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POZZOLAN--WHAT IS IT?
WHERE IS IT FOUND IN ARIZONA?
by

Y

Frank E. Williams

INTRODUCTLON
An investigation of potential pozzolan resources in Arizona was

begun in mid-1963 as part of a national project by the Bureau of Mines

. to locate and evaluate sources of the material. Information contained

herein was obtained during this investigation.

TECHNOLOGY AND DEVELOPMENT OF POZZOLAN

Pozzolan Defined

Pozzolan is a powdery form of essentially amorphous silica and
alumina that, when partially substituted for cement, may improve the
quality of concrete. More formally, pozzolan 1s defined as a siliceous
or siliceous and aluminous material which in itself possesses little
or no cementitious value but will, in finely divided form and in the
presence of moisture, chemically react with calcium hydroxide at
ordinary temperatures to form compounds possessing cementitious

2
properties.

i7_M1ning Engineer, U. S. Department of the Interior, Bureau of Mines,
Area V Mineral Resource Office, Tucson, Ariz.



g/ ASTM Designation: C 219.

Most materials are too coarse in their natural state and must be
ground to specified fineness (88 percent passing No. 325 sieve). One
type of artifical pozzolan, called fly ash, usually requires no
reduction in size, but the effectiveness of even this product is often

improved by finer grinding.

History of Pozzolan

In ancient Rome it was discovered that ce?tain finely divided
volcanic materials, when added to lime, produced‘cements having
hydraulic properties. These cements were used in the éonstruction of
aqueducts, arch bridges, and ﬁublic buildings, many of which have
resisted deterioration to the present time. One such material was a
consolidated volcanic ash or tuff found near Pozzuoli, Italy. Material
from this deposit became known as pozzuolana, & general term 1aﬁer
applied to similar mgterial found in Spain and France. Subsequentiy
the term was used throughout Europe to designate any material

possessing pozzuolana-like properties, regardless of geologlic origin.



I

The use of pozzolan in the United States began as early as 1910.
However, the only major use to date has been in the construction of a
few monolithic concrete structures, such as large dams. Some of the
better known dams in which pozzolans were used include:

Hungry Horse Dam, Montana
Elephant Butte Dam, New Mexico
Friant Dam, California

Davis Dam, Arizona-Nevada
Falcon Dam, Texas-Mexico

Glen Canyon Dam, Arizona

The use of pozzolan in other concrete structures and products has

been relatively minor. A general lack of knowledge concerning its

many potential applications probably has prevented wider acceptance of

the material.

Advantages of Using Pozzolan
With Portland Cement

Advantages gained by substituting pozzolan for a portion of the
cement in concrete are many. Outlined below are the more 1mportantl
advantages along with a brief remark about each.

1. Ordinarily, pozzolan costs much less than Portland cement.
-When large quantitieé of cement are required, substantial savings may
be realized by substituting pozzolan for a portion of the cement.

.2, 'The plasticity of a concrete mix usually is improved when
pozzolan is substituted for part of the Portland cement. This feature

saves construction costs by reducing finishing time.
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3. Segregation of aggregate and bleeding of water from concrete
ﬁixes is reduced. This tends to produce a more uniform concrete
instead of one where the fines are near the top and the coarse materials
are near the bottom of each pour.

-h. Permeability of the concrete 1s greatly reduced. Canal
linings thus are less subject to deterioration from leakage, and dams
are more watertight. As the volume of voids in the concrete is less,
water filling is reduced, and destruction by freezing usually is not
as great.

5. Resistance to attack by sulfate water is increased because
pore volume‘is reduced. Sewer systems with pozzolan concrete pipe
do not deteriorate as rapidly as those with standard concrete pipe.

6. Tensile strengths are usually improved and compression
strengths are often better than in concretes made with straight cement.
Flexing action usually causes less tension cracking in beams made with
pozzolan cement.

7. Some pozzolans greatly retard the delayed reaction of certain
aggregates with the cement alkalies released as the concrete ages.
Such reactions, if not counteracted, usually cause surface spalling

and cracking of the concrete.
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| 8. Heat of hydration is released at a slower rate and thus can

3/

be more readily controlled during the concrete curing process.

3/ Précess of allowing the concrete to harden and assume its maximum

strength. This process usually takes several hours or even days.

\

| . Expansion, and subsequent cracking, in monolithic pours is reduced.

As with most commodities used in our society, advantages are often
accompanied by disadvantages. A potential consumer should weigh both
before deciding whether or not a pozzolan should be used.

- Disadvantages of Using Pozzolan
| With Portland Cement

There are certain disadvantages of using pozzolan with cement.
Unsatisfactory results invariably are obtained when an inferior pozzolan
is used or when excessive replacement of cement by pozzolan is attempted.
Some of the disadvantages are critical when pozzolan 1s used in
certain applications. The use of pozzolan in all concrete products is
inadvisable. It should be used when some advantage can be gained and
when the usefulness of the concrete product can be improved.

Many of the bad features of pozzolan can be overcome by technical
means. However, in any attempt to reduce or eliminate a particular

disadvantage, operating costs should be considered.
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The rate of strength development in concrete is retarded when
ﬁozzolan is substituted for a portion of the cement, and the use of
pozzolan should be questioned whenever fast strength and short curing
periods are desired. There are, however, patented accelerators on the
market that will reduce curing times significant amounts and experimen-
tation with such products may possibly overcome this objectionable
feature of pozzolans. Nevertheless, most products made with cement
rartially replaced by pozzolan ultimately develop compressive strengths
equal to or even greater than those of normal concretes. For example,
an 8- by 8- by 16-inch concrete block made with Portland-pozzolan cement
(10-15 percent pozzolan, 90-85 percent Portland cement) and aggregate
requires about 90 days curing time to reach the same compressive
strength that a standard block reaches in about 28 days. This delay
in curing time creates a storage (inventory) problem for manufacturers
of concrete products. This time lag can be reduced if the concrete’
products are moist cured in an sutoclave. However, an autoclave large
enough to hold several items at one time usually represents too large
& capital investment for most concrete product manufacturers.

The elasticity of concrete as well as the flexural strengths of
concrete columns also may be lessened by the use of pozzolan. Though

both reductions are slight, they must be considered.



The inherent shrinkage of concrete as it dries is largely
gbvefned by the water requirements of the concrete mix. Such require-
ments usually are increased by pozzolan admixtures. However, certain |
pozzolans--notably diatomaceous earfh--require more water than others
and thus may produce excessive drying shrinkage which could result in

LY,

structural failure of the concrete.

E/ Minute diatom skeletons absorb water which temporarily withholds
the water from reaction in the chemical process of hardening

concrete.

The resistance of concrete to freezing alsovmay be adversely
affected by certain pozzolan admixtures. For instance, if diatomaceous
earth is used, the diatoms absorb a portion of the batching water
which is not‘immediately relinquished for the chemical reaction. In
freezing weather this water expands, causing the surface of the
hardened concrete to spall and deteriorate. Longer and more elgborate
curing tends to improve the generally poorer freezing resistance of

some pozzolan concretes.



Although pozzolans usually prevent delayed alkali-aggregate
reaction, some otherwise suitable materials have been found to add to
the deterioration caused by this reaction between aggregates and
cemen; alkalies released during the aging process. The only way to
detect such potential deterioration is by lengthy testsiof an
admixture of each pozzolan in concrete prepared from hiéh—alkali
cement and highly reactive aggregate.

General acceptance of pozzolans by consumers has been hindered
because there is insufficient data to impress potentisl users as
to significant applications of pozzolans. Experience is slowly gained.
Data become lost in files. Potential consumers become impatient.
Eagerness of pozzolan-use advocates is thwarted, and consumers are

reluctant to accept pozzolan for commercial applications.

Use of Pozzolan in Oilfield Cements
Cements used in oilfields for cementing casing in place must
have special and unique qualities that Portland cements do not possess:
(1) the slurry weight of oilwell cements must be controlled within
certain limits, (2) the cement should be able to set to either high
or low strength as desired, (3) ample fluid pumping time must be
available, (4) the hardened mass must not be brittle, and (5) the

solid cement must resist corrosion by oilfield brines.
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Set forth below, are five main undesirable features of Portland
cement that virtually eliminate its use for cementing casing in oil-
wells (compare these features with the requirements in the above
paragraph). Neat cement mixes have.higher densities than desired,
and, in deep wells, part of the slurry may actually penetrate and seal
the producing formation. Mixes made with Portland cement and water
have a fixed strength upon hardening. Portland cement begins to
harden shortly after water is added and may set before it is in place.
Hardened Portland cement is brittle and tends to shatter when
perforated with holes needed for oil flow. Finally, Portland cement
is susceptible to corrosive action by brine waters and eventually will
disintegrate. |

Oilwell cementing companies manufacture "oilfield cements,"
under various trade names, that are essentially intimate 50-50
mixtures of Portland cement and finely ground pozzolan. The pozzolan
used may be of any type; however, some types are preferred over cthers
as determined by research.

These oilfield cements have the following desirable features
that have brought about their general acceptance as oilwell cementing

materials:
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1. Low heat generation with subsequent low volume change.
2. TImproved tensile strength of hardened cement.
3. Greater resistance to sulfate brines.
b. Reduced leaching rate of soluble compounds.
5. Better pumpability with accompanying lower pump pressures.
6. Lower unit weight.

T. Lower costs.

Physical-Chemical Properties of Pozzolan
The process by which pozzolanic materials change the properties
of concrete is not fully understood. waever,'it is evident that any
such change will be governed by both the physical snd chemical
characteristics of the pozzolan. These latter characteristics, of
course, depend largely on the‘geologic origin, mineral composition,

and ultimate processing of the material.

Physical Properties

The physical properties of pozzolan that are most effective in
bringing about changes in concrete include specific gravity, particle
shape, particle size, and moisture absorbing capacity.

The specific gravity of most pozzolan is 10 to 25 percent lower
than that of Portland cement (2.3 to 2.8 compared to 3.1). Pozzolan
thus occupies a greater volume than an equal weight of Portland
cement, and its partial substitution for cement increases the volume

of concrete.



Irregular, angular, porous, or excessively f{ine particles
generally increase the water requirements for a concrete mix of fixed
consistency. Excessive water requirements, of course, cause greater
drying shrinkage, lower ultimate strength, and decreased resistance to
freezing. However, the non-porous spherical particles of fly ash
generally require less water than other pozzolans; and admixtures of

4

such material may even reduce the water requirements of the concrete.

Chemical Properties

The complex chemical reactions of pozzolan in concrete are the
least understood. Suffice it : to say is that a reaction with cement
alkalies (largely lime) does take place and that the properties of the
finished concrete depend on the rate and extent of such reaction.
However, it is known that the cement alkalies released during hydration
combine with the pozzolan to form stable complex silicates having
eementiticus’properties. This reaction proceeds slowly, and conse-
‘quently maximum strength development is not reached as soon as in
~ ordinary concrete. Inasmuch as the cement alkalies combine with the
pozzolan, they are no longer available for delayed, possibly

deleterious, reaction with the concrete aggregate.
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Physical-Chemical Requirements for Pozzolan

Various physical and chemical requirements for pozzolans have
been established by the principal users of the material. Such require-
ments. are based on individual needs, and all vary somewhat in detail.
Modifications of the general requirements often Are épecified for
particular projects. For example, a canal lining involving intermittent
wetting would require different concrete specifications and different
qualities of pozzolan tﬁan & monolithic dam involving constant saturation.
The two largest users of pozzolan--Bureau of Reclamation and
Corps of Engineers--have established their own particular requirements.
However, most smaller consumers usually adopt the specifications
established by the American Society for Testing and Materials. Tables

1 and 2 show the ASTM requirements.



TABIE 1. - Chemical requirements for raw or calcined natural pozzolans ,

for use as admixtures in Portland cement concrete¥*

Silicon dioxide (Si0p) plus aluminum oxide (Al,0
" plus iron oxide (Fe203) , minimum, percent

3)
Magnesium oxide (Mg0), maximum, percent

Sulfur trioxide (SO3), maximum, percent

Toss on ignition, maximum;, percent

Moisture content, maximum, percent

T70.0
5.0
3.0

10.0

3.0

* ASTM Designation: CLO2-63T

HT




TABLE 2. - Physical requirements for raw or calcined natural pozzolans for

use as admixtures in Portland cement concrete¥

Fineness:
Mean particle diameter, microns, maximum
Amount retained when wet-sieved on No. 325
(Lh-micron) sieve, maximum, percent

Pozzolanic activity index:
Compressive strength with Portland cement, at 28
days, minimum percentage of control
Compressive strength with lime, at 7 days,
minimum, psi

Water requirement, maximum, percentage of control:

Change of drying shrinkage of mortar bars at 28 days,
maximum, percent:

Soundness:
Autoclave expansion of contraction, maximum,
percent:

Amount of air-entraining admixture in concrete; ratio
to control, maximum:

Uniformity requirements:
The specific gravity of individual samples shall not
vary from the average established by the ten preceding
samples, or by all preceding samples if the number
is less than ten, by more than, percent:

9.00

>

600

115

0.50

2.5

qt




TABLE 2. -~ Continued

In addition, when air entrainment is specified for

the concrete, the guantity of air-entraining

admixture required to produce an air content of

18.0 percent by volume of mortar shall not vary

from the average established by the ten preceding

tests, or by all preceding tests if less than

ten, by more than, percent 20

Reactivity with cement alkalies:
Reduction of mortar expansion at 1k days,
minimum, percent i 5
Mortar expansion at 14 days, maximum, percent 0.020

¥ ASTM Designation: CLO2-63T

9t
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Source Rock Minerals and Activity Types

Raw materials that naturally are pozzolanic or those that become
pozzolanic after heat treatment are simply called natural pozzolan.
Other materials, usually by-products, are called artificial pozzolan.

Pozzolan is normally classified according to mineralogicA
., composition, especially those minerals which cause chemical changes
to take place. These minerals are referred to as "active minerals"
and are primarily silica, alumina, or iron oxide.

In natural pozzolans the ability to react chemically is due to
at least one of five materials: (1) volcanic glass, (2) opal, (3) clay
minerals, (L) zeolites, and (5) hydrous aluminum oxides. In artificial
pozzolan, glass produced by fusion constitutes the substance for which
chemical reaction is credited. The classification of natural pozzolan
generally accepted, in descending order of activity, is in .the following
table (Mielenz, et al, 1951). The clay minerals, Activity Type 3, are
further subdivided according to their degree of activity. However,

clays normally are not pozzolanic unless they have been calcined.
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Activity Type Active Ingredient
1 Volcanic glass
2 Opal
3a Kaolinite-type clays
3b | Montmorillonite-type clays
3e Illite-type clays
3d Mixed clays with altered
vermiculite
3e Palygorskite
L Zeolites
5 Hydrous aluminum oxides
6 Nonpozzoians

Active ingredients may not be readily distinguished by means of
petrographic analyses and a petrographic classification might not
adequately indicate the degree to which the material 1is pozzolanic.

As an example, tuffs and volcanics ashes often are pozzolanic because
of rhyolite glass, but many of these tuffs or volcanic ashes contain
other minerals contributing different chemical properties. These
tuffs or ashes also owe their pozzolanic properties to clays, zeolites,
or opal, all minerals which are not glass. In order to compare
petrographic descriptions with intensity of pozzolan activity the

following designation is given (Mielenz, et al, 1951):
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Activity Type Petrographic Description

1 Rhyolite pumicites and tuffs
Dacite pumicites and tuffs

1, 3a%* Altered pumicites and tuffs

2 . Diatomite and diatomaceous earth
Opaline chert

2,3b%* Opaline shales

3a Kaolin clays

3b Bentonitic clays and shales
Fuller's earth

3e Illite clays and shales

3d Glacial clays and silts

3e Attapulgus clay

L , Zeolitic tuffs and ashes

> Bauxite

*This 1s a mixed activity type owing to different alteration products
which depend on weathering environment.
Pozzolanic Materials in Activity Type 1
‘Rhyolite tuffs and pumicites and a few dacite tuffs and pumicites
are included in Activity Type 1. Although to date andesitic tuffs or
ashes have not been acceptable, it may be discovered by additional

research that these, too, might often be suitable as pozzolans.
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Materials that are formed similarly to those above, but are
unsuitable as pozzolan, include andesite, basalt, and basaltic tuffs
or ashes. Obsidian, perlite, and other glass minerals are often
pozzolanic; however, these materials usually are not used as pozzolan
due to very high grinding costs.

Pozzolan in this activity type is active fundamentally because
of its volcanic glass content. There are, however, other reactive
minerals, such as clays, opal, or zeolites, present in most tuffs and
voleanic ash deposits. Also, there are non-reactive minerals present
in many tuffs or volcanic ashes. However, the latter merely act as
filler materials and do not combine chemically in any cement reaction.

Through testing data, it has generally been demonstrated that
potential pozzolan whose glass content is less than 60 percent cannot
pass strength requirements for the finished concrete. Also, unless
other reactive minerals are present, a minimum of 90 perﬁent of the
material must be glass in order for the material to pass a prescribed
test for alkali-aggregate reaction. It should be understood that all
materials containing the above proportions of volcanic glass may not
necessarily pass these particular test requirements. This is usually
due to the particle size of the reactive ingredients; if the glass 1is
too coarse, it will not contribute to pozzonlanic reactivity. In this
case, the pozzolanic reactivity normally can be improved by grinding

the material to sufficient fineness.
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Pozzolanic Materials in Activity Type 2

Materials in Activity Type 2 are more reactive chemically than
those in Type 1 but other properties tend to make these pozzolan
materials less acceptable. Diatomaéeous earth and opaline chert
constitute the minerals in this classification. Both materials owe
their pozzolanic activity to the presence of opal; but because the
opal occurs so differently in each of these rock types, the pozzolanic
activity of each is different.

The size, shape, and porosity of the opal particles in diatomaceous
earth makes this material highiy reactive, but coincidentally increases
the water requirement. As a consequence, diatomaceous earth should be
used cautiously. While the chemical activity enhances concrete
products, the increased water requirement produces an undesirable
effect.

Opaline chert, while possessing desirable pozzolanic compounds,
does not have the high porosity and subsequent high water regquirements
of diatomaceous earth. It is one of the most effective pozzolans
available for combating delayed alkali-aggregate reaction; however,

the material normally does not occur in quantities that are large

enough to supply demands.
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Pozzolanic Materials in Activity Type 3
All pozzolan in Activity Type 3 are clays and require calcination
at temperatures exceeding 1,000° F. in order to produce the desired
effect. This induced pozzolanic‘acﬁivity is brought about by thermal
disintegration of the crystalline structure. Amorphous silicates

thus formed are pozzolanic when ground to the specified fineness.

Pozzolanic Materials in Activity Type 4
Silica-rich zeolites present in certain tuffs allow them to be
classed as pozzolan; however, since zeolites are relatively uncommon,

they are not considered as prime sources for pozzolan.

Pozzolanic Materials in Activity Type 5
Although waste materials remaining from the extraction of aluminum
from bauxite are considered as potentisl sources of pozzolan there

are no data publically available on pozzolan in this activity type.

Pozzolanic Materials in Activity Type 6
Strictly speaking, those classified in Activity Type 6 are pot
pozzolanic. The minerals in this group are non-reactive and consist
of quartz, feldspar, carbonates, micas, amphiboles, and pyroxenes.
These minerals :ct as filling material in pozzolan concrete products,

but they do not enter into chemical union with cement compounds.




23
GENERAL LOCATION OF ARIZONA POZZOLAN

Diatomaceous Earth

Diatomaceous earth is a general term applied to many sedimentary
deposits. It commonly is composed éf fragments of an infinite number
of minute diatom skeletons, from which its name is derived. Contam-
ination by clay or other materials alters physical properties, but
pure diatomaceous earth is chalk white and has a fine sandy texture.

The pure material is light, weighing from 20 to 4O pounds per cubic

foot in lump form and 5 to 16 pounds per cubic foot in dry powder form.
Diatomaceous earth is also known as kieselguhr or diatomite, and
preferably not as tripoli, tripolite, infusorial earth, and fossil flour.

In Arizona, diatomaceous earth deposits generally occur in
drainage areas of the San Pedro, Gila, and Verde Rivers. These deposits
crop out in many places but in only a few areas are they of size and
purity that might constitute a commercial deposit. Any deposit too-
high in calcium content usually is not acceptable commercially..

Diatomaceous earth occurs in Pleistocene or Pliocene sediments
as bedded deposits normally covered by Quaternary and Recent detritus

(Trischka, 1929).
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Pumice and Pumicite

Pumice is & term applied to highly cellular glassy lava. The
term pumicite is applied to volcanic glass, in sand-sized particles,
that has be:: classified by means of wind or water transportation.

The term rhyolite sand often is used for this concentrated pumicite.
If the particles are slightly or wholly cemented the rock is known as
a tuff. The tuff becomes ignimbrite if the material was subjected to
volcanic heat. Another term for tuff, usually restricted to German
literature, is trass.

Although pumice (pumicite) occurs in several areas in Arizona,
the deposits most well known for their pozzolan properties are located
in the volcanic fields near Flagstaff. It is from this area that
210,000 tons of good quality pozzolan was supplied to the Glen Canyon
Dam.

One deposit, on Sugarloaf Mountain, might be considered as a good

pozzolan source for several years.

Perlite

Perlite refers to naturally occurring volcanic glass that often
expands quickly when heated to form a highly porous media. Usually
the material is finely ground and passed through a rotary kiln where

each particle pops into a larger lightweight mass. It is frequently

called "popcorn perlite" for this reason.
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Perlite occurs im scattered aress of Arizoma tut cnmly im ome
piace near Superior is it concemtrated emough so as to comstitute
economic deposits under present comditioms. These deposits, near
Picketpost Mountain, are presently mined and processed into lightweight
aggregate for roofing material. It is mot wined for use as a pozzolan.
A second large perlite deposit occurs mear Aguila, but mo mining

is presently taking place.

Tuff and Volcanic Ash

There are many areas in the State that are covered by cutcrops
of Tertiary volcanics including tuff ard volcanic ash deposits. There
are, hovever, only three areas of twelve evaluated that contain tuff
and volcanic ash occurrences that could be considered as pozzolan
sources as based on chemical assays. These are located near Kogales,
Wickenburg, and Apache Junction.

In all three areas, tuff occurs in horizontal beds 20 to 40 feet

thick. Two depocsits were mined in the past for use as lightweight

aggregate.

Miscellaneous Materials

Two other possible sources of pozzolan occur as bentonic clays
along U. S. Highway 89 near Cedar Ridge and as felsite on Union Pass

near Davis Dam.
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Fly Ash
About 100 tons per week of fly ash is produced at the Joseph City
power plant of the Arizona Public Service Co. This material probably

will mske excellent pozzolan as based on chemical and physical tests.

CONCLUSIONS

'Among Arizona's natural resources are large deposits of highly
Bi%&%eous materials, some of which qualify as pozzolans. These
pozzolans generally occur throughout the State, but are concentrated
in larger deposits in the vicinity of Flagstaff. One such deposit,
the Sugarloaf, has been partially mined for use as pozzolan. Reserves
here are unknown, but test pits have revealed sufficient exposures to
conclude that several million tons of material are available.

A second source of pozzolan that probably could supply material
for many years i1s Arizona Public Service Co.'s Cholla power plant at
Joseph City. The fly ash waste product at this plant is good quality
pozzolasn which needs little or no treatment.

Any other pozzolan deposit in Arizona would probably meet strong
competition from the above named sources.

Unless a local market is available for pozzolan, these resource
occurrences in Arizona probably will not be exploited in the near
future. So far, the only market has been one contract-type construction

job, the Glen Canyon Dam. No other commercial application of pozzolan

of note has been made in Arizona.
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* Arizona firm mines 200,000 tons
- of pozzolan for Glen Canyon dam
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" Arizona firm mines 200,000 tons
>f pozzolan for Glen Canyon dam

ROCK PRODUGTS, March, 1963



DEPARTMENT OF MINERAL RESOURCEs
STATE OF ARIZONA

FIELD ENGINEERS REPORT

Mine *BONNER POZZOLAN DEPOSITS Date May 26, 1959

District Flagstaff, Coconino County Engineer Travis P. Lane

Subject: Visit to deposit and plant.
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The Pozzolan deposits are located approximately 25 miles north from
Flegstaff on U, S. Highway 89, The deposits are numerous over an area of

several square miles, The light buff-colored pozzolan is covered by about
6 feet of overburden.

Owner: ' Bs B. Bonner, of
' Bonner Construction Co,
14 E. Santa Fe Ave,
Flagstaff, Arizona

&
Operator: "Jo @ Shotwell (sole proprieter)
Box 1122

Flagstaff, Arizona

Supt: " Tom C. Burney

Mr. Shotwell is building a plant to process the Bonner pozzolan
material for delivery to the U. S. Bureau of Reclamation at the Glen-
Canyon dam site. The material is to be ground to 95% - 325 M, and will be
mixed at the dam site with cement in the proportions of 1/3 pozzolan and
2/3 cement. Mr. Shotwell's contract calls for delivery of 250,000 tons
of ground pozzolan with delivery to begin at the same time that the
Clarkdale cement plant begins to deliver cement - in August of this year,

Bonner will contract the mining and delivery of the material to the
plant. The plant is located in the area of the deposits and is 1/l mile
east of the highway, It consists essentially of 3 stages of crusher-
grinding units, a dryer, screens, and classification system. Expected
capacity is 30 TPH. The plant and Pit operation will employ about 10 men.



DEPARTMENT OF MINERAL RESOURCES

STATE OF ARIZONA
FIELD ENGINEERS REPORT

Mine ' Bonner Pozzolan Date September 30, 1960
District  Flagstaff, Coconino Co. | Engineer Travis P. Lane
Subject: Visit, Sept. 15, 1960

This property was first described in a Department of Mineral Resources report dated
May 26, 1959 and later memos.

)
Recently the project was taken over by the Standard Gilsonite Company, 343 So. State
Street, Salt Lake City 11, Utah, and is now operated as the Pozzolan Division of
that company. Darrell W.'Sumner is Supt., address: Box 1422, Flagstaff, Arizona.

Following the plant start-up about a year ago a considerable number of "bugs" was
encountered and equipment changes and circuit revisions were necessary., The
original Williams roller mills have been replaced by two 8' x 36" Hardinge mills,
and two more of these mills are now being installed. The Bureau of Reclamation
specifications are quite exacting with consequent need for extremely selective
mining and close control of size of product. The grind requirement is still not
completely satisfactory. The present size requirement is that all must be finer
than 325 M, actually 9000 Blaine., The plant only recently began producing and
shipping groumipozzolan at a sustained volume rate, The present output is averaging
about 200 TPD., This will soon be stepped up to LOO TPD. 17 men are employed in-
cluding Mr. Sumner, Pozzolan will be mixed with cement in the proportion: 1 part
pozzolan to 2 parts cement. The use of pozzolan with cement gives the concrete mix
extra strength for the following more important reasons:

1) It combines with free lime hydrated from the cement to form a cementeous
property of its own.

2) It reduces the heat of hydration and while the set is slower the final
product is harder, .

3) The action of acid and alkali on the concrete is inhibited.
L4) The cement is more impervious (dense).

The material flow in the plant is essentially as follows: The incoming material
is dumped on a grizzly w/8% openings from which the undersize passes over a screen
(where the plus 2" size is discarded) to a surge pile. Next it goes to rolls set
at 1/2" opening, then to a dryer (the natural moisture content is from 6 to 15%).
From the dryer the material goes to two 8' x 36" Hardinge ball mills in closed
circuit with air separators and finally to the shipping bins (silos).
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BONNER POZZOLAN DEPOSITS COCONINO COUNTY
FLAGSTAFF

MEMO
Visited the Bonner Pozzolan plint on Aug. 19, Construction is essentially
complete. The project is waiting upon settlement of the Page strike when ship-

ment will begin to the Glen Canyon dam site (at about the same time that cement
siipments are made from the new Clarkdale cement plant),

September 4, 1959 TRAVIS P, LANE

!
Visited the Bonner Pozzolan deposit and the processing plant which is expected to
go into production around the first of October (shortly after the strike is
settled at the Glen Canyon dam project). The sacks in which the ground product will
be shipped are marked "Raw Material by B. B.' Bonner; transported by Shupe Bros.;
manufactured by J. B,' Shotwell; for use at Glen Canyon Dam." The company address
is Tuba Star Route. Mr. Darrel W, Sumner is Supt, Tom Burney who supervised the
plant construction is working on other projects for "Concrete Aggregates" which is
the Seattle firm controlled by J. B,' Shotwell, I gathered some samples of raw
material for Art Flagg for the Department of Mineral Resources Museum,

TRAVIS P. LANE - Weekly Report - 9-19-59

C. A, Richardson of Denver Equipt., Co. said that the Bonner Pozzolana plant has
installed the ball mill to grind the pumice to 95% minus 325 mesh.

FRANK P, KNIGHT - Memo - 5-24-60
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Telephone (602) 974-6031

Joseph A. Ledwidge

Vice President

Quinn & Co,, Inc.
Member 11001 N. 99th Ave,, Suite 120
New York Stock Exchange, Inc. Peoria, Arizona 85345
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SugarLoaf Deposit
Class N

Soundness, nuttclave expansion, max,, percent 1/

g/ This requires that a mortor with a cluss Y Pozzclan
*f the control usorter, or a fortar with a ¢
‘ntect of the coatrol shall Lave a flow e

;
This requirem:rt epplies cnly when spacified {s2e §.2).

- ——

Feck %e?c. 35-F- S0 &

Y R T 0.50 Q.50
1 Vater requirement, t{nerecase in flow (over contral, et stigniated
vater content}, min.?/ . em-memeeaommo L] 0 0
Reactivity with cezent alrzalies, roduction of mortnr exTansltca at
14 days min., prrcent.3/.-meeeeemmmeocccemmon ] €0 £0
y The speciien shell remain firm and aard end show a0 signs of distortion, eracking,
ehecking, pitting, or ddsintegration when subjected to the autoclave expanaion test.
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i} — %
A aie equiremen : 3
; . Chexntcal requ & i R 3 Class N
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OFFICE OF THE DISTRICY ENGINEER !

ADORESS REPLY TO: SACRAMENTO DISTRICT Fal g "}"“
DISTRICY ENGINEER

j cm

WRIGHT BLDG.. 1209-8TH BT.
SACRAMENTO, CALIFORNIA

n“"“‘L prhr’!gsf”

SACRAMENTO DISTRICY
CORPS OF ENGINEERS, U.8. ARMY

| : Dl
CORPS OF ENGINEERS, U. S. ARMY 5" E Cf IVED
1

£ ’ " 1.!.,

-P. O. BOX 1739 B "wb

;' EACRAMENTO 8, CALIFORNIA : 10 0CI 1956
Reren vo Fine No. SPKGC 800.1 ‘

e

i S -}

Arizona Department of Mineral Resources
413 Home Builders Building
Phoenix, Arizona

Gentlemen:

2ok Ll e leios L eRea pnlcs L LE RIS

Advance information has been received from the Office, Chief
of Engineers, Washington, D. C. that, as a result of investigations
at the Waterways Experiment Station, Vicksburg, Mississippi, pozzo-
lanic materials may be used in certain Civil Works construction.

In order to secure data which will be used during investigationm,
design, and construction stages of these Civil Works structures, a
questionnaire date sheet and a tabulation of test requirements

have been prepared and distributed to producers of pozzolanic
meterials. Copies of these forms are inclosed for your information.

e Sal Ky

ARy e

Information on sources of supply and addresses of companies
which produce pozzolanic materials in Arizona will be greatly
appreciated.

R P Tty S Co O

FOR THE DISTRICT ENGINEER:

o et e N 2

8incerely yours,

2 Incl F. KOCHIS
1. Data Sheet ' Chief, Engineering Division

2., Tables

-



' m .of manufacturer:

. : Offiee location:
Telepnone number:

» Plant Jocation:

* Teuphonemmb&r

<
2

S Estimied cost per ton (¥.0.B. pluxt).
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Chemical composition of Lozzolz M
Gilicon dioxids (910}
Tron oxide {(¥Fez03)
Aluminum oxide waoé)w_v_
Pagnesium oxide {rg0 N
Caieium oxide (Cg0)
gulfur trioxide (803,
Ex~hangeable alialies si Na20
i 2. Jose on ignition o T :
| Moisture eontent
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Carbon content
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‘hysical properties of pozzolanic product ;
Finepess: W
Materiel retained ox & 325 mesh aieVa » percent
Blaine Tineuess meter, dquare centimesters pex
gram
Compressive SLIength, pemenf—mm
Drying shiiaokage; percent = AIRE
Water requirement, percent . o i T
Specific gravity o3 ' %
Weight per cubic foot ST :
Reactivitx : 53 G
3 Reduction of expensive reaction at li days, percent
Other perl;inent data:
Please send completed form to: . District Engineer
% : Sacramento District
i Corps of Engineers
A Sacramento 8, California
¥ Attn: Ao Ro Mead
5
¢
:
A
; !
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Tables Prescribing Requir
d Pozzolan as Covered U

Ao PORTLAND-FPOZZOLA} CEMENTS

Requiremente: A
1. Portland cement or Portlandsosment exmru-d M the portlan:
posgolan cemart shall conform to the requirements for chemical ogapot
for typs I, rederal Spocification 53Cel92, Posgolans used in port 72
possolan cament shall conform to qu specifisd in table HI- ST

2 mwmotmzmwmwwmmsmn
mumsmxsmzmmusswt.wwn. ,-
wanufacturer shall state the source, amount, snd composition of mm
used in the finished portland=-pozsolancement, The amount of possolan in
\bmumdmntsmnmzunmmﬁ.amwmwm
hontlnwuntsuudbyﬂxenmtwm. s 2

. Detail Raquirenentl. - The porumd-pulo;lnohnt amu W
to the requirements for chemical properties wucﬁm u abh I, qﬁh R
physical properties prascrib.d in tthl! 1l.

TABLE I. = Mul muumu

TEST _ e m: AR mu “
Moisture content, maximum ‘ RO W S
Ignition loss, maximum £ 3.0 20 TR Sl
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TABLE II. - PhyoicAl Requiremente

TEST : v TEI v TIRIA
Finaness: S S apates
Rasidue Yo, 325 sieve, meximum, mgutuoad‘cq\_,_ 12 L n
Xaine finensss meter: ‘ . TR T
Average valoe, minimum, &Q. MQ/".OOOOQQQQQQQG m m
Hindmuom m, any ong spuple, ®q. “Jgncocodt 'm m :
Soundness, Sutoclsve expansion, meximam, : i 3
tooonoOno.enouoaocoooocloo'....IQ...&AQG g o»s v 06
Time of setting, Cillmore tesi:
Ihiﬂ.ul. m, mMntes., cucvecosssannssssang : “ e & :
, le, maxinum, ROUPS.cessevssoscsvccstossnane s 10 s m 2
Compressive strength: {L.lL.6) minimum: e W B g
i day in woist air, g daye in water, 1b./eq. in 1500 1250
day in moist sir, 27 days in wvatel, i e L st
8G. INeseevcosngance -{:3300000004100005000\;‘ _' m ) m
{The steength at 28 days shall be greater than . . e
Jir entyainment:s percent by VOlURNG.ssscassscesss 0«32 25«21
’h‘“f reguirement,, maximum, Plososossesusnscccasos 330 RS m 5
m&hﬂmsﬂ (holhll’, m‘m’ _M‘ot.’ynﬁ_.:- : 0«12 g ODn
At age of 1h days, maximum, peroent;-.u.....lq’., ¥ 10,020 4 m
At age of § voal.s,maxtuum, percentessessasesesss 05?8 e 0.?6

Fulse set, Wdﬂ, penstratlion Mieesesessese 'ovh'v,éoo‘ _

{This requirement applies only when ep@eifi
requested in the invivation for bids,)

Type 1. - Portland-Pogzolan cement noneairentraining,

Type 1A, - Portland-pozzolan cement airuntraining.

B, Posgolan, « Pozzolan whieh 's biended with finished portland cemsnt to
preduce portland-pogzolan cement shall meet the requirements prescribed in
tabie TII. The fineness requirements need nod apply to poszolan which ie
interyround with portland.cemeni clinker to produce tie portland.pozzolan
cegent, lor ovaluvating the contribution to compresaive strength, coarse
powrolens shall be ground only to the extent of having a residue on the
hoo 325 sieve of 12+2 percent. Tor materials such as diatomaceous earth
with esgentially no rezidue on a no. 325 sieve, the minimum vesidue neced

not apply.

Lo J
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A

Fineness '
Residua lio, 325 sieve, maximum, mﬁ....ao.
Hlaire fineness water, minisum, ooooc_‘;
Oontributicn to compreasive ﬂnmth (hogd Je
Percent of control 28 days, mooo'ioqwoco, !

(The compressive strength of the :
mwhnoubesat%dlnahnmtbm
then the strength at 28 daye.)

117p- P refers to natural uuruu such as clm
earths, tuffs, volcanic ash and pumicite, either
Hany nntural pozzolans are improved by ellc:l.ung
I,m Fo

%2vpe P refers to fly ash, an artificial possolan
collscted from the flue gases at the utukl ot m
pulveriged coal,

P
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STATE OF CALIFORNIA
GOODWIN._J. KNIGHT, Gevarnor
DEPARTMENT OF NATURAL RESOURCES
DeWITT NELSON, Dirsctor

R

DIVISION OF MINES
Ferry Building, San Frendiseo 11
OLAF P. JENKINS, Chief

MINERAL INFORMATION SERVICE

Vol. 7

October 1, 1954

No. 10

© MINERAL INFORMATION SERVICE is o monthly news release concerning the mineral resources and indusiry of
CALIFORNIA, designed to inform the public of the discoveries, operations, markets, statistics, and new publications. i is
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A &gozzm.ms IN CALIFORNIA

5 Ce sve Mmmtmctian for sev-
mlwm, firet is siortay for masonry
construction and much later in concrete. Original
céments vere produced by calcination of gypsum, but
during the Roman and Greek eras calcined limestone
‘vas employed with weter and sapd, gravel, crushed
stone, tile, brick and certain volcanic meterials.
The builders noted that combinations of certain of
materials produced mortars vhich were not

anly Wﬂmmu, but vhich would

Man ubder water, superior msterials vere
mmm ushes, found bear Naples and
4 ent port of Possudli, from which locality
eterials. drev. their bame of “poxsuolsne,” or
gs30lan" as theywe known todsy. Roman territor-

Rpaiiatoc dn-ud tuﬂ-i otmuohm into

#Mtimﬁmthmxwtou-
gressive sea water. However, freeszing and thawing
mt-tmambonmubolm, ‘80 perbaps
somie of the longevity of such structures built with
~lime cement mu-mma to‘the rela-
um,ynuu-um cm

m«mwmotﬂcnmmmmm

mtdmmm-,thmdemoum-'

"chief Engineer, The A:lrox cqupmy. 307 w.
Eighth Street, Los Ancele. 14, California

by
Frederick W. Drury, Jr.*

ufacture was lost, and consequently was of no sig-
nificance until the discovery of portland cement
by Aspdin a century ago.

Aspdin's discovery, complemented by the early
investigations of Smeaton, Feret, Vicat and Le
Chatelier encouraged development of the comcrete
industry as we know 1t today. Because portland
cement was a homogeneous material with relatively
constant camposition and characteristically pro-
duced higher strengths in mortar and concrete, use
of all other types of cement declined rapidly. In
recent years, however, it has been recognized that
some of the limitations of portland cement could
be overcome by the admixture of a suitable pozzolan.

Contemporary use of pozzolan

Portland-pozzolan cements have been used ex-
tensively in Eurcpe, particularly for marine and
hydraulic structures. In many cases their use wvas
dictated by economy, but in general, their primary
purpose was to produce concretes less permeable to
the passage of moisture and more resistant to the
action of aggressive waters.

The first substantial quantity of portland-poz-
zolan cement used in the United States was in the
Los Angeles Aqueduct (1910-1912). Savings of some
$700,000 over the cost of non-pozzolanic portland
cement resulted. Though certain bandling problems
occurred, the finished concrete was excellent ia
every respect. Recent ‘inspections of this aqueduct
bave shown conclusively that an unusual degree of
watertightness and freedom from leaching was ob-
tained.

The employwent of a pumice pozzolan in Friant
Dam resulted in savings of some $301,000 in cost
of portland cement. Similar savings were made in
construction of Bonneville Dam and of numercus
structures by the Los Angeles County Flood Control
Diatrict.

In the early 1930's, the Santa Cruz Portland
Cement Company began production of High Silica Ce-
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ment, composed of portland cement interground with
a mixture of lime and calcined Monterey shale.
Structures throughout California, including the
piers of the Golden Gate Bridge and portions of the
San Francisco - Qakland Bay Bridge attest to the
quality of this pozzolanic cement.

In 1937, about 15,000 barrels of portland-poz-
zolan cement containing calcined Puente shale were
employed in lining over 2000 feet of arch of the
San Jacinto Tunnel.

More recently numerous projects of the Bureau
of Reclamation have been completed with the aid of
pozzolan; Hungry Horse Dam (fly-ash), Cachuma Dam
(calcined oil-impregnated diatomite), Davis Dam
(calcined Puente shale and calcined oil-impregnated
diatomite), Falcon Dam (calcined scoria).

Of more interest to the California concrete in-
dustry, however, is the rapidly growing use of poz-
zolan in structural concrete as well as in mass
concrete which, until recently, absorbed most of
the pozzolan produced.

For example, calcined precipitated silica and
calcined oil impregnated diatomite were used exten-
sively in concrete pipe and structures of the East
Bay Municipal Utility District for improving sul-
fate and acid resistance and for decreasing perme-
ability.

Calcined oil-impregnated diatomite was used in
Big Creek #U4 Dem of the Southern California Edison
Compeny and is currently being used in construction
of the Morro Bay Steam Power Plant of Pacific Gas
and Electric Company, the Union 0il Coking Plant
near Guedalupe, California, and Santa Felicia Dam
near Piru, €alifornia.

Pozzolanic Reaction

Calcium hydroxide (hydrated 1lime) is liberated
during hydration of. portland cement, The lime con-
tributes nothing to the strength of concrete, and
because it has low solubility may be removed by
leaching action. Deterioration of the concrete
usually results.

American Society for Testing Materials Standard
C 219-53T defines a pozzolan as "a siliceous or sil-
iceous and aluminous material, which in itself po-
ssesses little or no cementitious value but will,
in finely divided form and in the presence of moist-
ure, chemically react with calcium hydroxide at or-
dinary temperatures to form cunpounda possessing
cementitious properties.”

The primary reaction product is usually consid-
ered to be hydrous monocalcium silicate. However,
most pozzolans contain substantial amounts ‘of ma-
terial other than silica, and more complex reactions
involving alumina, iron, and the alkalies probably
take place.

Generally speaking, the better pozzolans appear
to be those of high fineness with a silica consti-
tuent of amorphous form. Thus finely ground quartz,
though meeting the definition of a pozzolan, is
extremely slow to react with lime whereas finely
ground opal is exceptionally reactive. Because
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chemical composition does not aid particularly in
determining pozzolanic activity, it becomes neces-
sary to judge the efficiency of a pozzolan by in-
direct tests and past performance.

For these reasons, progress has been slow toward
establishment of American Society for Testing Ma-
terials standards for pozzolans, although a terta-
tive standard for fly-ash as a pozzolan has been
promulgated. However, newly issued Federal Spe:zifi-
cation 8S-C-208b for portland-pozzolan cement and
American Society for Testing Materials Proposed
Tentative Specification C 340-54T for portland-poz-
zolan cement do place certain requirements on poz-
zolans qonsidered suitable for use in portland-poz-
zolan cements.

To date the most widely accepted specification
for pozzolan per se is that advanced by the Bureau
of Reclamation and incorporated in recent general
specifications for Reclamation Projects. Copies of
this specification and methods of testing pozzolans
may be obtained from the Office of the Chief Engin-
eer, Bureau of Reclamation, Denver Federal Center,
Denver, Colorado.

In many cases specifications for pozzolan in-
corporate sections of the above mentioned specifi-
cations, or merely refer to "approved sources of
pozzolan" based on performance records of the poz-
zolans concerned.

The most reeent example of this form of specifi-
cation is Specification No. 4 of the United Water
Conservation District of Ventura County. Item 20
in this specification states: "raw materials. The
raw material from which the siliceous material is
produced shall be an opaline cherty shale, oil im-
pregnated diatomaceous shale, chert of porcelaneous
rock found in the Monterey formation or other Mio-
cene strata of similar lithology....." Certain ad-
ditional physical limitations are also placed on the
processed pozzolan.

Until such time as detailed and suitable tests
are developed for distinguishing between good and
poor pozzolans, specifications will probably con-
tinue to be bagsed on known performance records of
commercially produced pozzolans. Inasmuch as poz-
zolans vary so widely in their effects on concrete,

this practice would appear to be advisable.

Classification of Pozzolans

Pozzolans may be divided into two principal
classes: (1) artificial pozzolans and (2) natural
pozzolans.

Artificial pozzolans include fly-ash (precipi-
tated residue from flue dust in the burning of pow-
dered coal), silica fume, and calcined bauxite - all
by-products of industrial processes. Few fly-ashes
are suitable for use as pozzolan, the limiting fac-
tors being carbon content, fineness, and uniformity
of composition. ¥For certain technical and economic
reasonsg, artificial pozzolans cannot be considered
practical for use in California at the present time.

Natural pozzolans may be divided into two prin-
cipal classes: (1) Those derived from volcanic
rock in which the amorphous constituent is glass
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produced by fusion and (2) those derived from rocks
or earth in which the silica constituent contains
opal. Y

Constituting the first class are the volcanic
ashes, pumice, obsidian, scoria, and tuffs.

Constituting the second class are the diatom-
ites, cherts, shales and clays containing substan-
tial quantities of opaline silica.

The pozzolanic properties of many of the mater-
ials of the second class, and a few of those of the
first class, may be improved through calcination at
some optimum temperature below fusion. Some mater-
ials not normally pozzolanic such as the clays, may
be rendered pozzolanic by calcination.

Most natural pozzolans require fine grinding,
although pumicite used in Friant Dam was so excep-
tionally fine in its natural state that no further
grinding was necessary. Such deposits are rare,
however.

Prospecting for Pozzolanic Materials

Few laboratories are equipped to properly test
deposits which might be exploited to produce & qual-
ity pozzolan. However, the Bureau of Reclamation
bhas studied potential sources of supply in Califor-
nia, and this information may be found in reference
(3). sShould doubt exist as to the potentialities of
a deposit. samples of the source material may be
sent to the Bureau of Reclamation laboratory in Den-
ver for testing, provided survey of the deposit in-
dicates it can be practicelly processed into pozzo-
lan. Factors to be considered are the extent and
uniformity of the deposit, the cest of mining, the
cost of calcining, the cost of processing and the

_cost of shipment to potential consumers.

Most major portland cement manufacturers have
thoroughly investigated sources of pozzolanic mater-
ials, although few such companies are processing
pozzolan for inter-grinding or blending at the pre-
sent time.

Use of Pozsolans with Portland Cement

Pozzolans may be interground or blended with
portland cement to produce portland-pozzolan cement,
or may be produced separately for use as an admix-
ture. The latter method is gaining favor because a

much higher degree of job control may then be obtained.

This is particularly important when it is realized
that pozzolans are used in varying proportions in
accordance with job requirements., For example, the
quantity, of pozzolan used to improve sulfate’ resist-
ance will differ from that used to control alkali-
aggregate reaction, etec. :

Proportioning Poggzolan in Concrete Mixes

. Pozzolans may be used as additions to or as
replacements of a portion of the portland cement in
in concrete. When used as additions, pozzolans are
employed in small amounts, sufficient only to affect
the properties of fresh concrete. Present practice

~overwhelmingly favors the use of pozzolan as an in-
tegral ingredient in congrete, in which case 1t is
looked upon as a part of the cementitious material
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as is portland cement. When compared with a normal
cement concrete, the use of pozzolan in this manner
reduces the emount of portland cement required.

Because of differences in specific gravities,
substitution of pozzolan for part of the portland
cement usually increases yield unless the mix de-
sign 1s altered, generally by reduction in sand con-
tent.

In general, optimum quantities of pozzolan de-
pénd upon (1) properties desired in fresh and hard-
ened concrete (2) character and fineness of the poz-
zolan (3) composition of the portland cement (k)
richness of the mix (5) grading of the aggregate.
Because of the varied effects of different pozzolans
in concrete, this optimum quantity must be deter-
mined by experiment and experience. Percentages of
replacements, on a weight basis, may vary from 10 to
35 percent. Most producers of pozzolan in Califor-
nia can furnish information relative to optimum
quantities of their pozzolan required in concrete
for any specific purpose.

Effects of Pozzolan upon Fresh Concrete

When used as cement replacements, natural pozzo-
lane characteristically increase plasticity and co-
hesiveness and decrease the tendency towards bleed-
ing and segregation of concrete mixes. These de-
sirable effects may be further enhanced by the jud-
icious use of air entrainment.

Most effective are the finely ground diatomites,
opaline shales, and calcined clays. Less effective
are the volcanic glasses.

For a given alump, natural pozzolans may in-
crease the water requirement. However, proper mix
design and/or the use of a suitable wetting agent
are effective in reducing to.normal the water re-
quirement of concretes containing pozzolan. With
pozzolanic concrete, workability is more accurately
defined by the Powers remolding apperatus than by
the slump test. This may be effectively shown in
the ease with which pozzolanic concrete may be vi-
brated.

Effects of Pozzolan upon Hardened Concrete

An analogy can be drawn between the effects of
pozzolan upon hardened concrete and the characteris-
tic action of Type V (sulfnte reaistant) portland
cement. As tested, (see pages 51 and 52 of reference
k), Type V Portland cement is slow in early age
strength gain, but at later ages gives high strength
development. It is very low in heat generation, a
factor of great importance in mass concrete. It is
high in sulfate resistance. According to the Con-
crete Manual (Reference (4), p. 52) "Type V cement
is, from a theoretical point of view, the nearest
approach to an ideal cement." Unfortunately, Type
V cement is a premium cement not readily aveilable.

In general, use of California pozzolans (natural
pozzolans), in proper amounts results in concrete of
lower coat having less heat generation, maximum rate
of heat development at an earlier age, lower permea-
bility, greater resistance to aggressive soils and
waters, higher later age strengths, and freedom
from leaching. ;
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Substitution of pozgzolan for a portion of the
portland cement not only results in a low cement con-
tent which, in itself, is highly desirable, but also
compensates for any undesirable characteristics of
the concrete that would be introduced if the cement
-content were similarly reduced without addition of

the pozzolan.

Detailed discussion of the aforementioned bene-
fits of pozzolan in conerete is impractical in this
paper. For further information the reader is refer-
red to the listed references and to the brochures
issued by the existing commercial producers of poz-
zolan in California.

Alkali-Aggregate Reaction

The most important use of pozzolan in Califor-
nia is in controlling the alkali-aggregate reaction.

In the early 1940's, T.E.’ Stanton discovered
that certain rocks and minerals reacted with alkalies
released during hydration of portland cement and
caused rapid deterioration of concrete. Examples of
such deterioration may be seen throughout California,
although such deterioration is most obvious in coast-
al areas.

From 1941 to 1947 knowledge of the mechanism
and control of this reaction accumulated and full
dependence for protecting concrete structures against
this reaction was placed upon & limitation of the
alkali content of portland cement to 0.60 percent.
In 1947, however, tests with a very low alkali port-
land cement and aggregate proposed for use in Davis
Dam indicated excessive reactive expansion. Forth-
with the decision was made to require use of pozzo-
lan in the concrete of this important structure.
This was a tacit acknowledgment that limitation of
the alkali content of portland cement within practi-
cal limits may not be sufficient to protect concrete
permanently against alkali-aggregate reaction.

As a consequence of this vital work with pozzo-
lans in countering alkali-aggregate reaction, suit-
able pozzolans are now used extensively with and
without low-alkali portland cement as a positive
means of insuring the dimensional stability of con-
crete. The trend is toward using pozzolan whenever
aggregates of known or questionable reactivity are
employed.

Merriam (Reference (5)) discusses kmown and sus-
pected Bources of reactive aggregate in California,
and should be a part of the library of every engineer
who enjoys responsibility for concrete mix design.

American Society for Testing Materials Specifi-
cation C33-52T recognizes the alkali-aggregate reac-
tion problem when it states in part that reactive

_aggregates may be used "with the addition of a mate-

rial that has been shown to inhibit undue expansion

' due to the alkali-aggregate reaction.”

_ Great caution should be exercised in the selec-
tion of a pozzolan for positive control of the alkali-
aggregate reaction. Relatively few pozzolans will
satisfactorily control the alkali-aggregate'reaction
vhen used in optimum quantities. Por example, a
pozzolan used as a 15% replacemerit of total cementi-
tious material may enhance the desirable prope;tieu
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of concrete., but may be insufficient to control the
alkali-aggregate reaction.

Future for California Pozzolans

Pozzolans in concrete are not cure-alls. When
properly used, however, they can result in the
placement of superior concrete at lower cost. The
obvious question would be, then, why are pozzolans
not used in larger quantities than at presentt The
answer to this question contains the key to the
future for California pozzolans. 1

Through the efforts of the Portland Cement Asso-
ciation and many other trade and research orgmniza-
tions, the production of quality concrete is now
less of an art and more of a science. Constant im-
provements are taking place, but the time required
for exhaustive testing and acceptance of new meth-
ods and materials is long. All materials have limi-
tations which must be thoroughly understood. Recent
ma jor construction such as the Morro Bay Steam Power
Plant shows what a good pozzolan properly employed
can do to enhance the desirable properties of con-
crete. More such projects are currently under con-
struction. Withir the next few years it is prob-
able that the performance record of suitable pozzo-
lans in struetural concrete will be universally re-
cognized.

Another factor in widespread use of pozzolan is
cost. Although pozzolans now commercially produced
are less costly than all types of portland cement,
installation of bulk facilities for handling pozzo-
lan at transit-mix plants is a major cost item. It
would appear, however, that within the near future
plants within the reactive aggregate areas will
seriously consider installation of such facilities
for two reasons: (1) Customers will demand absolute
protection from the alkali-aggregate reaction and
will want other desirable qualities of pozzolanic-
concrete (2) Cost of concrete will be reduced.

Other Uses of Pozzolans

The tonnage of pozzolan employed in concrete
products is rapidly increasing. However, the bene-
fits of pozzolan in this large and growing industry
are not so specifically identified as in monolithic
concrete.

In the concrete block industry for instance,
pozzolans have been used primarily to overcome de-
ficiencies in raw materials such as lack of fines in
sand or poof grading of aggregate. 1In some cases,
pozzolans have permitted adjustment of mix designs
which resulted in superior products at lower cost.

Perhaps the largest potential market for pozzo-
lans in the concrete product industry is in concrete
pipe of all types.

The East Bay Municipal Utility District has
installed thousands of feet of pre-cast and centri-
fugally spun concrete pipe containing large percent-
ages of pozzolan as a partial portland cement re-
placement. Reports on the performance of this pipe
indicate the desired results of (1) improved resist-
ance to sulfate and acid attack, and (2) remarkable
reduction in permeability have been achieved. Costs,
techniques and results obtained in the use of poz-
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zolan by the East Bay Municipal Utility District are
available (Reference 11).

Tt is important to note that when pozzolan is
employed in concrete products, additional curing is
often necessary to gain maximum effectiveness from
the pozzolanic reaction. However, as the search
for improved concrete products continues, it is
likely that the use of suitable pozzolans will con-
tinue to increase despite changes that may be re-
quired in techniques of manufacture.

Climetic conditions in California have generally
precluded the outlay of capital for installation of
autoclaves. However, the outstanding results achiev-
ed in the midwest and east, combined with the ulti-
mate economy of autoclaved products makes it seem
probeble that in due course manufacturers of con-
crete products in California will seriously consider
the advantages of autoclaving.

Almost without exception, materials high in sil-
ica such as pozzolans prove very beneficial in the
autoclaving process,

Investigations now under way indicate a market
potential for pozzolan, in combination with lime,
for soil stabilization. Comprehensive testing in
Texss has indicated that excellent results, from the
standpoint of quality and economy, can be obtained
in the stabilization of many soils with lime-pozzo-
lan mixtures.

California Manufacturers of Pozzolan

California pozzolans are produced for blending
with portland-cement or & separate ingredient for

admixture.

At the present time, two portland cement manu-

facturers are known to produce -portland-pozzolan ce-

mente utilizing fixed percentages of pozzolan re-
placement:

Permanente Cement Company

Kaiser Building

Oakland 12, California

~ Portland Pozzolan Cement

Monolith Portland Cement Company

3326 San Fernando Road

Los Angeles, California

Monolith "Tufa"

The writer is not acduﬁinted with the physical

and chemical characteristics or the service records

of the pozzolans used by these companies.

Two companies are actively manufacturing pozzo-
jan for sale as a separate ingredient for blending
with portland cement or for admixture.

(1) The Airox €ompany, manufacturers of
"Airox Pozzolan" (calcined oil-im-
pregnated diatomite)

offices: 307 West Eighth Street

Los Angeles 14, California
Plant:; Orcutt-Casmalia Road
Santa Maria, California
(2) The Basalt Rock Company, manufacturers
of "Basalt Pozzolan" (calcined pre-
cipitated silica)
Offices: Bth and River Streets Plant: Napa,
California ,
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Further information regarding composition, na-
ture, use and cost of these pozzolans can be ob- Q%%
tained by writing to the companies concerned. &

Conclusion

Many meterials in California may be considered
potential sources for pozzolan, but should be tho-
roughly investigated before exploitation is under-
taken.

, Pozzolans of bigh quality can be used to pro-
duce superior concrete at low cost, but must be used
cautiously and according to manufacturer's recom-
mendations.

Few pozzolans will satisfactorily inhibit alka-
1i-aggregate reaction when used in reasonable quan-
tities. Pozzolans high in opal or consisting of
finely ground diatomite are generally the most act-
ive, and contribute most to gulfate resistance. Cal-
cined clays, otherwise suitable as pozzolans, may
contribute little or nothing to sulfate resistance.

Any pozzolan being considered for use in con-
crete should meet accepted standards and should
have a satisfactory performance record.
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AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS

The annual fall meeting of the Pacific Section

of the American Association of Petroleum Geologists @I
will be at the Biltmore Hotel, Los Angeles, on No-
vember 11 and 12. Program will consist of a series
of technical papers on petroleum geology in the
Pacific states; no field trips are scheduled.




ATROX POZZOLAN

an ancient material.....
mproves '
modern structural
cement !

THE ORIGIN OF POZZOLAN

Pozzolan is one of the many legacies we owe to classical Rome. The Romans found that certain
finely divided siliceous materials, when mixed with lime, produced cements having hydraulic prop-
erties. One such material, found near Pozzuoli (Puteoli), Italy, became known as “pozzuolana,” a
general term defining similar materials found on the Continent. Later, the term “pozzolan’ was
adopted to designate any siliceous material which would combine with lime in the presence of
moisture to form cementitious compounds. For many centuries hydraulic cements composed solely
of pozzolan and lime were used with historic success throughout Europe. The Aqueduct of Claudius
(312 B.C.), the great public baths (27 B.C.), and the Colosseum itself (80 A.D.) are among the
numerous classical structures in existence today that attest to the durability of pozzolanic concrete.

AIROX POZZOLAN is manufactured from a unique oil-irhpregnated, diatomaceous (opaline) shale
of remarkable homogeneity. This “bituminous rock” is calcined under controlled conditions at
temperatures ranging from 1450° to 1550° F. The product of calcination is then very finely ground
in a ball mill to a specific surface of 10,000 to 12,000 sq cm per gram — about four times the
normal specific surface of Type I portland cement. The result is a product which far exceeds the
requirements of even the most exacting specifications for pozzolans. Among the pozzolans tested
and approved by such governmental agencies as the Bureau of Reclamation and the Corps of
_ Engineers, Airox Pozzolan registered a distinguished overall performance rating — its pozzolanic
activity index proved to be among the highest recorded.
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PHYSICAL PROPERTIES

Amount retained when wet-sieved on No. 325
(44-micron) sieve, per cent

Specific surface, by Blaine air-permeability ap-
paratus (porosity constant € = 0.60), sq cm per

PEAT & . v s hhos T 10,000 to 12,000
Specific gravity . . . . - oottt 2.50
Bulk unit weight,lbpercuft . . ... .- 47

HE ADVANTAGES OF Al

CHEMICAL ANALYSIS

Sifiea, (BIODY & 6 & o 8o pnd o BP0 71%
Alumina (Al FOBYS 1ol e w axdus il 16%
Iron oxide (Fe203) ... . -« + + = oo =" 4%
Lihe (€a0) . < is ) o+ cele 3.5 50T 8 2%
Magnesia 1)) A PO B 2%
Qilfate (SOBY: o s i¢ oot m s § Anolgtiin s 1%
Sodium oxide (Na20Q) . . - . - - - - -~ 0.8%
Potassium oxide (K20) . o cwiieps 0.2%
Lossonignition . . . . ¢ o« - oo 3%

ROX POZZOLAN

THE ADVANTAGES OF o e

LIMITS LEACHING

INHIBITS ALKALI — AGGREGATE REACTION
INCREASES ULTIMATE STRENGTHS

CURTAILS EFFLORESCENCE
DECREASES PERMEABILITY
INCREASES RESISTANCE TO ACIDS
MINIMIZES SEGREGATION

LOWERS HEAT OF HYDRATION
IMPROVES WORKABILITY

INCREASES RESISTANCE TO ALKALIES
REDUCES OVERALL COSTS

Ry
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POZZOLAN PRODUCTS, Inc.

1321 Westwood Bivd., Los Angeles Calif. 90024 478-0571

AIROX, ING.

10880 WILSHIRE BLVD, SUITE 12, LA, €A, 90024 (213} 475-0571
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AIROX-C ALSO PROVIDES THESE BONUS
FEATURES OF SUPERIOR POZZOLANIC ACTION:

*' Decreases permeability of hardened concrete, practically
gliminates efflorescence.

. Adds to plasticity and workability of cements and improves
mlxmg action~speeding application and lowering placement
; costs :

' Can {educe overalt construction costs by acting as a
btmeﬁng agent, neutralizing reactive aggregates that are-often
2 present in lacally avaclable matenals

]

figina product that far excéeds the established
of even the most exacting specifications for pozzolans.

the cement additive that provides
permanent color and improves the
' performance of concrete—

N v D e I G

. A product of.Diversified Earth Sciences, Incorporated. ..
. pmvodmg proprietary products and services which restore, _ :
impmve and mamtam the envuronment :

i . é
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GUIDE SPECIFICATION
Cemepie .. (“Repiacement

of addmve") as’ required by these

peculcatmns shall be AIROX-C as -
manufactured by Airox, lncorparated
or an approved equat. : ;

1 Scope*

TﬂBSQ :specifications covér AIROX-C -
for use as, a color ;:ovnponent in: port-

£

Mnd aement gancrete. N ag
mu, ﬁope[‘llf ermwmmm strongly mcom«mdodu 5

¢ 1o freezing und thawing eondlthnl
pmsm mﬂnannuﬂotwradlw\ec. S 0

*M

tisd min désign

,">'

_ﬁgmmm wlilhformmma

&m

l

»

5 Chemical & Physical

Requirements
AIROX-C employed as a component
in portland cement concrete shall
conform to the following:
Chemical =
Silicon dioxide (SiOz2), aluminum
oxide (Al203), and iron oxide (Fe20s),

minimum, percent. . ........... 85
*' Loss on ignition, maximum.
percent ........ £ o ot ooy 5
Moismre content maximum,
2

................

.......

Manufaciurer s
‘Certification

reques! otthe purchaser, the

. -manufacturer shail centify in writing the

- gource and composition of AIROX-C
_‘as well as compliance with require-

ments outlined under “"Methods of

T Igﬂg\ag. :paragrath

h ]
(5

L

Diversitied Earth Sciences, inc. 10880 Wilshire Boulevard Sufie 612, Los Angeles, California 80024 Telephone >
‘ 3 5 ; %

ne (213) 4750591 ,

G

8 inspection
(a) Every facility shall be provided
the purchaser for careful sampling and
inspection at the source of supply
of AIROX-C.
(b) AIROX-C may be shipped on the 75k
supplier's certification that it conforms 3
in all respects to these specifications.. e
- Permission to ship either before
compietion of tests or without testing :
shall in no way relieve the supplier of
the responsibility for furnishing a
coloring agent meeting the require-
ments of these specifications. This
permission may be revoked should
test results indicate the failure of
coloring agent to' conform with the
requirements set forth herem

'O Methods
of Testing -

Tests for.chemicat composmon shal

be in accordance with ASTM Desi

tion: C-114. Tests for physical pmﬁev

ties shail be made in:accordance wnh

ASTM Designations: C-114 and C-61

as last revised, with the following

; exoepnons to Table Il of C-GTS...

Physlul Mlnmom '
(a) Pozzolani¢ activity index:

‘1. With portland cement 4t 28

days, with minimum percent

~ .age of control 90

2. With lime, at 7 days,

minimum psi

(b) Water requirement, maximurn

percentage of control . 110,

{c) Reactivity with cement atkalis,

‘reduction of mortar expansm,

14 days minimum

percont

ol

ot

..........

...............




TYRICAL CONCRETE MIX DESIGN WITH
_ * AIROX-C POZZOLAN ADDITIVE

<. Assume that Airox Pozzolan is being employed primarily to
. control atka!s-eggfagale reaction, as 18 per cent (by weight) of the
L A tota! cem°mmous matena! (Au'ox Pozzolan plus portland cement):

Doslgn Data

‘.‘_ Gompmsswes!rength e
“plus-pozrolan fnuor (wagm)
Wcm—pm:m (wg&gm)

sub: ﬂfafYOimmi equrlh Scleﬁnpc,vlnc
Vitshice Boulevard; spﬁe %JQ?LQAWS~WDO024
Taaophane _213)475-0591

amNo. AB-A-T2 T





