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S-FEFAAISHMCO; Molten Carbonate Oxidationy= GAF7131ES FaEd w] A9 tF-29] drdEs o
ol 3k thol&Aalf S vldel] WX 5= 9l7] wlFel dafrIsdtE Hels A 4s tAVls 5
Uz meE 1 9ut B Aol onk S-g ek asix Arlol X 473188 (CHLCl, C,HCI, and CCl,)¥} PCBs
SH Aol walloll B3 ATE TSI Sgedaleke Y]] s AARVIERME Bl & Y-S v
A R FRIFGIL 12} S-FEARIANES 7] olA dafr]skdEe] Eelle avdolqltt. 18y cort dA
7 B SRR WiEEQITE o83t COo MiE sy 13 W71 9 Aeke 3] FUES SR wel A
Al =30 2 S5 EAAEIA I A B HCl HlE s s B8 270 7 ppm ©181 o vl Ao
AFEEL 99.95-99.99%31TF. DAl PCBsi= 900 °C o)d<] 2xollA a8 o= #3852 on PCBse| & w-3ala
£L99.9999% o]Ato|Q]t}.

Abstract — Molten carbonate oxidation (MCO) is one of the promising alternative technologies for the treatment of the
chlorinated organic compounds because it is capable of trapping chlorine during a destruction of them. In this study,
destructions of chlorinated organic compounds (C¢H;Cl, C,HCl; and CCl,) and an insulated oil containing PCBs were
performed by using the two stage molten carbonate oxidation system. MCO reactor temperature largely affected the
destruction of the chlorinated organic compounds. Destruction of the chlorinated organics very efficient in the primary
MCO reactor however a significant amount of CO was emitted from the MCO system. This CO emission was gradually
decreased by an increase in the primary reactor temperature and oxidizing air feed rate. The HCI emission from the
MCO system was below 7 ppm regardless of tested conditions. The chlorine collection efficiencies were in the range of
99.95-99.99%. The destruction of PCBs in the insulated oil was efficient at a temperature above 900 °C and overall
destruction efficiency of them was determined as over 99.9999%.
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= vkl 5 gl
C_H,Cl.+ c¢/2Na,(or Li,)CO;+ (at+(b-c)/4)0,
— (a+¢/2)CO, + b/2H,0 + cNa(or Li)CI{)

< Pandeti®} Buckely:= 3% S-gEHiAIslS7]E o]8-3)0]
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A AR ARESle] s} dEwko] wom o] upet RE37]
Y 257t skl slekgo] EiakA xsect, webA &
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€ Fig. 19 HERAISIT}, S8 AR 11A0] 53t 1,
22F &g EdAsNES Y], AE i dudy), 58
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Fig. 1. A schematic diagram of two stage molten carbonate oxidation system.
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Na(or Li),CO;+2CH,Cl(2)+140,(g)

—> 2Na(or Li)CIH+12C0,(g)+5H,0(g) (1
3Na(or Li),CO;+2C,HCl,(g)+0(g)

— 6Na(or Li)CI+7CO,(g)+H,0(g) )
2Na(or Li),CO; + CCl(g)— 4Na(or Li)CI+3CO(g) 3)
MCO 1t 7101]/‘1 = P%EE Q3 ghelri, daksieka,

HCl 18|31 <3
MCO #3719 a5 UrEM 227} ek 13 MCO RES71l)
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750°C2] He 2ol CHCIE Eafid o} 13} MCO WH37]el)
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OU% 22 2holM ARskE 7] %S MshY A3t AEEE
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2 CHCLE el vw Yepston, 71 Avl= Table 1914 Sl
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A @il a7t vk o eSO ¢ Qlvh
713k el elA 12 MCO WEE7]ollA] w5 vl
717k CO 5= B 2olA] Bl A yelkdtt. SkollA
A3 ZAH 123 MCO WEg710lM 7159 #all= adaow
LERFARE §-5910] 594 Alske S8 9 > AR
o= Fafu]o] TE Ed AlskEoel tigk F7FAQ1 Akt o] %
o]x]7] odo} 12k MCO REg710lA 352 552 Co7t viEd 2o
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Fig. 2. CO emission from each MCO reactor during the C;H5Cl oxi-
dation.
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Fig. 3. CO emission from each MCO reactor during the C,HCl; oxi-
dation.

e o 1, 22 MCO WH7]olM WA= CO w55 HEkd 2
th 2 ATme] A xelA Hote] 27l 750 °C] 2129} ©]
57152 150%114 C(H;CIg} C,HCLE w33t w12} MCO Rt
571 HiEE= coel == ZH) 3,800 ppm} 1,900 ppmO]
ATk o]2]dt CO st 22k MCO HH71E S - oF 13%
7224 1,220 ppm} 650 ppm 2 HlEH$Lo0 22} MCO 437

orhugr{n:

Table 1. Detected emission species from primary MCO reactor during the chlorinated organic compounds

Feed Condition Primary Reactor
Feed rate Stoichiometric air rate (%) Temperature (K)  Detected gas products
750 C4H,, C¢H,Cl, CCl,, CsH5CH;, CH,, C,H,, C,H, CO,, H,0, CO, HCI
150 850 ccl,, CH,, C,H,, C,H, CO,, H,0, CO, HCI
CHLC (0.2kg/h) 950 CH,, C,H,, C,H, CO,, H,0, CO, HCI
750 C¢Hg, C4H;Cl, CCl,, CH,, C,H,, C,H, CO,, H,0, CO, HCI
250 850 C,H,, C,H, CO,, H,0, CO, HCI
950 C,H,, C,H, CO,, H,0, CO, HCI
750 CHCL,C0(], CCl,, COCl,, C,Cl,, CO,, H,0, CO, HCI
150 850 Cocl,, C,Cl,, CO,, H,0, CO, HCI
C,HC, (0.6kg/h) 950 CO,, H,0, CO, HCl
750 cocl,, C,H,, CCl,, CO,, H,0, CO, HCI
250 850 CocCl,, CO,, H,0, CO, HCI
950 CO,, H,0, CO, HCl
CCl, (1.2 kg/h) 250 750, 850, 950 CCl,, CO,, H,0, HCI

sletgst Ml46 Hl6= 2008 128
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Table 2. Gibbs free energy of reactions between molten carbonate and chloride gas with temperatures by using HSC-Chemistry 5.1 software

(kcal)
0,
. Temperature °C) 4, 800 850 900 950 1000
Reaction
Na,CO4(1) + Cl,(g) > 2NaCl(l) + CO,(g) + 0.50,(g) —60.6 —65.6 —68.1 -70.6 —73.0 -75.5
Li,CO4(1) + Cly(g) = 2LiCI(1) + CO,(g) + 0.50,(g) —45.7 -50.7 -53.2 -55.6 -58.0 -60.5
=2 23| 7l EA|7lo] Zrksko 2 Z71A0) Ak} A alE S Table 3. The emis‘si‘ons of carbon monoxide under different destruction
& o Qe olelt CO BEE RS ke B TG H, 0 o O —
_ . _ . est No.
HdF7) nlEel] 2GS s o= SQlEi. Fig. 29} 3°] Feed rate of insulated oil (L/hr) 1 1 1 1
= 12 MCO REs710A HlE S CO Ehs &5 B A% PCBS concentration in oil (mg/L) 34471 34471 34471 34471
718]9] Sl whet 7eha A o2 7hAadEtiEdl CHCl9k Feed rate of PCBs, (mg/hr) 34471 34471 34471 34471
C,HCIE 950 °C2] =ollA 250%2] o &57]%-8 Fadte] &3l Primary MSO Minimum 860 875 890 905
sk ujl 22 MCO WH719l wlEE & CO 5%+ 22 °F 50 ppm Reactor . Maximum 882 891 904 920
3} 9 ppmOE FA AL}, & ZHo Ba)E 1 C,HCl, Temperature (°C)  Average 876 884 891 910
o B3 CLCIo] 2 B W 510 COZF MigEIgie) o] Sccondary A
o3z olxA] o] S % = A eactor aximum
=79 32 (thermal stability)°] Aol Wl Ahz g Temperature (°C)  Average 904 903 904 903

T At CHCL= CeHCIRT A2 2al 7} k] 213)]e] MCO Rt
S7101A A= Bk abelEe] 889U AFAIRE] CHLCl
o] FaA] B = Bk AbelE] AlFAIRERL AH o] <l
Hi717kd) €09 vt v Zlo R Al o539 g Cal,
£ BE 2eA cort A=A ettt

A2F713HEHE Ballol o] T Ae HCIY] wiEs o))
HIEE = HCIR F27t o1 tol$alR7t dPdEo] w7) 7k~
o} S wlEd 7hsrdol A7) wE ARk ES ok
s Aglslr] el wi717kAgl 3 WiEE = HCIY) B5E
FHAisl &, vl da/dwe] MEARE Adshs Fo] o3t
. MCO A8 PGS Na B Like] wEgof 9|3
NaCl 55 LiCIZ Ao ZHN &-59u Eg=o] At o
WS- 257F S7hshel whet 9-FabA X dE= A 0% HSC-
Chemistry 5.1 softwareE &3l &1 = U I (Table 27 =),
MCO AARoN CHCH: 23l uf olefst Haks Rt 1
2o O Aaf71sES WelE W 57t Sl ulet HCl
o] MjEEETt SR AES ®Blow, 11 Ay Fig. 4014 &
Q18 &= 9t} P44 R} Na B Livho] Rk 91471~ A
FAIRb GERs wH=TH4]. 257} Sk Aarhae] AlFAIgE

=

1000 E st 2nd
cCl, —a— —v—
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>
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Fig. 4. HCI emission from each MCO reactor during the chlorinated
organic compounds (excess air 50%).

Average 3848  31.66 6.39 5.18
Maximum  207.93 180.00 2439 1445
Minimum 0.00 0.00 0.00 0.00

CO emission
(ppm, 12% O5)

& FrobA] EaiE wf vhge] 947 w8E= CHCLY) CCla =
T} S7MEE HCL MlE st S718 Zlo R dhdwEe) oo
Hlsl ek v ola wwke] A na A Eal7} ol CgHCl
& o) whet Fall7h E] HaE o] A oo & wiEE = ¢
27F27F Li B Na} Hkgo] 983] o]Foixl7] whitol &%=7F
7 kol whel HCI2) wiiEs=r) adt 202 ghdbect, 2y
HCIS] W& s CHCLE 88 u 71 Wekon o]= Co
HiEFEolA Aust 23 Zo] wE dZEE)el gt 71 A)FA]
ZrllA) 71918 Ao 7 Alg 9t} Fig. 40 w2, 12 MCO Bk
7104 HiEEE HCIY) S EE 23-110 ppme] 1L, 22} MCO 1
S71°014 7 ppm ol8t2 AA FHAaHoH, SR A4
AEE= B3 A3} 99.95-99.99%3 ).

3-2. PCBs &t EAR Foll
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Fig. S. Thermal reduction of insulated oil containing PCBs under an
oxygen condition.
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Table 4. Mass balance and determined DE(Destruction Efficiency) for each dioxin-like PCBs

Compounds Congener Feed rate Test 1 Test 2 Test 3 Test 4
(ng/h) Emission, (ug/h) DE, (%) Emission, (ug/h) DE, (%) Emission, (ug/h) DE, (%) Emission, (ug/h) DE, (%)
344’5 187 0.0001 99.9999 <0.0001 99.9999 <0.0001 99.9999 0.0004 99.9998
Nonortho 33’44 174 0.0008 99.9999 0.0008 99.9996 0.0005 99.9997 0.0008 99.9995
33°44°5 65 0.0001 99.9999 <0.0001 99.9999 <0.0001 99.9999 <0.0001 99.9999
33’44’55 0 - - - - - - - -
2°3344’5 1,196 0.0007 99.9999 0.0011 99.9999 0.0009 99.9993 0.0011 99.9999
2344’5 11,325 0.0142 99.9999 0.0143 99.9998 0.0122 99.9999 0.0101 99.9999
2344’5 225 0.0002 99.9999 0.0004 99.9998 0.0004 99.9998 0 100
Monoortho 233’44 2,643 0.0056 99.9998 0.0039 99.9999 0.0042 99.9998 0.0038 99.9999
23’44’55 881 0.0006 99.9999 0.0007 99.9999 0.0009 99.9999 0.0009 99.9999
233’44’5 2,155 0.0012 99.9999 0.0012 99.9999 0.0015 99.9999 0.0029 99.9999
233’445 269 0.0002 99.9999 0.0005 99.9998 0.0005 99.9998 0.0006 99.9998
233’44°55> 296 <0.0001 99.9999 <0.0001 99.9999 <0.0001 99.9999 <0.0001 99.9999
Total dioxin-like PCBs 19,415 0.0237 99.9999 0.0230 99.9999 0.0212 99.9999 0.0207 99.9999
= 0, 12% $7]E2] €O MiEs=4t 7 Table 30 LERHSL Bl SEEAIANES 71 A Ee F P wsit) 13 &%

th 2 QAtellA AR PCBs 3 HARE A9 7ol dF
SRS AAIEE A} oF 400 °C o]8ke] LXzof|A iR HaEe
oF 4= Qlglom, 71 AIR= Fig 50l YERQITE Hedf= Bl E
S oA Ol Sl E QAN AR ol oF 345 ppm2] F-
2 FHE ] Qi PCBss WhEdlld oz o5 eHdshAl Aelsh]
Qe Bt 32 el dsllor & Zio|t). Table 30 w2
H, Co9 MiEFsEE dafrIshetE wallolxet fAkskAl 14
MCO HE§719] 57} S7hekrs Fhaehs Z10® veptor] &
A257F 910 °Cd W Ht CO viESE, & st H3S w co
HlE557F oF 5.2 ppmelQltt. ©1E B3l 900 °C o)) ellA
PCBs ¥+t AAf7F g9 o= Walids & & Sk

PCBs 3 HAf2] ZalAgel sl Fask 22 PCBsell Tl
St el agolt) & Aol 7kl A7l SlFlske] &
FEAIW PCBs 558} Table 301 LFERD wlel 22 4] 71x|2] &
AN HEEE w7I7AE AF s MEIAY 1259
dioxin-like PCBs®] &5 #4319, 71 A¥E2HE PCBs
T3l A-5(DE; destruction efficiency)s 273101 Table 40 YERAS
o} -8 EAFY PCBs 525 418t A}, PCBse AE5A %k
t}. o]i= AdH W) PCBy7}F S5 IdolN EafiE]o) A3k
FEo] dadito] S8Ry XA Ro] davdwntks dhet
1 Y& Ao B} uwegbA PCBs el Eae vj7I7hAY
dioxin-like PCBs 555 ©|-831o] AL 5= QI3ITt. Table 40114]
£ &= g)%0] oF 870 °C oide] 5ol PCBsY] % HiEsEE A
A AFslA] ekoront 7 TV S u Rk A
w3k A gt Q= PCBs®E 7Fd B B8-S 7=
oA 234455 TP B vlERS B O Test 25 Al2lgh B

MCO A|AELS- 0]-23103 900 °C o] %ol PCBs 3H- &
A= FIHo|AM L S BalE 4= QS A o7 AlgET)

1

g
=

5 28 RIS RO RIS
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= |y
A ES 710 f71E2] wellie arbA o vEelgon)t Al
g 2 ee) g ZRAAIFAIRIC R CO F7F 3] ppme®
HlwA =7 iEHUT. (3 S85gAEREE oA vlEE s
CO & w2=s) #o)F7inl 2 F7tell whet 4] ppmZ7kA] =L
STk HCIY) W& sTs BE 2704 7 ppm ©]813 0
] S-FERAIY] A4 TR EELS 99.95-99.99%%] .

PCBs 3+ A1+ 900 °C o1de] &=elld co2l BtullEs
571 9F 52 ppm ©]131.2.H o] wl PCBs2] w3l &5 99.9999% ©]
2go) et whA] 2wt S-gEhatdaksiA 2 oA 150% 21571l
A1 900 °C o2l 2= SHehd PCBs I+ Alfs Ay
oA QbS] EaElE = QS Ao Alm )

%125
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