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Introduction

Steel slag is a solid waste generated during the steelmaking process.
Producing 1 ton of crude steel generates 0.1-0.15 ton of steel slag.
How many quantities of steel slag produced every year in China?




Steel Production and Use:

Geographical Distribution in 2016
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BN TOP 20 STEEL-PRODUCING COUNTRIES 2016 (MILLION TONNES)

81-121 million tonnes of steel slags

were produced in China in 2016.
Accumulation: 1 billion tonnes

{World Steel in Figures 2017)



Using steel slag to produce construction materials is an effective way to largely

consume this solid waste.

The high content of P,O: in some steel slags leads to a serious
retarding phenomenon in Portland cement, which limits the adding
amount of steel slag in the traditional cement and concrete.




Table 1 Chemical composition of steel slag in China (wt%o)

Fﬁger?tls Ca0  Si0, ALO, Fe,0, MgO FeO EP205E MnO
A 5265 1225 304 641 910 1041 061 457
B 5821 1623 263 315 227 791 116 4.46
C 4534 885 328 88l 798 1937 Eo.73§ 239
D 4314 1556 258 516 341 19.22 388 234
E 5239 1327 282 727 628 13.24 131 1.03




Table 2 Phase composition of steel slag
with different alkalinity (wt%o)

Alkalinity CsS C,S RO
4.25 50-60 1-5 15-20
3.08 35-45 5-10 15-20
2.74 30-35 20-30 3-5
2.63 20-30 10-20 15-20
2.97 15-25 20-25 40-50
2.12 - 20-30 15-20
1.25 - 5-10 7-15




Occurrence state of phosphorus in steel slag
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Fig. 1 Electron probe microanalysis (EPMA) elemental
mappings of steel slag

Phosphorus is enriched apparently in steel slag, and it is mainly occurring
In Ca,Si0o, (C,S) and Ca,SiO. (C,S) with P,O. content of 3.2-7.5 wt.%.




Compound synergistic effect of industrial solid wastes

Silica-alumina

based cementitious
materials




(7]
b,
—
-
O
Q.
O
-
o
©
=
C
©
L
)
S

3o & p77772777 77
N&Z DN
2222727277777

NN

7727777777 7
e H_//w/ﬂ/// N

0 7
NN

Lz 7777 7
AT
2222277777700
SANNNRNNRN

Z 777777, 77
AT

Lz A,
AT

p77222777 7

| AT
3 2 3 S o °

(edIN) yrbuans anlssaidwo)

s8

s7

s6

s5

s4

s3

s2

s1

sO

Fig. 2 Compressive strength of silica-alumina based

cementitious materials composed of steel slag



Final setting time

Final setting time (min)
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Fig. 3 Final setting time of mortars



Hydration products

B " .
v i T P S e B o

50kV 3.7mm x2.00k 11/10/2017

Fig. 4 SEM image of hydration products of silica-alumina
based cementitious materials composed of steel slag

The needle-like ettringite and amorphous C-A-S-H gel play a positive
role in promoting densification of the paste structure.




SEM-EDS analysis of C-A-S-H gels
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Phosphorus content in the C-A-S-H gels

Table 3 SEM-EDS results (Atomic%o)

Spots O Mg Al Si S P Ca
a 4217 18 578 1577 107 i 32.65
b 36.13 349 668 1628  1.18 i 35.03
c 3920 177 524 1405 0091 i 30.70
d 5363 183 602 1115 142 | 2531 1537
e 5596 158 522 936 154 i 2.59 i 15.57

| |
f 5679 203 503 956 105 | 211! 1448
g 6091  2.65 510 1232 118 | 2541 1503
h 5366 251 519 1281  1.18 i 265 i 17.13
i 4812 295 570 1417 140 | 1711 20.94

The phosphorus in steel slag was involved into the hydration reaction to form
C-A-S-H gel. (Hydroxyapatite was not found in the hydration products.)
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Utilization of red mud 1n materials research

Red mud road base material




Utilization of red mud in materials research
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Red mud composite plate
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