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Fig. 1-1 Recycling process of waste materials.
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Fig. 2-1 Overall view of Suga wear testing machine.
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Table 2-1 Chemical composition of each test material.

C Si Mn Cr Ni P S

S45C 046 025 079 0.19 0.70 0.027 0.017
SUS304 0.04 0.64 092 808 18.11 0.045 0.030
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(a) Microstructure of S45C
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(b) Microstructure of SUS304

Fig. 2-3 Photo of plane bending fatigue test machine
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Fig. 2-4 Reproducibility of the experimental results with a load change in the S45C.
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Fig. 2-5 Reproducibility of the experimental results in the changes of surface roughness in SUS304.
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Carbide component elements(V.Cr.W. Mo etc)

[ .Melting [T .Casting I Y block producing [V. Abrasive wear test

_ Cutout-grinding (Chapter 3)
V. Production of
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The selection by test result

VI. Physical testing VI Physical testing
bv the glass crusher{Chapterd) by the guillotine cutting machine( Chapter3)

Fig. 2-7 Manufacturing process of the test material
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Table 2-2 Chemical composition of each spheroidal vanadium carbide cast iron.

(mass%)

C Si Mn Ni Cr Mo V Fe
SCI-VCrNi ~ 3.00 1.00 0.60 8.0 18.0 - =10 Bal
SCI-VMn 3.00 0.50 =10 - 0.50 - =10 Bal
SCI-W 3.00 1.00 0.40 - - 0.50 =10 Bal

-24-



Table 2-3 Chemical composition of multi-alloy cast iron. (mass%)

& Si Mn Cr Mo \Y W Co Fe

10%Co 2.00 0.50 0.50 5.00 5.00 5.00 5.00 10.00 Bal

-25.
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Table3-1 Chemical composition. (mass%)

C Si Mn P S Ni Cr Mo V W Co Fe
12Cr 324 070 097 0.02 0.01 - 115 - - - - Bal.
17Cr 3.14 077 079 0.02 0.01 - 16.4 - - - - Bal.

\S‘((‘;Il:h 299 073 0.60 002 002 796 177 - 12.2 - - Bal.
SCI-VMn 3.00 0.70 122 0.04 0.01 1.60 0.50 - 13. - - Bal.
SCI-W 340 090 040 0.01 003 290 - 0.50 12.7 - - Bal.
10%Co  2.04 045 001 0.036 0.016 - 473 473 537 471 1091 Bal
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quenching

annealing 1050°C X lhours
é-)_ 950°C < Shours
E_E( furnace forced-air t;\mpermg
= cooling cooling 525°C X 3hours
furnace
S‘loo.ling
IEF [1], hour

Fig.3-1 Heat treatment condition of multi-alloy cast iron.
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(a) High chromium cast iron

SCI-VCrN1 SCI-VMn SCI-W

366HV

(b) Spheroidal vanadium carbide cast iron

10%Co
783HV

(c) Multi-alloy cast iron

Fig. 3-2 Microstructure of specimens.
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12Cr 17Cr

(a) High chromium cast iron

SCI-VMn SCI-W

SCI-VCrNi1

(b) Spheroidal vanadium carbide cast iron

10%Co

(¢) Multi-alloy cast iron

Fig. 3-3 EDS surface analysis of specimens.
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Fig. 3-4 Suga wear test results for each test material.
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12Cr

(a) High chromium cast iron

SCI-VMn

(b) Spheroidal vanadium carbide cast iron

10%Co

(c) Multi-alloy cast iron

Fig. 3-5 SEM photographs of abrasion surfaces
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(a) Wear surface of 12mass%Cr

15 0 I I T
* 0 300 600 900 1200

a0
(b) Wear surface of SCI-VMn

Fig. 3-6 Cross-sectional height and three-dimensional model of the wear surface.
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(b) 17mass%Cr
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(d) EPMA analysis results of SCI-VMn

Fig. 3-7 EPMA analysis of the results of each test material.
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;,;f_w
(b)

Fig. 3-8 Method for measuring the area ratio of the carbide
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Table 3-2 Volume fractions of carbides and Vickers hardness of specimens. (mass%)

Specimens 12Cr 17Cr  SCI-VCrNi  SCI-VMn  SCI-W  10%Co
Volume fraction ; o ) =0 .
. o 27.90% 29.30%  22.6% 12.1% 16.5% 13.0%
of carbides
Hardness 584HV 603HV  360HV 366HV  487HV  783HV
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Fig.3-9 Vickers hardness changes before and after abrasive wear tests of specimens.
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Table 4-1 Chemical compositions and Vickers hardness
of SCI-VCrNi, SCI-VMn and SCI-W.

Mass%
Specimen C Si Mn  [Ni Cr \" Hv
SCI-VCrNi 3.0 1.0 0.7 8.0 18.0 |10.0 |320
SCI-VMn 3.0 0.5 13.0 |— — 12.8 |380
SCI-W 3.0 1.0 104 <50 |[— 12.8 900
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SCI-VCrNi1 SCI-VMn SCI-W

Fig. 4-1 Microstructure of SCI-VCrNi, SCI-VMn and SCI-W.
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SCI-VCrN1

SCI-VMn

SCI-W

Fig. 4-2 Three sort of trial shredding blades made by Spheroidal carbides cast iron.
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Fig. 4-3 Uniaxial rotational glass shredder.
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After Crushing
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Fig. 4-4 Crushed glass of waste fluorescent lamp.
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Fig. 4-5 Wear loss Vs. Operating time in SCI-VCrNi, SCI-VMn and SCI-W.
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Fig. 4-6 Macro photographs of shredding blade after test.
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After 6hour 15min

SCI-VCrNi1

SCI-VMn

After 25hour 55min

After 53hour 4 lmin

Fig. 4-7 Wear appearance of shredding blades as a function of operating time.
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SCI-VCrNi

Fig. 4-10 Vertical section observation of SCI-VCrNi, SCI-VMn and SCI-W.
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Fig. 4-11 Vickers hardness distribution from test surface of SCI-VCrNi, SCI-VMn and SCI-W.
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Fig. 4-12 Test surface morphology of SCI-VCrNi, SCI-VMn and SCI-W.
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Table 5-1 Chemical composition of each test material (mass%)
€ S1i Mn Cr V Ni others
SCI-W 3.0 09 0.4 — 13 5 Mo, W
SCI-VMn 3.0 0.6 e = 10 — W
10%Co 2.0 0.5 0.5 49 4.9 — Mo, W.Co
SKDI11 1.5 0.3 0.4 12 0.3 — Mo, W
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SCI-W SCI-VMn 10%Co SKDI1

Fig. 5-1 Microstructure of specimens.
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Cutting material
Upper brade

Blade angle

Lower brade

Fig. 5-2 Schematic diagram of a guillotine cutting.
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fracture surface s

shear drop
J / \

Side

Fig. 5-3 Schematic view of a sheared surface.
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Fig. 5-4 Photos of guillotine cutting testing machine.
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Table 5-2 Material and hardness of the cutting blade

[ES
SCI-W HRc 58~ 60 B e L
SCI-VMn |HRc 35~ 40 BEA, BER L
10mass%Co |HRc 65~ 66 BEAN, BER L
SKD11 HRc 55~ 60 g

-85.




ok s MASS  lhol
ot DESCRIPTION k| waTeRnL STANDARD NO. | PROCESS REMARK
(i Fon one | ToraL
1| et 1 oo 00
1 2 0.0) 0.0]
1 3 0g 09
IM= 0000 Ckg)
1 238
| °
& " . 3
LE % 95! 9501 %
[
AR §  BROFY (rTLr)
8.8 /1
5 g = ++—-E-— ——
\
€8S\ \
#ERY B EROF (rT1er) \
9 \ 3-108v915%9
XX
xoooxx| % d
E1 E2 wsroren | wow o, e "0
TG RS ISB0L0shyy | BBEE O ~ [scate | 111 [ DATE  2011-06-28
L T . 54 DRAWN | CHK'D | INSP. | APPR. N J:}j
wEGAm | $E&m | EEAm | fESm _Fya_
e e T B 8 | » | o | ou I-1v1
scosn | 0z | woocaszn w2 3 ~ W6 N T Thev.no
03 T ] | |
TR E— s 2= oev A ORIGNAL oo [ XX ¥ 100000 AACOOONIAQ
o Reas

(a) Drawings of the cutting blade (upper blade)
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(b) Drawings of the cutting blade (lower blade)

Fig. 5-5 Shape of the cutting blade of the guillotine cutting testing machine.
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Fig. 5-6 Transition of Load of cutting.
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Fig. 5-7 Strain diagram of SCI-W.

cutting load (kN)
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Fig. 5-8 Strain diagram of SCI-VMn.

cutting load (kN)
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Fig. 5-9 Strain diagram of 10%Co.

-91.



strain
Maximum principal stress (MPa)

Vertical strain

Horizontal strain

Maximum principal stress

Cutting load I

200 ‘ 100
9 {380
-200
400 160
-600 140
-800
-1000 \ 1%°
200 bl a1y
0 50 100 150 200 250 300 350 400

Time from the start of cutting (msec)

Fig. 5-10 Strain diagram of SKDI11.

cutting load (kN)
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SCI-W SCI-VMn 10%Co SKDI1

Before
test

After
test

Fig. 5-11 Macrophotograph of the cutting blade.
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Fig. 5-12 Photo of shape measuring device.
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Fig. 5-13 Moving direction of the probe.
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Fig. 5-14 Shape of the crushing blade of SCI-W.
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Fig. 5-15 Shape of the crushing blade of SCI-VMn.
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Fig. 5-16 Shape of the crushing blade of 10%Co.
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Fig. 5-17 Shape of the crushing blade of SKD11.
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