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Optimizing the interfacial structure of recycled aggregate concrete
using low-temperature plasma technology
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2 Changyuan Vocational and Technical College of Cuisine, Xinxiang 453400,China

Abstract China generates over 3.5 billion tons of construction and demolition waste
annually, of which waste concrete accounts for 60%-70%, yet recycled aggregate
concrete remains unsuitable for load-bearing structures owing to micro-defects in its
interfacial transition zone (ITZ). The study addressed the question of whether low-
temperature plasma surface modification can fundamentally strengthen the aggregate-
cement paste interface and thereby overcome this performance bottleneck. Framed by
surface-modification theory and interface-reinforcement mechanisms, the research
used recycled aggregates derived from a demolished C30 concrete structure and
supplied by a construction-waste recycling enterprise. After washing, crushing,
grading and drying, the aggregates were activated in an oxygen low-temperature
plasma environment, and C30-grade concretes were prepared with natural coarse
aggregate replacement ratios of 50%-100%. Scanning electron microscopy with
energy-dispersive spectroscopy, microhardness testing and compressive strength tests
were combined to establish cross-scale links between microstructure and macroscopic
performance. The results showed that the adhered mortar layer thinned from 2.1 mm
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to 0.6 mm, water absorption decreased from 6.8% to 4.2%, and the contact angle dropped
from 78 to 31 degrees, indicating a hydrophobic-to-hydrophilic transition. The ITZ width
was reduced from 65 um to 42 um (a 35.4% decrease), ITZ microhardness increased from
68.5 HV to 89.2 HV, and the interfacial Ca/Si ratio fell from 1.8 to 1.3, approaching that of
the cement matrix. The 28-day compressive strength rose from 32.8 MPa to 38.5 MPa, a
17.4% gain that meets the C35 grade requirement and exceeds the 8%-15% improvements
reported for conventional chemical modification.The study reveals the synergistic
mechanism of physical etching and chemical activation, establishes a cross-scale
framework linking treatment parameters, surface characteristics, ITZ structure, and
macroscopic performance, and provides a green route for construction waste recycling and
sustainable civil engineering.

Keywords: low-temperature plasma; recycled aggregate concrete; interfacial transition
zone; surface modification; solid waste recycling; compressive strength
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