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Abstract : In 2007, 94% of organic wastewater sludge from industries located in Ulsan was disposed of by ocean
dump. The ocean dump of organic sludge would be totally prohibited by the year of 2012. However, there is no
alternative but incinerating the sludge from the industries located in Ulsan. Securing the technology for sludge
treatment and on-land disposal is very important issue among the industries in the Ulsan Petrochemical Industry
Complex. In this study, the material aspects of dried and carbonized sludge as a fuel were evaluated for
petrochemical and sewage sludge from Ulsan. The dried and carbonized sludges from the factories producing
terephthalic acid, BTX, propylene, chemical textile, etc. of which the low heat value exceeded 3,000 keal/kg had
high potential as a fuel according to the results of thermal characteristic analysis. However, the dried sludges
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with heat values lower than 2,100 kcal/kg and carbonized sludges, lower than 1,100 kcal/kg containing more
inorganic material from the industries producing pulp, paper, methylamine, amide, etc. had a little potential to be
used as a fuel. In most cases, drying the sludge showed better results than carbonization in the aspect of thermal

characteristics of sludge.
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Figure 1. Organic wastewater sludge generation in the Ulsan
Chemical Industrial Complex.
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Table 1. Sludge generation from the representative industries in Ulsan

Sludge
Amount of sludge Amount of ; io Current sludge
Types of | generated in the | Names of company sludge gei?leiﬁéoga;a:o dispos; 8 Types of products
industry same type of |that provided samples| generated type of industry method
industry (ton/yr) (ton/yr) (%)
KP Chemical 68,678 30.8 Ocean dump PTA, BTX
Samsung Fine 42,625 19.1 Ocean dump  Methylamide, Amines
Chemical
Chemical TPA, Propylene,
products 222,652 Taekwang Industry 16,056 7.2 Ocean dump Textile
Hyosung Company 9,253 4.2 Ocean dump Textile
. TPA,
SK_ Chemical 8,377 3.8 Ocean dump Dimethylphthalate
Donghae Pulp 114,182 83.5 Ocean dump Pulp
Pulp and paper 136,774
Hankook Paper 22,592 16.5 Ocean dump Paper
Vehiclcﬁ and 12,637 Hyundai Motor 11,956 94.6 Ocean dump Vehicle
trailers . Company
Sewage plant 34,607 Yo;i);leton Sewage 23,117 66.8 Ocean dump Sewage treatment
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Figure 2. Schematic diagram for the sludge carbonization
equipment.
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Table 2. Water, combustibles and ash contents of sludges
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Types of industry Names of company Water content Combustbles content (%) Ash
(%) Volatile Fixed carbon Sum (%)
KP Chemical 93.20 1.97 3.78 5.75 1.05
Samsung Fine Chemical 84.54 4.57 5.79 10.36 5.10
Taekwang Industry 89.05 3.10 5.61 8.71 2.24

Chemical products
Hyosung Company 84.23 5.38 6.82 12.20 3.57
SK Chemical 84.36 5.10 7.75 12.85 2.79
Average 87.07 4.02 5.95 9.97 2.95
Donghae Pulp 75.83 2.38 10.06 12.44 11.73
Pulp and paper Hankook Paper 66.66 5.68 13.77 19.45 13.89
Average 71.23 4.03 11.92 15.95 12.81
Vehicles and trailers Hyundai Motor Company 82.71 6.40 5.61 12.01 5.28
Sewage Plant Yongyeon Sewage Plant 81.47 5.37 8.78 14.15 4.38
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Table 3. Combustibles and ash contents of dry and carbonized sludges

Dry sludge Carbonized sludge
Types of industry Names of company :
Combustibles (%) Ash (%) Combustibles (%) Ash (%)
KP Chemical 84.56 15.44 78.26 21.74
Samsung Fine Chemical 67.01 32.99 53.16 46.84
) Taekwang Industry 79.54 20.46 71.45 28.55
Chemical products
Hyosung Company 77.36 22.64 65.65 34.35
SK Chemical 82.16 17.84 73.53 26.47
Average 78.13 21.87 68.41 31.59
Donghae Pulp 51.47 48.53 46.17 53.83
Pulp and paper Hankook Paper 58.34 41.66 49.78 50.22
Average 54.91 45.09 47.98 52.02
Vehicles and trailers Hyundai Motor Company 69.46 30.54 51.50 48.50
Sewage Plant Yongyeon Sewage Plant 76.36 23.64 66.72 33.28
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Table 4. Heat values of dry and carbonized sludges

Dry sludge Carbonized sludge
Name of company High heat value Low heat value High heat value Low heat value
(kcal/kg) (kcal/kg) (kcal/kg) (kcal/kg)
KP Chemical 3,970 3,625 3,414 3,342
Samsung Fine Chemical 2,339 2,089 1,060 1,004
Tackwang Industry 3,542 3,232 3,126 3,058
Donghae Pulp 1,211 1,038 727 717
Hyundai Motor Company 2,562 2,327 561 541
Yongyeon Sewage Plant 3,918 3,577 1,947 1,912
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Table 5. Fractions of elements in the sludge from industry
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Company Sludge C H o N S Total
, Dty sludge 0.3921 0.0638 0.2965 0.0761 0.0129 0.8414
KP Chemical
Carbonized sludge 0.2830 0.0134 0.2674 0.0573 0.0243 0.6454
Dry sludge 0.2654 0.0463 0.3254 0.0541 0.0118 0.7029
Samsung Fine Chemical
Carbonized sludge 0.1449 0.0103 0.2999 0.0255 0.0160 0.4966
Dry sludge 0.3276 0.0574 0.2862 0.0654 0.0135 0.7501
Taekwang Industry
Carbonized sludge 0.2485 0.0125 0.2682 0.0479 0.0210 0.5981
Dry sludge 0.2075 0.0321 0.3985 0.0064 0.0122 0.6566
Donhae Pulp
Carbonized sludge 0.1076 0.0017 0.3675 0.0025 0.0240 0.5033
. . Dry sludge 0.2735 0.0435 0.3038 0.0327 0.0110 0.6645
Hyundai Vehicle -
Carbonized sludge 0.1448 0.0038 0.2811 0.0094 0.0180 0.4571
Dty sludge 0.3635 0.0632 0.2526 0.0697 0.0175 0.7665
Yonyeon Sewage Plant
Carbonized sludge 0.1994 0.0065 0.3332 0.0287 0.0085 0.5762
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Figure 3. TGA of the dry sludge obtained from KP
Chemical Company.
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Figure 5. TGA of the dry sludge obtained from Samsung Fine
Chemical Company.
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Figure 6. TGA of the carbonized sludge obtained from
Samsung Fine Chemical Company.
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Figure 7. TGA of the dry sludge obtained from Donghae Pulp
Company.
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Figure 8. TGA of the carbonized sludge obtained from
Donghae Pulp Company.
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Figure 9. TGA of the dry sludge obtained from Hyundai
Motor Company.



Weight (mg)
Heat flow(mWw)

0 200 400 600 800

Temperature (C)

Figure 10. TGA of the carbonized sludge obtained from
Hyundai Motor Company.
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Figure 11. TGA of the dry sludge obtained from Yongyeon
Sewage Plant.
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Figure 12. TGA of the carbonized sludge obtained from
Yongyeon Sewage Plant.
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Table 6. Contents of inorganics in the sludges

measured by XRF

Inorganics Al | Si| P| S |Cl|Ca|Cr |Mn|Fe |Ni|Cu|Zn|Hg|Co| As | Pb
Dry Dry base (%) - | - |o4|08|06{09| - |68[04]| -] -]03]-1]53] - | -
KP sludge | Jnorganic base (%) | - | - [25]50(39(60]| - [429]27| - |- ]18] - |33.6] - | -
Chemical | Dry base (%) - | - 12]|15|09]|27 (0016308 - |- |05]| - |109] - | -
sludge | Inorganic base (%) | - | - |34 |42(25]7.6/00(459(22] - |- |15 - (309 - | -
Dry Dry base (%) 09|1.0]06]06]|66|168/00|00]|22100[00]|00]| -] - | - | -
Sa‘;fs““g sludge | Inorganic base (%) |29 |35 |21 |20 [22.1{565/01]01]75]00(02]01] -] - | - | -
1ne
Chemical | Carb. Dry base (%) 17123 |11]|08]|11.3/280/ 0001 |34 - |o1{01]| - | - | - | -
sludge Inotganic base (%) | 3.3 | 46|23 | 1.6(225(|555/00|01]67| - 01|01 - - - -
Dry Dry base (%) - | - 103]|13|18]234| - |03|67]| - [oo|00|00]| - | - | -
Donghae | 98¢ | Inorganic base (%) | - | - |08 (3952|683 - |08 |196] - |o1]|01|01| - | - | -
Pulp Carb. Dry base (%) -l - ]o04|17]19321| - |03]83]| - |00]|01]00] - | - | -
sludge Inorganic base (%) - - 1083439645 - |07]|166| - |0.1{01]|0.1| - - -
| Dy Dry base (%) 5744360813 |15]|01]02]|132[04l01]12| -] - | - | -
HI\S:I““dm sladge | Inorganic base (%) [16.9]13.0[10.6] 2.3 | 3.7 |46 | 02|06 (394(13/02[37| - | - | - | -
otor
Company | Carb. Dry base (%) 10481 |61]08|12|26|01]03]20.1]06(01|17|-| - | - |00
sludge | Inorganic base (%) |19.2114.9[11.3| 15| 2.1 {47 |02 |05 (37.1|12]02]32] - | - | - |01
Dry Dry base (%) 171232621 (22]52(00]01|36(01]03]13|-| - ]02]00
Yongyeon | 1%d8¢ | Inorganic base (%) | 7.2 9.9 [11.2[ 9.0 | 9.6 |224] 0.1 | 03 [153|02]12] 56| - | - |07 |01
SewagePlant| Dry base (%) 65|84169]|05]|14[109/00/|01|65]|01]|04]|21] -1 - [02]01
sludge | Inorganic base (%) |12.4[16.1/13.2| 1.0 | 2.7 |20.8| 0.1 | 0.2 |12.4[0.2|0.8| 41| - | - |04 0.1
Carb.: Carbonized
0] 6.7%Z FA Ve, GA 4] 1.8%% Blu A & 31 ozke] AEFTE TFAQAINE 2% oY dave =
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Table 7. Leaching test results for raw and carbonized sludges (mg/L)
Company Sludge cd (o Cu Pb Zn Hg As
KP Chermical Raw ND ND ND ND 0.059 ND 0.009
emic:
Carbonized ND 0.014 ND ND ND ND 0.016
Samsung Fine Raw ND ND ND ND 0.494 ND 0.011
Chemical Carbonized ND 0.001 ND ND ND ND 0.016
Raw ND ND ND ND 0.186 ND 0.014
Taekwang Industry -
Carbonized ND ND ND ND 0.021 ND 0.009
Raw ND ND ND ND 0.234 ND 0.012
Hyosung Company -
Carbonized ND 0.010 ND ND 0.010 ND 0.033
SK Chemical Raw ND ND ND ND 0.190 ND 0.006
emical
Carbonized ND ND ND ND 0.064 ND 0.081
Raw ND ND ND ND 0.016 ND 0.003
Donghae Pulp -
Carbonized ND ND ND ND ND ND 0.034
Raw ND 0.002 ND 0.036 0.364 ND 0.022
Hankook Paper
Carbonized ND 0.001 ND ND ND ND 0.012
Hyundai Motor Raw ND 0.003 ND 0.031 0.630 ND 0.010
Company Carbonized ND ND ND ND 4.406 ND 0.029
Yongyeon Sewage Raw ND ND ND ND 0.199 ND 0.511
Plant Carbonized 0.019 ND 0.018 ND 0.064 ND 1.481
* ND: Not detected
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