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Technical Assessment of NOx Generation from Vitrification Process
of Spent Ion—Exchange Resin
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Abstract

When the radioactive spent ion-exchange resin is being treated in vitrification system, due
to the nitrogen in the anion exchange resin media and the nitrogen in air inleaked to the
system, the nitrogen oxide(NOx) is generated from both the glass melter and the second
combustion chamber among the unit-processes in the vitrification plant. The NOx is very
hazardous to environment and to human health the emission limt of NOx is regulated very
severely. In this study, the NOx generation characteristics are technically analyzed based on
the demonstration—test resultes conducted recently by burning simulated spent resin. When
burning 30kg/h of simulated resin in CCM under 50% of excess the theoretically needed, the
NOx was measured as between 3000~3500ppm after 1h of transient test period. And when
only the propane is burning in PCC without resin burning in CCM, the concentration of NOx
exceeded the detectable limit(4000 ppm) of PGA. The former and the latter were considered
as the fuel NOx and the thermal NOx respectively.
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2.1 2235 (NOx)9 A7+

A223ES NoO(nitrous oxide), NO(nitric oxide), N2Os(nitrogen trioxide), NO:(nitrogen
dioxide), N2Os(nitrogen pentoxide), NOs(nitrogen trioxide) % T %3t Se|2 EA3H o] RFE
594 NOx#til gtk NOx+= #H7|&Ed 299 disde= 7Y AHEAY 375 da
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Wz ge w2t NO.= Absterh. o]# g NOx= A4 85 e 22 37k A
37172 At

rio
laO
o
it
Mo
il
e

Fuel bound NOx
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HHow ARE AAT u WA= AAAsES 70~80%7F ©] fuel bound NOxo]™, Az}
HA7lEW A4 FdE NOxze A& B Wasso AYH7] i FasiAs &5 A
T 20~70 % Heloltk

A2LE7E 1000T ol ge] Hw F71F A2t F43 Ashelr] gz olw Yu

A2 E 5SS thermal NOx#letl,  Thermal NOxE= A7 75 durdg ow th8-9] Zeldovich ¥
YRk Aoz dyg
N,+0">NO+N" (1)
0;,+N*->NO+0* (2)

4714, N9 O'& F7l8 £xolA Nogt 0.9 &% &l (thermal dissociation)ol]l 2]l 44
¥ sEdolt

Prompt NOx

Prompt NOx& NORZ 9| Atstal A3t N, 33 AS A7l A, F71W 249} e@sl4s AFAL
olo] wkS- o 2RE 3ldgde Ao F&E LA o F So] Az E3(fragmentation)E
Y AdE gsheigZ(CH, CH: 5)ol dAa37u Aast ¥kg3te] HCN T8 ES 3
gttt HCNS A4 37159 Aba Ao wbgate] ofef o] whg-2 7t o] AAAstEo 3P4
skA E .

CH*+N,—HCN+N"* (3)
HCN *4OH *~CN*+H,0 (4)
CN*+0 ,NO + CO (5)

o] prompt NOx&= A& o EAste @A 9Ae] Fo vgsly =9 J3¢S L
L 58] S AZHseE EA4%tE. Prompt NOx= F2 AH534 st G FolA FTastH A A
9l NOx #lE& &AM A5t v&S ekl 49 oF 5% oot}

A el & =] 319 (Selective Catalistic Reduction; SCR)

21 of F71& wi7IAe FYgste] EFg AEHAA AtstEuF S S 2EHA NOx

A 7] ﬂisz} {\_Pii StAN = FAHoIE o] FAHL NOx AAELS 80~90%°]w 2 <] Ht
NAE Zujgdst L5591 300~400C7HA] w71 A S 7D afor sk whdo] gtk SCRY

g3 %%Xﬂx dx, FAAFIAA, g7, Fu, $F7] 2 #-E ASERNE A9 A

a4 %uae e ofdsh 2ok
4ANO +4NH 3+ O ,—4N ,+6H 1,0 (6)
SCR A1~819] NOx AASE Werl QoA wzlzsh dulels] 4ag £4, Fulwsld)
o) EebAv, NHy/NO; 3}t g2 nl & o] 27l A +5% ool A Alojsfoprt 2Nt 4280
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Vo059t TiO29] E3HES H3AF(flat type) E 3 3 (honeycomb type) &2 A|Z3}o] Ab&shu)

w7l Al dREYol EE 24E HSAZE Tt NOxE 249 82 3PA7 & WHe=
o

ANO +4NH 5+ O ;—4N , + 6H ,O (S =Y o} AHE) (8)
4ANO +2CO(NH 5) 5 + 0 ;4N , +2C0O ,+4H ;0 (8.2A18) 9

SNCR systemol A NOxE &&4oz2 AA3 7] 98] 900~1100TCol A 0.3~0.4sece] AFA13F
daat, P27k 1000T o] el hRYole] dAfdsi= NOx A7l &o] 4% 1000T o] st
ANM = wEkE gRYolrt F7FE G NOxAIA &= HAagr. o] A= NOx AZEES B
& 30~50% AEolH, SCR¥} E4g NOx AAES A7l 3~4 o] gR o} dQ3irt
SNCR A=l wbgA A2, &34 7] (multi-level reagent injection equipment), A<
A7 o= 49

=
T A ALE3FE X+ polystyrene DVBo|™ o] 7]o] <Fo]2 58

ik o =0

W75 7lE FAete] o]2udte s Hod AT aEAEHoH. 53] FolZudFA=

FA FZ2E|  trimethylammonium(-CHoN'(CHs)3)0] 715712 F& %3 o 7]d] thA] OH 7} A

gtEo] e FHE 7HA 2 de o] Vsl E3E dAAARol7E HEA e skE A oA NOx

o] gk o] Hadrh wepA B AFdA s RHAFAEZA S A AbgstE &3
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FANRW-36LILC) & AAste] Al@HAd dagh =
Analyzer Model CE EA-1108)& o] &3l 2 #7]4
of A& X9 daxy EAZAAE YER AL

C H 0 N S H-O 3 A
34.48 352 7 1.35 3.65 50 100

Table 1. NRW-36LILC(Mixed) =71 €] 4484 AI(E9] @ wt%)

QoA AA WAEE A5 (spent resin)t WG] AHAFGoNA ol e o] glo)
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ol gloA BAE 55 §7194 ol E I ¥/ 9sFe] EAY AR dgELt v
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gox FEolzitt. olejd vad $4AL AN dste] Ao 4714 Asw s

A = A 7} A~ 7 A & (Precision Gas Detector:PGD)
CCMA FFo A NOx F=7F PGASl EAIAAE €& 4 HEHoz BAMAAE 9
B A& 7tA2AGAA RS o] &35t B AL 33E Adste] HAFgoeR <3S *

o
B

9
A2 Felgtsdsd s 1AdLRd st CCMY 22t A2 a3t PCCAlA NOx
7h A Ak waA deAE fEsteldA T oo Fk(outlet)oll A4 NOx 52 &
SAste] o HAFS HUhskAoh s, It @gE NOxE SCR 2 #4414 7] (wet
scrubber)oll A F2 Az ¥7] wjFo] 2zt T dkinlet) B F(outlet)ol] 1 NOx L& &
Aato] 7 TR NOxAI A A 4389

CCMel A NOx HAEA

CCME ARAAGEAT) B w5dad o8 A5Ae avs % dart SA9 Dol
FrEA APAVME 8427 AFaE BR SyAus Aa/ARast doliy AR
2 PAEUHFig. 1 F2). A¥AWE B A/1E L §FU7), HEFF, sight glass
€ AAHIL AAAY BFE ABIE TI2 GAYA, S TR T 64
il FUsdon, FUL FAL MR FRTUELLS) ~ £AREA 92
HFARY) > AL 2 ALEARS) 5 WAL F AT, o HRAA LAIE o
A CCMOl £ AuAo Bel 449 ARA/ALAPel G WA 53 WA WA B
BEHe) 2 G T COMY Fo $AWFRE A5Ae] FASE, ARAAFEL
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29k Abae] E9x, 9F 3719 in-leakage FolW, olld S0l Aixk B HiZ|A Y] 5
Aol gtk CCMolA F33 Alg-2 o}
o3 v}k HA, system in-leakaged] <]3|
rodd dF 37159 dA2 Q1% thermal

-

NOx #A4EE B A #A9 FF

TR - | 11 BOkg/hE CCM IHJ—?—'O/] %%%E]
-1 H_ = - — Ll }\1 ¢.X] %L_‘O/] Xalv}]\_ :[-L/\é %Oﬂ ‘O/] ]—
YRS BAHYG o
110030 C¥E FA8til CCM FH(SP1 or
SP2)ol A PGAE o] &3}o] W2 02 NOx
$Eg BASEA BaA 9FL 98 PGD
g olgslel R BAR  Fyshar
Table 20 CCMelA FA1¢] AiAl NOxIAY

of %S = £ Jde TAHA FHAHEFE Y

B T
Operation Parameters Condition Operation Parameters Condition
Inductor Power 80 kw/kg resin Resin Feeding 30 kg/h
Oxygen(Os) 135% Glass Frit Feeding 4 kg/h
Combustion Temperature| > 1100£30 C Feeder gas(N2) 1.5 Nm%/h
Glass Bubbling(O2) 0.5Nm” x 4 Negative Pressure -40 mmH-0
Viewing Glass Air(Os) 3 Nm”/h In-leakage(Air) < 30 Nm’/h

Table 2. CCMolA #HFA A4 NOx T #dd &4 =4

TALFTAHPCC)ANA NOxEHAEA

PCCE CCMOA EHd dAEo] OGTS=
¥ F7184ds 228 02 daste 340l
h(Fig. 2 #x). E4d di AHES F=2
A (soot), HC(hydrocarbon), CO(monooxide
carbon), PCB(poly chlorinated bi-phenyl),
dioxin 2831 3)9A 7] & A (volitile organic
compounds:VOCs)o| ¥, 223 (propane)S X
ZARE}IL FEAERE FHste Abssih
ol t}o]&Al(dioxin)e] WAS A3ty ¢
3] 1100C ol/dell Al 2z o]/ wi7] A7} A 73}
L5 gt 5 AAE d7Isol Hesitt
g3 PCCAlM+= =719 kA thermal NOx
7F A He b 2 EAREE ofe
Fhe] NOx A7+A <2l SCRe Az
7b =7 wiid s esith. webd PCC
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NOxol| tieir = FS527E2H4AH(PGD)E AHgste] 3E4 o2 NOxs=s S48t PCC
o FYEE T CCMFH(SP2)9] w9 sdatnz deg FA3A &drt. 7|4 CCM
o F=2 WA= fuel NOxo]ZZ PCC TSPl A +4%E NOx<Fe] o] & thermal NOx
2 Altaac.

4. AR A3} L 2o

4.1 Test NET-R13

H 4R & 20kg/hZ CCMAR feederE T34 CCMUe &8 8o d&EH o2 FFohal 44
= O]i‘j’t Bt} 50% o2 AA3 A S’ Tk ZF-d CCME] 1719 TdAtAaTd 9 09
670 AAaFd71o hAE A s EHE 70,30 — 50:50 — 30:70— 30:70(H A xHA) o2 WEstd

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

—-—CO
—=— NOX

Test Condition 1

Test Condition 2 Test Condition 4

Test Condition 3

Concentration of Nox and CO, ppm

{5
¥

[N
[N

13 15 17 19
TIME, hour

Al AES sttt Ea kel 37) AlfEZ(test condition) ZhHl 7HE dAaxle] F&
gk 30:70 Z2AA HEAFFHS 30kg/hz 58 FHIGAAM AFS FEAT. ol 7
AN gzAv 3084 HdEHH oz CCMEW(SP2)olA PGAS 7HA3 NOx 2 CO ¥EE B4
A th  Fig. 1914 BEE AdAdE FRHALFJAVE B3 42T Fo] 5912 4= NOx9

=7} 57FH400—1350ppm) &S & & A WbH COFET NOx FEos v wakoz &3
oA Fol= Aol FlstAT oyl S HA AT EAEWEA FEEHEEN CCMU
NA FAe] Aital] Thaef Aol HFol dEaA Y] Wit A e EAste A dEE
(conversion)o] %olx wWi-o 7 At IFHowmE= A7to] F3dte] wel CCMU Y AixA

o] AAHlo Edsdti AiEo] 100%° 7Y AHEA g ewrt =oldA  feederd
1ANm3/h#E FH5E A Y57 thermal NOx=2 A 754 0] 2l A7kl whEl ol a7}
Fohn AL WA £l 45w ohT 44 BHEAC Wkghw FAHE BAAE W1
fraFol 79 — 86 Nm3/how F7h AORE 4§ vk olw] §§fEe LEE 1200:30C
FAE AT FA, F4 FF ] 30kg/hz o 1.54) % 7hghel mElA = NOx %+ of 2u|=
Zs e o A& FHIE FAF wE NOxel FHLA Daol TRl TG WE
ojtt. FFiE NOxo| dA¥ #ddd Agwso tﬂi}e Table 39 Z&3te] 2oFatsin).

o e

Table 3. Summary of Test Result on NET-R13

() : calculated value



Test Cond.| Resin 20kg/h Resin 20kg/h Resin 20kg/h Resin 30kg/h
Off-gas Oxygen 7:3 Oxygen 55 Oxygen 37 Oxygen 37
temp. of off-gas, C 330+20 350+20 350+20 420+20
CO(PGA-2 @SP2), ppm 100~700 100~150 300~1000 150~400
steam, % (~30) (~30) (~30) (~30)
peripheral Oxygen, % 18~28 18~28 18~28 18~28
off-gas flow rate, Nm’/h 79 83 86 88
NOx(PGA-2 @SP2), ppm 400 500 600 1350~1100
NOx(@SCR in), ppm 155~195 180~230 fail fail
4.2 Test NET-R14
AaETEE 50%AF o R dASA FAT FHdA FHHER ] dEe wAdsA FAg A

5000

é 4500 r —-—CO

G 4000 - = NOX

O

g 3500

S 3000 [ - Test Condition 3

2 2500 €St Condition 1 Test Condition 4

o

5 2o 2 &

% 1500 |

e Test Condition 2

: 1000 |- ﬁ

o 500

c ?@@fﬁ - b  we

12 14 16 18 20 22
TIME, hour

Ho A FdHE ] =o)7F &878 9 oFl 2cmol H ]7—5& A2 £ 9 2cmol YA A
T2 Yol FEsk AES A ol&# 49 FFHE 20kg/h E 30kg/hZE WH3lsld

A CCM FEH(SP2)dl A PGAE 7FA 3L wi7]Al 52 NOx % COE Wid&HH oz Algxzl v
oF 3084 BAS Fadlgrt  Fig. 494 BEE A¥ZA¥ #HAr)|E FF=o] 30kg/h 9 A
20kg/h¥ wWrH}E NOx9 F%=7F 600~800 ppm =4t HIFAFFEE WE NOx HAAFEE
20kg/h==A] &F A 1200~ 1050ppm, 30kg/hol A+ 1700~1850ppm o 2 T U3 FAFTFES T M=
HEH S Ao wel NOx LA S & zkol7h glddeh, 28y H7i =9 &a ol wet &2
Hi 71 A o] 2 &7F AEstar s AT hofibawe] Aag AL T 5 A FaE A
29l Al A= Table 5o R ¢Fs} 4t}
Table 5. Summary of Test Result on NET-R14
() : calculated value

4.3 Test NET-R16

H4A & 30kg/hZE 8Fal AFAE 50% 2 30%YAZ FHste 7o Faith AHFS FHA
FTaote 2R AP O AFS TYoE Tt APxAe2 YAt Fig. 59 A
HE APEAEZ NOxIHA g v 2t AA, FeedingS Al&e & Hx 1A &



Test Cond.| Resin 20kg/h Resin 30kg/h Resin 20kg/h Resin 30kg/h
Off-gas C-bubbler ~2cm | C-bubbler —2cm | C-bubbler +2cm | C-bubbler +2cm
temp. of off-gas, C 330+20 440+20 380+20 480+20
CO(PGA-2 @SP2), ppm 100~700 100~150 300~1000 150~400
steam in off-gas, % about 30 about 30 about 30 about 30
oxygen in off-gas, % 20 22 18 21
off-gas flow rate, Nm’/h 55 34 63 92
NOx(PGA-2 @SP2), ppm 1200 1800 1050 1700/1850
NOx(@SCR#), ppm 600/700 800/1000 800/950 1100, 750

kel enA g

Z A (preliminary test condition)o| A& U oJAka 50% %

1w NOx9 F%7F oF 2500ppm7tA] w43 F53tatt. o= Algte] me} A47F AdAE = 84
o2 COEE7F 2500ppm7A 43 F53stA 7l 200ppm ©]sloll A ZulE HAEHE AS &
T AJY. EA, o]F AFFA2 E AFRA3LS JdoiAh A 50%9 A 30kg/hlE #8834
g Fdsdth. F F9 fluctuation> AT NOxF=7F Het 3000~3500 ppmE A 851 2
o o] AE7l CCMUAA X4 AEFT AR & dAS 4 A= AATEHS fuel NOx
FTEHAZ AddET. AR AlFER74E JAFAES 50%NA 30%E EH o, AlYE55H
= FE A AFdS FHI100%A4 T4 100% 2 A 73 8 o)
5000
4500 - - —-=CO
Condition 1 Condition 2 Condition 3 —x— #REF!
L »> —— NOX

Concentration of NOx and CO, ppm

19

Condition 4

T————»
Condition 5

20

Aol M 237t R E AL

TIME, hour

CMeA A8 E Faf7lA 2 vdiEd
loltt, ey & A @M= &5
st7] 98l Z 23 (propane) S AA3HH
1A f#2 153 Nm3/h, H7]| A& =
oF 222 AAE Y. AN ¥ ZAF Fig. 6
370ppm®| F=F YEFHAA T Al TFo]
H WA 50ppm oW = kG Al AT AnTE o] Fo A
= A GAIE 2417 o] £ HE 4000ppme Z¥ste] Tpa

o

A5
1100C = TI‘X]
A H% CO%
A8t PC
I o]go]

A37] (PGA)

ﬁ 1l 71 Ae] pCCl A
PCC ¥UE H8d D%
2o emt 3%
Atk 9, NOx
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5000 T T T T T T T T

4500

4000
3500

ﬁ_ﬁ PGA range over
3000
2500
2000
1500

1000

Concentration of NOx and CO
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7 2 A8
_ 1R o H:L]L CCMoNA 50% #Yaki 2704 30kg/hz FAE F23t8 4 $-

A e A A= NOxE 3000~ 3500ppme] %L Tt

- 23 AR SFEE PCCAlA HEARQ] TS
o] %ol At
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