 15 [Claim

8] The carbon di oxi de %F‘Qﬁmb‘ﬁfiq 189S Pisshpee SaK FYRPTEHSar at us according to claim 3,

wherein the combustion uni by, h$1P08 d8Ecidr Jlﬁglet@ﬁ[aé}%[ﬁﬁfeedetté&ﬁ{r'i‘@ﬂm&?éiu@l{gzzﬁ{ (RTO, a
regenerative catalytic oxidizer (RCO, a thermal oxidizer (TO

catal ytic thermal OX|Q12|@é?en(fmaﬂd[a@lapwtgﬂe‘ﬂféo@blﬂwrgaﬁlfé%Ple@Iéei*.n gh pur| ty
purification apparatus according,d @t Paid shpPfiifieihe COMREEH s to the

process gas input unit, and

10 a heat exchanger.

[Claim 4] The carbon dioxide high-purity purification apparatus according to
claim 3, further comprising:
a controller for controlling opening/closing of a valve to control a supply

amount of O, in accordance with a signal from the input O, detector.

15 [Claim 5] The carbon dioxide high-purity purification apparatus according to
claim 3, wherein the assistant fuels are one of liquefied petroleum gas (LPG).

liquefied natural gas (LNG), methane, and butane.

[Claim 6] The carbon dioxide high-purity purification apparatus according to

claim 3, further comprising:
20 a controller for controlling opening/closing of a valve to control a supply
amount of assistant fuels in accordance with a signal from the LEL detector and a

signal from the temperature detector.

[Claim 7] The carbon dioxide high-purity purification apparatus according to

claim 3, wherein the temperature increasing fan and the burner operate only when

25 the internal temperature of the combustion unit is to be increased, and no longer
operate when a process gas is introduced into the combustion unit after the internal

temperature of the combustion unit reaches a target temperature.



a controller for controlling opening/closing of the bypass danper in
accordance with a signal fromthe tenperature detector installed in the
conmbusti on chanber. 10[ C ai m 10] The carbon di oxi de high-purity purification
apparatus according to claim3. further conpri sing: a controller for
controlling operation of the recycling fan in accordance with a signal from
the LEL detector and a signal formthe tenperature detector. [C aim]The

car bon di oxi de high-purity purification apparatus according to 15cl ai m 3,
further conprising: a noisture renover and a strainer, which are
install ed upstream of the conbustion unit, to prevent noisture and dregs
contai ned i n wask@aigeas] f r omhdeirkg distidosl uie-parit, puofidatien gpaRustaandibgict . [C ai m
12] The carbon di oxi de hi%h-&grit furification ap aratusvaﬁcordin .to 20cl aim
3, wherein ext eflAl JaieFHt VEFAEBE IR BRIgh PR Tt FRsERSHF dNSEr 8581 Fg fan is

used to cool anHIMER MigKratiRe atslege bRidiBe (YR DS thddiip &kidideCl(BOIM shdlaThe car bon
di oxi de high-purity purification ag?aratus according to claim3, wherein, when

a tenperature i feHEisBermgl @ddirdt'E) operation of the burner is stopped, and a
back-fire preventing valve is opened to introduce waste gas, which has not

been subjected to pressure reduction, into the burner so as to prevent back-
5 [Claim 9] The carbon dioxide high-purity purification apparatus according to

claim 3, further comprising:
a controller for controlling opening/closing of the bypass damper in
accordance with a signal from the temperature detector installed in the combustion

chamber.

10 [Claim 10] The carbon dioxide high-purity purification apparatus according to
claim 3, further comprising:
a controller for controlling operation of the recvcling fan in accordance

with a signal from the LEL detector and a signal form the temperature detector.

[Claim 11] The carbon dioxide high-purity purification apparatus according to

15 claim 3, further comprising:
a moisture remover and a strainer, which are installed upstream of the
combustion unit, to prevent moisture and dregs contained in waste gas from being

mtroduced into the combustion unit.

[Claim 12] The carbon dioxide high-purity purification apparatus according to
20 claim 3. wherein external air introduced through the temperature increasing fan is

used to cool an inner disk included in the bypass damper.

[Claim 13] The carbon dioxide high-purity purification apparatus according to
claim 3, wherein, when a temperature increase is completed. operation of the burner
is stopped. and a back-fire preventing valve is opened to introduce waste gas, which

25 has not been subjected to pressure reduction, into the burner so as to prevent back-



16 fire and expl osion. [C aim14] The carbon dioxide high-purity purification
apparatus according to claim 3, further conprising: a persona
conmputer (PC) systemfor controlling the detectors, to control the oxygen
concentration neasured by the outlet 02 detector, the tenperature neasured by
the tenperature detector, and the VOC concentrati on neasured by the LEL
detector to be maintained within predeterm ned ranges thereof respectively.
[ ai m 15] The carbon di oxi de high-purity Burification apparatus according to
claim 14, wherefn the predeterm ned ranges correspond to an oxygen
concentration 1%?3%68“@?“%?2 to 2% a tenperature of 700 to 880C, and a VOC
concentration of 10,000 to 20,000 ppm respectively.

[Claim 14] The carbon dioxide high-purity purification apparatus according to
claim 3, further comprising:
a personal computer (PC) system for controlling the detectors, to control
5 the oxyvgen concentration measured by the outlet O, detector, the temperature
measured by the temperature detector, and the VOC concentration measured by the

LEL detector to be maintained within predetermined ranges thereof, respectively.

[Claim 15] The carbon dioxide high-purity purification apparatus according to

claim 14, wherein the predetermined ranges correspond to an oxygen concentration

10 range of 1.2 to 2%, a temperature of 700 to 880°C, and a VOC concentration of
10.000 to 20,000 ppm, respectively.





