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Utilization of Granulated Slag as Aggregate and Alumina-bearing SCM in Cementitious Systems
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ABSTRACT
This study explores the valorization of a water-granulated platinum slag (GPS) as both a fine aggregate replacement and a supplementary cementitious material (SCM) in mortar formulations. The slag, a byproduct of platinum smelting operations, contains high amorphous content and elevated MgO and Al₂O₃ levels—making it a potential contributor to cement chemistry when properly processed.
The GPS was tested in two ways. First, as a sand substitute (0-100%) sand replacement, and second, ground to make ground granulated platinum slag (GGPS) as a 30% Ordinary Portland Cement (OPC) replacement. Three mortar systems were developed: (A) OPC-only, (B) OPC with 30% fly ash, and (C) OPC with 30% GGPS. Mixes were evaluated for workability, compressive strength, alkali-silica reactivity (ASR), and autoclave expansion.
ASR testing showed that GPS used as sand replacement resulted in excessive expansion (>0.2%), but this was effectively mitigated with the addition of fly ash, enabling up to 100% sand replacement without compromising performance. Autoclave expansion remained within acceptable limits in all cases, indicating mineralogical stability despite high MgO content. The GGPS exhibited a Blaine fineness of 441 m²/kg and was found to be chemically active, with favorable ASR suppression and strength comparable to control mixes. 
These results support the use of alumina-bearing GPS and GGPS as promising, industrially sourced SCMs that can help cement manufacturers reach their sustainability and decarbonization goals. Ongoing work is focused on optimizing hybrid binder systems (e.g., fly ash + GGPS) for improved performance in durable and resource-efficient calcium aluminate-based systems.

INTRODUCTION | BACKGROUND 
Reducing clinker content while maintaining mechanical and durability performance is central to cement decarbonization. Supplementary cementitious materials (SCMs), such as fly ash and slag, enhance mechanical and durability properties of cementitious composites while contributing to sustainability objectives [1-3].

SCMs can react with calcium hydroxide released during Portland cement hydration to form additional calcium silicate hydrate (C-S-H) phases, thereby densifying the microstructure and improving binder performance in blended systems [1,2]. Their latent hydraulic or pozzolanic behavior depends on chemical composition, glass content, and fineness, which govern reaction kinetics and long-term strength development [1].

Several mechanisms explain why fly ash and slag mitigate alkali-silica reaction (ASR) expansion, including alkali binding within hydration products, reduced pore solution alkalinity, refined pore structure leading to lower permeability, and reduced silica dissolution rates [4,5]. Experimental studies indicate that fly ash and slag replacements reduce ASR expansion even in high-alkali systems and represent effective mitigation strategies [4-6].

Granulated platinum slag (GPS), produced through rapid quenching of molten slag, contains a high proportion of amorphous aluminosilicate phases. The GPS material evaluated in this work contains approximately 54 wt% SiO₂, 5 wt% Al₂O₃, 11 wt% Fe₂O₃, and 21 wt% MgO, with measured glass content between 85–88%. Although elevated MgO levels may raise concerns regarding delayed expansion, autoclave testing confirms mineralogical stability of magnesium phases in this system.

This study evaluates two valorization strategies:
· GPS as a fine aggregate replacement
· Ground granulated platinum slag (GGPS) as a 30% OPC replacement
METHODS
Raw Material Characterization
Granulated slag was sieved to obtain the <0.5 mm fraction for aggregate substitution studies. GGPS was produced by ball milling to a Blaine fineness of 441 m²/kg, exceeding that of OPC (341 m²/kg) and fly ash (365 m²/kg). Specific gravity of GGPS was measured at 2.84.
Mix Design
Three mortar series were prepared:
· Series A: OPC binder with 0–100% sand replacement by GPS
· Series B: 70% OPC + 30% fly ash binder with GPS sand replacement
· Series C: 70% OPC + 30% GGPS binder with GPS sand replacement
Water-to-binder (W/B) ratios were adjusted to meet ASTM C1437 flow requirements.
Performance Testing
Mortars were evaluated according to ASTM standards:
· Compressive strength (ASTM C109)
· Autoclave expansion (ASTM C151)
· Alkali-silica reactivity (ASTM C1260)
· Setting time (ASTM C191)
· Bleeding and workability
Key findings | CONCLUSIONS
MgO Stability
Despite MgO levels of ~21 wt% , autoclave expansion ranged from 0.01-0.04%, well below the ASTM C150 limit of 0.80%. This confirms mineralogical stability of MgO and absence of deleterious delayed expansion.
Compressive Strength
The OPC control achieved approximately 39 MPa at 56 days. Replacement of 30% OPC with GGPS achieved comparable strength of 38 MPa, demonstrating that GGPS functions effectively as a supplementary cementitious material.
Moderate GPS sand substitution (up to approximately 50%) increased compressive strength in OPC-based systems. At 100% sand replacement, strength declined, likely due to particle segregation rather than intrinsic material limitations.
Alkali-Silica Reactivity
GPS used as sand replacement without SCM mitigation resulted in ASR expansion exceeding 0.2%, indicating potentially deleterious behavior.
Incorporation of 30% fly ash effectively suppressed ASR expansion below deleterious thresholds, even at high GPS substitution levels. GGPS provided partial ASR suppression but was insufficient alone at high aggregate replacement levels.
Overall Technical Implications 
GGPS can replace 30% OPC while meeting strength and expansion requirements. Fine aggregate can be fully replaced by GPS when paired with fly ash for ASR mitigation.
These findings demonstrate a viable pathway for clinker reduction and the development of alumina-bearing, sustainable cementitious systems.
A summary of mortar performance can be seen in Table 1. 


Table 1. Summary of mortar performance incorporating GPS as sand replacement and GGPS or fly ash as SCMs. Shown are 56-day compressive strength and 21-day ASR expansion values, highlighting technically viable mix designs and ASR mitigation effects.
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A1 0 0 0.6 38.89 0.03 0.13

A3 50 35 0.5 46.63 0.01 0.6

A5 100 69 0.6 34.71 0.01 0.7

B1 0 0 0.6 28.21 0.01 0.02

B3 50 35 0.6 35.89 0.01 0.04

B5 100 69 0.7 27.65 0.01 0.07

C1 0 9 0.6 37.81 0.01 0.1

C3 50 43.9 0.6 43.43 0.04 0.56

C5 100 78.6 0.6 25.67 0.01 0.65
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