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Damage patterns of cement concrete with iron tailing under

microwave radiation

CHENG Daohua', ZHAO Zhizhong'* , KANG Xianzhang®, CHENG Na'

1. School of Civil Engineering, Shandong Jiaotong University, Jinan 250357, China;
2. Shandong Gongyi Construction Engineering Co., Lid., Jinan 250306, China

Abstract ; To fully leverage the wave-absorbing and heating properties of iron ore tailings and achieve high-value

utilization of mining solid waste, this study incorporates iron ore tailings into cement concrete as coarse

aggregates to investigate the damage patterns of iron ore tailing concrete under microwave irradiation. X-ray

diffraction (XRD) phase analysis is performed on iron ore tailing particles to study the microwave heating
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mechanism. The temperature changes of iron ore tailing particles and concrete, as well as the ultrasonic pulse
velocity (UPV) variations of iron ore tailing concrete before and after microwave irradiation, are analyzed.
Scanning electron microscopy (SEM) is employed to observe the surface morphology and microstructure of the
concrete before and after irradiation to investigate internal micro-damage. The results indicate that the iron-
containing oxides in iron ore tailings possess superior wave-absorbing capabilities. The temperatures of both iron
ore tailings and limestone increase with irradiation time, while the heating rate decreases; however, the
temperature rise of iron ore tailings is larger than that of limestone. At the same irradiation time, the
temperature of iron ore tailing concrete increases with increasing power. The wave-absorbing efficiency is highest
at 6 kW. The temperature difference of the specimens before and after irradiation increases linearly at first and
then slows down with increasing irradiation time. The UPV of the concrete decreases with increasing irradiation
time and power. At the same power, the UPV attenuation rate increases rapidly initially and then slows down
with increasing time. Under 0.2 .4 .6,8 kW power and O~ 5 min irradiation, the UPV attenuation rate can reach
up to 35. 29%. After microwave irradiation, 1 ~3 um thermal stress cracks are generated in the interfacial
transition zone between iron ore tailings and mortar and propagate along the interface.
Keywords: microwave irradiation; iron tailing; ultrasonic wave sound speed; cement concrete
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using low-density ethylene-styrene copolymer-based high-modulus agents, and their technical performance is
evaluated. Three kinds of self-reactive high modulus asphalt are prepared with rather lower content (6%, 7%
and 8% ) of low-density ethylene-styrene copolymer as high modulus agent by pure mixing process, then the
dispersion state and modification mechanism of high modulus agent are analyzed based on microscopic and
physicochemical properties. The reasonable content of high modulus agent is selected based on the results of
macroscopic performance test. Furthermore, the high modulus asphalt mixture with the preferred modifier
content is prepared and its pavement performance is evaluated by laboratory tests. Results show that the
modification process of self-reactive high modulus asphalt is a combination of the physical action of the high
modulus agent and the chemical reaction between the asphalt binder and the modifier. The preferred high
modulus agent content is 7% ( by mass of the asphalt) , which is 50%-80% of the modifier content in the dry-
process. In this condition, the microscopic dispersion effect of the high modulus agent and the low-temperature
performance of high modulus asphalt are desirable, and the PG high-temperature grade of high modulus asphalt
is improved by one grade compared with that of the conventional high modulus asphalt. In addition to its
superior high temperature performance, the high modulus asphalt mixture with optimum modifier content
exhibited an 18% improvement in low-temperature destructive strain relative to conventional high modulus
asphalt mixture with dry-process, while also achieving a 2 to 3 times extension in fatigue life.
Keywords: low-density ethylene-styrene copolymer; high modulus agent; self-reactive high modulus asphalt;
microscopic property ; rheological characteristics; pavement performance
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