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Abstract—A gasification/melting facility that can operate up to 10 bar and 2G5%@th a maximum 1 ton/day
capacity was developed for liquid and slurry-type combustible wastes. The main focus of the system development was
minimal use of expensive fuel for maintaining the reaction temperature by replacing it with cheap waste oil for energy
input. The carbon conversion obtained was 97% while the cold gas efficiency reached 77.6% for the refined waste
oil. When the feed was refined oil mixed with fly ash from a municipal waste incinerator, the carbon conversion and
cold gas efficiency were 93% and 71.9%, respectively, with a slag conversion ratio of 0.93. The slag produced from
fly ash exhibited environmentally acceptable heavy-metal leaching values and thus can be applicable as road material
and for other purposes. The optimalf€ed ratio was 0.9-1.0 when only the refined waste oil was gasified, whereas
the Qffeed ratio had to be higher than 1.2 when fly ash was mixed. In addition, data showed that gasifier temperature
can be estimated by on-line methane concentration measurements.
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INTRODUCTION been quite successful in Korea [Yun et al., 2001], and researchers
have started to implement the acquired technology into waste treat-

Recently, the gasification process has received a good receptiament. In the past, cost and system availability were the main ob-
again in the energy and environmental fields. Among the many adstacles for practical applications. However, wider application of the
vantages of gasification technology, the most prominent one is théechnology requires more stringent environmental regulations that
drastic reduction of S@nd NQ which have been some of the main  will in turn stimulate the development of advanced processes. Also,
obstacles in combustion-based processes. With higher recovery afnew energy approach has been proposed to improve the perfor-
clean energy by gasification from combustible waste feedstock thatnance of coal IGCC (Integrated Gasification Combined Cycle) sys-
was considered too dirty to utilize in normal processes, the applicaems [Kim et al., 2001].
tion area of gasification has broadened into waste treatment pro- The objective of the study is to develop a gasification/melting
cesses. In gasification, feeds containing high sulfur and heavy meprocess utilizing dirty and heavy metal loaded waste ail for energy
als can be treated cleanly by producing elemental sulfur/sulfuricsource that is required in itself to be treated in an environmentally
acid instead of polluting SGhrough the chemical mechanism of benign way. Table 1 illustrates the production and recovery of waste
oxygen-deficient reduction environment and by converting heavyoil in Korea which require treatment. In 1999, 85.1% of the waste
metals inorganic components of the feed into slag. Heavy metal®il produced was recycled into low-quality fuel oil that was con-
are captured inside the intertwined melted structure of slag througkumed in boilers for public-baths and other specific areas as required
the melting process of typically above 1,400The nitrogen com- by law. The cement kiln is also a big consumer of waste oil, and
ponents in the feed react to form mainly Midring the gasifica-  fluidized-bed incinerators employ waste oil for auxiliary fuel [Gu et
tion occurring in the oxygen-deficient environment instead of NO al., 2002]. The total amount of waste oil produced in Korea has more
as in the combustion reaction, and thus they can be scrubbed easilyan doubled in five years from 206,000 tons in 1995 to 543,000
in the gas-treatment step. tons in 2000.

Moreover, current environmental concerns regarding the old-style Since collecting a large quantity of feed in one spot is one of the
coal-utilization and waste treatment technologies have prompteanost critical issues as in most wastes cases, the process is targeting
the development and application of gasification processes that prahe medium-size gasification/melting process of maximum 50 torn/
duce far less pollutants like SINQ,, and dioxins while recover-  day size by using not only waste oil but fly ash mixed waste oil to
ing energy mainly as a chemical energy of CO and hydrogen. increase the profitability. The process is also targeting for simulta-

In Korea, waste incineration faces many challenges in provingneous gasification and melting of waste oil as energy source instead
its environmental cleanness, especially with respect to dioxins an@f combustion-based melting. If dirty fuels like waste oil are em-
the possibility of heavy metal leaching from the combustion ash.ployed and most of input energy can be converted into high quality
During the last decade, the application of gasification for coal hasyngas of CO and hydrogen for another purpose of economic val-

ue, the gasification/melting process can be more economical in cer-
To whom correspondence should be addressed. tain areas. The combustion-based melting process of 5 ton/day for
E-mail: ysyun@iae.re.kr wastewater sludge has already been developed and reported else-
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Table 1. Amounts of produced and recovered waste oil in Korea (unit:[k

Year 1994 1995 1996 1997 1998 1999
Waste oil Produced 196,828 206,275 212,562 237,504 229,323 198,427

Recovered 120,416 147,735 174,902 226,139 215,173 168,776

Recoverd ratio 61.2% 71.6% 82.3% 95.3% 93.8% 85.1%

Source: Korea Oil Recycling Association (2000.11)

where [Yun et al., 2001]. ful candidate to overcome the problems regarding operating costs.
In a typical municipal waste incinerator, ash components go to For the process development, an accumulated process database
bottom ash by 90% and fly ash by 10% in general. Although bot-in melting for coal and wastewater sludge was first utilized in the
tom ash is relatively easy to melt to reduce the size in reclamatiorjasic design of the process and, with additional support of com-
fly ash is known to be one of the most difficult feedstocks to meltputer simulation on the detailed design, three prototype pilot plants
because of its fine powder and high content of heavy metal comwere built and tested with actual feed during the two year period
ponents exhibiting low melting point. Reclamation of fly ash and from 2001 to 2002. Based upon the data regarding the reaction char-
bottom ash at the waste-dumping site has recently become increaaeteristics of waste oil obtained from the first prototype that was a
ingly difficult and expensive; thus an efficient and reliable processsmall one-stage reactor, the second prototype of 1 ton/day capacity
to treat fly ash is in great demand. There are many technologicatas been built and tested. The third prototype of 1 ton/day size con-
approaches, such as thermal plasma [Ahn et al., 2001], electricéhins more elaborate feeding systems in addition to the internal plate
arching, and thermal melting, to convert fly ash to slag that is knowrwhose purpose is to increase the residence time of the reactants in
to be one of the safest ways from an environmental point of viewthe reactor. In this study, the gasification/melting results obtained from
The nuclear waste treatment field has been active in applying plaghe third upgraded pilot plant are discussed in terms of syngas com-
ma and glass vitrification technologies to melt, vitrify, and reduce position and effects of key operational variables. Related gasifica-
the volume of the wastes [Song et al., 1998] since operating cogton/melting results for coal and wastewater sludge can be found else-
can be covered in this case. As can be expected, high operating caghere [Yun et al., 2001, 2002], and thermodynamically simulated
involved in the plasma and arching approaches has been a bottleesults for waste oil and refined oil have been published elsewhere
neck for wider applications. For the large volume of fly ash from [Lee et al., 2002).
municipal incinerators, these expensive technologies have a limit
in application. Melting the fly ash with waste oil can be one hope- EXPERIMENTAL

Solid Waste
Waste Oil >

Fig. 1. Process flow diagram of waste-oil gasification/melting system.

1. Melting furnace 8. Water tank 15. Service steam heater 23. Waste oil feed pump #1, #2
2. Slag receiver tank 9. Bag filter 16. Slurry feed burner 24. Slurry feed pump

3. Condensor 10. Waste oil storage tank 17. Waste oil feed burner 25. Recycle water feed pump
4. Water spray chamber 11. Waste oil service tank 18. 19. Oxygen supply burner #1, #2 26. On-line gas analyzer

5. Demister 12. Solid waste and waste oil feeder 20. Pilot burner

6. Scrubber 13. pre-Heater 21. Washing water tank

7. Flare stack 14. Main steam heater 22. Waste oil transfer pump #1, #2
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Fig. 1 shows the process flow diagram of the 1 ton/day gasifica-Table 3. Analysis data of fly ash
tilon facility that vt\)/as .cg:aveloped from March 2000 for thedliquid or Ultimate analysis (wt%, as received) Ash fluid
slurry type combustible wastes. Maximum pressure and tempera= temperature®
ture for the operation are 10 bar and 1,%50respectively. This ¢ H © N S Ash e ©
system consists of a feeding apparatus, a gasification/melting reac-0-18  0.07  0.09 0.0 0.99 98.67 1240
tor, a gas treatment facility, and a flare stack. Inorganic ash composition (wt%)

To treat feeds of high viscosity like vacuum residual oil, an elec- -

. . . ' Al,O, Si Ca0O F K,O MgO MnO NgOo
trical heater was installed around the waste-oil feed tank 12 and td> 22 >'2 0. K g 4
the supply line as far as the slurry feed burner 16. The main wastel-02 285 243 421 165 5.0 0.04 475
oil feed for the reactor is provided through the waste-oil feed burner P,O, TiO, ClI ZnO PbO CuO GO, Others
.17 starting fr'om Fhe waste-oil tank 1Q through two parallel PUMP- 5151 007 147 2495 178 265 024 3.81
ing and filtering lines. Burner 17 provides most of the heating en-
ergy to sustain the melting temperature at the bottom part of the

melting furnace 1, whereas burner 16 works as a feeding port fo 4
solid wastes mixed with waste oil. Waste ail to burner 17 reacts witt
oxygen and air while waste oil through burner 16 is being mixed 31

with steam and oxygen to be injected into the reactor. The paralle
line is used interchangeably when one line is clogged by particu
lates that reside in waste oils. Solid wastes like fly ash are mixe«

Volume (%)
N

with waste oil in stirrer vessel 12 and injected into the gasifier througt LN
the nozzle with superheated steam that works as a feed carrier
well as a reactant. The steam supply system consists of a conste 001 ) - e 000

flow water pump, pre-heater 13, and two consecutive steam ger
erators 14 and 15 for superheated steam generation. Steam woi
as a reactant in the carbon-steam and water-gas-shift reactions. Stg- 2. Particle size distribution of fly ash obtained from munici-
perheated steam has been used so that the gasification reaction will ~ Pal waste incinerator.

not be quenched that occurs at high temperature.

Molten slag flows through the horizontal melting furnace sec-fly ash feed were 13 kg/hr refined waste oil through the waste oil
tion of the reactor to ensure enough melting residence time and drofised burner 17, and 10.4 kg/hr fly ash mixed with 20 kg/hr waste
into slag receiver tank 2 half-full of water. Hot syngas (>120@& oil through the slurry feed burner 16 as shown in Fig. 1. Since the
cooled in condenser 3 and passes through scrubbers 4 and 6. Scrpbecess employs an entrained flow type, particle size distribution
bers eliminate soot that resides in the syngas produced with addef fly ash is one of the key parameters for a high yield operation.
tional demister filter 5. Soot is finally captured at the metal bag filter Particle size distribution data of the fly ash is shown in Fig. 2 in
9, and the cleaned water is recycled for scrubbing through pumpvhich most of the particles are in the 10-p@® range. However,

25. On-line gas analyzers provide an instantaneous gas composi- SEM (Scanning Electron Microscopy) picture in Fig. 3 for the
tion of CO, CQ, H,, CH, to help in accessing the reaction status. fly ash demonstrates a shape of congregates in much smaller pieces
Additional on-line gas chromatography (MTI Analytical Instrument, to form a bigger size as determined by the particle size analyzer
P200H) provides more precise quantitative gas composition with gMalvern Mastersize 2000).

3 minute interval. Combustible syngas with explosive characteris-
tics is combusted in a flare stack 7. The picture of the plant can b
found in an earlier report [Yun et al., 2002]. ‘

In this study, refined oil vacuum-distilled from automobile waste
oil, has been used to determine the performance of the gasificatic
system. Furthermore, the melting system has been verified throug
the tests with fly ash/refined oil mixed feed. The elemental analy-
sis data of refined oil are presented in Table 2. Table 3 shows th |
analysis result of fly ash obtained from a commercial municipal |
waste incineration plant in Gyunggi province, Korea. Inorganic com- |
positions of fly ash analyzed by XRF are also shown in Table 3.

Feeding conditions for the gasification/melting of the waste oil/

Particle size (um)

Table 2. Analysis data of refined oil

Uliimate analysis (wt%) Higher heating value Sh=si o= 2w

—f Photo No.=513
C H O N S Ash (kcal/kg) _ _ . -
Fig. 3. SEM picture of fly ash from municipal waste incinerator
87.6 11.31 0.53 0.18 0.21 0.17 10953 (x5,000).

Korean J. Chem. Eng.(Vol. 20, No. 6)



1040 Y.Yunand J. S. Ju

50 1600 kg/hr at the @feed mass ratio range of 1.23-1.41. Fig. 5 shows the
et~ 1400 effect of varying feed amount upon the reactor temperature. In the
&\-g 40 W’W%&“‘T“‘ - figure, the horizontal dotted line at the left corner is for 15 kg/r
§% He gesiier 5 case while the horizontal dotted line at the right middle corner shows
%\‘g 0 A A e 1 g the 30 kg/hr feeding case. Each step represents an increase of 5 kg/hr
g =} \C o L 800 “é& feeding amount. Steam supply for the gasification reaction was main-
gé 20 o0 2 tained above 0.5 steam/feed weight ratio. For comparison, com-
& § i & mercial gasifiers using fuel oil or vacuum residual oil employed a
8 % 0] Pyt w & typical steam/oil ratio of 0.41-0.51. Here, reactor temperature is im-
3 / E 200 portant because it should remain below the serviceable refractory
© S R temperature and also be high enough to sustain fast reaction and
170000 171000 17:2000  17:3000  17:40.00  17:50:00 melting of inorganic components. This temperature is known to be
Time (hr:mm:ss) around 1,306C in many oil gasification plants. In Fig. 5, when the
Fig. 4. Typical profiles of operating temperature, pressure, and gas  feeding amount represents 15 kg/hr, the gasifier temperature remains
compositions of the produced gas with time. at 1,320C. The second step of 20 kg/hr illustrates that the temper-

ature stabilizes at 1,340 in less than 10 min. However, at the third
step change to 25 kg/hr, the temperature increased to abovi1,400
RESULTS AND DISCUSSION after 15 min, which suggests that a reduced amount shddld
be employed above 25 kg/hr range if the conversion level is already
Fig. 4 illustrates typical operating profiles of gas composition, high enough and able to sustain.
temperature, and pressure with time when refined oil was gasified For each step of feeding amount, the syngas composition pro-
in the system. In this case, the reactor pressure was controlled arouddced is shown in Fig. 6. At each il feeding rajéfe€l mass ratio
3.5 bar, and the reactor temperature measured at the mid-positiamas adjusted in the range of 1.23-1.41 for the maximum CO and
between feed burners 16 and 17 in Fig. 1 was maintained around, content. At 15 kg/hr feeding condition, gas compositions,of H
1,480°C. Gas compositions exhibit around 42% hydrogen and 28%C0O, CQ remain in the 20-25% range altogether. When the feed-
CO. Other gas components include about 14%wle the rest  ing amount is increased to 30 kg/hg,dtid CQ compositions ex-
of the gas is nitrogen that was introduced into the reactor with aihibit rapid increase and drop while CO concentration shows a rel-
utilized for maintaining the suitable burner feeding velocity at the atively small increment. At the 30 kg/hr condition, théde ratio
burner tip. The nitrogen was also employed as a spraying mediurnbtained was 1.73, which is close to 1.75 that is obtainable in the
gas at the water spray chamber. There is about £1-2% fluctuation inommercial gasifiers using natural gas without steam addition. The
gas compositions, particularly in, ldoncentration that occurred by results illustrate that more proper gasification reactions occur with
a mechanical hunting in the steam generator. The amount and quahe increase in oil feeding rate until it reaches 30 kg/hr since most
ity of steam is critical in determining,tdoncentration because of of the feeding oil would be consumed to maintain the reactor tem-
the steam’s role in water-gas shift reaction. A certain range of flucperature when the feeing oil amount is small. Typical commercial-
tuation in gas composition can be dealt with by the syngas comscale fuel oil gasification under conditions of steam/fuel ratio 0.51
bustor unless the flame itself is turned off by the fluctuation. Fromand Qffeed ratio 1.05 produces syngas containig@@ ratio of
the experimental observation, flame was possible to be lit and mairB.94. Higher H content can be more competitive in market value
tained when CO concentration is above 20%, preferably above 25% syngas is utilized as a chemical feedstock instead of generating
In order to obtain the data on the treatable feed amount in a fixedlectricity through gas turbine. For power generation, the produced
reactor volume, refined oil amount was varied from 15 kg/hr to 30
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Fig. 5. Effects of feeding amount on the gasifier temperature atthe  Fig. 6. Syngas compositions with varying feed amount at the,O
O./feed ratio of 1.23-1.41. feed ratio of 1.23-1.41.
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Fig. 7. Sensitivity of gasifier with decreasing oxygen feed amount and gasifier temperature at 20 kghr ol feeding condition.

from 25.5 kg/hr to 12.7 kg/hr at 20 kg/hr refined oil feeding
condition.
at the lower level of 0.6-1.3. In this case, the optingéd€al weight
syngas has to be combusted. Thy€8 ratio is not an important  ratio appears to be around 0.9-1.0 from the convex peghkndfdre
factor because of their similar heat of combustion. Rather, total synthe gasifier temperature is around 1,3DAf the feed contains in-
gas heating value is important when the syngas is used as fuel farganic components that need to be melted to slag, the gasifier op-
power generation. For the entrained-bed type gasification systeneration temperature should be, in general, aboCLByher than
reaction time is normally less than 4-5 sec requiring fast monitorthe fluid temperature of measured ash melting temperature under
ing of the reaction. Among the important operating parameters, oxythe reducing environment. From this point of view, to melt the in-
gen feeding amount is the most important one because it deteprganic component in the ash sample showing 1C24Qid tem-
mines the reactor temperature, hence the reaction time at the fixed perature, a temperature higher than 1534@ould be necessary
actor volume. If the temperature was not high enough, a large amoumtven though there would be a sacrifice in gas quality, especially a
of unburned soot would be formed to undermine the conversion. sharp drop in the Heoncentration. In the case of gasifying only
In order to determine how the change in oxygen feed affects th¢he waste oil that contains no inorganic components to melt, the
overall gasifier performance, the oxygen amount was gradually reeptimal Qffeed mass ratio would be 0.9-1.0. On the other hand, if
duced from 25.5 kg/hr up to 12.7 kg/hr while the amount of refinedmelting of inorganic components were necessary, the melting tem-
oil was maintained at 20 kg/hr, which corresponds to tifeed perature would determine the operating temperature range first of
mass ratio of 0.635-1.275. The result is illustrated in Fig. 7, in whichall.

gasifier temperature, pressure, angCA, compositions are shown. In contrast to the shape of the ¢dncentration, the increasing
As expected, the gasifier temperature drops from 3C3f@01,230C amount of the CO concentration is relatively small. With an increase
when the @feed mass ratio changes half from 1.275 to 0.635 wherein the Qffeed mass ratio, the gasifier temperature monotonously
as the CQconcentration decreases while thecbhcentration in-  increases, and the €ncentration starts to increase rapidly above

creases. The G@oncentration is reduced from 18% to about 14% 0.95 Qffeed ratios. Thermodynamic estimation also predicts a simi-
directly because the temperature was lowered. It should be noteldr change pattern in gas composition with thie€d ratio for oil
here that gas composition is not directly related to the total carbogasification [Lee et al., 2002]. On the other hand, methane concen-
conversion value. At a lower gasifier temperature below 2300 tration drops rapidly with the increasing temperature. Methane pro-
when the oxygen amount was reduced to less than about 0.8, tt
carbon conversion value would become a few percent lower thal 10 1500
the optimal gasifier condition. The meaning of Fig. 7 is that, even
with a sudden obstruction of oxygen that is the most important ad g v CH,
justable parameter in the gasifier operation, if the obstruction Iast'g O T_gasifier
for a relatively short period of time, the gasifier operation can be §
maintained probably only with some loss in carbon conversion. But §
a sudden increase of oxygen above the optimal condition can p05;~1
a serious damage to the refractory lining inside the reactor. The of
erating experience shows that sudden increase in oxygen of mowz;
than about 50% of optimal required oxygen amount can bring aboL 2 2+ L 1100
an increase in temperature above 176850 a few minutes. Thus, ©
the system design should be cautious in preventing any source 1 o . . —— .. 1000
sudden increase in the amount of oxygen feeding. 04 06 08 10 12 14

Fig. 8 shows the effect of varying oxygen amount at the fixed O2/Cil ratio (-)
feeding amount of 20 kg/hr. Compared to the case whéfiee®  Fig. 9. Relationship between methane concentration and gasifier
mass ratio was 1.23-1.41 in Fig. 6, the oxygen amount was varied temperature.

- 1400

1300

o
L

F 1200

(Dry basis, %)
»

Gasifier temperature (°C)
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file with temperature is enlarged in Fig. 9.

At high temperatures above 1,400 structural damages in ther-
mocouples that are located on the inner diameter surface of the ge
ifier are inevitable in the long run. Actual reaction zone tempera-
ture can reach above 1,6@) and thus flame in the reaction zone
should be maintained to minimize any direct hit on the refractory
by a proper design and alignment of the feeding nozzle. In opera
ing the entrained-bed type gasifier system, reaction time is just :
few seconds, and there is high possibility of refractory damage in
short time of minutes order if the gasifier temperature stays abov _N
1,600°C. Thus, for safe and reliable operations, immediate knowl- ESSeppy 2
edge regarding the gasifier temperature of the reacting zone isacr | 2 ' i e
ical factor. In commercial gasifiers, most thermocouples are locate: T e . :

a few inches inside the gasifier refractory while some thermocoufig. 10. Size and shape of produced slags after the gasification of
ples are directly contacting the reacting gases that are in a reducing the fly ash with refined waste oil (unit: cm).

and corrosive environment. The directly contacting thermocouple

is most prone to corrosion and thermal melting during long operasingle loop, and the rest was carried over from the gasifier. The car-
tion. Therefore, an indirect way of measuring the gasifier temperaryover fines are recycled in the continuous operation.

ture is a very important issue. A similar design of reactor technology was also successfully ap-

As illustrated in Fig. 9, when the thermocouple gets damagedplied in a 5 ton/day-scale plant for melting wastewater sludge [Yun
the methane concentration can be used as an indirect indicator et al., 2002]. In this case, the system based upon combustion at at-
gasifier temperature. The temperature in Fig. 9 was measured byraospheric pressure instead of gasification resulted in a once-through
direct contacting thermocouple with the reacting gas. The R-typeslag recovery ratio of above 90%. The size of slags produced shows
thermocouple was used with a ceramic tip on the gas-contacting diameter from a few milimeters to the maximum of 1.5 cm, de-
area. When temperature gets higher, methane concentration dropending upon the adjusted silica ratio of ash. In Korea's case, this
rapidly. At a gasifier temperature of 1,20) methane concentra- melting furnace system will be commercially attractive when ocean
tion shows about 2.5% value. When the temperature reaches abodeimping of wastewater sludge becomes prohibited by 2005 as ex-
1,320°C, methane concentration level drops below 1,000 ppm levelpected. Currently, land reclamation and ocean dumping are allowed
Normally a coal gasifier operation requires less than a few hunbecause of the huge amount of sludge and the cost involved when
dreds ppm of methane level for smooth slag formation and disthe incineration or melting technologies will be applied.
charge through the slag tap hole. However, since each feed sampleOne of the reasons for applying gasification technology in wastes
shows different response according to its inherent composition and its capability to convert heavy metal loaded wastes into environ-
decomposing behavior, independent tests under actual temperatuneentally benign products like slag. From the refined oil/fly ash, the
and pressure conditions must be performed to obtain the relatiorproduced slag exhibits a few millimeter sizes as shown in Fig. 10,
ship data of methane concentration versus temperature. which is quite similar to slags obtained from coal and wastewater

Gasifier performance can be summarized by two parameters dfludge at least in size and shape. The incinerator fly ash feed con-
carbon conversion and cold gas efficiency. Cold gas efficiency igains a high concentration of fluxing components like 24.3% CaO
defined as the ratio of heating value in the produced syngas to thand 5% MgO, which work to reduce the melting temperature [Yang
heating value of total input feed. From the test utilizing refined wasteet al., 1997], and thus exhibit a fluid temperature of 224@&hich
oil, maximum carbon conversion and cold gas efficiencies wereis quite a bit lower than the usual incinerator ash fluid melting tem-
97% and 77.6%, respectively, with typical gas compositions of 21.2%perature above 1,500. The gasifier temperature of 1,480was
CO, 49.0% H 16.9% CQ 0.19% CH 0.01% NH, 0.06% G, sufficient to melt the fly ash continuously. Although slag composi-
and 12.7% N A simulation study reported that a feed containing tion would vary with feed by its original inorganic composition, it
higher heating value yields higher cold gas efficiency [Wallman etappears that the cooling method for hot molten slag determines the
al., 1998], in that cold gas efficiency of 40-50% was predicted forshape and size of the slag produced. In this case, a quenching meth-
the municipal solid wastes of 2,390 kcal/kg higher heating valueod in which molten slag drops directly into the water pool was ap-
(HHV) while a feed of 9,560 kcallkkg HHV vyielded cold gas effi- plied as in the cases for coal and wastewater sludge. Bigger slag of
ciency of 74-78%. Considering the HHV of the refined waste oil em-5-7 mm diameters shown in Fig. 10 is easy to break with just a fin-
ployed in this study, which was 10,953 kcal/kg, the 77.6% value ofgertip grip when the quenching method is used. Normally, harder
cold gas efficiency appears to be in the reasonable range approacmd denser slags can be obtained by a slow cooling method such
ing the simulation resuilt. as cooling under air.

When the mixed feed of refined oil and fly ash was tested, carbon The SEM picture in Fig. 11 on the inner surface of slag demon-
conversion and cold gas efficiency showed 93% and 71.9%, respestrates a dense structure formed by melted inorganic components,
tively, with a typical gas composition of 28.9% CO, 41,618.4% which suggests that a finely ground slag might be a good candi-
CQ,, 0.38% CH, 0.015% NH 0.067% HS, 0.03% Q 18.7% N. date for replacing sand for construction or road construction filler.
Based upon the captured fines amounts through the process aft®ine of the most important issues regarding waste treatment nowa-
the gasifier, the slag conversion ratio was estimated to be 93.1% idays is related to methods of converting all the components in wast-
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incinerator ash leaches a high concentration of Hg, Cd, Zn, Fe, and
especially, Pb. The leaching concentration of Cd is more than 200
times above the regulation. Note that Cr in Table 4 measured the
total Cr concentration, not the *‘CAWhen the ash was treated by

the newly developed gasification/melting method, the slag produced
exhibited a heavy metal leaching level well below the regulation
standards, even below the ten times more stringent standards of the
future. Thus, the slags produced by gasification/melting can be uti-
lized safely as a road material and for other purposes.

CONCLUSIONS

- A gasification/melting process utilizing the calorific value of waste
B350 1 w- B, e 1K oil as a heating energy in melting has been installed and tested. The
feed of fly ash was converted into environmentally benign slag prod-
Fig. 11. Inner surface SEM picture of slag produced from the gas-  ucts while minimizing extra fuel cost. Overall efficiencies were ver-
ification/melting plant for the feed of municipal incinera- ified to be above 90% in carbon conversion and above 70% in cold
tor fly ash mixed with refined waste oil (x1,000). gas efficiency. Tests varying feeding amounts yielded a maximum
H,/CO ratio of 1.73, which is close to the commercial gasification
es into reusable products of economic value in an environmentallyesults with natural gas. As one of the most important parameters
benign way. To verify the safety of slag, effluent tests were condin the gasifier operation, an optimalfQel mass ratio for refined
ducted to confirm that no effluent would cause leaching of heavywaste oil was found to be in the range of 0.9-1.0. However, if the
metals. There is a Korean regulation for the allowable leaching coninorganic components in the feed need to be converted to slag, the
centration of heavy metals Hg, Cd, Pb;?Gks, and CN as illus- fluid melting temperature of the feed determines the operation tem-
trated in the right-hand column of Table 4. The Korean regulationperature. For the sample of fly ash mixed with waste ail in the studly,
will become more stringent following the current Japanese regulaan Q/fuel ratio of above 1.2 was necessary in order to sustain the
tion standard so that only one-tenth level of above heavy metalseactor temperature.
are allowed. Considering the trend toward stronger environmental The effects of reducing the oxygen amount were tested to verify
regulation on heavy metal leaching that can contaminate the undethe response upon gasifier temperature and upon the produced syn-
ground water from ash reclamation sites, melting technology wouldyas compositions. In addition, results clearly illustrated that meth-
soon come into the market to replace the current direct reclamatioane content in the product gas can be utilized for indirect tempera-
and incineration methods at least for the ash containing high corture estimation inside the reactor, which is useful in considering the
centration of heavy metals. frequent breakdown of thermocouples under the hostile condition
Effluent results in Table 4 illustrate that the effluent from untreatedof reducing high temperature in gasification.
Gasification slags were confirmed to be environmentally safe in
Table 4. Comparison of heavy metal contents in fly ash, slag, and  the aspect of heavy metal leaching even with the ten times more
their effluents from water extraction stringent future regulation standards, demonstrating also a dense
structure suitable for sand replacement or fillers in construction.

Incinerator Slaq from fiv ash Korean
fly ash 9 y standard
Item ACKNOWLEDGMENT
Total  Effluent Total Effluent Effluent
wt% mgl wt% mgl mgl This work was supported by KISTEP as one of National Re-
Hg 00009 0.2090 N.D. N.D. 0.005 search Lab. Projects in Korea under the contract# 2000-N-NL-01-
Cd 00694 648680 0.0008 0.001 0.3 C-224.
Pb 0.2121 2.0960 0.0148 0.008 3.0
Cu 00541 1490  0.0239 0.018 30 REFERENCES
Cr 00531 07180 0.0143 0.088 1.50 o S
(Total Cr)  (Total Cr) (P Ahn, \1 PSI and ’Pai(, D. V\/.I, ‘(\jﬂtgﬂcatlgrrl] of Ir;ugjraztlgglAsh by Ther-
As 00051 00670 0.0019 0.001 1.0 mal Plasmas,). Korean Ind. Eng. Cherd2, 34 (2001).
_ Gu, J.H., Yeo, W.H., Seo, Y.C,, Lee, S.H. and Lee, J. K., “The Char-
CN - - - N.D. 1.0 L . . .
PCB i i i N.D acteristics of Co-Incineration of Dewatered Sludge, Waste Oil and

Waste Solvent in Commercial-Scale Fluidized Bed Incinerator’
Korean J. Chem. Endl9, 324 (2002).
Kim, J. J., Park, M. H. and Kim, C., “Performance Improvement of

Zn 07385 35359 0.0527 0.056
Ni 00088 0.1950  0.0020 0.006

Fe 02793 208130 0.1299 0.322 IGCC by a New Approach in Exergy Analysisbrean J. Chem.
Mn 00241 26250 0.0072 0.007 Eng, 18, 94 (2001).
(N.D.: Not detected). Lee, S. J. and Yun, Y., “Optimal Oxygen and Steam Feed Ratios in Waste-
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