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Study on a High-efficiency Degreasing Technology with High-temperature
Processing for Oily Waste Metal Cutting Chips using Circulation-type Superheated
Steam
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In order to enhance the quality of recycled metal disposed from metal
working factories, oily cutting chips from lace are degreased under inert gas atmosphere using
superheated steam. The adhesion rate of waste oil after processing and energy consumption for the
processing are evaluated based on the steam temperature, steam flow rate and processing time. An
aluminum cutting chip with water-soluble cutting oil disposed from a lace was introduced as a waste
material. A demonstration of degreasing system using steam-circulation type is constructed from the
viewpoint of energy saving for the operation. As a result, the target adhesion rate is satisfied
sufficiently, and the influence of steam temperature, the steam flow rate and processing time on the

degreasing performance are evaluated quantitatively.



D

2)

3)

4)

400

300

450

wth%

350

23

kg/s

450

450

23560228

450

min

1.0



SUS430

SUS430
350, 400, 450, 500 °C

27, 40, 60 m/h
( 4 8 kg/h)

(1) 6.0, 12.0 min

23 30 57 kg/h

23560228

10%

0.9 kJ/(kg K)

2.1 kd/(kg K) ( ), 2.4
kd/(kg K) ()

320 kJ/(kg K)

150 250 °C

450 40 m*/h
6.0 mim €))
(b)

— 500
@]
= 400 ~— T -
O - ~
§
7|
4 N
E‘ 200 yie T v
Pl :
100 =
Ly
0 30 ) 90 120 150
Time t [min]
System ON

Steam generator OFF

Waste material flow in

Steam flow in
Steam generator ON

—— Superheated steam generator exit
—— Processing chamber inlet

—— Processing chamber inside

— — - Processing chamber exit

—— Oil-steam separator inlet

= =+ Oil-steam separator exit

—— Reheater inlet

(b) — = - Reheater exit

@

Induction heating

Water for cooler

&)
350 400 VCVgggensed oil
450 500 27
60 m3/h 6 12

Drain from cooler

ed steam !

___________ : Induction heating Degreased metal
(b)
450
452 40 m¥/h 37.5 m*/h

6.0 min.




®

kg

Adhesion rate of oil after degreased (%)

2.00

1.50

1.00

0.50

0.00

100

40
60
100
350 500
27 60 m/h
6
10
+ 10g
+ 0.2%
350 400
400
500
400 500
400
1.0%
350
1.60
138
10%
027
u 00699 0" %00s 014
350 400 450 500 °C
27 40 60 2740 60 27 40 60 40 m¥h

Condition class

(b)

500°C

Energy consumption (kW)
w2
> wn o

[
n

I
o

350 400 450 500 °C
27 40 60

27 40 60 27 40 60 40 m¥h

Condition class
Supplement equipments (0.2kW)
Micro heater for duct 1 (1.0kW)
I Micro heater for duct 2 (0.2kW)
mm Blower (0.1kW)
mm Induction heating for reheater (2.8kW)
mm Induction heating for processing chamber

@

Specific energy consumption (kWh/kg)

350 400 450 500 °C

27 40 60 27 40 60 27 40 60

Condition class

40 m¥h

@
350

1.0



12
400°C

1.60
1.50 138

1.0 %

Adhesion rate of oil after degreased (%)
=
(=}

— —
27 40 60 27 40 60 m¥h
Condition class
(€))
15.0

5 12.5

=

g e

a

g

2

=]

3

&

2

5|

6 12 min
f_/% K_/%
27 40 60 27 40 60 m3h

Condition class

Supplement equipments (0.2kW)
Micro heater for duct 1 (1.0kW)
mm Micro heater for duct 2 (0.2kW)
mm Blower (0.1kW)
= Induction heating for reheater (2.8kW)
mm Induction heating for processing chamber

()
% 0.50
% 0.40
E 0.34 034 033
§0.30
2
5 0.20
o
>
20
g 0.10
]
g 0.00 6 12 min

27 40 60 27 40 60 m/h

Condition class
©
350°C
)

*

©
12
6
400 500
10
67
2018 USB 2p

Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi  Hirota, Influence of
superheated steam flow rate on improved
degreasing of oily metal waste, Proc. of the
8th TSME International Conference on

Mechanical Engineering
(TSME-ICoME2017), , 2017 pp.
1490-1497.
66
2017 USB 2p.
27

2017 pp. 152-155
Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi Hirota, Theoretical and
experimental investigation for oily waste



metal cutting chip recycling from a
superheated steam process temperature
perspective, Proc. of 6th International
Conference on Sustainable Energy and
Environment (SEE 2016), , 2016
USB, 4p.

Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi  Hirota, Influence of

Superheated Steam Temperature in Steam
Circulation-type Degreasing Systems on
Improved Degreasing of Oily Metal Waste,

Proc. of The 7th TSME International
Conference on Mechanical Engineering
(TSME-ICoME 2016) , , 2016 USB,
5p.
65
2016, USB 2p.
Naoki Maruyama, Hiroaki Ito, Shouki

Miyazaki and Masafumi Hirota, Experimental
Investigation of a  Circulation-type
Superheated Steam Degreasing System for
Oily Metal Waste Recycling, Proc. of The

6th TSME International Conference on
Mechanical  Engineering (TSME-ICoME
2015), , 2015 USB, 6p.

Naoki Maruyama, Hiroaki Ito, Shouki

Miyazaki and Masafumi Hirota, Superheated
Steam Degreasing System for Oily Metal
Waste Recycle, Proc. of World Engineering

Conference and Convention 2015
(WECC2015), , 2015, CD-ROM
6p.
25
2015

CD-ROM 2p

10

67
2018
Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi  Hirota, Influence of

superheated steam flow rate on improved
degreasing of oily metal waste, The 8th
TSME  International ~ Conference  on
Mechanical Engineering, 2017.

66
2017

27
2017

Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi Hirota, Theoretical and
experimental investigation for oily waste
metal cutting chip recycling from a
superheated steam process temperature
perspective, 6th International Conference on
Sustainable Energy and Environment, 2016.
Naoki Maruyama, Hiroaki Ito, Sho Okochi
and Masafumi  Hirota, Influence of
Superheated Steam Temperature in Steam
Circulation-type Degreasing Systems on
Improved Degreasing of Oily Metal Waste,
The 7th TSME International Conference on
Mechanical Engineering, 2016.

65
2016.
Naoki Maruyama, Hiroaki Ito, Shouki
Miyazaki and Masafumi Hirota, Experimental
Investigation of a  Circulation-type
Superheated Steam Degreasing System for
Oily Metal Waste Recycling, The 6th TSME
International Conference on Mechanical
Engineering, 2015.
Naoki Maruyama, Hiroaki Ito, Shouki
Miyazaki and Masafumi Hirota, Superheated
Steam Degreasing System for Oily Metal
Waste  Recycle, World  Engineering
Conference and Convention, 2015.

25
2015.
Naoki Maruyama, The 8th TSME
International Conference on Mechanical
Engineering 2017 Honorable

Mention in Thermal systems and Fluid
Mechanics(TSF)
28
AMIC
IH) 2016

MARUYAMA, Naoki

20209703



