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Evaluation of Off-gas Characteristics in Vitrification Process of

Ion-Exchange Resin
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Abstract

Flow rate and composition of off-gas generated from the combustion of ion-exchange resin
in glass melter were analyzed. For the comparison, theoretical composition and flow rate of
the off-gas were calculated from the chemical composition of resin and the operating condition
of CCM. Actual flow rate and composition of gases were measured during pilot plant tests
using ion-exchange resin. Theoretical calculation showed the flow rate of off-gas generated
from the vitrification process of ion-exchange resin with 40kg/h was 679Nm°h, and the
off-gas consisted of CO:(414%), steam (40.4%), 0:(13.3%), NO(3.4%), SO:(1.6%). Actual flow
rate of the off-gas was about 1.6 times higher than the theoretical values, which suggested
the in-leakage rate into the CCM to be about 36.3Nm°h. The composition of toxic gas
showed large fluctuation because of continuous change in the combustion environment inside
CCM. However, CO concentration, a barometer of incompleteness of combustion, has become
settled with the lapse of combustion time, from which the combustion condition inside CCM
could be considered to reach equilibrium state.
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Fig. 1. Schematic Diagram of Pilot- Scale Vitrification Plant of KEPCO.
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NRW - 100, NRW - 600 NRW-36LiLC .
ASTM D644-55 (fresh resin) 100g
105 10 Table 1
Table 1. Result of Moisture Content Test in Purolite Resins
Resin 2h Drying | 16h Drying | 18h Drying | 20h Drying Remark
NRW - 100(Cation) - 574 wt% - 575 wt% 18eq/g
;re_Sh NRW - 600(Anion) : 589 W/t% : 501 wt% | 12eqg
esin
: : Cation(40%
NRW-36LILC(Mixed)| - 584 Wt% : 586 Wi% | o
Loaded | NRW - 100/ NRW - 600 0.1wt% of
Resin (50% / 50%) 544 wt% - 55.5 wt% - oo Cs B
4 20
57 59% NRW- 100 NRW - 600
55.5% 3 2 3%
(dewatering) 50wt %
2.2
(C,H,O,N,YS)
Atomic Analyzer (CE EA-1108) C/HIN/S
1020 CO:/ H:0/ N2/ SO
, 10O/ 1070
Ni CoO
(N2, CHa, H2 )
50wt% T able 2
T able 2. (Puralite) ( D Wt%)
Resin Data C H @) N S H-0
_ Analyzed | 29.25 244 11 - 73 50 100
NRW - 100(Cation)
Calculated| 26.6 3.7 118 - 79 50 100
Analyzed | 39.7 4.6 3 2.7 - 50 100
NRW - 600(Anion)
Calculated| 36.8 6.15 3.75 33 - 50 100
_ _ Analyzed | 34.48 352 7 135 3.65 50 100
NRW-36LILC(Mixed)
Calculated| 31.7 493 7.78 165 3.95 50 100
(T able 2)

( NRW- 100, 7.3%)

(NRW-600, 27%) fuel bound SO/ NOx
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Table 3 General Operation Condition of CCM
Operation Parameters Condition Operation Parameters Condition
Inductor Power 80 kw/kg resin Resin Feeding 40 kg/h
Combustion Atmosphere 125% O: Glass Frit Feeding 4 kglh
Combustion T emperature > 1250 Feeder gas(N-:) 15 Nm%h
Glass Bubbling(O:) 05Nm°® x 4 Negative Pressure -30 mmH-20
Viewing Glass Air(O:) 3 Nm%h In-leakage(Air) < 15 Nm%h
24
24.1
CCM
CO/CO2/ NO«/ SO«/H-0
NRW-100 NRW-600 1:1(chemical equivalent) CCM
100% CCM in-leakage rate

Table 4




Table 4. Theoretical Off-gas Generation (Unit: Nm®h)

Offgas Flowrate, Mmf h

. gases
Resin Feed Total off-gas
CO: NO SO: Steam Excess O;
20 ka/h 14.05 123 0.56 13.58 452 3394
9 (41.4%) (3.6%) (16%) (40.0%) (13.3%) (100%)
30 ka/h 21.08 184 0.84 20.38 6.78 50.92
9 (414%) (3.6%) (16%) (40.0%) (13.3%) (100%)
40 ka/h 28.10 3.6 16 27.17 9.04 67.89
9 (41.4%) (2.75%) (1.25%) (40.0%) (13.3%) (100%)
CCM
100% in-leakage
(50wt %)
, SO .
CCM CO-CO: system NO-NO: system
CO: NO 100% . Table 4
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Table 5. Test Condition of Resin Vitrification in CCM

Test No | Resin | Glass Bath" Pressure off-gas Temp. | Glass Frit
(kg/h) () (mmH-O) () (kg/h)
NET -RO1 20 1200+ 50 -30/-40/-50 210/ 180/ 220 -
NET-R02| 20/30 1250+ 20 -20/ - 20/ - 20/ - 20/ - 20 | 225/ 230/ 190/ 220/ 265 -
NET-R03| 30/20 1200+ 10 -30/-30 230/ 230 -
NET -R04 30 1420+ 10 -30/-30 280/ 275 -
NET - R0O6 40 1400+ 100 -30/-30 300/ 315 -
NET -RO7 40 1300+ 100 -30/-30 300/ 380 4
NET-R08| 20/40 1300+ 100 -30/-30/-30/-30 200/ 240/ 240/ 320 4
Note) 1. Temperature of Surface Part of the Bath.
3.1
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T able 6. Evaluation of In-leakage Rate in CCM

3
Resin Feed of.f-gas Flowrate (Nm7h) In-leakage (Nm*h)
T heoretical Test Result
20 kg/h 339 617 819(mean 71.3) 374
30 kg/h 50.9 77.1 91.2(mean 85.7) 348
40 kg/h 67.9 916 115.1(mean 104.5) 36.6
33
CO, C«Hy, (soot) NOx, SOx«, HCI,
NHs . factor
CoO 0: . , SOx, NO«
portable gas analyzer (GreenLine Mk-2) , CCM

(off- gas duct)
15cm
jacket



33.1 Test NET-R03

R0O3 (steady state)
2 (20kg/ h, 30kg/h) -30mmH:0
CCM CO : ,
CoO CO (Fig 7)
20kg/h 500ppm ( 1000ppm) 30kg/h
5200ppm
30kg/h 77.13Nm% h, 230
724INm® h 472Nm’/h ,
. CCM
( 02m? (230 , -30mmH-0)
7.3sec 125%
50wt %
(normal, 150Nm%h)
turbulence CCM OGTS
, c 7 )
3 g uf 1
5 amf 4 = E i &
A g »f . - 1
2. F 1 E L ]
B mf o S g it g % fY
u - 'Iﬂ':ﬁ.-. - - e : 3 8
E Ll 2 4 1 E
Tirn & haur Tife, Benif
FIIJ 7. Concentration of CO In the C‘f:l_]i:'l,."-"\- :iﬂl. 8. Concentration of O in Df:ﬁ
, (Fig 8) 20kg/ h 21% 30kg/ h
20%
in-leakage rate (Table 7)

Table 7. Calculation of O. Conc. from the Theoretical Off-gas Generation

and the In-leakage Rate

Resin Feed Callculation of O: Concentration in Off-gas

- 20 kg/h (452 + 36.3x 0.201)Nm*h / 713Nm*h = 168 %
- 30 kg/h (6.78 + 36.3x 0.201)Nm*h / 857Nm*h = 16.1 %
- 40 kg/h (9.04 + 36.3x 0.201)Nm*h / 10453Nm*h = 15.7%
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4.2

- 16 :
in-leakage rate 36.3Nm% h :
- Cco CCM
1000ppm . , 19600ppm
. (Test RO4)
: CCM
- in-leakage rete 15.7% (40kg/h resin)
13% 32%(T est RO7)
- CCM (50wt %)
( 1/ ) CCM
- CCM
435% :
in-leakage thermal NO«
- (50wt %) : , 2
1. ‘98 - 744, - (1), 1998.10
2. ‘99 - 27, - (1), 1999.12

3. Air Pallution It's Origin and Control. Kenneth Wark and Cecil F. Warner, 1981.
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