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Why the need for SCMs?
The concrete industry creates ~5% of worldwide man-made emissions of CO2, of which 50% is from the chemical 
process and 40% from burning fuel.



Why the need for SCMs?



ACAA, 2015 Coal Combustion Product (CCP) Production & Use Survey Report from  https://www.acaa-usa.org/Portals/9/Files/PDFs/2015-

Survey_Results_Charts.pdf

Fly Ash Production and Usage1



Since 2010, nearly 40 percent of the capacity of the nation’s fleet of 
coal-fired power plants has either been shut down or designated for 
closure

In 2015, 94 coal-fired power plants closed in US 
lost roughly the same total capacity of all of Kentucky’s 
electric sector coal plants that year.

Statistics  from American Coalition for Clean Coal Electricity

https://www.bloomberg.com/quote/0836874D:US


https://cleantechnica.com/2017/04/24/us-coal-plant-closures-likely-eliminate-30-million-tonnes-annual-coal-demand/



• EPA’s regional haze rule 
• Increase generation of natural 

gas-fired power plants & 
collapse of natural gas prices 
• Electricity generation from 

coal is 2nd to Natural Gas.
• Increased competition from new 

wind and solar resources due to 
steep declines in installation 
prices, improved operating 
efficiencies and transmission 
upgrades,

• Low energy market prices  due 
to deregulated wholesale 
marketshttp://ieefa.org/wp-content/uploads/2016/09/The-Beginning-of-the-End_September-2016.pdf

Report from Institute for Energy Economics and Finiancial Analysis



Supply and Demand Problems

 Population increasing

Current population is 7.3 million; 
UN projects worldwide pollution to 
reach 8.5 billion by 2030. 

 Cement demand projected to increases

Currently global production is 3.6 
billion tons of cement per year; this 
is expected to rise to 5.8 billion tons 
in 2050

Majority of concrete contains SCMs

 Supply of fly ash will not keep place 
with demand

https://www.statista.com/statistics/267364/world-cement-production-by-country/



The importance of fly ash in 
concrete, coupled with reductions in 
fly ash supply in the US, has spurred 
a movement in the concrete sector 

to identify new sources of SCMs that 
can be fill this gap in the fly ash 

supply puzzle.



Supply Chain Puzzle: A Natural Fit

Pozzolan: reacts with Ca(OH)2 from hydrated cement to form C-S-H

• High SiO2 (and/or Al2O3) content

– High amorphous content

• Fine powder
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Figure: K. Scrivener

What makes a good pozzolan?

non-synthesized materials 
that are also pozzolanic; 
heated naturally

E.g., Volcanic ash; Tuffs; 
Zeolites;Pumice; Perlite; 
diatomaceous earth



Not a new material

• Many early-mid 20th century US 
concrete construction used All of 
these used natural pozzolans:

– Golden Gate Bridge

– Oakland Bay Bridge

– Davis Dam

– Flaming Gorge Dam

– Friant Dam

http://www.northsouth-h.com/wp-content/uploads/North-South-Holdings-Pozzolan-Project.pdf



Objective

• Evaluate the performance of natural pozzolans in a 
modern day concrete mixture

oASTM C 618 requirements for Class N pozzolans
oHeat of Hydration
oFresh State Properties
oCompressive Strength
oDurability 

oAlkali Silica Reaction
o Sulfate Attack

http://library.ctr.utexas.edu/ctr-publications/0-6717-1.pdf

http://library.ctr.utexas.edu/ctr-publications/0-6717-1.pdf


Natural Pozzolan Classification: Origin

Volcanic
(created from lava and ash of volcanic 

eruption)

Sedimentary
(formed from rock sediments and 

biological decomposition over time)

•All of these are fine powders with high SiO2 and Al2O3

•Zeolites are crystalline, but dissolve anyway

Unaltered Altered

Pumice Perlite Vitric Ash MetakaolinShaleZeolites (3)



Particle Size Distribution



Cost, Source, and Availability

Classification Material
Approximate Cost   

($/ton)
Availability 

($tons/year)

Unaltered 
Volcanic

Pumice-D $115 200,000

Perlite-I $125 N/A

Vitric Ash-S $130 300,000 - 1,000,000

Altered Volcanic

Zeolite-Z $100 50,000

Zeolite-T $200* 10,000

Zeolite-A $150 500,000

Sedimentary
Metakaolin-D $325* 30,000

Shale-T $50 4500

* Does not include shipping
Cost of Cement: ~$110/ton
Cost of fly ash:  ~$55/ton



Results: ASTM C618 Class N requirements

** Values in red do not meet the ASTM C 618 requirements

Classification Material
Si02+
Al203+
Fe203

Moisture 
Content

LOI Fineness
SAI, 7 
day

SAI, 28 
day

Water
Requirement

Passes ASTM 
C618

Unaltered 
Volcanic

Pumice-D 82.9 1.5 4.4 2 82 93 104 Yes

Perlite-I 84.3 0.6 3.4 2 86 94 100 Yes

Vitric Ash-S 76.9 2.3 5.9 15 72 83 102 Yes

Altered 
Volcanic

Zeolite-Z 78.6 5.1 2.5 0 71 100 116 No

Zeolite-T 75.2 11.6 4.6 43 47 61 132 No

Zeolite-A 74.6 4.8 4.8 61 60 64 118 No

Sedimentary
Metakaolin-D 88.9 0.9 1.0 7 94 108 102 Yes

Shale-T 85.7 0.3 0.4 30 72 81 103 Yes

ASTM C618 Criteria
70% 
min 3% max

10% 
max 34% max

75% 
min 75% min 115% max



Heat of Hydration



Fresh State Properties

Zeolite-Z
Zeolite-T

Pumice-D
Perlite-I
Metakaolin-D

Control
Vitric Ash-S
Zeolite-A
Shale-T
Fly Ash

Bingham Model 
Slope = Viscosity
Y Axis Intercept = Yield 
Stress



Compressive Strength of Mortars

w/cm=0.5

Many are pozzolanic and increase strength; 
Best natural pozzolans for increasing strength are Pumice-D, Perlite-I, and Metakaolin

13.8 MPa

27.6 MPa

41.4 MPa

55.2 MPa



Compressive Strength of Mortars

Only Zeolite-Z performed well. 

w/cm=0.55

13.8 MPa

27.6 MPa

41.4 MPa

55.2 MPa



ASR in Concrete – ASTM C1293: Concrete Prisms

If average expansion 
is less than 0.04% at 
2 years, then amount 
of SCM used is 
enough to prevent 
excessive expansion 
in field concrete 
from ASR Limit 

Level

Able to control ASR at 
reasonable dosage



Resistance to Sulfate Attack
• ASTM C 1012 was used to test the ability of the pozzolans to mitigate expansions 

from sulfate attack.

• ASTM C 1012 measures the length change of mortar bars submerged in Na2SO4

solution.

• According to ACI 201, Guide to Durable Concrete, natural pozzolans can be 
qualified for sulfate resistance by demonstrating an expansion less than 0.10% 
in 1 year, using ASTM C 1012.



ASTM C1012 Sulfate 

Resistance

Class 1

Class 2 Class 3

Pass Class 3:
• Pumice-D
• Perlite-I
• Zeolite-Z

Pass Class 2:
• Metakaolin-D

Zeolite-A Control Vitric Ash

Shale

Metakaolin-D

Pumice-D

Perlite
Fly Ash

Zeolite-Z

Zeolite-T



Conclusions

• Natural pozzolans can be used in 
concrete mixtures; depends on 
application:
– Reduce heat of hydration.
–Most perform well with respect 

to strength.
–Help protect against ASR 

expansion, but not all protect 
against sulfate attack.  


