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Background

 Fly ash, as a main by-product of 
coal-fired power plant, is one of 
the most used supplementary 
cementitious materials (SCMs) in 
concrete.

 The application of increased 
proportion of fly ash in concrete 
makes it a more sustainable 
material.



3

Background

 Research is much needed to  greatly advance 
our understanding in the use of 
nanotechnology for high-volume fly ash 
concrete (HVFAC), especially when such 
concrete is intended for pavement applications.



Nano-modification

(1) Serve as nano-sized fillers

(2) Serve as “nucleus” to guide the formation and growth of cement 

hydration products + develop refined microstructure

– Activate hydration to enhance early-age strength

– Nano-SiO2: react with Portlandite to form C-S-H

(3) Improve shape stability 

• 1st International Conference in North America on Nanotechnology in Cement and Concrete, 

2010, Irvine, CA

• Han, B., et al. Journal of Materials Engineering and Performance, 2013, 22, 184

Pekmeczi et al. 2007 ACIMJ 104(3)



Nano-modification

(4) Endow new functionality

(5) Promote the growth of high-density C-S-H

Pekmeczi et al. 2007 ACIMJ 104(3)
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Project Scope

 Objective – To develop a viable nanotechnology 
approach to treat coal fly ashes based on their as-
received characteristics before their use in 
sustainable concrete pavement. 

 The use of nanotechnology to address weak 
interfaces (e.g., interfacial transition zone) in such 
sustainable concrete is a highly innovative 
approach.



• Mortar design

• Experiment method

• Experiment results

Compressive strength

Water sorptivity

Gas permeability

Progress to date



 Fly ash replacement: 
60%

 Water-binder ratio: 0.3

 Fine aggregate-binder 
ratio: 1.5

 Adequate high-range 
water reducer

Self-compacting 

high volume fly 

ash mortars

Mortar design



Experiment method

1. Nanoparticles to coat fly ash in 

the filter bag

Dip-coat method:

GO solution (x g/L)

Nanoclay suspension (y g/L)

Aqueous nano-film growth method:

Chemical solution (z mol/L)

Treatment time: t0 to t1 min



Experiment method

2. Dry the fly ash mud 

Dry time: t2 min



Experiment method

3. Mix the remaining mixing water 

with fly ash mud in mixer



Experiment method

4. Dry mix cement and sand.

5. Add the fly ash paste into the mixture of 

cement and sand.

6. Add water reducer to get the desired 

workability of the nano-HVFA mortars. 



1. Compressive strength, 7-day

GO (x g/L)

Optimum treatment 

time: 2h

Compressive 

strength increase 

about 12.6%

 ASTM C39 Standard Test Method for Compressive Strength of Cylindrical Concrete 
Specimens1



2. Compressive strength, 7-day

Nanoclay (y g/L)

Optimum treatment 

time: 30 min

Compressive 

strength increase 

about 18.1%



3. Compressive strength, 7-day

Chemical solution (z mol/L)

No benefit 

observed



3. Compressive strength, 7-day

Optimum HVFA mortars:
G.O. treatment of 2h; nano-caly treatment of 30min

Further tests: 

Water 
sorptivity:
ASTM C1585

Gas 
permeability

 ASTM C1585 Standard Test Method for Measurement of Rate of Absorption of Water 
by Hydraulic-Cement Concretes1



4. Water sorptivity, 7-day

No benefit 

observed 

compared with 

control



5. Gas permeability, 7-day

Gas permeability 

decreased

10.2% by GO

2.9% by Nanoclay



6. Water sorptivity, 28-day

Water sorptivity 

decrease

found in GO only



7. Gas permeability, 28-day

Gas permeability 

decrease

11.6% in GO

23.7% in Nanoclay



Research Approach

Month

Task Name 1 2 3 4 5 6 7 8 9 10 11 12

1. Preparation and 

characterization of materials
X X X

2. Laboratory Evaluation of Nano-

scale Surface Treatment Methods 

for Fly Ashes and Coarse 

Aggregates

X X X X X X X X

3. Final Report and Outreach X X X X

Deliverables/Milestones

1. Quarterly report X X X

2. Draft final report X

3. Final manuscript/ presentation
X



Experimental Plan
Raw Materials for 

Sustainable 

Concretes

Sample 

Preparation and 

Properties 

testing

Microstructure and 

Chemical analyses

Mechanistic 

Studies/

Hypothesis 

Testing

1. Three types of 

common fly ashes 

2. One type of 

typical non-reactive 

coarse aggregate 

with or without 

nano-scale surface 

treatment via:  

(a) dip-coat in 

solutions of 

nanoparticles, or

(b) aqueous 

nanofilm growth

3. Fine aggregate, 

air entraining agent, 

and high-range 

water reducer.

Sample 

preparation

Mix designs with 

water/binder ratio 

of 0.20, 0.25, and 

0.30 for HVFACs 

and 0.40 for 

ordinary Portland 

cement concrete 

(control)

Properties testing

Workability, 

mechanical and 

transport 

properties

1. The physicochemical 

properties of fly ashes 

and aggregates by 

SEM, XRF and XRD. 

2. Chemistry of 

hydration products by 

DSC, TGA, XRD, or Si 

NMR.

3. Morphology of crucial 

interfaces or hydration 

products by FE-EPMA.

4. Chemistry and 

crystalline structure of 

crucial interfaces or 

hydration products by 

SEM/EDS, FE-EPMA, 

or XRD

1. Nano-materials 

act as template for 

fly ash hydration.

2. Nano-materials 

act as nucleus to 

guide the formation 

and growth of fly 

ash hydrates.

3. Surface 

treatment of fly 

ashes improves 

their interface with 

the paste.

4. Surface 

treatment of coarse 

aggregates 

improves the ITZ 

microstructure. 



Additional Tests of Concrete in Phase I

 Compressive strength (ASTM C39), Modulus of elasticity

(ASTM C469), Tensile strength (ASTM 496): at 3-d, 7-d, 14-d,

and 28-d

 For any given mix design, several iterations of trial batches may

be necessary in order to obtain reasonable workability and air

content in fresh concrete.

 For the selected mix designs with promising workability and

strength properties, their initial and final setting times and

drying shrinkage behavior will be tested as well.

 Transport properties of 3 “best performing” HVFACs



Tests of Concrete in Phase II

 To assess the properties of selected concrete specimens made of

surface treated fly ashes and aggregates, with the focus on

properties relevant to pavement application.

 The coefficient of thermal expansion (CTE)

 Abrasion resistance

 Freeze-thaw durability

 Leaching tests of heavy metals.

 Availability of selected fly ashes and economical affordability or life

cycle cost of selected HVFACs



Products anticipated

 Deliverables of this Lab Prototype project: QPRs, periodical

teleconferences, and a project final report.

 At least one paper for presentation at TRB annual meeting and

publication in a peer-reviewed journal. One patent application.

 Building on the success of this research, field operational tests will

be conducted as part of a follow-up study. The team will work closely

with local communities/agencies to field test the new “greener”

concrete pavement materials.
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