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Description

[0001] The present invention relates to a method for
manufacturing of supplementary cementitious materials
(SCMs), i.e pozzolans.

[0002] Fly ash is a supplementary cementitious mate-
rial, which is useful for production of concretes, mortars
and other mixtures comprising cement. Fly ash is a by-
product of coal burning power plants and is produced
worldwide in large quantities each year.

[0003] In the Swedish patent No 532790 a method is
described which eliminates fluctuations in the fly ash
quality due to variations in the coal chemical composi-
tions and parameters of coal burning processes.
Processing of pozzolans, i.e. fly ashes according to the
patented method significantly improves performance of
the concrete and provides higher level of replacement of
Standard Portland cement, which leads to significant
economical and environmental benefits.

[0004] Fly ash usually contains about 85% glassy,
amorphous components in the form of cenosphere par-
ticles. According to ASTM C 618 fly ash is classified in
two classes, Class C and Class F. The Class F fly ash
typically contains more than 70% by weight of silica, alu-
mina, and ferric oxides, while Class C typically contains
between 70% and 50%. Class F is produced as a by
product of the combustion of bituminous coal. Class C
fly ash has a higher calcium content and is produced as
a by-product of the combustion of sub-bituminous coal.
[0005] Comprehensive research has demonstrated
that a high volume fly ash concretes, where Portland ce-
ment has been replaced by fly ash to a level over 50%
showed a higher long term strength development, a lower
water and a gas permeability, a high chloride ion resist-
ance, etc. in comparison with Portland cement concretes
without fly ash.

[0006] Atthe same time a high volume fly ash concrete
has significant drawbacks. One drawback is long setting
times and unsatisfactory slow strength development dur-
ing the period 0 to 28 days. These negative effects sig-
nificantly reduce the level of fly ash used for replacement
of Portland cement, e.g. about 15% in the US.

[0007] Serious problems are alsorelated to the stability
of fly ash performance. Usually variations in the chemical
composition of coal and frequent changes in operating
parameters of power plants cause, among others, for-
mation of crystalline and quasi-crystalline phases, so
called scoria, which leads toreductionin fly ash reactivity,
so called pozzolanic activity.

[0008] Historically limestone-pozzolan mixes have
been used for 2000 years ago by ancient Romans and
a lot of ancient buildings as e. g. Coliseum are still in a
good shape. At the same time despite the fact that ac-
cording to the US Geological Survey billions of tons of
natural pozzolan can be found in Western USA and in
most other regions of the world. The usage of natural
pozzolans in concrete in the modern building industry is
very limited.
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[0009] Natural pozzolans belong to materials of vol-
canic origin and sedimentary origin, such as diatoma-
ceous earth. According to ASTM C 618 they are desig-
nated Class N pozzolans. The natural pozzolans are de-
scribed in ACI 232.1R-00 as "Raw or calcinated natural
pozzolans that comply with the applicable requirements
for the class herein, such as some diatomaceous earth;
opaline chert and shales; tuffs and volcanic ashes or pu-
micites, any of which may or may not be processed cal-
cinations; and various materials requiring calcination to
induce satisfactory properties, such as some clays or
shales."

[0010] The reason why the use of natural pozzolans is
very limited can be explained by the following.

[0011] The microstructure of natural pozzolan particles
is characterized by high porosity, which significantly in-
creases water demand of concrete mixes containing nat-
ural pozzolans to achieve required flowability/workability
of the concrete. However, increases in water demand
lead to unsatisfactory compressive strength develop-
ment.

[0012] Additionally, uneven distribution of active min-
erals i.e. amorphous materials, e.g. due to weathering
has a further and unacceptable negative impact on
strength development of concrete with natural pozzolan
content.

[0013] Optimized natural pozzolan particle size distri-
bution is required in order to achieve consistent perform-
ance of high pozzolan containing concrete. An optimized
particle distribution is such that there are fine and coarse
fractions present.

[0014] According to the Report of American Concrete
Institute AC1232.1R-00 "Use of raw or processed natural
pozzolans in concrete”, properties of natural pozzolans
can vary considerably, depending on their origin and
therefore variable proportions of chemically active min-
erals. Chemically active minerals usually contain amor-
phous materials (e.g. amorphous silicon dioxide), which
react with calcium hydroxide released during Portland
cement hydration (pozzolanic reaction) and form calci-
um-silicate-hydrate gel [C-H-S gel] - a product similar to
the resulting product of Portland cement hydration.
[0015] The presentinvention solves the problem of us-
ing natural pozzolans in concrete.

[0016] The present invention thus refers to a method
for manufacturing of supplementary cementitious mate-
rials for replacement of Portland cement in production of
mortars and concretes, where the supplementary ce-
mentitious materials comprise natural pozzolans in the
form of rocks and ashes and sedimentary origin, such as
diatomaceous earth.

[0017] The invention is characterized in, that the said
pozzolans in crushed state are subjected to a high ener-
getic mechanical processing by means of grinding in a
grinding equipment, whereby the pozzolan particles re-
ceive mechanical impulses, and in that the grinding is
carried out for a predetermined time resulting in a com-
pressive strength of a5.08 cm (2 inch) side cube of mortar
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comprising 80 % Portland cement and 20 % natural poz-
zolan in a ratio of 1:2.75 to standard sand and in addition
water required to obtain a flow of the mortar according
to American standard ASTM C 109, which has been prop-
erly compacted under vibration and hardened at + 20 °C
in sealed condition, which after 28 days is > 75 % of the
compressive strength of a 5.08 cm (2 inch) side cube,
treated as said cube, of a mortar comprising a ratio of
Portland cement:sand of 1:2.75 and in addition water cor-
responding to 48.5 % of the weight of Portland cement.
[0018] This test corresponds to the American standard
ASTM C 109.

[0019] The presentinvention will be described in more
detail below.

[0020] The invention refers to a method for manufac-
turing of supplementary cementitious materials for re-
placement of Portland cement in production of mortars
and concretes, where the cementitious materials com-
prises natural pozzolans in the form of rocks and ashes
of volcanic origin and sedimentary origin, such as dia-
tomaceous earth.

[0021] According to the invention the said pozzolans
in a crushed state are subjected to a high energetic me-
chanical processing by means of grinding in a grinding
equipment, whereby the pozzolan particles receive me-
chanical impulses.

[0022] The grinding leads to modification of its surface
properties in the form of surface porosity reduction and
improvement of its chemical reactivity with alkaline me-
dium produced by hydrating cement. It has been ob-
served that the treatment of the pozzolan particles gives
that there occurs local melting of the surface of the par-
ticals, whereby zones with a high degree of amorphiza-
tion are created. By this treatment it has shown that nat-
ural pozzolans show a surprisingly good effect when the
so treated natural pozzolans replace some of the amount
of Portland cement in a cement paste, mortar and con-
crete comprising Portland cement, pozzolans, sand and
water.

[0023] Further according to the invention, the grinding
is carried out for a predetermined time resulting in a com-
pressive strength of a5.08 cm (2inch) side cube of mortar
comprising 80 % Portland cement and 20 % natural poz-
zolan in a ratio of 1:2.75 to standard sand and in addition
water required to obtain a flow of the mortar according
to American standard ASTM C 109, which has been prop-
erly compacted under vibration and hardened at + 20 °C
in sealed condition, which after 28 days is > 75 % of the
compressive strength of a 2 inch side cube, treated as
said cube, of a mortar comprising a ratio of Portland ce-
ment;sand of 1:2.75 and in addition water corresponding
to 48.5 % of the weight of Portland cement.

[0024] The amount of water required to obtain a flow
of the mortar according to ASTM C 109 may vary, but is
approximately 40% - 50% of the weight of Portland ce-
ment and the pozzolan.

[0025] The compressive strength when using natural
pozzolan corresponds to the strength which is obtained
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when fly ash is used together with Portland cement.
[0026] The present invention can be realized with the
use of different types of grinding equipment such as me-
dia milling equipment, e.g. stirred, centrifugal, tumbling
ball or non-media milling equipment, e.g. jet, impact, roll-
er with dominating shear mechanical impulses applied
to the particles subjected to processing and combined
with air classification.

[0027] The pozzolan can be subjected to grinding in a
grinding equipment, which is adopted to the open or
closed circuit for material being grinded.

[0028] A preferred particle size distribution is:

< 5 microns 15-50%,
< 10 microns 30-65%,
< 30 microns 90-95 %.

[0029] According to a preferred embodiment Portland
cement, fly ash Class F or C, fine quartz, granite quarry
fines, fine fractions of recycled concrete or blast furnace
slag or its blends are added to the said pozzolan during
or after said processing of the pozzolan.

[0030] According to another preferred embodiment
Portland cement, fly ash Class F or C, fine quartz, granite
quarry fines, fine fractions of recycled concrete or blast
furnace slag or its blends are subjected to pregriding to
achieve fineness with a retention on the sieve of 45 mi-
crons which is less than 5%.

[0031] According to stillanother preferred embodiment
water reducing agents, set time regulators, and strength
accelerating admixtures in powder form are added to the
said pozzolan during or after said grinding of the pozzo-
lan.

[0032] Itis preferred that replacement of Portland ce-
ment by the said pozzolan in concrete or mortar is from
15 to about 70%.

[0033] Itisalso preferred thatthe pozzolans is subject-
ed to grinding in said grinding equipment to a fineness
of the final product with a retention on a sieve of 30 mi-
crons being less than 5%.

Claims

1. Method for manufacturing of supplementary cemen-
titious materials for replacement of Portland cement
in production of mortars and concretes, where the
supplementary cementitious materials comprise
natural pozzolans in the form of rocks and ashes,
characterized in, that the said pozzolansin crushed
state are subjected to a high energetic mechanical
processing by means of grinding in a grinding equip-
ment, whereby the pozzolan particles receive me-
chanical impulses, and in that the grinding is carried
outfora predeterminedtime, in, thatthe final product
of the pozzolan after grinding has the following par-
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ticle size distribution:

< 5 microns 15-50%,

< 10 microns 30-65%,

< 30 microns 90-95 %

in, that a mixture of ground pozzolans, portland
cement and water is resulting in a compressive
strength of a 2 inch side cube of mortar compris-
ing 80 % Portland cementand 20 % natural poz-
zolan in a ratio of 1:2.75 to standard sand and
in addition water required to obtain a flow of the
mortar according to American standard ASTM
C 109, which has been properly compacted un-
der vibration and hardened at + 20 °C in sealed
condition, which after 28 days is > 75 % of the
compressive strength of a 5.08 cm (2 inch) side
cube, treated as said cube, of a mortar compris-
ing aratio of Portland cement:sand of 1:2.75 and
in addition water corresponding to 48.5 % of the
weight of Portland cement.

Method according to claim 1, characterized in, that
Portland cement, fly ash Class F or C, fine quartz,
granite quarry fines, fine fractions of recycled con-
crete or blast furnace slag or its blends are added to
the said pozzolan during or after said processing of
the pozzolan.

Method according to claim 1 or 3, characterized in,
that Portland cement, fly ash Class F or C, fine
quartz, granite quarry fines, fine fractions of recycled
concrete or blast furnace slag or its blends are sub-
jected to pregriding to achieve fineness with a reten-
tion on the sieve of 45 microns which is less than 5%.

Method according to claims any of the claims 1 - 3,
characterized in, that water reducing agents, set
time regulators, and strength accelerating admix-
tures in powder form are added to the said pozzolan
during or after said grinding of the pozzolan.

Method according to any of claims 1-4, character-
ized in, that replacement of Portland cement by the
said pozzolan in concrete or mortar is from 15 to
about 70%.

Method according to any of the preceeding claims,
characterized in, that the pozzolan is subjected to
grinding in said grinding equipment to a fineness of
the final product with a retention on a sieve of 30
microns being less than 5%.

Method according to any of the proceeding claims,
characterized in, that pozzolan is subjected to
grinding in a grinding equipment, which is adopted
to open or closed circuit for material being grinded.
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Patentanspriiche

4,

Verfahren zur Herstellung von Zusatzzementmate-
rialien fir den Ersatz von Portlandzement bei der
Herstellung von Mortel und Beton, worin die zusatz-
lichen Zementmaterialien natlrliche Puzzolane in
Form von Steinen und Asche umfassen, dadurch
gekennzeichnet, dass die genannten Pozzuolane
in zerkleinertem Zustand in einer hochenergetisch
mechanischen Bearbeitung durch Zerkleinerung in
einem Zerkleinerungsgerat ausgesetzt wird, wobei
die Puzzolan-Teilchen mechanische Impulse erhal-
ten, und in der die Zerkleinerung fiir eine festgelegte
Zeit durchgeflihrt wird, indem das Endprodukt des
Puzzolans nach der Zerkleinerung folgende Parti-
kelgroRenverteilung aufweist:

<5 Mikrometer 15-50 %

<10 Mikrometer 30-65 %

< 30 Mikrometer 90-95 %

eine Mischung aus zerkleinerten Puzzolane,
Portlandzement und Wasser resultiert zu einer
Druckfestigkeit eines 2 Zoll-Wiirfels aus Mortel,
umfasst 80 % Portlandzement und 20 % natir-
liches Puzzolan, im Verhaltnis zum Standard-
sand von 1:2,75. Zusatzlich wird Wasser beno-
tigt, um gemal deramerikanischen Norm ASTM
C 109 eine Stromung des Mortels zu erhalten,
die unter Vibration fest verdichtet und bei + 20
° C in versiegeltem Zustand ausgehartet wird.
Nach 28 Tagen betragt die Unter-Druckfestig-
keit der Wiirfel 275 % und umfasst einen Durch-
messer von 5,08 cm (2 Zoll), als Wiirfel behan-
delt, von einem Mortel, mit Portlandzement und
Sand bei einem Verhaltnis von 1:2,75 und zu-
satzlich Wasser auf 48,5 % des Gewichts von
Portlandzement umfasst.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass Portland-Zement, Flugasche Klasse
F oder C, feiner Quarz, Granit-Steinbruch, Feinan-
teile aus recyceltem Beton oder Hochofenschlacke,
oder deren Mischungen in das Puzzolan, wahrend
oder nach der Verarbeitung des Puzzolans zugege-
ben werden.

Verfahren nach Anspruch 1 oder 3, dadurch ge-
kennzeichnet, dass Portland-Zement, Flugasche
Klasse F oder C, feiner Quarz, Granit-Steinbruch,
Feinanteile aus recyceltem Beton oder Hochofen-
schlacke, oder deren Mischungen werden vorver-
mahlen, um Sieb-Retention und einem Feinheits-
grad von 45 Mikrometern zu erlangen, was weniger
als 5 % betragt.

Verfahren nach einen der vorangegangenen An-
spriuchen 1 - 3, dadurch gekennzeichnet, dass
Wasserreduktionsmittel, eingestellte Zeitregler und
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Starke-Erstarrungsbeschleuniger in  Pulverform,
wahrend oder nach der Zerkleinerung des Puzzo-
lans in das Puzzolan zugegeben werden.

Verfahren nach einem der vorangegangenen An-
sprichen 1 -4, dadurch gekennzeichnet, dass der
Ersatz von Portlandzement durch das Puzzolan in
Beton oder Mortel zwischen 15 und etwa 70 % be-
tragt.

Verfahren nach einem der vorhergehenden Ansprii-
che, dadurch gekennzeichnet, dass das Puzzolan
in einem Zerkleinerungsgerat zerkleinert wird, auf
einen Feingehalt des Endprodukts mit einer Sieb-
Retention von 30 Mikrometer, weniger als 5 % be-
tragt.

Verfahren nach einem der vorangegangenen An-
spriuche, dadurch gekennzeichnet, dass Puzzolan
durch ein Zerkleinerungsgerat zerkleinert wird, die
einen gedffneten oder geschlossenen Kreislauf an-
nimmt, damit das Material zerkleinert werden kann.

Revendications

- Procédé de fabrication d’ajouts cimentaires pour le
remplacement du ciment Portland dans la produc-
tion de mortiers et bétons, suivant lequel les ajouts
cimentaires comprennent des pouzzolanes naturel-
les sous la forme de roches et de cendres, caracté-
risé par le fait que lesdites pouzzolanes a I'état
broyé sont soumises a un traitement mécanique
hautement énergétique au moyen d’un broyage
dans un équipementde broyage, ce par quoi les par-
ticules de pouzzolane recoivent des impulsions mé-
caniques, et par le fait que le broyage est effectué
pendant une durée prédéterminée, par le fait que
le produit final de la pouzzolane aprés broyage a la
distribution granulométrique suivante :

< 5 microns 15-50 %,

< 10 microns 30-65 %,

< 30 microns 90-95 %

par le fait qu’un mélange de pouzzolanes
broyées, de ciment Portland et d’eau conduit a
une résistance a la compression d’'un cube de
mortier de 2 pouces de cbté comprenant 80 %
de ciment Portland et 20 % de pouzzolane na-
turelle dans un rapport de 1: 2,75 a du sable
normalisé et en plus de 'eau requise pour ob-
tenir un écoulement du mortier selon la norme
américaine ASTM C 109, qui a été convenable-
ment compacté sous vibration et durci a +20°C
dans un état scellé, qui, aprés 28 jours, est > 75
% de la résistance a la compression d’un cube
de 5,08 cm (2 pouces) de c6té, traité comme le
cube précité, d’'un mortier comprenant un rap-

10

15

20

25

30

35

40

45

50

55

port de ciment Portland : sablede 1:2,75 eten
plus de I'eau correspondant a 48,5 % du poids
du ciment Portland.

- Procédé selon la revendication 1, caractérisé par
le fait que du ciment Portland, des cendres volantes
de Classe F ou C, du quartzfin, des fines de carriére
de granit, des fractions fines de béton recyclé ou de
laitier de haut fourneau ou leurs mélanges sont ajou-
tés a ladite pouzzolane pendant ou apres ledit trai-
tement de la pouzzolane.

- Procédé selon 'une des revendications 1 ou 3, ca-
ractérisé par le fait que du ciment Portland, des
cendres volantes de Classe F ou C, du quartz fin,
des fines de carriére de granit, des fractions fines de
béton recyclé ou de laitier de haut fourneau ou leurs
mélanges sont soumis a un pré-broyage pour par-
venir a une finesse avec une rétention sur le tamis
de 45 microns qui est inférieure a 5 %.

- Procédé selon I'une quelconque des revendica-
tions 1 a 3, caractérisé par le fait que des agents
réduisant 'eau, des régulateurs du temps de prise
et des mélanges accélérateurs de résistance sous
forme pulvérulente sont ajoutés a ladite pouzzolane
pendant ou apres ledit broyage de la pouzzolane.

- Procédé selon I'une quelconque des revendica-
tions 1 a 4, caractérisé par le fait que le remplace-
ment du ciment Portland par ladite pouzzolane dans
le béton ou mortier est de 15 a environ 70 %.

- Procédé selon I'une quelconque des revendica-
tions précédentes, caractérisé par le fait que la
pouzzolane est soumise a un broyage dans ledit
équipement de broyage jusqu’a une finesse du pro-
duit final avec une rétention sur un tamis de 30 mi-
crons qui est inférieure a 5 %.

- Procédé selon I'une quelconque des revendica-
tions précédentes, caractérisé par le fait que la
pouzzolane est soumise a un broyage dans un équi-
pementde broyage, quiest adapté a un circuitouvert
ou fermé pour une matiére soumise au broyage.
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