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Reuse Technology of Slag Made from Melting Systems
for Municipal Solid Waste
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Abstract:

JFE Environmental Solutions developed a municipal solid waste (MSW) direct-melting system and two kinds of
an MSW ash melting system. Every slag generated from the systems showed high quality for safety which was
newly regulated in the Japanese Industrial Standards (JIS). To apply to road construction materials, field tests were
performed by using the air-cooled slag produced from the JFE electric-resistance ash-melting furnace mixed with
other construction materials and with the reuse materials of slag mixtures dug up after about three-year use. As a
result, the performance on the construction work showed almost the same as that of using the normal materials
without slag. Also, interlocking blocks and concrete hollow blocks were manufactured with the air-cooled slag
mixtures. The prototypes had sufficient qualities in strength defined in the standards of concrete products.
Moreover, water-cooled slag produced from the JFE high-temperature gasifying and direct melting furnace, which
satisfies the FM2.5 standard required for fine aggregate of road construction materials, was used experimentally in
the construction work as a ground material around sewer water pipes. It was found that the slag material was fully

applicable for the application.
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Table 1 The safety quality example of JFE Environmental Solutions melting system

Molten gasification Electrical resistance Plasma melting Standard value of
Item system melt system system JIS A 5031 (Concrete for concrete derived)

A Plant C Plant D Plant JIS A 5032 (The road for road construction)

g Cd < 0.001 < 0.005 < 0.001 = 0.01

12 g Zn < 0.005 < 0.005 < 0.001 = 0.01

Es Cr*e < 0.005 < 0.04 < 0.005 = 0.05

s As < 0.005 < 0.005 < 0.001 = 0.0l

5 | THg < 00001 < 0.0005 < 00005 = 0.005

§ Se < 0.005 < 0.005 < 0.001 = 0.01

£ F < 0.1 — < 0.05 = 05

= B < 0.1 — < 0.1 = 10

=c Cd <1 < 1 < 0.05 = 150

ﬂg’ g Zn 5 <5 23 = 150

= Cr*¢ <1 < 5 <2 = 250

8 As <5 < 5 <5 = 150

g T-Hg <1 < 0.05 < 0.01 = 15

E Se <10 <5 <1 = 150

g F <5 120 — =4 000

= 85 140 — =4000
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Table 2 Indoor test results of Roadbed material

Item Upper roadbed material
Recycling roadbed material, RM-40 50% slag Mixture, C-40 Standard value
Optimum water content (%) 11.0 7.1 —
Maximum dry density (g/cm?®) 1.982 2.193 —
17 times 45 73 —
CBR values (%) 42 times 102 127 —
92 times 157 224 —
Corrected CBR** values (%) 95 108 =80
Plasticity index (%) NP* NP =4
Item Underlying roadbed material
Recycling roadbed material, RC-40 50% slag Mixture, C-40 Standard value
Optimum water content (%) 10.5 5.6 —
Maximum dry density (g/cm®) 1.967 2.163 —
17 times 27 45 —
CBR values (%) 42 times 75 99 —
92 times 136 170 —
Corrected CBR values (%) 66 84 =30
Plasticity index (%) NP NP =6

*NP: No measurements and its satisfy the standards
**CBR: California Bearing Ratio
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Table 3 Measured values shift of road surface cross section shape (Construction district I)

Eypgj;esr/osfu?lfl;ct: 1;Zyer Measurement Measured values (mm) Variation f“’“? shortly
Mid/Upper lyiqg roadbed position Shortly after 3 months after | 15 months after | 37 months after gf;tigg?hsstr;fctzro ?nt]?n)
Lower/Underlying roadbed construction

Recycled dense graded A 1 1.5 1.5 1.5 1.0 -0.5
asphatt conerete Construction | 2 40 4.0 50 45 0.5

RC-40 district 3 40 4.0 70 70 3.0
Recycled dense graded 1 4.5 4.5 5.5 5.5 1.0

asphalt concrete B 2 6.0 6.0 70 6.5 0.5

Slag mixture Construction

AP district 3 40 4.0 4.0 5.0 1.0
Recycled dense graded C 1 6.0 6.0 7.5 7.0 1.0

ff&lﬁl(; concrete Cpn;truction 2 2.5 3.0 4.0 3.0 0.5

Slag mixture RC-40 district 3 6.0 6.0 8.0 9.0 3.0

Slag mixture Recycled 1 5.0 5.5 6.0 6.0 1.0
Sgﬁ(szfe%cr:aded ssphal Constrlli:tion 2 19 10 30 25 1.0

o district 3 4.0 4.0 65 50 1.0
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Table 4 Compounding test results of Slag mixtures for Reuse roadbed material (Construction district II)

Underlying roadbed material Upper roadbed material
ftem f{(gﬂ%lag Mixture Standard value 15;1)\(;{(1 :(l)ag Mixture Standard value

Optimum water content (%) 7.0 (6.5) — 7.8 (7.5) —
Maximum dry density (g/cm®) 3.034 (2.028) — 3.043 (2.033) —

17 times 35(32) — 63 (65) —
CBR values (%) 42 times 70 (66) — 98(96) —

92 times 110 (106) — 120 (124) —
Corrected CBR values (%) 65 (58) =30 82 (80) =80
Plasticity index (%) NP =6 NP =4

In parentheses after the initial construction time
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Table 5 Slag physical characteristics examples

Ttem Measured | Standard Remark
values value
53 100.0% 100
Percentage 37.5 98.1% | 95-100 Crusher-run
Passing Sieve o stone
(Sieve Size, 19 67.8% | 50- 80 40-0 mm
mm) 475 18.5% 15— 40 (C-40)
236 11.5% 5- 25 D@
' Upper
Abrasion loss 23.8% | =50 roadbed
material
Surface
Absorption 0.64% | = 3.0 layer -
Substratum
L. Surface
zﬁﬁgg”ﬁﬁiﬁm 2628 | = 245 |@, @ | layer -
Ty Substratum
Upper
Stability 4.1% =20 ®), @ | roadbed
material
Underlying
Corrected CBR values | 83.0% =30 @ |roadbed
material

Remark number of D-@) is following next standers.

(DIJIS A 5001 (Crushed stone for road aggregate)

(21J1IS A 5015 (Iron and steel slag for road construction)

—JIS A 5032 (Melt-solidified slag material for road construction
derired from municipal solid waste and sewage sluge)

(®IIS A 5005 (Crushed stone and manufactured sand for concrete)
=JIS A 5031 (Melt-solidified aggregate for concrete derived from
municipal solid waste and sewage sludge)

(DSummary of asphalt concrete pavement (Crushed stone)
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Table 6 Mix proportions of the prototype Interlocking
(kg/m’)

Using material Permeability A | Permeability B
Water 88 88
Portland blast-
Cement furnace slag 400 —
cement.
B species
Ordinary port- . 340
land cement
Silica fume — 20
Blast-furnace o 40
slag
Fine aggre- Slag 220 220
gate
Coarse ag- Slag 1896 1900
gregate
Cl_lemlcal ad- 4 4
mixture
Slag weight
ratio (%) 81 81

SFH L TWbo

SRIHTHEEESNZAT 7L, BISIIRT I B
B OMEMBET T v MG SN TV 2, TR RN
(RC40) WCRELCTHMAATE S X9, B OB
(A kR, WAt CRIEE, WEE)) IS/ LAAT 7%
HEFELITL TWw5,

AT 7MLEMBO 70 —2R 4 1R T . AT ZIEmiih
INv=27 Iy Tx) THFRELA®E BERE (ML) <,
AT LG ET 5,

COLHIWIMLL7ZAT 7 OFEE, REIRT LI
Wil - I - WERBTLZEIZEDV 79y Vv T2 40~
0mm (C-40) MY JIS MM % i fd L7,

AT T DIORENKE L, F/2BIE CBRiED &<
AT N A

32 AYHIU—FZREZDEHELTOFA "

321 A4>&F—0Ovy*x>770y 7 DB

WBME LTIRIES M SN SR EHEKES v & —
Oy drr77ay 7 OEE LT, B REREL %
WAT 7%, K6 ORASMTHEMN, MHEMICERER
L, @EO#EES 4 v TiEL 7

RIWATIREEKNEA vy —avF o rTayro
BRI B & KRB DR B2 R,

AT T EMEM, HEMICaRERL, SRERLET
81%FTHMLTYH, O NMEICHEL o720 EK
REIHAEMETH 5 0.0l em/s L EZR L72e F D1,
FEBRMEA vy —ayF Ty 2 T0%UEAT T AD
BWHTOT I — 7 PEEEN TV 5,

JFE #:# No. 19 (2008 4£ 2 1)

x7 Bffra—0Ovx>7 70y 7 OMITEE
Table 7 Bending strength of the prototype Interlocking

Type of inter- Age Bending strength | Hydraulic con-
locking & (N/mm?) | ductivity (cm/s)
Permeability A 7 days 4.38

(81% slag mix- JASS7 0.06 | jASS7
ture) 6 months | 4.18 Standard Standard
Permeability B 7 days | 3.72 | value value
(81% slag mix- =3.0 0.013 | =0.01
ture) 6 months | 3.85

JASS: Japanese Architectual Standard Specification
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Table 8 Mix proportion of the prototype Concrete hollow

blocks

Using material | Compounding amount (kg) | Blending ratio (%)
Cement 330 11.2

Sand slag 400 13.6
Powder slag 300 10.2
Crushed sand 1 000 34.1

River sand 250 8.5
Pumice 650 222

Total 2930 100

£9 a7V —- b IERTOY 7 DEREERE
(X5 7% 23.8%)
Table 9 Bending strength of the prototype concrete hollow
blocks (23.8% slag mixture)

Test results Standard value
Maximum strength (kN) 39.2 —

6

1%

Compressive strength (N/mm?) 9.9
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Table 10 Results of aggregate test

Test results JIS A 5032
Standard value
Absolutely oven-dry density (g/cm®) 2.63 =25
Water absorption (%) 0.56 =3.0
Corrected CBR values (%) 34 —
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Photo 1 Experiment work (Work of first layer)
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Photo 2 Experiment work (Hydraulic filling at second layer)
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Fig.6 Results of Compacting experiment work
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