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Introduction

@ Annual concrete production is 8 billion cubic
metres and most of it contains dispersing
admixtures

@ Dispersing admixtures play an important role in
today’s concrete world




Objective and scope of project

® Tests on mortar showed a strong effect of
cement production on rheological properties

Blank mix w/c = 0,46
No admixture

PC mix w/c = 0,36
0,11% PC1
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Slump flow of mortar

@ Same mix design, only differing in production
date of cement (from same plant and same production line)

Water to cement ratio: 0,40
Polymer content: 0,20% PC1

Figure 5.2.1.1.5: Mini slump of Figure 5.2.1.1.6: Mini slump of Figure 5.2.1.1.7: Mini slump of
mortar produced with high yield mortar produced with intermediate mortar produced with low yield
cement cement cement
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Cement-admixture interaction in practice

Eco-SCC
Water to cement ratio: 0,60
Polymer content: 0,30% PC1

@ Cement-admixture Interaction
can result in too liquid or too
stiff concrete

@ Too stiff concrete loses its
self-levelling properties

@ Too liquid concrete will
segregate or increase form
pressure




Aim of study

@ Measure and evaluate the effect
of variations during routine cement
production on the rheology of
mortar and concrete

@ |dentify the constituents in cement
which lead to fluctuations In
rheology

@ Quantify the effect of production-
related variation on concrete

Essential for cement and concrete producers to guarantee a homogeneous
concrete production plus deeper understanding of cem-admix interaction




State of scientific and technical knowledge

@ Brief overview

Admixture

Constituent

Interaction

Lignosulfonate

Polynaphthalene
sulfonate

Sulfonated Melamine

*Clinker surface
Chemical
composition

*Molecular weight of
admixture
*Charge density
«Counterion

*Sharp retardation
*Hydrate growth
inhibitor
*Selective blocking
of reactive surfaces
«Competitive
adsorption between
admixture and

sulfates
«Alkali sulfates Shrinkage of side
Polvcarboxvlate *Charge density chains
y y *Side chain number Organo-mineral
and length phases
‘ My contribution> 1) Systematic study on factors affecting polycarboxylates
2) Quality control tool by rheological approach




Methods used

Calorimetry

Scanning

Rheology Big picture Electron

Microscopy

Chemistry,
Pore solution analysis,
adsorption data
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Experimental program

@ Cement supplied by seven cement producers
from six countries, located In Europe, the
Middle East and Asia

+
Ty

Designation, Cement A Cement A2 Cement B1 Cement B2 Cement C
EN type CEM 1425 ||CEMIIB-5325R|| CEMI1425R CEM 142 5R CEM | 52,5M

I I | |

¥
= Specific surface (Blaing), density, water demand and nomn consistency

Cement tests = Particle size distribution and specific surface by laser diffractornetry

* Chemical analysis by XRF, Mineralogy according to Bogue
I

¥ ¥ ¥
Blank mix, el mix, PC mix,
wic =046 wic=0,40 wic =036
L | |
v

» Measurement of rheology with Rheomixer and Viscometer

Mortar tests = Mleasurement of rate of hydration under semi-adiabatic and isothemal conditions

E=)




ReSU ItS Yield stress of mortar
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Production date

6 out of 29 deliveries showed a significant variation from the
mean within the test series
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ReSU ItS Plastic viscosity of mortar

=2 = Plastic viscosity PC

Water to cement ratio: 0,36

Polymer content: 0,11% PC1
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Resu ItS Correlation mortar versus concrete

@ Production-related variations in SCC are around
10-12 cm in slump flow and ~50 Pa in yield value

= B = Yield stress concrete = B =concrete
w—e=—=S|ump flow concrete =—d— mortar
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Resu ItS Correlation mortar versus concrete

@ The devices used for rheological measurements
showed a good ability to predict the rheological
properties in concrete

@ On the contrary, standard tests on cement (such
as setting time and water demand) did not show
any indication of cement-admixture interaction
problem - ——




ReS u ItS constituents influencing rheology

@ C O n Stitu e ntS Wh i C h 5 Polycarboxylate 1, high backbone charge and short side chains

oo
PC mix w/c = 0,36

Influence blank mixes _ 0,11% P

have only minor or:,|_ frr. Ao
sometimes oppositegmg]l o || NI
effect In mixes with .| |

admixtures L | | | | |
N -0,5% 0-05% K504 0-05%HH 0-0,5%DH

o admixtures 0-0,5%NaOH 0-0,5% KOH
500 : Nazg04
Blank mix Vy/C =0,46 Parameter
No admixture
400
less
= — +30 Pa fluid
%.. 300 - L._l +I_-2_F"a
=2 L Reference
= |+| |:| A0Pa o
= 10 Pa,
= 20 g A0FE
= 70 Pa more
W fluid
S—
100

0-05%Na0OH 0-05% KOH  D-05% 0-05% G-05%HH 0-05%0H
Ma2sod K2504

Parameter




ReSU ItS aluminate phase was stable in reference cement

@ No Influence of aluminate phase on yield value
was observed. In the reference cement, the

fluctuations in aluminate phase content were very
low.

) — T 23012008 15042008 (2)
Cement production date (low yield) (high yield)
Yield value in mortar with

PC1 (Pa) 135 330
Plastic viscosity in mortar 7 g
with PC1 (Pa-s)
C1S (%) 58,6 58,6
C25 (%) 19,8 194
CaA (%) 4.1 4.0
Ca(AF) (%) 12,4 12,3
Calcite (%) 3.9 3,6
Hemihydrate (%) 1.3 1.6
Anhydrite (%) - 0.4
Dihydrate (%) - -
—) below limit of detection

Similar composition, but lets look on the hydration curves...




ReSU ItS Initital hydration process (reactive aluminate phase)

@ All Ingredients were stored overnight in the
calorimeter -> temperature equilibrium.

6.0

high yield
0,11% polycarboxylate,

Blank mix w/c = 0,46 =

No admixture

4.0- high yield

no admlxture_____*

low yield
,11% boxylat
PC mix w/c = 0,36 polycarboxylate

0,11% PC1

low yield
no admixture

Heat Flow {m'W/g Dry Binder)
[
o
|

1.0+

0.0 i 1 [ i
0.0 0.1 0.2 0.3 0.4 0.5
Hydration Time {hrs)
1 Cement C, low yield value, no admixture
2 Cement C, high yield value, no admixture
3 Cement C, low yield value, 0,11% PC1
4 [Cement C, high yield value, 0,11% PC1
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RESU ItS Adsorption measurements

@ The total organic carbon (TOC) was measured
to calculate the adsorption degree

e Input: TOC of admixture, blank cement, water and cement plus
admixture

o Output: Available admixture in pore solution giving the polymer
adsorption/consumption




ReSU ItS TOC of blank cement

@ The TOC of blank cement is differing with
production date

350
300
250
200
150 |
100 |

Blank mix w/c = 0,46
No admixture

TOC (ppm) of blank pastes
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Resu ItS polymer adsorption on various cement

PC mix w/c =

0,11% PC1

@ Cement with a high yield value (sticky mix)
adsorbed most polymers. Or Iin other words,
cements with a high yield value consumed
more polymers (intercalation?)

500 20
e i 0
£ 400 L 16
% | I ES
0,36 .E,.\300 * S 12
| ES - 2
© 7200 g 50 8 * .
n © g oo .Q’
¢ % 100 .o SE 4
@ o8
3 0 8
> 50 60 70 80 90 100 o

50 60 770 80 90 100

Degree of adsorption of PC1 Degree of adsorption of PC1
(%) (%)




ReSU ItS Adsorption measurements

@ Same trend at higher polycarboxylate dosage =>
shifting of adsorption degree to lower values

PC1 ¢0,20% PC1 H0,11% PC1

500

400

Yield stress (Pa)
w
o
o
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100

0

50 60 70 80 90 100
Degree of adsorption of PC1 (%)
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A SChema“C m0d6| to explain the variations

Yield stress

A property of the fluid at shear rate O (rest state).

It is hence mainly affected by attraction forces and
mechanical entangelments.

Plastic Viscosity

A property of the fluid already in motion.

It is hence mainly determined by parameters like
dynamic friction between the moving elements.
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A SChema“C mOdeI to explain the variations

Yield stress

* Varying early hydration products influence the
attraction forces and mechanical entangelments

« Adsorption behaviour of polymers on cement surface
are most likely different from one delivery to another

Plastic Viscosity

* However, the influence of primary hydration products
and the lower adsorption degree on the dynamic
friction seem to be minor




TWO meChan|SmS to explain the variations

104 Pa
6 Pas

Yield stress:
Plastic viscosity:

Ao )
d]ﬂ@- %c}ﬁi&?ﬁ%

Lo
(3

Polymer consumption
due to excessive

ettringite 2
Syl Wi
NEPERYS
lowr ield cetnent paste
wic-ratis 0,36
0,11% polycarboylate
Yield stress: 100 Pa Yield stress: 30D FPa
Plastic viscosity: 6Pas Flastic viscosity: 6 Pas
o A O d O ~Ors f
B e = N A
v/ C’Q;. 7 OD’ ,de '\J,PQQ, %é
aﬂ}ﬂ Eﬁé b ﬁ}g 4
N % 0 D @ AT D
SO @ %
3 OT\\\? D D h@ ‘L‘}% 5 D
o ooy S o PN
lowr meld cement paste bigh weld cement paste
wic-ratio 0,36 wnc-rabo 0,36

0,11% palycarbosxylate (1, 11%6 pobypeark oo abe

300 Pa
6Pas

Yield stress:
Plastic viscosity:

%2 = E’%Z? ¢
SRy

high wield cement paste
wic-ratin 0,36
1.1 1% polycarhoriate

Mechanical
entanglements due to
syngenite formation
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Questions?




