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Fly Ash-Based Bricks and Sustainable Construction Materials: Types and
Compositions

Material Type Main Components

Fiber-Reinforced Fly Ash Brick
Fly ash, cement, sand, stone dust,

fibers

Non-Fired Fly Ash Brick
Fly ash, cement, lime, rice husk

ash, PP fibers

Fly Ash Autoclaved Brick Fly ash, lime, cement

Fly Ash Aggregate Brick Fly ash, cement, sand, stone dust

Fly Ash Geopolymer Brick Fly ash, alkaline activator

Fly Ash-Lime Brick Fly ash, hydrated lime

Sustainable Roofing Tile
Fly ash, cement, recycled PE

fibers

Fly Ash Coal Brick Fly ash, cement, aggregates

Fly Ash Fired Clay Brick Fly ash, clay, red mud

Fly Ash Geopolymer Foam Brick Fly ash, metakaolin, silica fume

Fly ash can partially or

completely replace natural raw

materials.

✓ Various production routes

include:

• Cement-based stabilization

•Autoclaving

• Geopolymerization

• Fired clay technology

✓ Fly ash utilization contributes to

waste valorization and carbon

emission reduction.



Mechanical Properties of Fly Ash-Based Construction Materials

Material Type Compressive Strength (MPa) Remarks

Fiber-Reinforced Fly Ash Brick ~10.3 Comparable to fired clay brick

Non-Fired Fly Ash Brick High performance Enhanced by PP fibers and SBR

Fly Ash Autoclaved Brick 14.3 Low density

Fly Ash Aggregate Brick 5.8–6.8 Improved by stone dust

Fly Ash Geopolymer Brick 20.3 Highest strength

Fly Ash-Lime Brick 7.5 Good thermal insulation

Roofing Tile 9.01 Similar to commercial clay tile

Reinforced Fired Clay Brick 8.3 Improved by fly ash and fibers

Geopolymer Foam Brick ~19 Lightweight and strong

 Geopolymer technology provides the highest compressive strength and demonstrates

strong potential for sustainable construction applications.



Advantages and Future Development of Fly Ash-Based Materials

• Advantages

♻Waste utilization and circular economy

♻ Reduced consumption of clay and natural aggregates

♻ Lower carbon footprint

♻ Improved thermal insulation

♻ Competitive mechanical performance

• Challenges

⚠ Long-term durability data remain limited

⚠ Variability in fly ash composition

⚠Water absorption issues in some formulations

⚠ Scale-up and industrial implementation require 

optimization

• Future Research Directions

✓Durability assessment under aggressive environments; Optimization of geopolymer formulations

✓ Incorporation of industrial by-products and recycled fibers; Life-cycle assessment (LCA) and carbon footprint
analysis

✓ Industrial-scale production and commercialization

 Fly ash-based bricks, particularly geopolymer bricks, exhibit excellent mechanical properties

and significant environmental benefits, making them promising alternatives to conventional

fired clay bricks for sustainable construction.



Red Mud as a Sustainable Raw Material for Brick Manufacturing

Background

• Red mud is a major by-product of the Bayer process for 
alumina production. 

• Two main approaches have been investigated: 

• Fired bricks

• Unfired bricks

Fired Brick Production

• Red mud can replace up to 80 wt.% of clay in fired bricks. 

• Mechanical strength increases with increasing firing 
temperature. 

• Optimum conditions: 

• 40% red mud

• 1050°C sintering temperature

• 2 h holding time

• Sintering significantly reduces the mobility of toxic metals. 

 Red mud is a

promising substitute for

clay in fired brick

production, providing

both environmental and

technical benefits.

Key Findings

✔ Higher compressive 

strength than conventional 

clay bricks.

✔ Lower water absorption.

✔ Up to 50% reduction in 

natural clay consumption.

✔ Effective recycling route 

for industrial waste.



Development of Unfired Bricks from Red Mud

Importance of Mix Design

• The performance of unfired bricks 
strongly depends on:

• Raw material proportions 

• Preparation method 

• Curing conditions 

Red Mud–CSA Bricks

• (CSA = Calcium Sulfoaluminate Cement)

Advantages

• Soluble Na accelerates CSA hydration. 

• Efficient immobilization of: 

• Sodium (Na) 

• Fluoride (F) 

• Heavy metals 
 Unfired red mud bricks offer a low-energy

and environmentally friendly alternative to

conventional masonry materials.

Performance

• Compressive strength satisfies engineering

requirements.

• Meets national regulations regarding heavy metal

leaching.

Economic and Environmental Benefits

♻ Reduced disposal cost of red mud

♻ Lower consumption of virgin raw materials

♻ Reduced environmental pollution

♻ Enhanced circular economy and resource

recovery



Phosphogypsum as a Secondary Raw Material for Brick Manufacturing

Background

• Phosphogypsum (PG), a by-product of phosphate fertilizer
production, has attracted considerable attention as a
sustainable construction material when combined with
industrial wastes and conventional binders.

Applications in Brick Production

• Fired Bricks
• PG can partially replace clay in fired bricks.
• Incorporation of 30% PG produces bricks meeting

standard requirements.
• PG–fly ash–lime mixtures exhibit adequate strength and

durability under sulfate conditions.

• Unfired Bricks
• PG-based compressed earth bricks satisfy construction

standards.
• A novel hydration–recrystallization process produced

high-performance unfired bricks.

 Phosphogypsum can successfully replace conventional raw materials in both fired and

unfired bricks while improving sustainability and resource efficiency.

• Optimum Mix for Unfired PG

Bricks

• 75.0% PG

• 19.5% river sand

• 4.0% Portland cement

• 1.5% hydrated lime

• Key Benefits

✔ Improved compressive and

flexural strength

✔ Reduced consumption of

natural clay

✔ Effective recycling of

industrial waste

✔ Lower environmental impact



Advanced Applications of Phosphogypsum in Construction

Cement and Concrete Applications

• Addition of 5–10% PG improves:

• Setting time

• Mortar flowability

• Compressive strength of mortar and concrete

• PG enhances bonding performance and reduces

segregation in concrete mixtures.

Building Materials Developed from PG

• Floor Tiles

• Produced from calcined PG (anhydrite gypsum), fly

ash, red mud, fiberglass, and additives.

• Flexural strength: 11–15 MPa

• Compressive strength: 30–40 MPa

• Water absorption: 2–3.5%

• Gypsum Boards

• Manufactured using PG as the sole raw material.

• High density and mechanical strength.

• Fire-resistant, low-cost, and environmentally friendly.

 PG is a versatile raw material for

producing cementitious materials,

gypsum boards, floor tiles, and self-

leveling mortars with excellent

engineering performance

• Self-Leveling Mortars
• Up to 55% PG incorporation.

• Meets Chinese construction

standards.

• Produces high-performance civil

engineering materials.

Key Advantages

✔Improved mechanical performance

✔Good thermal and acoustic

insulation

✔ Reduced use of natural resources

✔Compliance with environmental

and radiation safety requirements



Innovative Phosphogypsum-Based Construction Materials

Cold-Bonded Lightweight Aggregates (PCBA)
• Raw Materials

• Untreated phosphogypsum
• Ground granulated blast furnace slag (GGBS)
• Ordinary Portland cement (OPC)

• Key Findings
• PG content up to 80% satisfies Chinese regulations.
• Suitable as lightweight aggregate for concrete.
• Reduces consumption of natural sand and gravel.

PG-Based Composite Cement Materials (PGCM)
• Characteristics

• Good thermal insulation
• Sound insulation
• High PG utilization rate

Lightweight Foamed Phosphogypsum Material
(LFPM)
• Optimum Composition: 8% foam; 3.5% quicklime;

3% silica fume; 15% cement
• Performance at 28 Days: Compressive strength:

3.15 MPa: Flexural strength: 0.97 MPa

 The development of PG-based construction

materials provides an environmentally friendly

and economically viable pathway for large-

scale phosphogypsum recycling and sustainable

infrastructure development.

Advantages

✔ Lightweight

✔ Thermal insulation

✔Acoustic insulation

✔ Fire resistance

✔ Cost-effective utilization of PG

Conclusions

• PG is a promising secondary resource for sustainable

construction.

• It can be utilized in bricks, concrete, mortars, gypsum

boards, lightweight aggregates, and foamed materials.

• High PG utilization rates significantly reduce waste

disposal problems while promoting a circular economy.





PG samples were taken from the PG waste dump of DAP – Vinachem Joint Stock Company.
Red mud samples were taken from the red mud pond, while fly ash samples were taken from
the fly ash disposal area of ​​the Dak Nong Aluminum Company's thermal power plant –
Vinacomin.



Mineralogy Content range,~%

CaSO4(H2O)2

CaSO4(H2O)0,5

Thạch anh – SiO2

Felspat – K0.5Na0.5AlSi3O8

Illit – KAl2[AlSi3O10](OH)2

Clorit – Mg2Al3[AlSi3O10](OH)8

Gipxit – Al(OH)3

1 – 2 

34 – 36

11 – 13

1 – 3

10 – 12

≤ 1

≤ 1 

Fraction, mm Yield, % P2O5 content, % SO3 content, % SiO2 content, % P2O5 distribution, % SO3 distribution, % SiO2 distribution, %

+0.3 2,36 17,62 2,19 69,74 24,74 0,13 13,6

0,02-0,3 50,72 0,81 41,60 7,42 24,44 54,54 31,1

-0,02 46,92 1,82 37,38 14,26 5,.82 45,33 55,3

Sum 100 1,68 38,69 12,1 100 100 100

TT Thông số ICP- M1 ICP-M2

1 SO3(%) 38,69

2 P2O5(%) 1,68

3 SiO2(%) 12,10

4 Fe2O3(%) 0,32 0,26

5 Al2O3(%) 0,099 0,101

6 MgO(%) 0,052 0,048

7 K2O(%) 0,03 0,024

8 TiO2(%) 0,044 0,052

9 BaO(%) 0,0216 0,0219

10 NiO(%) 0,0029 -

11 CuO(%) 0,0017 0,0003

12 La2O3(%) 0,0045 0,0045

13 CeO2(%) 0,003 0,003

14 Nd2O3(%) 0,0036 0,0036





No. Criteria Unit Value

9 Ag

(ppm)

< 2

10 As < 20

11 B < 10

12 Ba 863,6

13 Be < 5

14 Bi < 10

15 Cd < 2

16 Ce < 5

17 Co 56,7

18 Cr 150,6

19 Cu 101,6

20 Ga < 10

21 Ge < 20

22 La 54,6

23 Li 74,4

24 Mo 5,0

25 Nb 46,3

26 Ni 197,1

27 Pb 120,8

28 Sb < 10

29 Sc 24,9

30 Sn 88,1

31 Sr 121,3

32 Ta < 10

33 V 257,4

34 W 131,9

35 Y 56,0

36 Zn 308,6

No. Criteria Unit Value

1 Al2O3

(%)

25,25

2 CaO 1,56

3 TFe2O3 6,25

4 K2O 4,35

5 MgO 1,43

6 MnO 0,05

7 P2O5 0,12

8 TiO2 1,06

No. Sample
Contents (%)

SiO2 Al2O3 Fe2O3 K2O Na2O SO3 Cl- LOI

1 Fly ash 44,88 25,55 6.34 4,45 0,34 0,37 0,14 12,31

Fraction, mm Yield,% Ash, %

0,5-1 0,25 71,76

0,2-0,5 0,42 71,97

0,1-0,2 7,74 65,25

0,074-0,1 7,21 61,37

0,04-0,074 18,38 50,11

0,02-0,04 14,13 49,12

-0,02 51,87 80,83

Sum 100 68,03



Fraction, mm Yield, %

+ 2 0

1 - 2 0

0,5 - 1 0

0,2 - 0,5 1,15

0,1 - 0,2 1,24

0,074 - 0,1 1,39

0,045 - 0,074 5,11

0,02 - 0,045 1,36

- 0,02 89,75

Sum 100

Elements Contents,% Elements Contents,% Elements Contents,%

Al 14,28 Na 0,43 Ca 0,76

Fe 37,8 Si 8,2 Ag 0,0001

Cr 0,14 Pb 0,0028 Zn 0,01

Cd 0,0002 Bi 0,0001 Mn 0,08

Ni 0,0061 As 0,0007 Sb 0,004

Cu 0,013 P 0,29 Sn 0,0024

Te 0,0046 Co 0,0005 Se 0,0001

TiO2 0,01









Test for the change of dust stone and PG

Test Cement
Dust 

stone
PG

Red mud + 

Fly ash (ratio 

1:1)

TN1

10%

50% 20%

20%
TN2 40% 30%

TN3 30% 40%

TN4 20% 50%

Test 

Compressive (MPa)

1st day 3rd day 28th day

TN1 2,8 7,8 20,5

TN2 1,7 4,6 14,2

TN3 1,5 4,5 14

TN4 0,8 2,1 7,2





Thí nghiệm thăm dò ảnh hưởng sự thay đổi của tỷ lệ xi măng và hỗn hợp bùn đỏ + tro bay đến cường độ
nén của gạch không nung

Test

Cement
Dust 

stone
PG

Red mud/ Fly ash

(ratio 1:1) 

TN1 10%

50% 20%

20%

TN5 15% 15%

TN6 20% 10%

TN7 25% 5%

TN8 30% 0%

Test

Compressive (MPa)

1st day 3rd day

28th day

TN1 2,8 7,8 20,5

TN5 3 8 21,2

TN6 3,1 8,05 22,5

TN7 4 10 23

TN8 4,5 10,2 24
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