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Study of a Refuel System with High Efficiency to Process Waste Material using Circul
ation-Type Superheated Steam

MARUYAMA, Naoki
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The advantages of introducing a superheated steam waste recycle system to process
oily metal waste is evaluated from the viewpoint of high-quality waste material recycling. A practical cir
culation-type superheated steam degreasing system is introduced in order to avoid heat loss by the latent
heat of evaporation. The evaluation parameters of the degreasing system chosen here are the energy consump
tion of the system and the amount of degreasing oil. As a result, the circulation-type superheated steam d
egreasing system conserves more energy and can remove more oil from waste material than the once-through t

ype systenm.
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(a) Once-through type system

Induction heating

(b) Circulation-type system

Fig. 1 Heat and energy balance of
degreasing system using superheated steam
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Table 1 Theoretical conditions of energy
balance analysis based on preliminary
experimental results

Temperature
Metal and oil at the | 7 ., T, .
- - " " 15 °C
processing chamber inlet
Superheated steam at the Tos
; _ ’ 400 °C
processing chamber inlet
Metal, oil and superheated To2s
steam at the processing chamber Toss Ton 250 °C
exit
Superheated steam at the Toa
: " 150 °C
super heater inlet
Superheated steam at the Ta
_ ’ 400 °C
super heater exit
Enthalpy of superheated steam
at the processing chamber hs.
_ ’ 3.28 MJ/kg
inlet at 0.1 MPa, 7,
at the processing chamber hs.,
- ’ 2.97 Mi/kg
exit at 0.1 MPa, T,
at the super heater inlet at A,
’ 2.78 MI/kg
0.1 MPa, T,,
at the super heater exit at hg.,
’ 3.28 MJ/kg
0.1 MPa, T,
Mass flow rate
Superheated steam mg 1.25x 10 kg/s
Metal My, 7.0x 102 kg/s
oil My 1.7x 10 kg/s
Specific heat
Metal (Aluminum) c, 0.9 kJ/(kg K)
0il (cutting oil) c, 2.1 kJ/(kg K)
Evaporative latent heat of oil L, 320 kJ/(kg K)

AQhm = My (T2 = Tia)
=7.0x 103 x 0.90x 10° x (250-15)
= 1,480 W )
AQp, =y {Co (To,z _To,1)+ Lo}
=1.7x 10*x {2.1x 10°x (250-15) +

320x 10%}= 140 W 6)
AQp = 1,480 + 140 = 1,620 @
Ey= 5.0 ki

AQh,s = _ms(hs,Z - hs,l)
= -1.25x 10 x {2.97x 10° -
3.28x 10° = 390 W )
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Qh, pc = AQh,w - AQh,s
=1,620 - 390 = 1,230 W (©))
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(b) Circulation-type system
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T TR Fig. 2 System configuration of degreasing

=5.0+2.2+0.6=7.8kW 12) system using superheated steam
Eat

=— = 1.1 MJ/kg (13)
My + My
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Qh,sh = ms(hs.4 - hs,S)
= 1.25x% 1073 x (3.28x 108 -

2.78x 10°) = 625 W (14)
Eg = Q- g 1 (15)
NiTlc

(b) Oily metal waste

Fig. 3 Superheated steam degreasing
demonstration system and example of waste

material
Eci :Epc+Esh+Eb
=2.2+1.1+0.6=3.9kW (16)
&, —E—Cﬂ = 0.54 MJ/kg an
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Table 2 Experimental condition

Mass flow of superheated steam

1.3x 1074 kg/s

Mass flow of metal

7.0x 1072 kg/s|

Mass flow of oil

7.0x 10 kg/s|

Branch pipe for micro heater output 1.0 kw
Oil-water separator inlet from the
F 0.3 kw
cyclone for micro heater output
3.0 kw
0.47 kWh/kg 0.39
kWh/kg
41 %
32%
14
” Total 11.9 kW
g TRORWAID ct hecter
gl 0 - Total 9.9 kW
B3
E 55kw
| rocsm: gakw. g
| Froces g
B, 0.1 kW
2 sokw UM sskw
2 Generator

Once-through type system Circulation-type system

et et

0.47 kWhkg 0.39 kwhkg

(a) Energy consumption

Once-through b -y Circulation-ty

(b) Degreased oil

Fig. 4 Comparison of performance of energy

consumption and degreased oil
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