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ABSTRACT 
The increasing demand for sustainable construction materials has highlighted the need to reduce the 

environmental footprint of cement production. This study investigates the reuse of petrochemical residue 
fluidized catalytic cracking (RFCC) waste as a supplementary cementitious material (SCM) in concrete. 
RFCC was subjected to two activation methods: high-temperature treatment at 800, 1000, and 1200 °C, 
and mechanical grinding to enhance pozzolanic activity. Concrete mixtures were prepared with cement 
replacement levels ranging from 10% to 50% by mass. Fresh properties, including workability and setting 
time, and hardened mechanical properties such as compressive strength, flexural strength, and elastic 
modulus, were evaluated at 28 days. Results show that RFCC reduces slump and shortens the setting 
time of concrete mixtures. At 50% cement replacement, compressive and flexural strengths decreased by 
up to 45%. However, thermal activation at 1000–1200 °C significantly improved compressive and flexural 
strengths as well as elastic modulus by 10–20% compared to untreated RFCC. Ground RFCC showed 
lower early-age strength at 10% replacement but outperformed heat-treated RFCC at higher replacement 
levels (20–50%). The findings demonstrate that properly treated RFCC waste can replace up to 30% of 
cement without compromising mechanical performance, offering a viable route for cost reduction, carbon 
emission mitigation, and sustainable concrete production. 

Keywords: Concrete mechanics, RFCC waste, supplementary cementitious material, compressive 
strength, flexural strength, sustainable construction. 
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      @ Vietnam Mining Science and Technology Association 
1. INTRODUCTION 

Cement production is responsible for nearly 
8% of global CO₂ emissions, making the search 
for alternative supplementary cementitious 
materials (SCMs) a pressing priority. Various 
industrial by-products such as fly ash, silica fume, 
and blast furnace slag have been successfully 
utilized as partial cement replacements. Recently, 
residue fluidized catalytic cracking (RFCC) waste 
from petroleum refining has emerged as a 
promising candidate due to its aluminosilicate 
composition and residual pozzolanic activity. 

In Vietnam and many developing countries, 
large quantities of RFCC waste are generated 
annually from refineries such as Dung Quat, with 
disposal mainly by landfilling. This not only raises 
environmental concerns but also wastes a 
potentially valuable resource. The reuse of RFCC 
waste in construction aligns with circular economy 
principles and contributes to reducing cement 
consumption and environmental emissions. 

The mechanical properties of RFCC-based 
concrete remain underexplored, particularly under 
different activation treatments. This study 
evaluates the mechanical performance of 
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1. INTRODUCTION 

Cement production is responsible for nearly 
8% of global CO₂ emissions, making the search 
for alternative supplementary cementitious 
materials (SCMs) a pressing priority. Various 
industrial by-products such as fly ash, silica fume, 
and blast furnace slag have been successfully 
utilized as partial cement replacements. Recently, 
residue fluidized catalytic cracking (RFCC) waste 
from petroleum refining has emerged as a 
promising candidate due to its aluminosilicate 
composition and residual pozzolanic activity. 

In Vietnam and many developing countries, 
large quantities of RFCC waste are generated 
annually from refineries such as Dung Quat, with 
disposal mainly by landfilling. This not only raises 
environmental concerns but also wastes a 
potentially valuable resource. The reuse of RFCC 
waste in construction aligns with circular economy 
principles and contributes to reducing cement 
consumption and environmental emissions. 

The mechanical properties of RFCC-based 
concrete remain underexplored, particularly under 
different activation treatments. This study 
evaluates the mechanical performance of 

concrete incorporating RFCC waste treated 
through thermal activation and mechanical 
grinding. The research focuses on both fresh and 
hardened properties, highlighting the mechanics 
of strength development and the feasibility of 
large-scale application. 

2. MATERIALS AND METHODS 
2.1. Research Methods 

Materials 
• Cement: Ordinary Portland Cement (OPC) 

conforming to TCVN/ASTM standards. 
• RFCC waste: Collected from 

petrochemical refinery processes; composition rich 
in SiO₂, Al₂O₃, and minor Fe₂O₃. 

• Aggregates: Crushed stone and natural 
sand conforming to concrete standards. 

• Water: Potable tap water used for mixing. 
Source and Characteristics of Materials 
The Ordinary Portland Cement (OPC) used in 

this study was supplied by a local Vietnamese 
manufacturer and conforms to TCVN and ASTM 
specifications. It is characterized by a typical 
chemical composition rich in calcium silicates, with 
primary oxides including CaO (62–65%), SiO₂ (19–
22%), Al₂O₃ (4–6%), and Fe₂O₃ (2–4%). The 
Blaine fineness was approximately 350 m²/kg, and 
the specific gravity was measured at 3.15. 

The residue fluidized catalytic cracking (RFCC) 
waste was obtained from the Dung Quat 
petrochemical refinery in Vietnam, one of the 
country’s major refineries generating significant 
quantities of such by-products annually. RFCC 
waste is a fine aluminosilicate-based powder 
composed primarily of SiO₂ (45–55%) and Al₂O₃ 
(35–45%), with minor quantities of Fe₂O₃, CaO, 
and trace heavy metals. Its amorphous structure 
and residual pozzolanic activity make it suitable for 
use as a supplementary cementitious material. 
However, in its raw state, RFCC exhibits limited 
reactivity, necessitating activation methods such 
as high-temperature calcination or mechanical 
grinding to enhance its binding potential. 

By integrating OPC with treated RFCC waste, 
the study leverages both conventional cement 
chemistry and the latent pozzolanic behavior of 
industrial by-products, aligning with sustainable 
construction practices and circular economy 
principles. 

RFCC Treatment Methods 
• Thermal activation: RFCC calcined at 800, 

1000, and 1200 °C. (Fig.1) 
• Mechanical activation: RFCC finely ground 

to increase surface area and reactivity. 

 
Figure 1. Furnace used for RFCC heat 

treatment. 
Mix Proportions 
Concrete mixtures were designed with cement 

replacement levels of 10%, 20%, 30%, and 50% by 
mass. A control mixture with 0% RFCC was also 
prepared. 

Testing Methods 
• Fresh properties: Slump test (ASTM 

C143), setting time (Vicat method). 
• Hardened properties: 
o Compressive strength (ASTM C39) at 30 

days. (Fig.2) 
o Flexural strength (ASTM C78). 
o Elastic modulus (ASTM C469). 

 
Figure 2. Experimental testing of compressive 

strength of concrete using RFCC 
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3. RESULTS AND DISCUSSION 
3.1. Fresh Properties 

• RFCC replacement reduced slump, 
indicating lower workability. 

• Both initial and final setting times 
shortened by 10–15 minutes compared to the 
control. 

 
Figure 3.  Effect of 10% RFCC on the slump of 

concrete mixtures 
The initial setting time of the concrete mix 

reaches 130 minutes and gradually increases to 
150 minutes as the water-cement ratio increases, 
as shown in Figure 3. The results in Figure 3 
indicate that when the water-cement ratio of the 
mix varies from 0,5 to 0,7, the initial setting time of 
the concrete mix also tends to increase gradually. 
For the concrete mix with 10% RFCC replacement 
that has undergone heat treatment, the setting 
time ranges from 142 minutes and gradually 
increases to 160 minutes. 

 

 
Figure 4. Effect of 10% RFCC on the setting 

time of concrete mixtures 
The results shown in Figure 4 indicate that 

when the water-cement ratio of the mix varies 
from 0,5 to 0,7, the setting time of the concrete 
mix with 10% RFCC replacement is longer than 

that of the control concrete mix, with a difference 
of approximately 6–7.5 minutes. However, the 
setting time of the concrete mix with 10% RFCC 
replacement, when the water-cement ratio 
changes from 0,5 to 0,7, shows a relatively small 
and inconsistent increase. Specifically, at a water-
cement ratio of 0,5, the setting time is 87 minutes, 
while at a water-cement ratio of 0,7, the setting 
time is 89 minutes. 

 
Figure 5. Effect of the activity index of RFCC 

in concrete 
The results shown in Figure 5 indicate that the 

activity index of the concrete mix using 10% 
RFCC, when the water-cement ratio varies from 
0,5 to 0,7, exhibits a relatively small difference. 
The highest activity index is observed at a water-
cement ratio of 0,6, reaching 81.5%, while at 
water-cement ratios of 0,5 and 0,7, the activity 
index is 78%. 

It can be observed that changes in the water-
cement ratio significantly affect the plasticity and 
workability of the concrete mix. When 10% RFCC 
is used as a replacement for cement in the mix, it 
influences the plasticity and setting time by 
approximately 11–14%, indicating that RFCC has 
a less pronounced impact on the properties of the 
concrete mix. The use of a water-cement ratio of 
0,6 results in stable plasticity, setting time, and 
strength development, as validated through 
experiments investigating the effects of RFCC in 
concrete. 

3.2. Mechanical Properties 
• At 50% replacement, compressive strength 

decreased by up to 45%. 
• Thermal activation at 1000–1200 °C 

improved compressive and flexural strengths by 
10–20% compared with untreated RFCC. 

• Ground RFCC showed inferior strength at 
10% replacement but outperformed thermally 
activated RFCC at higher levels (20–50%). 
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Figure 6. Effect of RFCC processing 

temperature on slump of concrete mixture 

Figure 6 illustrates the slump values of 
concrete mixtures incorporating RFCC thermally 
treated at 800 °C, 1000 °C, and 1200 °C, with 
cement replacement levels ranging from 11% to 
49%. Overall, the highest slump was obtained for 
RFCC treated at 800 °C, followed by RFCC 
treated at 1000 °C. 

For RFCC treated at 800 °C, the slump 
gradually decreased from 13,5 cm at 11% cement 
replacement to 5 cm at 49%. For RFCC treated at 
1000 °C, the slump declined from 12 cm at 11% 
replacement to 5 cm at 49%. Similarly, for RFCC 
treated at 1200 °C, the slump decreased from 11 
cm at 11% replacement to 4 cm at 49%. 

 
Figure 7. Effect of RFCC processing 
temperature on compressive strength 

Meanwhile, the use of RFCC thermally treated 
at 1000 °C showed a gradual decrease in 
compressive strength from 28,4 MPa to 19,5 MPa, 
corresponding to a reduction of approximately 
40% with increasing RFCC content. For mixtures 
incorporating RFCC treated at 1200 °C, 
compressive strength values also decreased, 
from 30,4 MPa to 22,2 MPa, representing a 
reduction of about 37%. These results indicate 

that RFCC treated at higher temperatures (up to 
1200 °C) exhibits better reactivity with cement 
compared to treatment at 800 °C. Nevertheless, 
as the RFCC replacement level increases, the 
compressive strength consistently tends to 
decline (Fig.7). 

 
Figure 8. Effect of RFCC processing 

temperature on bending strength 

The use of RFCC thermally treated at 1000 °C 
showed a gradual decrease in compressive 
strength from 28.4 MPa to 19.5 MPa, 
corresponding to a reduction of about 40% as the 
RFCC content increased. For mixtures 
incorporating RFCC treated at 1200 °C, 
compressive strength also decreased from 30.4 
MPa to 22.2 MPa, representing a reduction of 
approximately 37%. This indicates that RFCC 
treated at higher temperatures, up to 1200 °C, 
exhibits better reactivity with cement compared to 
treatment at 800 °C. However, as the RFCC 
replacement level increases, compressive 
strength consistently tends to decrease. (Fig.8) 

The mechanical behavior of RFCC concrete is 
governed by its pozzolanic reactivity and 
microstructural integration with cement hydration 
products. Heat treatment enhances crystallinity 
and reactivity, thereby improving strength, 
especially at moderate replacement levels. 
Mechanical grinding increases surface reactivity 
but may induce excessive early-age hydration, 
leading to reduced strength at lower replacement 
percentages. 

Compared with conventional SCMs such as fly 
ash and slag, RFCC shows comparable potential, 
particularly when thermally treated. However, 
long-term durability and leaching of heavy metals 
require further investigation before large-scale 
application. 
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4. CONCLUSION 
➢ This study confirms that RFCC waste can be 

effectively utilized as a supplementary 
cementitious material in concrete. Thermal 
activation at elevated temperatures, particularly 
between 1000 and 1200 °C, significantly enhances 
its reactivity and contributes to improved 
mechanical performance. The experimental results 
demonstrate that cement replacement levels up to 
30% can be achieved without compromising 
compressive strength, flexural strength, or elastic 
modulus. Beyond this threshold, however, the 
excessive incorporation of RFCC leads to a 
progressive reduction in mechanical properties. 
Overall, the use of thermally or mechanically 

treated RFCC not only provides a feasible 
alternative to conventional cement but also delivers 
notable environmental benefits by reducing CO₂ 
emissions and supporting sustainable construction 
practices; 
➢ RFCC waste can be used as a 

supplementary cementitious material in concrete; 
➢ Thermal activation at 1000–1200 °C 

significantly improves mechanical performance; 
➢ Cement replacement up to 30% is feasible 

without compromising strength; 
➢ The approach offers both mechanical and 

environmental benefits, contributing to sustainable 
construction practices  
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TÓM TẮT 
Nhu cầu ngày càng tăng đối với vật liệu xây dựng bền vững đã làm nổi bật nhu cầu giảm dấu chân 

môi trường của quá trình sản xuất xi măng. Nghiên cứu này điều tra việc tái sử dụng chất thải của quá 
trình nứt xúc tác lưu hóa dầu (RFCC) làm vật liệu xi măng bổ sung (SCM) trong bê tông. RFCC được đưa 
vào hai phương pháp hoạt hóa: xử lý nhiệt độ cao ở 800, 1000 và 1200 °C và nghiền cơ học để tăng 
cường hoạt động puzzolan. Hỗn hợp bê tông được chuẩn bị với mức thay thế xi măng từ 10% đến 50% 
theo khối lượng. Các tính chất mới, bao gồm khả năng làm việc và thời gian đông kết, và các tính chất cơ 
học đã đông cứng như cường độ nén, cường độ uốn và mô đun đàn hồi, đã được đánh giá sau 28 ngày. 
Kết quả cho thấy RFCC làm giảm độ sụt và rút ngắn thời gian đông kết của hỗn hợp bê tông. Ở mức thay 
thế 50% xi măng, cường độ nén và uốn giảm tới 45%. Tuy nhiên, hoạt hóa nhiệt ở 1000–1200 °C đã cải 
thiện đáng kể cường độ nén và uốn cũng như mô đun đàn hồi từ 10–20% so với RFCC chưa qua xử lý. 
RFCC đất cho thấy cường độ ban đầu thấp hơn ở mức thay thế 10% nhưng lại vượt trội hơn RFCC đã 
qua xử lý nhiệt ở mức thay thế cao hơn (20–50%). Các phát hiện chứng minh rằng chất thải RFCC được 
xử lý đúng cách có thể thay thế tới 30% xi măng mà không ảnh hưởng đến hiệu suất cơ học, mở ra một 
hướng đi khả thi để giảm chi phí, giảm thiểu phát thải carbon và sản xuất bê tông bền vững. 

Từ khóa: Cơ học bê tông, chất thải RFCC, vật liệu xi măng bổ sung, cường độ nén, cường độ uốn, 
xây dựng bền vững. 
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