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R. Snellings et al. Cement and Concrete Research 171 (2023) 107199

PC - Portland cement Sio, CL - Calcined clay

BFS - Blast furnace slag RCF - Recycled concrete fines
FA-S - Siliceous coal fly ash RG - Recycled glass

FA-C - Calcareous coal fly ash BA-C - Biomass ash type C

NP - Natural pozzolan CW - Ceramic waste
SF - Silica fume SS - Steel slag

LL - Limestone filler MSWI-BA - MSWI Bottom ash
NFM - NFM slag
BR - Bauxite residue

CaO + MgO +
Na,0 + K,0

Al,O, + Fe,0,

Fig. 1. The chemical composition ranges of common, emerging and future SCMs in a ternary diagram of (earth)alkalis-silica-alumina/iron oxide (in wt%). NFM
stands for “non-ferrous metallurgical”, MSWI for “municipal solid waste incineration™. Commonly used SCMs and fillers are in green shades and emerging SCM
sources are in yellow shades. (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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UNITED STATES "PATENT OFFICE. §

- @ P - REPORT
: .T ASPER 13"FrI-1'[TII'~1r @, OF CHICAGO, ILL'INOIS. -

oF

MANUFAGTU RE OF GEMENT

SPECIFICATION forming part of Letters Patent No. 544,706, dated August 20, 1885,
- Applioation flled Pebrusry 5, 1805, Serisl Ny, 637,404, (No epeclmens,)

on

' §:¢ BOARD OF ENGINEERS

xEEL PDRTLAND Ci:Mth‘

A% UBED [N

~ UNITED STATHS LOCK AT PLAGUENMINE, LA,

J. Whiting, U.S. Patent 544,706,
1895 — NaOH-activated blast furnace slag g

i
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s P B WASHINGTON
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HANS KUHL, OF BLANKENESE, NE.
MENTS, TO THE ATILAS PORTLAND CEMENT COY

EF" 7.,

' UNITED STATES PATENT OFFICE.

TION OF PENNSYLVANIA.

T ey S

SLAG CEMENT AND PROCESS OF MAKING THE SAME.

No. 800,039,

To all whom it may concern:.
e it known that T, Hans KURL, a subject
of. the - King of Prussia, and resident of

Blankenese, near Hamburg, German Em-

?ire1 have invented certain new and useful

‘mprovements in Slag Cement and Processes
of Making the Same, of which the following
is an exact specification, '

This invention relates to slag cement and
relates espécially to cement composed sub-
stantially of basic blast furnace slag with
which ‘substantiall

- tions are employad so as to be capable .of

16

producing free caustic alksli in connection
with the slag material when the coment.is
moistened with water in the customary man-
ner of utilization, ERE T

non=hygroscopic addi-

AR HAMBURG, GERMANY, ASSIGNOR, BY MESNE ASSIGN-
IPANY, OF NEW YORK, N. Y., A CORPORA-

Specification of Letters Pateut. . . Patented Oct. 13, 1908.
_&ppﬁe&ﬂﬂn' ﬂle'll!. July 3, 1907, Serial _No. 381,960, - ’ :

 cially desirable for the accelerating material 55

because in case lune is used as the developing
material the reaction. occurring when the
cement is moistened for use produces calcium
sulfate which is desirable as & regulating
agent and for other purposes. By properly

seleoting the proportion of sulfates in the

60

accelerating material used the desired regu-
lation of the setting and the strength of the

cement at various times can be secured. It
1s, of course, apparent that where the accel-
erating and devéloping materials- added to

the slag are substantially lion-hygr(mco%c,
that is, where they are not objectionably

water-absorbing or hygroscopic under com-
mercial conditions the cement will have good
keeping aualities. - Even after being stored

656

70
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Purdon: research in Belgium, 1930s onwards
Alkali-activated blast furnace slag

THE ACTION OF ALKALIS ON BLAST-
FURNACE SLAG
By A. 0. PURDON

Although slag may be considered to be a coment in itsolf,
hydration proceeds with such extreme slowness that it

cannot be used alone as such, The reactions are usually

A.O. Purdon, J. Soc. Chem. accelerated by incorporation with the slag of lime, Portland
Indust. Trans. Commun., cement clinker, or unhydriui*. The resulting cements, com-
. _ pared with Portland, are characteristically slow-hardening
59(1940):191-202 but ettain great strength with time, A relatively small

quantity of an alkali is a much moro eflicient accelorator,
The resulting cement has greater strength, both initiul and
final, than Portland. The optimum c!unntil.y of caustic
sodu is 5—89% of the mixing water. Thu samo cffect is

produced by incorporation of lime plus a sodium salt in such
quantities as to produce u like quantity of nascent soda.
Cements made in this way, apart from their characteristically
high early strength, have the following advantnges over
Portland : (¢) Heat of hydration is extremely low, (b} Con-
creto is practically watertight, (¢) Low solubility in pure
or aggressive waters.
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“Gruntosilikaty” (soil silicates) — 1950s+,
Glukhovsky Institute, Kiev, Ukraine

(images: P.V. Krivenko)
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Alkali silicate + calcined clays — 1920 onwards

DEPARTMENT OF COMMERCE

(d) Soprum SILICATE AND CALCINED KaoLIN.—A similar ac-

TECHNOL?E,IC PAPERS tion, but not so marked, seems to have taken place in the cold with
BUREAU OF STANDARDS calcined kaclin. When kaolins are calcined to temperatures be-
LR R, tween 450 and 1000° C they lose their two molecules of water and

e T - undergo a decrease in specific gravity; they also became much more

CEMENTS FOR SPARE.FLUG active chemically in the cold than uncalcined kaolin.* This chem-
ELECTRODES ical activity is shown by the fact that calcined kaolin reacts with

e hydrated lime to form pozzuolanic cement and that it is much more

HOMER F. STALEY, Metallurgical Cezamist soluble in acids than uncalcined kaolin.? When brought into con-
AN/ e tact with a strongly alkaline substance such as sodium silicate,

calcined kaolin reacts quite rapidly to form a friable, porous mass.
ISSUED FEBRUARY 21, 1920

United States Patent O ce 2,193,956

Patented May 28, 1957

1 ava - - - - z -
Example 11
2,793,956 . Parts by weight
SODIUM SILICATE TYPE CEMENT Calcined clay __._____ — 42

. Tabular corundom __________ . 10
T o . B e Drotor@a™  Liquid sodium silicate (52° Baumé) ._____________ 48
poration, Detroif, Mich., a corporation of Delaware Lard oil _____________

N e B
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Davidovits, 1970s onwards — “geopolymers”

SYNTHESIS OF NEW HIGH-TEMPERATURE GEO-POLYMERS

FOR REINFORCED PLASTICS/COMPOSITES
PROGRAMME OF THE IUPAC SYMPOSTUM ON

LONG-TERM PROPERTIES OF POLYMERS AND
Joseph DAVIDOVITS POLYMERIC MATERTALS

Stockholm, August 30 — Septenmber 1,1876
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Wastiels et al., 1993 — fly ash-based binders

'MINERAL POLYMER BASED ON FLY ASH

J. Wastiels; X. Wu, S. Faignet, G. Patfoort

Dept. of Givil Engineering
Vrije Universiteit Brussel
Pleinlaan 2
100 Brussels
Belgium

ABSTRACT

The mineral polymer composition used in this study is basically a (wo-phase system composed of solid particles of fly ash and an aquecus

silicate solution. The polymerization of these components can be realized at low temFemtute ‘;:IOO'CE and atmospheric pressure, resulting
in a solid network structure. Present study js related to the characterization of fly ash based mineral polymer. DSC, TGA, TMA,

mechanical tests and acid resistance tests were carded out. The effect of the amount of NaOH and SiO, in sodium silicates on the strength
of the material has been studied to optimize the composition. The results show that fly ash based mineral polymer has a high mechanical

strength, ow thermal shrinkage, and low thermal expansion coefficient in the range of 25-600°C. When using suitable filler materials with
appropnate granulometry, Mineral polymer conerete with good propertics can be made. Resistance of the concrete against sulfuric acid

aftack was tested, and the results show that fly ash based mineral polymer has a very good acid resistance.

Key words: Mineral polymer; Fly ash; Sodium silicate; Optimization; Mechanical strength; Acid resistance
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Van Jaarsveld & Van Deventer 1997 — immobilising
mining wastes

Mmerals Engineering, Vol. 10, No. 7, pp. 659-669, 1997
© 1997 Elsevier Science Lid

Printed in Grear Britain. All rights reserved
0892-6875(97)00046-0 0892687597 $17.00+0.00

THE POTENTIAL USE OF GEOPOLYMERIC MATERIALS TO IMMOBILISE
TOXIC METALS: PART I. THEORY AND APPLICATIONS

J.G.S. VAN JAARSVELDS, J.S.J. VAN DEVENTERS and L. LORENZENT

§ Department of Chemical Engineering, The University of Melbourne, Parkville,
Victoria 3052, Australia; E-mail: jsj.van_deventer@chemeng.unimelb.edu.au
1 Department of Chemical Engineering, University of Stellenbosch, Stellenbosch 7600, South Africa.
(Received 27 November 1996; accepted 28 February 1997)
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Major academic books: Shi, Krivenko & Roy, 2006;
Provis & Van Deventer, 2009
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Zeobond (2007 onwards), Australia

http://www.zeobond.convprojects-rd-e-crete.html
A
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Brisbane West Wellcamp Airport
(Wagners, Australia) “Earth Friendly Concrete”

http://www engineersaustralia org au/portal‘news/brishane-west-
wellcamp-airport-world%E2%:80%99s-greenest

http://australianaviation com anw'wp-content/uploads/2015/11/Lenn-Bayliss-
First-747-8-to-Wellcamp- Airport-Monday-23-November-2015-2 jpg

First place, Flatwork section, ACI 2016 Excellence 1n Construction Awards
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Innovatiecertificaat

K106476/01
Uitgegeven 15-10-2020 Vervangt -
Kiwa certificeert en monitort Godgtt 15102025 b
* Pagina 1van?2
cementloos beton Floriade Almere

Betonmortel op basis van geo-polymeer

Theo Pouw B.V.

: VERKLARING VAN KIWA
Dit innovatiecertificaat is op basis van iBRL 8803 "Betonmortiel op basis van geo-polymeer" d.d.
07-10-2020, afgegeven conform het Kiwa-Reglement voor Certificatie.
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Deutsches
Institut

fiir
Bautechnik

European Technical Assessment
ETA-13/0417 Page 3 of 16 | 22 July 2018

English translation prepared by DIBt

Specific part

Technical description of the product

The calcium sulphoaluminate (CSA) based Cement "Next Base SR03" referred to in this
document is a special cement that is not covered by the harmonised European standard
EN 197-1.

It is a hydraulic binder with rapid hardening features that contains a calcium sulphoaluminate
(Yeelimite) content in the cement of at least 10% by mass.

The range of composition of the CSA-based cement "Next Base SR03" is listed below:

Calcium sulphoaluminate clinker 82,0 + 7,0 % by mass
Cement CEM | and Il acc. EN 197-1 -

Calcium sulfate (as defined in EN 197-1, clause 5.4) 18,0 £ 7,0 % by mass
Limestone (as defined in EN 197-1, clause 5.2.6) -

Minor additional constituents (as defined in EN 197-1, clause 5.3) <5 % by mass'
Additives as defined in EN 197-1, clause 5.5) <2 % by mass®
Of which organic additives as defined in EN 197-1, clause 5.5) < 0,2 % by mass

The calcium sulphoaluminate clinker (CSAK) is made by sintering a precisely specified mixture
of raw materials (raw meal, paste or slurry) containing elements, usually expressed as oxides,
Ca0, Al;0,, Si0,, Fe:0s:, S0O; and small quantities of other materials.

The calcium sulphoaluminate clinker is a hydraulic material which is composed mainly of
C4A3§ (Yeelimite). The remaining consisting of calcium silicates (2CaO - SiO:) and other
compounds.

The Yeelimite content of the CSAK is greater than 45 % by mass.

The CSA-based cement "Next Base SR03" complies with the specifications of EN 197-1 except
the following points, see Table 1

A
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Development of 3D printed sea
dike reinforcement and water
breaking elements.

Zero Cement mortars that are
sea water resistant.
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- Beéton autoplagcant C45/55
- Hybride Clinker-GGBFS-Fillinox
- 20 h démoulable (22 MPa)
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