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Mechanical Properties of Polymer Prepreg Modified
Steel Slag and Its Mixture

GAO Ying', WANG Weihe, LI Yancang, CHEN Meng, JI Zhipeng

(School of Civil Engineering, Hebei University of Engineering, Handan 056107, China)

Abstract: Steel slag was pretreated with different mass fractions of potassium methylsilicate (PM) and silicon acrylic
lotion (SAE) to explore the enhancement effect of different modifiers on the physical and mechanical properties of
steel slag. The change rule of mechanical properties of cement stabilized crushed stone steel slag mixture under
different substitution was studied. The results show that the volume stability of steel slag can be improved by prepreg
modification. After the modified steel slag completely replaces the natural aggregate, the compressive strength of
the mixture decreases, so it is not suitable to use the method of full replacement. Under the partial substitution, the
mechanical properties of 3% PM modified steel slag mixture are better than that of 12% SAE modified steel slag
mixture. The PM modified steel slag mixture with particle size fom 4.75 mm to 9.50 mm shows excellent mechanical
properties. It is suggested to use PM modified steel slag with particle size from 4.75 mm to 9.50 mm to prepare
modified steel slag mixture with the method of partially replacing the natural aggregate.
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Table 1 Basic performance indexes of cement

Specific surface

1L/ %

Setting time/min Compressive strength  Flexural strength

w(SO,)/ %  wMgO)/%

area/(m’-g™") Initial Final (28 d) /MPa (28d) /MPa
2.31 2.13 3.62 357 175 235 51.8 8.9
F2 HER(HIREd=4.75~26.5 mm) P E R EEEIEIR
Table 2 Basic performance indexes of aggregates (d=4.75-26.50 mm)
Index SSA NA
Apparent relative density/(kg-m ) 3.481-3.526 2.681-2.774
Water absorption(by mass)/ % 0.99-1. 80 0.48-0.63
Crushing value(by mass)/ % 14.9 19.6
Los Angeles abrasion value(by mass)/ % 14.4 17.2
Needle flake content of coarse aggregate(by mass)/ % 11.8 13.5
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Fig. 1 Surface modification treatment process of steel slag
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Table 3 Sieve passing ratio of aggregate of mixtures under different types of gradation

w/%
Sieve size/mm

Specimen
31.5 19 9.5 4.75 2.36 0.6 0.075
NAM 100. 00 77.00 48.00 27.00 22.00 11. 50 1. 50
SSM 100. 00 75.12 44.12 22.45 18. 34 9.58 1.24
PMSSM 100. 00 74.84 44.00 22.76 18.59 9.71 1.26
SAESSM 100. 00 74.91 44.25 22.13 18.08 9.44 1.22
4. 75PMSSM 100. 00 74.96 43.78 22.60 18.46 9.65 1.26
9. 5PMSSM 100. 00 74.78 43.97 22.75 18.58 9.71 1.26
19PMSSM 100. 00 74.99 43.75 22.64 18.49 9. 66 1.25
4. 75SAESSM 100. 00 75.03 44.55 22.29 18.21 9.52 1.25
9. 5SAESSM 100. 00 74.82 43.90 22.71 18. 55 9.69 1.26
19SAESSM 100. 00 74.51 43.47 22.49 18. 37 9. 60 1.25
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Table 4 Basic performance indexes of modified SSA

PMSSA SAESSA
4/mm WaFer Crushing Expansion rate Water absorption Crushing Expansion rate
wpy/ % absorption(by value(by (by volume)/ % Wenp/ Y0 (by mass)/ % value(by (by volume)/ %
mass)/ % mass)/ % mass)/ %

0 1. 80 2.5 0 1. 80 2.5

1 1.70 2.4 6 1.55 2.4

4.75-9.50 2 1.05 2.1 9 1.29 2.2

3 1.02 1.8 12 1.28 1.9

4 1.03 1.8 15 1.30 1.9

0 1.60 14.9 2.1 0 1. 60 14.9 2.1

1 1.22 14.4 2.0 6 1.36 14.8 2.0

9.50-13. 20 2 1.06 13.8 1.8 9 1.25 14.4 1.9

3 0.76 13.6 1.6 12 1.12 14.0 1.8

4 0.77 13.6 1.7 15 1.14 14.1 1.8

0 0.90 1.9 0 0.90 1.9

1 0.62 1.7 6 0.68 1.8

19. 00-26. 50 2 0.57 1.6 9 0.65 1.7

3 0.46 1.5 12 0.64 1.7

4 0.47 1.6 15 0.66 1.8

(a) SSA (b) PMSSA (c) SAESSA

K2 SCresi s s r SEM I
Fig.2 SEM images of steel slag before and after modification
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Table 5 Frost resistance of mixtures
28d 60 d
) Compressive strength/MPa Compressive strength/MPa
Specimen Frost resistance Frost resistance
Before freezing After freezing and coefficient/ ¥ Before freezing  After freezing and coefficient/ %
and thawing thawing and thawing thawing
NAM 6.5 5.9 90.76 7.4 6.9 93.24
SSM 8.4 8.1 96.43 11.3 11.1 98.23
4. 75PMSSM 9.6 9.4 97.92 11.0 10.8 98.18
4. 75SAESSM 9.0 8.7 96. 67 10.7 10.4 97.19
9. 5PMSSM 8.1 7.9 97.53 9.8 9.5 96. 94
9. 5SAESSM 8.0 7.6 95. 00 8.8 8.4 95.45
S concrete with alkail activated steel slag and blast furnace slag[J].
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