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Properties of Iron and Steel Slag Hydrated Matrix Exposed
in Sea Area for Long Period
H EFFAREE INOUE Yotaro

sk A% MATSUNAGA Hisahiro
Y& U WATANABE Keiji

JFE 2 F—v 2 F— I A5 2 - ik B ERE GERRR)

JFE 2 F— v 2 F—)VIltZEHT A7 2 - it kPIse

JFE 2 F— v 2 F— Vil 25 2 - i RPIDIZETE - L (T4

£5

BB R 5 2, EaESEMICEF R 7 2 MR IV 2 88 2 7 2 KRIEILA T7 207 5 — %) &
CHRTE S, 910 ARRRICET L 720 MBI ORI I3 2B EM DS S iz, JERREE L 27~30 N/mm®
TdH hBERFO 2 5L FIC ER U, RN O EEUREUE T T 0.04~0.16 cm®/4E, T 0.3~0.5 cm®/4E
ThHotee TS BT 2 FIPMEES I3 25 mm TH D, P LEEFREIIEE2 > 2V — X D/NS o7,
AL NS P EICEN 2SR FIE Lk, dicas 2 ) — R ekklc, 7V —FvERIEo4 e E,
MU SO DEAFHSR A R L 72,

Abstract:

“FerroformTM”, iron and steel slag hydrated matrix, consisting mainly of steelmaking slag as aggregate and ground
granulated blast furnace slag as binder, were exposed in sea area for 10 years and were examined. Many organisms
were confirmed on the surface of samples at undersea zone. The compressive strength of test sample was 27-
30 N/mm?, which is more than twice as high as same sample after standard curing for 4 weeks. The apparent Cl
diffusion coefficien was 0.04-0.16 cm®/year at tidal zone and 0.3-0.5 cm®/year at undersea zone. The average
neutralization depths at tidal zone was 2.5 mm, and the neutralization rate coefficient was smaller than that of ordinary

portland cement concrete and slag cement concrete. Pore size was small, which is consistent with the results of small

fHi Iﬁfﬁhﬁ EIFE) « B (BREEE

neutralization rate coefficient. Generation and eluviation of Friedel’s salt, and condensation of SO3 were confirmed.
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Table 1 Specific mix proportion

. . Quantity of material per unit volume of concrete (kg/m3)
Max size of Water-binder - -
aggregate (mm) ratio (%) Water Aggre_gate: Ground granulated Fly-ash Alkal_lne stimulus: Admixture
steelmaking slag blast-furnace slag lime dust
40 43 265 1 360 340 244 70 2
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Photo 1 Seawater canal in Kurashiki area Fig.1 Exposure conditions: tidal zone and undersea zone
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Fig. 2 Measurement points and measurement items of a sample at tidal zone
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Photo 2 Surface appearance of a sample at undersea zone
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Fig.3 Compressive strength of samples at tidal zone and
undersea zone

3.2 [EHEsRE

— i AR EAIERE R 2 B 3 IR T, T BMI 5 FEIC
THim» 6, M7 F%dEh, 8L UTHE D> 5 ERELL
TEY, 2OBOFKEL LY TURT, EfmE 3 LA
MR 7R LTzo 10 4RSS M ICIREGE S e egfias 2y —
FEREELIHE Y Ik sy, BREN~FOE 10 4 CIERR
EXPEHLar 2 ) —M3E@ERvET o FeX s F2ff
L7z DT2MAH 1RK, SFeXx> F2HLIZLO
T 3MIEH 3MIATH 572, THICHLATAH TRV
NOKHET b IRFEILK) 10 FERGRZICE VT, 28 HEHER:
AR LENCREE O FRDSHERE S N D, 156 R EEREE 12
BLicar s ) —rTlE, EFRZ 7 ROMAH LR
B3 28 HIREE SN § 5 15 EBME O FREI S W»
R >Tw3 Y BT 2 KRIEL A BVLTLa Y
7 ) — kAR, SRR 2R ROMRERS K-
DT D& D RIBAEKEETE I HE K E DB I LI
ZioN5,

3.3 BHEE

PR 2 7 Z7OKME etk o#kfia> 2 ) — MU L To

40

(%
(=]

s€a Zoneg

Cl concentration (kg/m?)
= S

o
0 5

0 10 20 30 4 0 60 70
Distance from surface (mm)

K4 FREHICBFREMDEDBENT
Fig.4 Cl concentration distribution of samples at tidal zone
and undersea zone
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Fig.5 Cldiffusion coefficient of samples at tidal zone and
undersea zone
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Table 2 Neutralization depth of a sample at tidal zone

Neutralization depth (mm) Neutralization
Number of rate coeffcient
measurements Min Max Ave (mm/ «/W)
42 0.0 5.5 2.5 0.81
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Fig. 6 Neutralization rate coefficient of a sample at tidal zone
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Table 3 Pore size measurement results of samples at
tidal zone and undersea zone

Tidal zone Undersea zone
Measurement item 0-10 | 40-50 | 0-10 | 40-50
mm mm mm mm
Total pore volume ml/g| 0.156 | 0.178 | 0.128 | 0.136
Total pore speciffic | 201659 576|507 |463
surface
Porosity % 127.5 322 25.0 26.7
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Fig. 7 Pore volume distribution of samples at tidal zone and
undersea zone
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Table 4 Mineral phase of samples at tidal and undersea zone

Tidal zone | Undersea zone

Mineral phase 0-10 |40-50| 0-10 | 40-50
mm mm

(©) O

Calcite: CaCOs3
Vaterite: CaCO3

Friedel’s salt:
3Ca0 (A2Os) * CaClz * 10H20

Hydrotalcite:
MgsAL(OH)12(COs) - 4H20

Calcium hydroxide: Ca (OH)2
Hydroxyapatite: Cas(PO4);(OH)

Ettringite:
3Ca0 * AlLOs3 - 3CaSO4 - 32H>0

Magnetite: Fe3O4

Hematite: Fe.Os

Akermanite: 2CaO + MgO - 2SiO»
Silicon dioxide: SiO» @)

0O, O, A, —: Maximum diffraction line
©: Over 5000 counts, O: 5000~1 000 count
A Under 1 000 counts, —: No counts
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Fig. 8 Elemental distribution of a sample at tidal zone
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