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Study on influence of pretreatment processes on steel slag characteristics and

road performance of steel slag asphalt mixture
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Abstract: [Purposes] To address the two major technical bottlenecks of poor volume stability and
insufficient interfacial moisture stability when steel slag is used as aggregate in asphalt mixture,
this study aims to explore effective pretreatment processes to promote efficient resource utilization

of steel slag in road engineering. [ Methods] Five pretreatment processes, namely natural aging,
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steam treatment, acetic acid immersion, oxalic acid modification, and polyvinyl alcohol (PVA)
treatment, were used to pretreat steel slag. The pretreatment effects were systematically evaluated
through macroscopic tests such as water immersion expansion and freeze-thaw cycle mass loss,
along with microscopic analysis. Subsequently, modified steel slag was used to prepare SMA-13
asphalt mixture, and its road performance was examined. [Results] Oxalic acid treatment
significantly reduces the water immersion expansion rate and freeze-thaw cycle mass loss rate of
steel slag. Scanning electron microscope (SEM) analysis shows the formation of dense precipitates
on its surface, which effectively enhances the volume stability. PVA treatment forms a reticular
organic coating on the steel slag surface, noticeably improving its water absorption and adhesion to
asphalt. The asphalt mixture prepared with these two modified steel slags exhibits significantly
better high-temperature stability, moisture stability, and raveling resistance than that prepared
with merely naturally aged steel slag. [Conclusions] From macroscopic and microscopic
perspectives, this study reveals that pretreatment can improve steel slag performance through a
“surface modification and interface strengthening” mechanism. Tt verifies that the the mixture
exhibits excellent road performance, providing theoretical support and technical foundation for the
large-scale resource utilization of steel slag in asphalt pavement.
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Table 1 Performance indicators of SBS-modified asphalt
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Table 2 Physical properties of limestone mineral powder
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Table 3 Mechanical performance indicators of basalt

aggregate
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Table 4 Mechanical performance indicators of steel slag aggregate
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Fig.1 Mix proportion of standard Marshall specimen for

steel slag asphalt mixture
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Table 5 Pretreatment processes and conditions for steel slag
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Fig.2 Changes in water absorption rate of steel slag under

W 7K 2R /%

=}
IS

different pretreatment processes

1 P 3 AR TEAN R FUAL BT 20, SRR
Je B AN B AR B e X T RE S AL R
07 A oS B8O 7 ) 6 TN L R R R 0 SR SR AT G
PR DA A Y R L A TR R K E— 2 BB
P2 Ao 3153 00 A v O 45 4 B AT 3 92404 T s PVA
Ak P2 ) S B AR X AR o e b, R L a3 B
SR TR AN R AL BT 205 K T RE 22 5 L R
Tl — T T AR SHZEL., BEHTZ
XA R RE AY B, 2 IR T AL BT AR B i
T BT K A DA R B B S A SO A
ST TR AR I R S e A 1Y F 3R T AR

A% P 3k ¢ http://cslgxbzk.csust.edu.cn/cslgdxxbzk/home



F23E G2

BB, TR T L 3 ARG 5 AR E T R AR A R PR AR 44 % v BT A 63

SRR o PR, B0 Y 2 T i T L £
BT A S TR R TR P A B A A
J‘\’%ﬁé@

41 EBk74.75 mm [ RA13.2 mm
EAAR9.5 mm - e AU EIRBUH T

AR B

0
PVALLTE BRRUCHE FISRMRIE ZR1A0EE ZMiEsE
WA T2
B3 REFALIE T LT ARE 64855 LARAR 5 0 T AL
Fig. 3 Changes in relative bulk density of steel slag under

different pretreatment processes
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Fig. 4 Variation of expansibility of steel slag with curing

time under different pretreatment processes
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Fig. 5 Effect of different pretreatment processes on

mechanical strength and freeze-thaw stability of steel slag
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Table 6 Adhesion test results between different

aggregates and asphalt
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Fig. 6 SEM image of surface of pretreated steel slag
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