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‘What is old,
IS new again!

A brief

History

of
Natural
Pozzolans
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Vitruvius — Roman Engineer
General recipe for Roman Concrete:

1 part - Lime

3 parts - Pozzolana

Sand/Aggregates (aggregates were
generally lightweight materials such as
pumice, scoria, & terracotta)

Roman Concrete: "It's the most
durable building material in human
history, and | say that as an engineer
ot prone to hyperbole," Roman
Concrete expert Phillip Brune told the
Washington POst. July 4, 2017, washington Post
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There are 2 types of Natural
Pozzolans (NP):

1.Raw NP (Volcanic ejecta-based

" materials — pumice, pumicite,
volcanic ash, etc. Pre-calcined by
Mother Nature)

2.Calcined NP (such as MetaKaolin)

First renaissance
of Natural Pozzolan:
1900~1970
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Los Angeles Times File Photo

Hoover Dam,
and hundreds
of other

natural
pozzolan.
Picture/USBR
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Glen Canyon
dam used
several hundred
thousand tons
f natural
ozzolan in its
construction.
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USBR & USACE have lists of projects (100s) on
their websites, mostly dams and large
infrastructure projects dating from the early
1900s through to the 1960s, incorporating NPs.

In the case of the previous two slides, Hoover
dam and the LA Agqueduct, there was
abundant NPs nearby. They were used mostly
to reduce heat of hydration and to reduce
costs. Other benefits, such as mitigating
chemical attack, were not clearly
understood at the time.....

NP production tapered off to
essentially zero in the 70s (Except for
Metakaolin)with the advent of
pollution control equipment in coal
fired power plants’ capturing the
ffluent — known as fly ash — which was
discovered to have similar properties
to NP and was, at the time, free for the

taking, or very inexpensive.
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NP In concrete
~Infrastructure:
Diminishing-Fly Ash

Era
2nd Renaissance

Credit:
FHWA
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Wind
Turbine -
Kansas
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So, how does Natural
Pozzolan enhance
and profect
concretee¢ Let's count
the ways.......
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Listed Benefits of Natural Pozzolan:
1. Consistency: LOI represents bound water, not carbon content!

2. Reduced Carbon Footprint: Raw NPs were calcined by Mother
ature (Magma), and calcined NPs are heated to less than 50%
of the heat required to produce clinker. Calcined NPs do not
emit carbon upon heating like limestone does when used to
produce clinker. Aimost a |b for Ib (approx. 90~93%) reduction of
carbon with raw NP and 65~70%+ reduction for Calcined NP.

Reduction of Carbon Footprint is significant:

Typical GWP of cement: .922~.95 mt/1 ton of Cement
produced*
GWP for raw NP: < .05~.08 mt/1 ton of Raw NP produced**

There is a massive reduction in carbon footprint when cement
' laced with NP. Currently some customers are replacing

up to 40% of their cement with NP and still hitting their strength
guirements, reducing embodied carbon, permeability, and
heat of hydration while also mitigating ASR and Sulfate attack.
It is a win-win-win proposition. It typically costs less than

cement as well (except calcined NP) — another win.
* PCA EPD OPC 2021
** Each process is slightly different

©ONational Ready Mixed Concrete Association



2022 Concrete Innovations
www.concreteinnovations.com

Benefits of Natural Pozzolan (Cont’d):

3.Permeability Reduction: When used at 25%
replacement levels, C1202 data shows
coulomb transmissivity rates reduced to less

~than 1000 (versus over 3000 for a straight
cement mix). Resistivity Testing reveals similar
permeability reduction. More on that later.

4. Control Efflorescence: When used at a
20~25% replacement rate, NPs significantly
reduce or eliminate efflorescence
completely.

Benefits of Natural pozzolan (Cont’d):

5.ASR: ASR in aggregates shown to expand to
nearly .7% in 16 days (C1260) were mitigated
down to .03% expansion in 16 days, essentially
flatlining the Alkali-Silica reaction (C1567). Long-
term testing shows that ASR mitigation rates are
steady (correlate) whether using the rapid C1567
test (2-week test) or the C1293 (2-year test).

6. Sulfate Attack: Using the C1012 18-month test
method, expansion from sulfate attack is reduced
to less than .05% versus above .1% for straight TI/II
cement in 18 mo. test.
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Mitigates ASR to 0 expansion in the Std 14d test, and .01% at 28d (For FAA job in KS)

Benefits of Natural pozzolan (Cont’d):

7. Reduce Heat of Hydration: The heat of hydration can be
reduced up to 40% by incorporating NPs into your mix design. This
is especially helpful in mass pours and/or placing concrete in hot
weather.

8. LOI: Loss on ignition testing on an NP provides data on the
amount of bound water in the material. NPs do not have carbon
content to burn off like fly ash, therefore, regardless of the LOI
figure, NP does not interfere with Air Entrainment (AE) in concrete.
Some DOTs are placing enhanced LOI limits on both Fly Ash and
NP as a preventative measure to ensure their DOT projects have
no AE problems. Such restrictions on NP are based on a lack of
knowledge/understanding and needlessly prevents use of NPs.

©ONational Ready Mixed Concrete Association
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9. Natural Pozzolans are essentially light weight
aggregates, or micro-aggregates, that hold
extra water in the concrete matrix for gradual
release to allow for internal curing properties. This
xtra water is essential for an enhanced, long-
term pozzolanic reaction in the concrete. Water
is both essential to the reaction as well as an
essential component of the binder in concrete:
C-S-H (and C-A-S-H)

Sample Date:
Sample ID:

LU TA 8 N MIKE 11

ASTM / AASHTO Limits ASTNM Test
Chemical Analysis Class F Class C Method
Silicon Dioxide (35102) 59.73 %%
Aluminum Oxide (Al1203) 23.01 %%
Iron Oxide (Fe2O3) 447 %a
Sum of Constituents 87.21 %a T0.0% mn 50.0% mun D4326
Sulfur Trioxide (S0O3) 0.37 %a 5.0% max 5.0% max D4326
Calcium Oxide (CaO) 4.84 %% D4326
Moisture 0.05 %% 3.0% max 3.0% max C311
Loss on Ignition 0.85 Ya 6.0% max 6.0% max C311

5.0% max

5.0% max

AASHTO M295

Avatlable Alkalies, as Na2Oe 1.36 %a not required c311
When required by purchaser 1 5% max 1.5% max AASHTO M265
Phyvsical Analysis
Fineness, % retained on #3235 17.13 Ya 34% max 34% max C311, C430
Typiccl Strength Activity Index - 7 or 28 day requirement C311, C10%9
7 day. % of control 84 %a T5% min 75% min
Class F
F|y Ash 28 day, % of control 84 % 75% min 75% min
Water Requirement. % control a 105%% max  105% max
Autoclave Soundness 0.00 %a 0.8%: max 0_8% max C311, C151
Density 2.25 Coe04
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Raw
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Does higher water
“demand for NP mean
more permeabillity, less
ensity, or diminished
durabillity?
NOI!
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The extra water required for natural pozzolans
to achieve similar slump to a fly-ash mix is used
for both internal curing as well as a necessary
ingredient in the pozzolanic reaction itself.

imiting water to similar w/c ratios as employed
with fly ash is also limiting the long-term
potential of the pozzolan to react and form
additional binder, density and strength in the
concrete. (More on this later)
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Meets

AASHTO
M321 HR
Pozz
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Modern portland cements, other than a few Type-IP
cements, produce unreacted excess free lime.
Standard TI/Il cements can release up to 25% calcium
hydroxide (a by-product of the hydraulic reaction) into
the pore solution - unbound, & free to go about its
deleterious work - Ca(OH)2 is:

1.A key ingredient in ASR

2. A key ingredient in Sulfate Attack

3. A key ingredient in Efflorescence

4. A key ingredient in Chlorides induced expansion
5. A key contributor to porosity in concrete - (allowing
ingress of chlorides, sulfates, etc)

Natural Pozzolan consumes the excess
Ca(OH), and converts it into additional C-S-H
(and C-A-S-H), the binder in concrete,
thereby densifying the concrete, which in turn
Increases the impermeability of the concrete
and thus its resistance to ingress of damaging
chemicals.
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- By converting the free-lime into additional C-S-H,
a concrete using NP at a 20~25% replacement of
cement will have greater ultimate compressive
strength than a 100% cement mix design - up fo
140% SAl of the straight cement mixes at | year.
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Producing
Facilities
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Metakaolin
Processing

Some
cement
companies
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First US-based
NP production
facility
dedicated
solely to
producing
natural
pozzolan
(2018). There
re several
more to
follow.

Pit run at the KMC pozzolan mine in AZ - 2022
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New 500K+ TPY NP plant in AZ.

There are approximately 10 NP production
facilities in North America, and about 10
more in various phases of development
hat we know of....).

Currently there is a total production
capacity of an estimated 1.5m tons - and
much more to follow.
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°*Operational
or Permitted

° Proposed

Natural Pozzolan Symposium —
16-18 May 2023, Wickenburg, AZ

Learn more at:

Pozzolan.org
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STOP!
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