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Fabrication of Porous Solidified Materials from Blast Furnace Slag Using Hydrothermal Hot-pressing Method
and Measurement of Thermal Conductivity of Solidified Materials

Nobumitsu HIRAL, Soichiro MAEDA, Shigeru KATSUYAMA and Toshihiro TANAKA

Synopsis : To produce insulating construction materials using hydrothermal reaction from blast furnace slag (BF slag) such as air-cooled, air granulated,

and water-cooled slags, we investigated the fabrication of porous solidified materials from BF slag by a hydrothermal hot-pressing method.

The thermal conductivity of the solidified materials was also investigated. The experimental conditions were; hydrothermal holding time

from 0 to 120 min, hydrothermal temperature from 250 to 350°C, hydrothermal pressure from 20 to 80 MPa, and slag powder sizes less than
15 um, 3924 pm, 8421 um, 17872 um, 3752125 ym and more than 500 um. It was found that growth of the hydrothermally reacted
phase led to a higher density and higher thermal conductivity of the solidified materials. It was noteworthy that the thermal conductivity of

the hydrothermal solidified materials became smaller when the size of the slag powder was larger. This was because the more porous struc-

ture introduced into the solidified materials resulted in a lower density of the solidified materials. It was also found that glassy slag such as

water-cooled and air granulated slags can be solidified even if the size of the slag powder was more than 500 ym.
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Fig. 1. XRD patterns of BF slag.
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Fig. 2. Schematic illustration of a cross section of the au-
toclave for hydrothermal hot pressing.

Table 1. Chemical composition of the BF slag used in this study (mass%).

CaO Si02 AlxO3 MgO MnO T.Fe S
Air-cooled slag 41.3 34.7 14.1 6.62 0.27 0.49 0.63
Air granulated slag 41.9 34 15 7 0.3 0.3 0.8
Water-cooled slag 41.5 35.8 15.3 5.48 0.28 1.58 0.79
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Fig. 4. SEM images of cross sections of autoclaved BF slag at different hydrothermal times.



I 4

$k & 48 Tetsu-to-Hagané Vol. 95 (2009) No. 1

e Q<
RO -

S O e
[ o N

¢ Water-cooled slag

e
&)

< Air granulated slag
O Air-cooled slag

Thermal Conductivity, A / Wm™'K"!

e
=

(=]

0 50 100 150 200 250 300 350
Hydrothermal time, t / min
Fig. 5. Thermal conductivity of autoclaved BF slag mea-

sured at room temperature as a function of the hy-
drothermal time.

l‘ 350°C
= I
= 300°C
z ‘
g
E
250°C
-—-"A‘
As received
10 20 30 40 50 60 70 80

208 /°

Fig. 6. XRD patterns of autoclaved water-cooled slag at
different hydrothermal temperatures.
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Fig. 7. SEM images of cross sections of autoclaved water-cooled slag at different hydrothermal temperatures.

WPR % T - 72,

ARERERFT R D AKIERZ 5 712 DO XRDEIE LR T 7=,
ER B & OV AP D FRHI 33 B HlE RS R £ Fig. 612
A, XA 6, MEEEE A 250°C ORBHIER & E U <
H T ZIKRETH 1, WLEEEE 300°C, 350°C Tid Hibschite

PER LT Ehbhr oz, 72, LERE300°CIZHEX,

350°C TR DE — 7 b TLIIREL LoTnE T &
o, MFEED FAICKDEEEPET L 22 e nbe
5,

fERL U 72 [EAL AR O SEM BRERASE SR % Fig. 71273, [H
iz T, BEE 300°C, 350°CORRHI DWW TRT
BHCAKRBRIGHEA R 5, BEAT 2R FHrBE I,
7o N7-EHL RO BYREROMER R % Fig. 8128, [H
Xl &0, IR 250°C 5 6 300°C {2 h 1T TEYmE R IZ K
ML, 300°C & 350°C TIIZIT ~ETH -7z, BB,
REL SO E B EOBE L A58ET L, BMRERII KX
EBZENbhrorz, Zhid, Fig. 7R LEE S,
RESILFEIRFE 300°C Bl FIZ 35T, BRI F-RAD 24k (1%
HIFL) HKERIGH CTHE > Z EAFERTH B EE X5
hs,

1
0.9 |
0.8 f ;
0.7 f
0.6
05 ¢
0.4 |

03 r
0.2r

Thermal conductivity A/ Wm''K"!

0.1F

0 1
200 250 300 350 400
Hydrothermal temperature, T/ °C

Fig. 8. Thermal conductivity of autoclaved water-cooled
slag measured at room temperature as a function of
the hydrothermal temperature.
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Fig. 9. SEM images of cross sections of autoclaved water-cooled slag at different hydrothermal pressures.
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Fig. 10. Thermal conductivity of
autoclaved  water-cooled
slag measured at room tem-
perature as a function of
the hydrothermal pressure.
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Fig. 12. Thermal conductivity of autoclaved BF slag mea-
sured at room temperature as a function of the av-
erage size of the slag powder.
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Fig. 13. Bulk density of autoclaved BF slag measured at
room temperature as a function of the average size
of the slag powder.
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