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Alkali-Pyrolysis Characteristics of
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The behavior and removal characteristics of PCNs in fly ash obtained from municipal solid waste incin-
eration facilities was investigated. The process was run under alkali pyrolytic treatment in a laboratory-scale
heating system and the effective factors concerning its behavior were also investigated. The purpose of the
investigation was to identify pyrolytic characteristic of PCNs which can be produced during combustion pro-
cess. From the analysis results of sample ashes (A and B), the total concentrations of PCNs were 4.8 ng/g and
5.7 ng/g respectively. The change of PCNs concentrations upon the different temperatures for 1 h were mon-
itored to be 4.74 ng/g, 7.39 ng/g at 100°C, 2.09 ng/g, 1.10 ng/g at 200°C and 19.15 ng/g, 18.46 ng/g at 300°C,
respectively. At 200°C, the concentration of PCNs were decreased significantly. This phenomenon can be
explained by thermal decomposition process, which is followed by dissociation reactions of chlorides. How-
ever, the exponential increase of concentrations of PCNs at 300°C would be the result of resynthesis of chlo-
rides so called de novo synthesis. The concentration of PCNs from fly ashs which was treated 50 mL of 1M
and 3M NaOH at 100°C, 200°C and 300°C respectively, were inversely proportions to NaOH concentration and
temperature.
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*Note : WHB : Waste Heat Boiler

SDA : Spray Dryer Absorber

SNCR : Selective Non-Catalytic Reduction

BF : Bag Filter
EP : Electric Precipitation
WS: Wet Scrubber

Fig. 1. Schematic diagrams of incineration processes for this study.
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Fig. 2. Schematic diagram of thermal treatment system
for fly ash.

Table 1. GC/MS analytical condition

GC/MS Analytical condition
system Agilent 6890GC/5973N MS
column DB-5MS(15 mx0.32 mmlI.D.x0.25 pm)

75°C(2 min) - (15°C/min)—150°C -
oven temp —>((2.5°C/3nir(1)—>3(§0°C)(15 min)
inlet temp 300°C
injection volume 1 uL
injection mode  splitless
flow rate 1.0 mL/min(He 99.999%)
source temp 230°C
ionization mode EI(70 eV)

detection mode  SIM
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Table 2. Physico-chemical property of raw fly ash

Items Raw fly ash A Raw fly ash B
pH 10.45 12.1
Water content (wt%) 1.74 1.69
Loss of Ignition (wt%) 8.56 7.54
Alkalinity (mg - eq/l) 40.45 45.77
Diameter (avg. um) 17.55 18.85
C 3.55 4.21
H 2.76 2.45
Elements N 0.10 0.57
(Wt%) S 1.23 421
(0] 36.74 41.11
Cl 25.86 32.19
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Fig. 3. Congener profiles of PCNs as a total concentration
in the fly ash A, B.
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Table 3. a) Concentration of PCNs as total concentration in the fly ash A, time variation
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100°C 100°C 200°C 200°C 300°C 300°C
cl Congener ASH A 1Hr 3Hr 1Hr 3Hr 1Hr 3Hr
1Cl 2-Mo-CN 0.404 0.481 0.547 0.494 0.039 1.115 0.392
2C1 1,5-Di-CN 0.109 0.094 0.701 0.213 0.065 0.306 0.421
3C1 1,2,3-Tri-CN 0.199 0.207 0.242 0.183 0.142 1.248 11.636
1,2,3,4-Te-CN
4Cl1 12.35Te-CN 0.068 0.062 0.047 0.003 0.040 0.093 0.997
1,2,5,6-Te-CN 0.154 0.129 0.169 0.002 0.106 1.036 8.232
1,4,5,8-Te-CN 0.024 0.045 0.022 0.000 0.013 0.903 4.641
2,3,6,7-Te-CN 0.130 0.108 0.262 0.001 0.096 1.087 5.157
5C1 1,2,3,4,5-Pe-CN 0.551 0.498 0.494 0.002 0.431 0.616 5.765
1,2,3,4,6-Pe-CN 0.163 0.144 0.157 0.001 0.131 0.423 2.854
1,2,3,5,7-Pe-CN 0.069 0.059 0.071 0.000 0.058 0.356 2.815
1,2,3,5,8-Pe-CN 0.291 0.250 0.307 0.000 0.239 1.954 10.995
6Cl1 1,2,3,4,5,6-Hx-CN 1.277 1.321 1.457 0.004 1.187 2.022 22.148
1,2,3,4,6,7-Hx-CN 0.283 0.274 0.374 0.001 0.270 1.392 14.530
1,2,3,5,7,8-Hx-CN 0.065 0.067 0.088 0.000 0.070 0.528 2.352
1,2,4,5,7,8-Hx-CN 0.241 0.261 1.169 0.001 0.242 1.609 17.026
7C1 1,2,3,4,5,6,7-Hp-CN 0.662 0.616 0.840 0.004 0.615 3.128 25.020
8Cl Oc-CN 0.147 0.131 0.157 0.000 0.128 1.337 2.447
Total Congener 4.840 4.747 7.104 0.909 3.872 19.151 137.42
Table 3. b) Concentration of PCNs as total concentration in the fly ash B, time variation
100°C 100°C 200°C 200°C 300°C 300°C
¢l Congener ASH B 1Hr 3Hr 1Hr 3Hr 1Hr 3Hr
1Cl 2-Mo-CN 0.694 0.833 0.926 0.604 0.792 0.430 1.480
2C1 1,5-Di-CN 0.226 0.352 0.602 0.288 0.237 0.306 0.421
3Cl 1,2,3-Tri-CN 0.576 0.624 0.512 0.200 0.100 1.248 3.860
1,2,3,4-Te-CN
4Cl 1.2.3.5Te.CN 0.163 0.147 0.106 0.003 0.078 0.093 0.997
1,2,5,6-Te-CN 0.230 0.150 0.206 0.002 0.209 1.036 1.360
1,4,5,8-Te-CN 0.085 0.045 0.022 0.000 0.013 0.903 4.641
2,3,6,7-Te-CN 0.591 0.560 0.393 0.001 0.309 1.087 2.530
5Cl 1,2,3,4,5-Pe-CN 0.131 0.237 0.290 0.002 0.040 0.616 5.765
1,2,3,4,6-Pe-CN 0.049 0.100 0.062 0.001 0.037 0.423 2.854
1,2,3,5,7-Pe-CN 0.131 0.059 0.071 0.000 0.037 0.356 2.815
1,2,3,5,8-Pe-CN 0.435 0.474 0.412 0.000 0.568 1.954 8.000
6Cl 1,2,3,4,5,6-Hx-CN 0.958 1321 1.457 0.000 0.798 2.022 16.280
1,2,3,4,6,7-Hx-CN 0.688 0.274 0.374 0.001 0.530 1.392 14.530
1,2,3,5,7,8-Hx-CN 0.379 0.356 0.640 0.000 0.203 0.528 2.352
1,2,4,5,7,8-Hx-CN 0.064 0.225 0.320 0.001 0.059 1.609 2.580
7C1 1,2,3,4,5,6,7-Hp-CN 0.230 0.616 0.840 0.000 0.327 3.128 9.360
8Cl Oc-CN 0.070 0.131 0.157 0.000 0.053 1.337 1.480
Total Congener 5.700 6.504 7.390 1.103 4.390 18.466 81.305
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Table 4. a) Concentration of PCNs as a total concentration in the fly ash A, treated at different NaOH concentrations for

1lhrs
100°C  100°C 3N 200°C IN 200°C 3N 300°C IN 300°C 3N
d Congener ASHA  N1Er 1Hr 1Hr 1Hr 1Hr 1Hr
1Cl 2-Mo-CN 0.404 0.374 0.474 0.538 3.141 0.278 2.122
20l 1,5-Di-CN 0.109 0.664 0.652 0.774 0.773 0.408 0.086
3CI 1,2,3-Tri-CN 0.199 0.086 0.085 0.087 0.104 0.385 0.199
1,2,3,4-Te-CN
4C1 1 5T CN 0.068 0.037 0.038 0.002 0.045 0.036 0.050
1,2,5,6-Te-CN 0.154 0.083 0.081 0.001 0.114 0.049 0.273
1,4,5,8-Te-CN 0.024 0.012 0.006 0.000 0.009 0.008 0.013
2,3,6,7-Te-CN 0.130 0.203 0.168 0.001 0.300 0.183 0.076
5CI 1,2,3,4,5-Pe-CN 0.551 0.245 0.232 0.001 0.367 0.292 0.448
1,2,3,4,6-Pe-CN 0.163 0.077 0.069 0.000 0.107 0.073 0.079
1,2,3,5,7-Pe-CN 0.069 0.036 0.036 0.000 0.042 0.027 0.011
1,2,3,5,8-Pe-CN 0.291 0.110 0.107 0.000 0.141 0.08 0.028
6Cl 1,2,3,4,5,6-Hx-CN 1.277 0.617 0.536 0.002 0.958 0.671 0.494
1,2,3,4,6,7-Hx-CN 0.283 0.140 0.118 0.000 0.172 0.093 0.012
1,2,3,5,7,8-Hx-CN 0.065 0.036 0.030 0.000 0.040 0.017 0.008
1,2,4,5,7,8-Hx-CN 0.241 0.118 0.094 0.001 0.137 0.068 0.253
7C1 1,2,3,4,5,6,7-Hp-CN 0.662 0.006 0.004 0.000 0.449 0.207 0.018
8Cl 0c-CN 0.147 0.001 0.001 0.000 0.060 0.011 0.000
Total Congener 4.840 2.845 2.731 1.407 6.959 2.866 4.170

Table 4. b) Concentration of PCNs as a total concentration in the fly ash A, treated at different NaOH concentrations for

3hrs
100°C IN 100°C 3N 200°C 1IN 200°C 3N 300°C IN 300°C 3N
c Congener ASH A o 3Hr 3Hr 3Hr 3Hr 3Hr
1Cl 2-Mo-CN 0404  0.404 0.24 0.182 0.325 2.292 0.214
2Cl1 1,5-Di-CN 0.109  0.109 0.448 0.292 0.584 1.032 0.247
3C1 1,2,3-Tri-CN 0.199  0.199 0.065 0.039 0.058 0.052 0.110
1,2,3,4-Te-CN
4Cl 1235 ToCN 0.068  0.068 0.037 0.038 0.002 0.013 0.036
1,2,5,6-Te-CN 0.154  0.154 0.039 0.026 0.001 0.058 0.049
1,4,5,8-Te-CN 0.024  0.024 0.012 0.006 0.000 0.009 0.008
2,3,6,7-Te-CN 0.130 0.13 0.234 0.227 0.001 0.143 0.183
5CI 1,2,3,4,5-Pe-CN 0551 0551 0.169 0.123 0.001 0.247 0.169
1,2,3,4,6-Pe-CN 0.163  0.163 0.071 0.026 0.000 0.130 0.073
1,2,3,5,7-Pe-CN 0.069  0.069 0.036 0.036 0.000 0.042 0.027
1,2,3,5,8-Pe-CN 0291 0291 0.111 0.045 0.000 0.221 0.080
6Cl 1,2,3,4,5,6-Hx-CN 1.277 1.277 0.506 0.357 0.002 0.727 0.429
1,2,3,4,6,7-Hx-CN 0283 0283 0.100 0.162 0.000 0.100 0.093
1,2,3,5,7,8-Hx-CN 0.065  0.065 0.036 0.03 0.000 0.013 0.017
1,2,4,5,7,8-Hx-CN 0241 0241 0.052 0.039 0.001 0.039 0.068
7C1 1,2,3,4,5,6,7-Hp-CN 0.662  0.662 0.006 0.004 0.000 0.182 0.071
8Cl 0c-CN 0.147  0.147 0.001 0.001 0.000 0.061 0.011
Total Congener 4840 4837 2.162 1.633 0.975 5.360 1.885
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Table 4. ¢) Concentration of PCNs as a total concentration in the fly ash B, treated at different NaOH concentrations for

lhrs
100°C 100°C 3N 200°C IN 200°C 3N 300°C IN 300°C 3N
a Congener ASHB N 1Hr  1Hr 1Hr 1Hr 1Hr 1Hr
1Cl 2-Mo-CN 0694 0314 0.246 2.279 2627 1.037 2.108
20l 1,5-Di-CN 0.226 0.157 0.273 1.078 1.460 0.785 0.700
3C1 1,2,3-Tri-CN 0.576 0.232 0.321 0.191 0.068 0.150 0.246
1,2,3,4-Te-CN
4Cl1 125 5 TN 0.163 0.096 0.136 0.002 0.045 0.036 0.050
1,2,5,6-Te-CN 0.230 0.150 0.123 0.001 0.114 0.049 0.273
1,4,5,8-Te-CN 0.085 0.012 0.006 0.000 0.009 0.008 0.013
2,3,6,7-Te-CN 0.591 0.389 0.300 0.001 0.205 0.389 0.076
5C 1,2,3,4,5-Pe-CN 0.131 0.280 0.184 0.001 0.100 0.292 0.171
1,2,3,4,6-Pe-CN 0.049 0.096 0.109 0.000 0.035 0.073 0.079
1,2,3,5,7-Pe-CN 0.131 0.036 0.036 0.000 0.042 0.027 0.011
1,2,3,5,8-Pe-CN 0.435 0.266 0.191 0.000 0.141 0.080 0.028
6Cl 1,2,3,4,5,6-Hx-CN 0.958 0.716 0.628 0.002 0.474 0.362 0.559
1,2,3,4,6,7-Hx-CN 0.688 0.464 0.327 0.000 0.123 0.093 0.012
1,2,3,5,7,8-Hx-CN 0.379 0.036 0.030 0.000 0.040 0.017 0.008
1,2,4,5,7,8-Hx-CN 0.064  0.068 0.055 0.001 0.137 0.068 0.150
7C1 1,2,3,4,5,6,7-Hp-CN 0.230 0.006 0.004 0.000 0.088 0.130 0.018
8Cl 0c-CN 0070  0.001 0.001 0.000 0.123 0.011 0.000
Total Congener 5700 3319 2.970 3.556 5.831 3.607 4502

Table 4. d) Concentration of PCNs as a total concentration in the fly ash B, treated at different NaOH concentrations for

3hrs
o Congener ASH B 100°C IN 100°C 3N 200°C IN 200°C 3N 300°C 1IN 300°C 3N
3Hr 3Hr 3Hr 3Hr 3Hr 3Hr
1C1 2-Mo-CN 0.694 0.171 0.116 0.246 2.654 0.907 2.400
2Cl1 1,5-Di-CN 0.226 0.225 0.143 0.750 1.249 0.130 0.314
3C1 1,2,3-Tri-CN 0.576 0.065 0.039 0.058 0.052 0.205 0.052
1,2,3,4-Te-CN
4Cl 1235 Te-CN 0.163 0.037 0.038 0.002 0.013 0.036 0.013
1,2,5,6-Te-CN 0.230 0.039 0.026 0.001 0.058 0.049 0.026
1,4,5,8-Te-CN 0.085 0.012 0.006 0.000 0.009 0.008 0.013
2,3,6,7-Te-CN 0.591 0.164 0.259 0.001 0.068 0.123 0.052
5CI 1,2,3,4,5-Pe-CN 0.131 0.123 0.123 0.001 0.109 0.123 0.061
1,2,3,4,6-Pe-CN 0.049 0.071 0.026 0.000 0.048 0.073 0.026
1,2,3,5,7-Pe-CN 0.131 0.036 0.036 0.000 0.042 0.027 0.011
1,2,3,5,8-Pe-CN 0.435 0.110 0.045 0.000 0.221 0.080 0.028
6Cl 1,2,3,4,5,6-Hx-CN 0.958 0.307 0.246 0.002 0.819 0.429 0.182
1,2,3,4,6,7-Hx-CN 0.688 0.100 0.123 0.000 0.246 0.218 0.012
1,2,3,5,7,8-Hx-CN 0.379 0.036 0.030 0.000 0.013 0.017 0.008
1,2,4,5,7,8-Hx-CN 0.064 0.048 0.039 0.001 0.039 0.068 0.100
7C1 1,2,3,4,5,6,7-Hp-CN 0.230 0.006 0.004 0.000 0.082 0.071 0.018
8Cl Oc-CN 0.070 0.001 0.001 0.000 0.060 0.011 0.000

Total Congener 5.700 1.551 1.300 1.062 5.782 2575 3.316
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