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Abstract

China is a major country in coal-fired power generation, with a coal-fired power generation capacity
of approximately 1.26 billion kilowatts, accounting for 43.8% of the total power generation installed
capacity, and generating about 65% of the total electricity. Each year, approximately 200 million tons of
coal-fired power plant slag (referred to as slag) are produced. Most of it is disposed of by stacking and
burial, which not only occupies land but also damages the environment. At the same time, China's vast
infrastructure development is facing the situation where natural sand is increasingly depleted. If coal-fired
power plant slag is partially or completely used as a substitute for natural sand to produce cement mortar or
concrete, it will not only recycle the slag but also solve the shortage of natural sand. Chemical testing and
analysis show that slag has the potential to replace natural sand as a raw material. However, when slag is
directly used as a mortar aggregate, there are defects such as high porosity, high water absorption, high
crushing value, low strength, and high proportion of needle-like and flaky particles.

To address the defects of slag fine aggregates, the paper adopts methods such as crushing, scientific
gradation, adding admixtures, and using low-carbon cementitious materials composed of slag powder,
cement, calcium carbide slag, and mirabilite to encapsulate the slag to overcome the defects of slag fine
aggregates and improve the mechanical properties of slag mortar. In addition, to simplify the pre-treatment
process of slag and reduce the production cost of slag mortar, a dry-mixing filler and cement composite
powder as a filling and cementitious reinforcing material is used. The pores of the slag are filled with
dry-mixing, and then water is added for stirring to increase the viscosity of the cementitious filling material
to prevent the filler from falling off, and then the mortar is produced. The research results show:

(1) Compared with natural sand, the main components of coal-fired power plant slag are silicon
dioxide, iron oxide, aluminum oxide and calcium oxide. In terms of physical properties, the crushing value
of the slag with a particle size of 4.75 - 2.36mm is 29.63%, the water absorption rate is 3.54%, and the
density is 2224 kg/m* . The crushing value of natural sand is 4.38%, the water absorption rate is 2.97%, and
the density is 2657 kg/m® . The slag from coal-fired power plants is a lightweight aggregate. The properties
of the slag itself have the greatest impact on the performance of slag mortar, and the crushing value and
density through the grading method can be optimized to improve the performance of the slag mortar.

(2) The study investigated the influence of the fineness modulus of slag and the replacement rate on
the performance of mortar. The results showed that a lower fineness modulus was beneficial for increasing
the slag replacement rate, but too low a value would cause an increase in water usage due to the increase in
the specific surface area of slag, thereby reducing the compressive and flexural strengths of the mortar. The
optimal fineness modulus of slag was 2.08. When the different particle sizes of slag were proportioned as
4.75-2.36mm accounting for 10%, 2.36-1.18mm accounting for 5%, 1.18-0.60mm accounting for 10%,
0.60-0.30mm accounting for 55%, 0.30-0.15mm accounting for 7%, 0.15-0.075mm accounting for 3.25%,
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and 0.075mm and below accounting for 9.75%, the water usage of the mortar significantly decreased by
19.75%; when 100% of slag was replaced, the compressive strength was 10.10% lower than that of the
natural sand mortar. Reasonable fineness modulus and replacement rate overcame the negative impact of
high crushing value of slag on compressive strength.

(3) To enhance the compressive strength of slag mortar, the study investigated the effect of adding
water-reducing agents to increase the compressive strength of slag mortar. The research results showed that
when 1% of the cement mass was added with polycarboxylate and naphthalene-based water-reducing
agents, the compressive strength of the slag mortar increased by 55.96% and 38.10% respectively; the
analysis of the pore structure revealed that using polycarboxylate water-reducing agents, the porosity of the
slag mortar increased by 5.48%; using naphthalene-based water-reducing agents, the porosity decreased by
9.67%.Adding 50% of mineral powder and fly ash admixtures respectively, the 28-day compressive
strength of the mortar was increased by 38.34% and 37.76% compared to the natural sand mortar.
Compared with the natural sand and stone materials, did the compressive strength increase or decrease?
When fly ash completely replaces the fine slag powder, the 28-day compressive strength of the slag mortar
is increased by 16.32% compared to the natural sand mortar.

(4) Using 40% fly ash, 22% slag, 1.71% microsilica powder, 33.18% calcium carbide slag, and 3%
anhydrite, a coating material with a slag mass fraction of 60% was used to coat the slag. The slag was cured
at room temperature for 7 days. The coated slag was introduced into slag mortar. Compared with natural
sand mortar, the 28-day compressive strength was 7.93% lower. After pre-saturation with water and
pre-treatment of the coated slag, compared with natural sand mortar, the 28-day compressive strength was
4.63% lower.

(5) In the verification experiments of the mortar, the addition forms of the admixtures were studied.
The research showed that by first mixing the admixtures with the slag and then mixing it with the cement,
the performance of the slag mortar could be significantly improved. Specifically, when the admixture
content was 10%, the compressive strength increased by 7.04%; when the admixture content was 20%, the
compressive strength increased by 12.50%; when the admixture content was 30%, the compressive strength
increased by 21.10%. By pre-mixing the admixtures with the slag, it could effectively block the pores of the
slag, reduce its water absorption, enhance the particle strength, and reduce the amount of cement entering
the slag pores. Using 10% of the slag fine powder with the same quality as cement, and pre-mixing it with
the slag in a specific proportion (2.36-4.75mm accounted for 10.00%, 1.18-2.36mm accounted for 5.00%,
0.60-1.18mm accounted for 10.00%, 0.30-0.60mm accounted for 55.00%, 0.15-0.30mm accounted for
7.00%, 0.075-0.15mm accounted for 3.25%, and 0.075mm and below accounted for 9.75%), and then
adding it to the mortar prepared by mixing cement and water, the performance of the mortar was consistent

with that of the natural sand mortar.
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