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Material recycling of blast furnace slag by phase separation of glass

Shinichi Sakida'", Syuuhei Mikami’, Tokuro Nanba® and Yoshinari Miura’
Environmental Management and Safety Section, Health and Environment Center, Okayama University, 3-1-1,
Tsushima-Naka, Okayama-shi 700-8530, Japan'
Department of Environmental Chemistry and Materials, Faculty of Environmental Science and Technology, Okayama
University, 3-1-1, Tsushima-Naka, Okayama-shi 700-8530, Japan2

Abstract: A novel recycling process of blast furnace slag was developed in order to obtain colorless silica-rich solids by
using phase separation of borosilicate glass. B,O; was added to blast furnace slag to promote the phase separation. The
slag glasses were heat-treated above glass transition temperatures. The slag glass prepared from blast furnace slag
gelled after the heat treatment and the subsequent three types of acid treatment. The ratios of SiO, component in the
gels were 40 — 60mass%. On the other hand, phase separation was observed on the surface of the slag glasses prepared
from pre-treated slag by 2.5N HCI after the heat treatment. After soaking in acid, they did not gel and changed to
insoluble colorless solids. According to compositional analyses, it was found that the insoluble colorless solids
contained 70 - 90mass% SiO,. No colored ions such as Cr, Mn, and Fe were confirmed in the remaining insolubles by
optical absorption measurement. Therefore, the colorless silica-rich solids were successfully obtained in the present

process. The end products obtained in the present process are expected as material of glass.
Key words: Blast furnace slag, Recycling, Colorless silica-rich solids, Phase separation, Glass
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Table 1 Analyzed compositions (mass%) of blast furnace
slag and pre-treated slag by 2.5N HCL

Table 2 Nominal compositions (mass%) of the slag
glasses prepared using blast furnace slag, pre-treated
slag by 2.5N HCIl and B,0; reagent.

“Sample name Nominal composition (mass%)
[s8b2] Blast furnace slag 80 : B,O; 20
$9.5b0.5 Pre-treated slag 95:B,0; 5

s9b1 Pre-treated slag 90 : B,O; 10
s8.5b1.5 Pre-treated slag 85:B,0; 15
s8bH2 Pre-treated slag 80 : B,0O; 20
s7b3 Pre-treated slag 70 : BOs; 30
s6b4 Pre-treated slag 60 : B;O; 40
s5b5 Pre-treated slag 50 : B;O; 50

Component  Blast furnace slag  Pre-treated slag
CaO 50.4 39.1
SiO, 25.1 347
Al;O4 11.9 16.6
P,04 431 3.96
MgO 3.77 2.14
S 2.21 1.38
KO 0.83 0.80
TiO, 0.59 0.61
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Table 3 Glass transition temperatures (T;) and
crystallization temperatures (T,) of the slag glasses.

Sample name T, (C) T, (CO)
[s8b2] 632 729
§9.5b0.5 700 790

s9bl ' 662 742
s8.5b1.5 680 715
s8b2 630 710
s7b3 625 700
s6b4 620 690
s5b5 620 680
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Analytical composition of blast furnace slag and three types of gel after the heat treatment

at 655°C-16 hr and the subsequent three types of acid treatment by XRF measurements.



100 1 1 1 1 1 1 1
blast furnace slag
~ pre-treated slag
P (0] | $9.5b0.5
g s9b1
o s8.5b1.5
= o | s8b2
- s7b3
€ s6b4
o 40 ................................. 35b5
)=
(o)
(ST, To] " [SIEEN 1721 R -
0 E:ff Ve IV -
CaO ' Si0, 'ALO; P,0Os MgO' S ' K0 ' TiO,

Fig. 2 Analytical composition of blast furnace

slag, pre-treated slag by 2.5N HCI, and the

insoluble end products obtained from the slag glasses prepared from the pre-treated slag after
the heat treatment and the subsequent acid treatment by XRF measurements.

MIZS, TiIO, Tix, LBBOEIENIZLEALEEDLLR
WMEIM L TWARBRLUZRDT, SMEETHARL—
R o FHICRVAENARVAEERD S X H IR
bhd, WTFRIZLTH ZO4RSIZBELTIE, bo
LEBIZEFTHEY LA TIEMTRELDOTHY
SBOBELE VXD,

Fig. 3121X, SV IZRDOHAF 2 & T EDIRBETI16
hZVLEE L, 2. 5NERE TR < HE - 72 3REL R i1 OSEME
BEZRLTWD, ZIZT, s9bl_702°C_16hiEs9bl A
FIHIZZAEINCTI6 MEFF LRI 2XRT, BE
Mo, ATAE LTKERZ 7% RWIZ T T X (a)~(c)
TIXDHEIHERTE 7,

B,OsDEIME N BT 51F ESIO,D0E| & AT
3R E%ZXRFHIERR LESEMER L 28bE TER
T3¢, BORMENREAT BIZOoNTHHOKRT
Nigo& Y LR RD Z EDBLBO;DEMEN KL
AT, RL— RV v FHIZERYIAEN HCa0Ds
BAFMEL TWAEDIZ, RL—hY vy FHEEI D

b i s

¢ <o IR
333438 SET 15,

(a) s9b1_702°C_16h

(b) s7b3_663°C_16h

YIAY yTFHIZHLCONRFEELTWDE EEX LR
b, FDI=8, BRAAEIZE Y ) DS BEH L
DTHA5,

E LS THHMnO, Fe,0s, Cr03/IXRFHIE DiE
R, LBEZOESITLERINI 2RV ED LT
2o L22L., W $0.5mass%A FTH O . HIER
EEEETDEEEBRTIBEAIZITITERY, £
IT, IR INLDERRYDOREY LV E
FEIZFHI T 272012, KRINA~Z MVRIEZ1T-
7z, Fig. 41Xl : KA T T 2EMLAT T 2L L2 b
D, 2: BULERTDs6b4 Y T X, 3 : s6bdH 7 A %655C
TI6hZBVLER%, 2. 5NIERRIZ 7285 R LIST B - -
BEEDOKEBIRN AT MvERL TS, 7k
WTFRHMERROE D, BEOFRETH S IEHK
HBIBIZE VB ART MABRIRARY MVIZE
L7z, > TN, 2TEIFBe VIHEIZ3lDERIZ XL 5
WRB R ENT=DIZKT L, LBEHE LT T A
T3 T, AIRAREEEILS~3 eV) TORNA R 5

(c) s5b5_650°C_16h

Fig. 3 SEM photographs of the (a) s9bl, (b) s7b3, and (c) s5b5 slag glasses after the heat treatments

at 702, 663 and 650°C, respectively, for 16 hr.
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Fig. 4 Optical absorption spectra of 1. molten slag, 2. s6b4 slag glass before heat treatment
and 3. s6b4 end product after the heat treatment and the subsequent acid treatment.
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