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ABSTRACT

Four different Polycarboxylate ethers (PCE) knowrsaperplasticizers were tested for their
rheological performance in cement paste. The stractaries in the side chain and charge
density of the molecules and the functional grolipe investigations were focused on
variation of some parameters (e.gAconten and retarding agent) in cement type CEM |
42,5 R and their influences on the activity of PdSed plasticizers. The rheological
properties were measured using a rotation viscaméising a defined program, the
rheological curves of the cement paste at defifgaipal condition were plotted to show the
relationship between shear rate and yield. Saturgtoints (maximum PCE-concentration) of
each PCE were determined. The plastic viscositythedield value were calculated for each
cement variation and PCE-combination. The resuitsvsthe differences in PCE activities.
PCEZ2 with short side chain and low charge densitjuces the viscosity and the yield value
for all investigated cements at lower concentratian however, showed characteristic
differences according to the cement compositiormére with very low content of 8 has
higher viscosity but lower yield value as comparecement with higher £-content. All
PCE showed different findings in connection witk @A-content. Our investigations clearly
showed that the chemical characteristics of cermantmodify the general statements about
PCE-reactivity. The results underline the importan€ rheological investigations in cement
production concerning the reactivity of differen©® molecules. The Effect of temperature
(summer, winter) is investigated as well.

Key Words: Rheology, Polycarboxlate ether, plastic viscogjiigld stress, temperature

1. INTRODUCTION — STATE OF THE ART

From the rheological point of view it is absoluteigcessary to choose the right type and
concentration of Polycaboxylate ether (PCE)-basagers plasticizer for the cement and
concrete technology according to the applicatiomedtogical investigations are well known
in the research field of construction materialse fotential of investigating the interaction
between different raw materials is emphasised [1A3ljterature [4-5] the adsorption capacity
of PCE and thus their effect, which depends onntloéecular structure of the PCE, are well
described. Using Zeta Potential Rickert [6] andrimn [7] investigate the mechanism of
interaction between cement components like limestand slag with PCE-molecules. It is
known that the fluidity of cement increases by sitinison of clinker through other granulates
like limestone or blast furnace slag and consedydets concentration of PCE is needed.
Main cement components and molecule structure & Rifect the fluidity of the mixtures as
well. A better workability of concrete was estabkd by using CEM Il or CEM lll compared
to CEM 1. In 2008 the rheological properties of egmnsystems were investigated by using a
rotating viscometer and it is presumed that the fA@itecules adsorb predominantly on the
clinker components and affect the first hydratioaducts [8]. The importance of calculating
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the yield stress and viscosity equation for différeementious construction materials is well
described by Khayat et.al [9-10]. Controlling ofghate ion concentration in agueous phase,
which has been known to affect the dispersing fafcPECs, is well published in literature
[11-13]. GA is the most reactive phase in the Portland cerolamiter and is responsible for
the stiffening of clinker or cement. The tricalcialuminate is only slightly involved in the
curing. By adding a sulphate as retarding agettiea@ement mixture the tricalciumaluminate
will react differently. Depending on the;& content, the fineness of the cement and theialkal
content, there are certain optimum sulphate cosittort each cement type. Because of the
differences in solubility between hemihydrate (fyyhgypsum (moderate) and anhydrite
(poorly soluble), the nature of the sulphate-beadompound added to the clinker is also of
some importance. The retarding action of the suégphgent on the 48 is effected not only
through the formation of ettringite, but also by #dsorption of sulphate ions on the particle
surface, which is positively charged by the adsormpof calcium ions. The adsorption of
sulphate ultimately leads to a reduction of thé&-Golubility.
As mentioned above the sulphate concentration lwasieal effect on the reactivity of PCE.
The different composition of retarding agent wassamn by the cement producer and provided
for this work.
The different issues of this investigation can besarized as follows:
1. The scientific issue should define, if there arecdic effects of clinker parameter
(e.g. GA-content) on the PCE-effectiveness.
2. How important is the choice of sulphate-bearing pound in this field?
3. From the practical point of view, this knowledgeoshd bring more understanding
about the effect of specific and target variation aement production on the
rheological performance of cement paste.

2. EXPERIMENTAL DETAILS
2.1. Specimens selected

The unique feature of PCE offers the possibilityges tailor made synthesised products by
matching the length of the side chain and variatibthe density of charges as well as adding
functional groups to the molecule structure. THo¥ang 4 PCE molecules were chosen by
an admixture supplier in Austria.

- PCE-1: short side chain, high charge density.

- PCE-2: short side chain, low charge density.

- PCE-3: long side chain, low charge density.

- PCE-4: long side chain, active functional group.

These 4 PCE-compositions cover a very wide rang@@imon plasticizers, which are used
by concrete production in Europe.

All PCE samples were from one production chargelatia content of 30 percent.
All investigations were made on the cement t@eM | 42.5 R.
The variations of clinker parameters and sulpheti@ding agent are shown in Tab.1:



Variation A Variable B
Nr. M 12/0254| M12/0255 M 12/0254 | M 12/0253
Grain size
Blaine [cm?/g] 5200 4980 5200 5370
RFA
Ca0 % 61,04 60,99 61,04 60,00
SiO2 % 19,18 20,43 19,18 18,97
Al203 % 5,65 3,36 5,65 5,22
Fe203 % 2,78 5,50 2,78 2,72
SO03 % 3,61 3,31 3,61 3,55
MgO % 3,94 3,59 3,94 4,07
K20 % 1,12 0,77 1,12 1,12
Na20 % 0,40 0,28 0,40 0,39
RBA (Rietveld)
C3S_Nishi_hkl% 57,62 63,71 57,62 54,39
C2S % 13,57 8,27 13,57 12,18
C3A % 11,49 0,77 11,49 10,24
CFAF % 6,84 16,04 6,84 5,59
Gypsum % 0,25 1,59 0,25 1,64
Anhydrite % 0,00 0,00 0,00 2,55
Hemihydrate % 4,36 3,59 4,36 1,22

Tab. 1: Analysis data of cements

Important remark: For comparison of rheological properties of cemesdte, the chosen
cement should have the same range of grain sizeceHbis parameter has most effect on the
rheological parameter the big difference of grame = 300) by samples will overlap the
effect of the clinker parameters, which are thetenadf these investigations.

For two PCEs Molecules (PCE1 and PCE2) the effdcdifferent temperatures was
investigated as well. For summer temperature tle®ldgical measurement were done at
35 °C and for winter temperature the measuremere vapeated at 10 °C.

2.2 Rheological investigation

The rheological investigations were carried outeamotation viscometer “Viskomat NT”
(shown in Fig. 1), Many pre-tests were run forragtion of the best measurement parameter,
e.g. operation mode, the water/cement ratio, mixinge, the measuring time and the
reproducibility of the measurement. The resulttheke entire tests are summarised in Tab. 2.



Variation of parameter
Transmitted Type of blender |[Mortar blender Household blender
Mixing time 90s 120s 150s | 180s
|Paddis WIC ratio 0,35 0,4 0,45
Measuring ti 20 mi 45 mi 60
: Sl easuring time min min min
3 container
' A Shear profile Ramp
Repeatability +3,2%
Fig. 1: Viskomat NT Tab. 2: Parameter for measurements with Viskomat NT

The measurement profile is shown in Fig. 2. Withsth parameters, the estimated values have
shown a good reproducibility of 3,5 %.
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Fig. 2: Measurement profile for Viskomat NT

For estimating the saturation point for each PCH aement the following measurement
profile was developed and is shown in Fig. 3.

After running Viskomat at the shear rate of 120ftfs20 minutes the dosing of PCE starts.
The Viskomat runs for 10 minutes with each conaiun. The first dosage was 0,10 % and
the end dose 0,35 % of cement content.
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Fig. 3: Measurement profile for estimation of satuating point
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2.3.Calculation of plastic viscosity and yield stress

It is known that the cement lime is not a Newtonlauid and undergoes the rules of
Bingham as shown in Fig. 4. Two material charasties were calculated for each rheological
measurement according to the Bingham Model:
A) Plastic viscosity: A property of fluids in motiomvhich is mainly determined by
dynamic friction between moving elements
B) Yield stress: A property of the fluid at shear r&@teand is mainly influenced by
attractions and physical exchanges of two or malynper chains in systerm>
Variations of the first hydration products affelsese forces in a cement based mixture
and thus the cement paste.

Bingham
Plastic Liquid

Shear stress

Newtonian
Liquid

Yield stress

Shear rate I = l7 x y + z-0
Fig. 4: Bingham Model and formula

3. RESULTS AND DISCUSSION

3.1. GA-Content of clinker - Variation A
Figure 5 demonstrates the torque measurement wskomhat NT for the two cements (type
CEM 1), one produced with clinker containingACand one with GA-free clinker, without
adding any PCE. As obvious in Fig. 5 thgAcontent influences the rheological behaviour of
cement paste. The cement containing @ clinker has higher torque values (ca. 20%).
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Fig. 5: Torque measurement at shear rate 120 1/S

Saturating points for all 4 PCE were estimatedthese two cements. Starting from different
torque values the behaviour of PCE was similabfath cements and is shown fog/Cfree
cement in Fig. 6. PCE 2 is the most strong onei@nshturating point is about 0,2 %. PCE 1
and 3 react similar and shown the same saturating.PCE 4 is a special product with a
strong stability and lower effect on fluidity. Tleewas no saturating point for this product.
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Fig. 6: Estimation of saturating points for all PCE br C;A-free cement

As mentioned in 2.3 the two characteristic valuethe cement paste (viscosity and the yield
stress) were calculated for each rheological measemt at a concentration of 0,2 % PCE
related to cement content. Fig. 7 demonstratesliffexent effects of PCE on these values for
these two cements. The content @gA@n clinker moderates the effect of PCE to somieeix
The cement containings8 (blue points) has higher yield stress value awdelr viscosity. In
contrary the GA-free cement has lower yield stress but higherosgy.
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Fig. 7: Viscosity and yield stress with different EEs

3.2. Composition of sulphate retarding agent - &taon B
Two samples with comparables&content and Blaine value were prepared with two
different compositions of sulphate retarding ageHisnce during the production there is an
uncontrolled conversion of semi-hydrate to anhgdrithese two cements were provided for
these investigations by the cement producer. Theesuin Fig. 8 show that this parameter
affects the torque value as well but in lower ekt#ran GA-content. Higher anhydrite-
content reduce the torque value about 11%.
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Fig. 8: Torque measurement at shear rate 120 1/S

Analogue to the first variation the two characti#issalues of the cement paste were
calculated for each rheological measurement atreesdration of 0,2 % PCE related to
cement content. Adding Sulphate anhydrite changem®osly the initial values. PCEs change
the yield stress and viscosity in a manner showrign 9 as expected. The different effect of
PCE 4 is somehow unique for the cement with higimdrydrite content.
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Fig. 9: Viscosity and yield stress with different EEs

For investigation of relationship between the P@Boaption behaviour on cement particles
and paste fluidity the estimation of sulphate atieboions in pore solutions are crucial.

In this work the determining of sulphate conceinrat from pore solution were carried after
15 minutes without adding PCE-solution. After addPCE the sulphate concentrations were
determined after 30, 60 and 90 Minutes. Fig. 10shive deviation of sulphate concentration
during time for the cement number 254 containing @nd for number 255 declared asA€
free cement in combination with two different PCBleatules.
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Fig. 10: changes of sulphate-conc. in pore solutidy time

In case of GA-free the Sulphate concentration of pore solutieweloping more constantly
with PCE 1 than in case of cement pastes with nigbacentration of ¢A. For PCE2 the
Sulphate concentration is more stable in preseric€szA. The important time for this
observation is from 15 to 60 minutes.

These results emphasise the known effect as dedadnHiterature, that the retarding action of
sulphate agent on thes&is effected not only through the formation ofrielgite, but also by
the adsorption of sulphate ions on the particldaser;, which is positively charged by the
adsorption of calcium ions. The adsorption of satphultimately is in completion with the
PCE-molecules therefore there are big differentwbenh the developing of Sulphate
concentration between PCE 1 and PCE 2 for the cewiindifferent GA-content.

3.3. Variation of Temperature
It is known that the temperature affect the rhelalgproperties of materials. Form the
practical point of view (construction) we have abies35 °C for the summer time and 10 °C
for winter time.
The saturating points were estimated in these swaperatures for PCE 1 and PCE 2 on
cement type CEM 1 42,5 R and are shown in Figurarid. 12.
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Obviously by using PCE 1 lower concentration ischaehigher temperature in summer than
in winter time. By using PCE 2 no effect of tempera is estimated.

CONCLUSIONS

This study showed that, in addition to the well wmofactors such as limestone and blast
furnace slag content, fineness, sulphate retamgyemt and gA-content affect the rheological
performance of cement paste. Temperature duringcdimstruction time summer or winter
have effect in some extends.

The rheometer is an appropriate instrument (taol) f
o Characterization or description of the flowability,
o Determining the yield stress values and viscodittyhe cement pastes
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o Comparison of the effect of different super plasécs such as polycarboxylate

ether-based (PCE) with different structures

Determination of the most effective concentratibsuper plasticizers

o The combination of two or more factors of cement ba estimated by these
kind of investigations as well

(@)

Rheological investigations are necessary for gSelecbf the plasticizer for the best
performance (fluidity and stability)

Outlook - transfer of the results on cement paste to martdrconcrete
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