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Abstract
A variety of machines are currently being used for mechanical excavation in mining and civil industries. A
series of research works have been conducted at McGill University in the past decade to study the effects of
microwave (MW) irradiation on rock mechanical properties. The idea is to enhance the excavation
performance by improving the rate of penetration and decreasing the wear rate on the cutting tools. These
two effects would eventually translate into economic benefits for mine operators. The effectiveness of MW
on weakening rocks is proven, however the most efficient method to employ MW in mines is still under
investigation. This article presents some experimental results on the effects of cooling- rate on rock strength.
Brazilian Tensile Strength (BTS) of microwave treated samples were compared in natural air-cooled and
water rapid-cooled conditions.
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Objective

To determine the impact of rapid cooling of rock samples after MW treatment and compare the
mechanical properties with the air-cooled condition.

Introduction

Roadheaders are usually used for rock with an unconfined compressive strength value of less than
150 MPa. In tunnel boring machines (TMBs), a high wear rate is another factor that challenges the
economic feasibility of the technology. MW irradiation for rock strength reduction prior to the
excavation was proposed by Maurer, 1968. He used MW at a maximum of 4.8 kW to initiate cracks
within the rock samples and reduce the required mechanical force for excavation. Based on this concept,
researchers have been working on the application of MW in a variety of mechanical cutting processes
(Hassani & Nekoovaght, 2011; Jerby et al., 2002; 2018; Lindroth et al., 1991). Ongoing researches are
attempting to optimize the idea of MW rock preconditioning in physical and economical aspects. The
present article is assessing the impact of rapid cooling as compared to air cooling on the rock strength
after MW irradiation. Comprehensive research work is currently undergoing in collaboration with the
University of British Columbia to analyze different aspects of MW application for rock preconditioning;
from numerical simulation to experimental validation and energy analysis.
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Method

Basalt rock samples were cut into standard disk size for BTS testing (i.e. diameter of 50mm and thickness
of 25 mm). A total of fifteen samples were tested under three different test conditions; namely, non-
treated, MW treated and rapid-cooled, and MW treated and air-cooled. Five samples were dedicated to
each test group. All the treated samples were exposed toMW irradiation for 5 seconds at 15 kW of power
using theMWsystem shown in figure 1. For air cooling, the samples were cooled in room temperature for
20 minutes, while the rapid-cooled samples were placed into room temperature (22 °C) water container
for 2 minutes prior to the BTS measurement. Cooling times were defined based on the experimental
observations that air-cooling was found to be an order of magnitude slower than water-cooling; i.e.
approximately 20 minutes for air-cooling and 2 minutes for water-cooling.

Results and Discussion

The aim of this study was to assess the cooling condition on the effect of MW treatment on basalt rock
samples. The treated samples were exposed to MW irradiation at the same power and for the same
duration. As plotted in figure 2, the average BTS for non-treated basalt samples was found to be

Fig. 2 Brazilian tensile strength (BTS) test results for three test conditions; NT: non-treated, TRC: treated (rapid-cooled) and
TAC: treated (air-cooled).

Fig. 1 Industrial microwave system (Thermex Thermatron, 15 kW, 2.4 GHz).
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13.01 MPa while this value for rapid-cooled and air-cooled was measured as 9.07 MPa and 7.12 MPa,
respectively. These results show that the prolonged low-temperature cooling process in basalt samples
works in favor of rock weakening and improves the results at the same level of MW application.

Conclusions

This short article presents the experimental outcomes of a series of tests to compare the microwave
treatment effectiveness in rock weakening at different cooling conditions. The results show that the air-
cooled basalt rock samples experienced about 45% reduction in BTS values while this change was found
to be about 30% for rapid-cooled samples. These results confirm the improvement in the weakening
procedure of basalt rock in terms of BTS in air-cooled condition. The behavior of other rock types
depending on their mineral composition and grain configuration are yet to be studied.
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