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Fig.8-TEM micrographs of natural bentonite (a) and PCE/
bentonite complex(b).

over, Tax (the temperature when the rate of weight loss reaches a maximum) of natural
bentonite was observed to be at approximately 668 °C (1234.4 °F), in contrast, Tp,x of PCE/
bentonite is 657 °C (1214.6 °F) and the intensity of the peak also decreased, which means
the dehydroxylation process was altered by changes in the bonding nature of the interlayer
water, possibly caused by the intercalation of PCE molecules. This was supported by the
results obtained from FTIR and XRD studies.

TEM observation

In order to find further evidence of the basal spacing enlarging, the microstructure
of natural bentonite and PCE/bentonite complex were evaluated by using TEM, which
permits the direct observation of microstructural features of clays.

In comparison with natural bentonite, it proved to be difficult to obtain detailed TEM
micrographs since the high vacuum of TEM and the high-energy beam can remove the
water or surfactant molecules that makes the layer structures collapse and prohibits the
structures from being readily observed. Therefore, one must take photographs as soon as
possible to obtain clear, accurate images during the period of TEM viewing, especially at
high magnifications. In the PCE/bentonite complex, layer spacing of 1.42 nm was in good
agreement with the XRD results, but in some areas, the layer spacing remained about 1.24
nm similar to natural bentonite. This suggests that not all the interlayers were interca-
lated by copolymers, resulting from irregular intercalation or structure collapse mentioned
above. Meanwhile, a characteristic swelling of bentonite containing termination as shown
by the arrow in Fig.8b also was observed. This suggested that the swelling of silicate layers
maybe augmented by defect in the clay structure.?’

Adsorption amount of PCE with different molecular structure onto bentonite

Based on the reported intercalation of PCE molecules into bentonite interlayers, PCEs
with different carboxyl density and side chain length were synthesized to investigate if it is
possible to decrease the sensitivity of PCE to bentonite by changing its molecular structure.
The molecular structure of PCE was shown in Table 3.

The variation in adsorption amount of PCE is shown in Fig.9. For ester-based PCE
(Fig.9a), adsorption amount of PCE decreased with increasing carboxyl density, and when
nyaa/Nyvpeg increased to 0.96 (M400-3), 2.40 (M1000-3), respectively, the decreasing trend
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Table 3-Molecular structure of PCE

Sample/Item Mxxx-1 Mxxx-2 Mxxx-3 Mxxx-4 Mxxx-5 Mxxx-6
Myaa/ (MyiaaMypEG) 6.44% 12.10% 17.11% 21.58% 25.60% 29.22%
- M400 0.32 0.64 0.96 1.28 1.6 1.92
) M1000 0.80 1.60 2.40 3.20 4.00 4.80
Sample/Item Txxx-1 Txxx-2 Txxx-3 Txxx-4 Txxx-5 Txxx-6
maa/ (Maa+MTPEG) 4.58% 6.72% 8.76% 10.71% 12.59% 14.38%
T1200 0.80 1.20 1.60 2.00 2.40 2.80
naA/NTPEG T2400 1.60 2.40 3.20 4.00 4.80 5.60
T4000 2.67 4.00 5.33 6.67 8.00 9.33

Note: Mxxx-y is ester-based PCE, and Txxx-y is ether-based PCE.
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Fig.9-Comparison of adsorption amount of polycarboxylate
with different molecular structure onto bentonite (a:ester-

based, b-ether-based)
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of adsorption amount slowed down. The affinity between anionic bentonite and anionic
PCE was mainly realized by intercalation of EO side chains into bentonite interlayers.
When the carboxyl density of PCE main chain increased, the repelling force between
adsorbate molecules and adsorbent particles increased correspondingly. The intercalation
of side chains into bentonite interlayer became more difficult and the adsorption amount
decreased. When molecular weight of side chain increased from 400 to 1000 with a certain
carboxyl density, the adsorption amount had a little reduction (shown in Fig.9a). That was
because the enlargement of side chain size was unfavorable for the intercalation.

For ether-based PCE (Fig.9b), the variation in adsorption amount of PCE with carboxyl
density and side chain increasing was similar to ester-based PCE. However, adsorption
amount of ether-based PCE onto bentonite was much less than that of ester-based PCE.
The adsorption amount of ether-based PCE ranged from 15 to 30 mg/g with comparison to
75-120 mg/g for ester-based PCE in our experiment. The ester-based PCE was synthesized
with methoxy polyethylene glycol methacrylate (MPEG) as macromonomer and meth-
acrylic acid as comonomer, and the ether-based PCE was synthesized with isoamyl alcohol
polyoxyethylene ethers (TPEG) as macromonomer and methacrylic acid as comonomer.
The methyl groups in ester-based PCE has strong shielding effect on negatively charged
carboxyl groups. Otherwise, the carboxyl groups in ether-based PCE will play effective
electrostatic repulsion between the polymer and bentonite particles, resulting in the reduc-
tion in adsorption amount.

Mortar test

The variation in cement mortar with 2%bwoc bentonite with PCE above was shown
in Fig.10 (water/cement ratio-0.49, sand/cement ratio-2.07, PCE dosage-0.40%bwoc).
For ester-based PCE, the fluidity increased initially, and then decreased with increasing
carboxyl density. However, the effect of side chain size with same carboxyl density on
fluidity didn’t show regular trend. For chain Mw of 400, maximum flow observed with
Mxxx-5, whereas for chain Mw of 1000, Mxxx-3 exhibited maximum flow. For ether-
based PCE, mortar fluidity increased with increasing carboxyl density with same side
chain length. That is because the increase of carboxyl density lowered the harmful loss
caused by bentonite and cement particles were dispersed well. In addition, mortar fluidity
increased with increasing side chain length with same carboxyl density. With side chain
length increasing, adsorption amount of PCE onto bentonite decreased, meanwhile, the
steric hindrance of PCE molecules on cement particle surface decreased the agglomeration
trend and improved the fluidity of cement mortar.

Effect of PVA dosage on the fluidity of cement mortar with 2%bwoc was shown in Fig.11
(water/cement ratio-0.36, sand/cement ratio-2.07, PCE dosage-0.50% bwoc). Without
PVA, mortar almost had no fluidity, which is ascribed to the large amount of consump-
tion of PCE by bentonite resulting in inadequate dispersion of cement particles. When
PVA dosage increased from 0.25% bwoc to 1.00% bwoc, the mortar fluidity increased
from 130 mm (5.118 in.) to 310 mm (12.205 in.). PVA adsorbed onto bentonite with PCE
competitively, and that decreased the PCE adsorption amount, weakening the consumption
of PCE caused by bentonite. As a result, the insensitivity of cement dispersion with PCE
was enhanced.
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Fig. 10-Effect of PCE on the fluidity of cement mortar with
bentonite.

CONCLUSION

(1) A large amount of PCE was found to be adsorbed onto bentonite ranging from 157
mg/g to 230 mg/g. The interlayers of bentonite are intercalated by PCE molecules with
surface adsorption to a certain extent indicated by characterizing PCE/bentonite complex.

(2) PVA adsorbs onto bentonite competitively with PCE which decreases the adsorption
amount of PCE drastically.

(3) Cement mortar experimental data indicates ether-based PCE has better clay tolerance
than ester-based PCE. Increasing side chain length and carboxyl density in main chain are
favorable for weakening the sensibility of PCE to bentonite. PVA as sacrificial agent can
enhance the dispersibility of PCE for cement with clay.
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Fig. 11-Effect of PVA dosage on the fluidity of cement mortar
with bentonite.

AUTHOR BIOS
Weishan Wang is a R&D Engineer at the Technology Center, Shanghai Engineering
Research Center of Construction Admixtures (CAERC). He received his PhD from East
China University of Science and Technology (ECUST). His research interests include
surface/interface chemistry, rheology and compatibility of PCE with concrete raw
materials.

Zuiliang Deng is a PhD Candidate at school of resources and environment engineering
of ECUST, and also a R&D Engineer at the Technology Center, CAERC. She received her
MS from ECUST. Her research interests include applications of PCE in all kinds of high
performance concrete.

Zhongjun Feng is a R&D Engineer at the Technology Center, CAERC. He received his
MS from ECUST. His research interests include molecular design of PCE and interaction
of PCE with cement.

Lefeng Fu is a senior R&D Engineer at the Technology Center, CAERC. He received his
PhD from ECUST. His research interests include R&D of key common issues in concrete
and PCE industry.

Baicun Zheng is a professor at the Technology Center, CAERC. He received his PhD
from ECUST. His research interests include chemical engineering, surface/interface
chemistry, and nano materials.

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/177157343/ACI-SP-302?src=spdf

346 SP-302-25

ACKNOWLEDGEMENTS
The financial support (14YF1414700) from Science and Technology Commission of
Shanghai Municipality was gratefully acknowledged.

REFERENCES

1. Zhu, W., and Gibbs, J. C., “Use of different limestone and chalk powders in self-
compacting concrete,” Cement and Concrete Research, V. 35, No. 8, 2005, pp. 1457-1462.
doi: 10.1016/j.cemconres.2004.07.001

2. Al-Jabri, K. S.; Hisada, M.; Al-Oraimi, S. K.; and Al-Saidy, A. H., “Copper slag as
sand replacement for high performance concrete,” Cement and Concrete Composites, V.
31, No. 7, 2009, pp. 483-488. doi: 10.1016/j.cemconcomp.2009.04.007

3. Yazici, H.; Yigiter, H.; Karabulut, A. S.; and Baradan, B., “Utilization of fly ash and
ground granulated blast furnace slag as an alternative silica source in reactive powder
concrete,” Fuel, V. 87, No. 12, 2008, pp. 2401-2407. doi: 10.1016/j.fuel.2008.03.005

4. Jaturapitakkul, C.; Kiattikomol, K.; Sata, V.; and Leekeeratikul, T., “Use of ground
coarse fly ash as a replacement of condensed silica fume in producting high-strength
concrete,” Cement and Concrete Research, V. 34, No. 4, 2004, pp. 549-555. doi: 10.1016/
S0008-8846(03)00150-9

5.Yool, A. L. G.; Lees, T. P,; and Fried, A., “Improvements to the methylene blue dye test
for harmful clay in aggregates for concrete and mortar,” Cement and Concrete Research,
V. 28, No. 10, 1998, pp. 1417-1428. doi: 10.1016/S0008-8846(98)00114-8

6. Norvell, J. K.; Stewart, J. G.; Juenger, M. C. G.; and Fowler, D. W., “Influence of clays
and clay-sized on concrete performance,” Journal of Materials in Civil Engineering, V. 19,
No. 12,2007, pp. 1053-1059. doi: 10.1061/(ASCE)0899-1561(2007)19:12(1053)

7. Topeu, 1. B., and Ugurlu, A., “Effect of the use of mineral filler on the properties
of concrete,” Cement and Concrete Research, V. 33, No. 7, 2003, pp. 1071-1075. doi:
10.1016/S0008-8846(03)00015-2

8. Leslie A. Jardine, Koyata, Kevin J. Folliard, et al., Admixtures and method for opti-
mizing addition of EO/PO superplasticizer to concrete containing smectite clay-containing
aggregates, US 6352952 B1, 2002.3.5.

9. Li, B. X.; Wang, J. L.; and Zhou, M. K., “C60 high performance concrete prepared
from manufactured sand with a high content of mirofines,” Key Engineering Materials, V.
405-406, 2009, pp. 204-211. doi: [J]10.4028/www.scientific.net/KEM.405-406.204

10. Li, B.; Wang, J.; and Zhou, M., “Effect of limestone fines content in manufactured
sand on durability of low- and high-strength concretes,” Construction & Building Mate-
rials, V. 23, No. 8, 2009, pp. 2846-2850. doi: [J]10.1016/j.conbuildmat.2009.02.033

11. Sakai, E.; Atarashi, D.; and Damaon, M., Interaction between superplasticizers and
clay minerals [C]. Proceedings of the 6th International Symposium on Cement & Concrete.
Japan: Japan Cement Association. 2006, 2: 1560-1566

12. Plank, J.; Liu, C.; and Ng, S., Interaction between clays and polycarboxylate super-
plasticizers in cementitious systems [C]. 9th CANMET/ACI International Conference in
Superplaticizers and Other Chemical Admixtures (supplementary papers). ACI Special
Publication, 2009, 279-298

13. Jeknavorian, A. A.; Jardine, L.; and Ou, C. C., Interaction of superplasticizers with
clay-bearing aggregates [C]. 7th CANMET/ACI International Conference on Superplasti-

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/177157343/ACI-SP-302?src=spdf

Interaction of Polycarboxylate-based Superplasticizer/Poly(vinyl alcohol)
with Bentonite and Its Application in Mortar w/ Clay-bearing Aggregates 347

cizers and Other Chemical Admixtures in Concrete. America: American Concrete Institute.
2003, 143-159

14. Daifullah, A. A. M.; Girgis, B. S.; and Gad, H. M. H., “A study of the factors affecting
the removal of humic acid by activated carbon prepared from biomass material,” Colloids
and Surfaces A: Physicochemical and Engineering Aspects, V. 235, No. 1-3, 2004, pp.
1-10. doi: 10.1016/j.colsurfa.2003.12.020

15.Bae, J. A. E.-H. Y. U. N.; Song, D. O. N. G.-I1. K.; and Jeon, Y. O. U. N. G.-W. O. O.
N. G.Bae Jae-Hyun. , “Song Dong-Ik, Jeon Young-Woong. Adsorption of anionic dye and
surfactant from water onto organomontmorillonite,” Separation Science and Technology,
V. 35, No. 3, 2000, pp. 353-365. doi: [J]10.1081/SS-100100161

16. Al-Degs, Y., and Khraisheh, M. A. M., “Effect of carbon surface chemistry on the
removal of reactive dyes from textile effluent,” Water Research, V. 34, No. 3, 2000, pp.
927-935. doi: [J]10.1016/S0043-1354(99)00200-6

17. Li, Y., and Ishida, H., “Concentration-dependent conformation of alkyl tail in the
nanoconfined space: Hexadecylamine in the silicate galleries,” Langmuir, V. 19, No. 6,
2003, pp. 2479-2484. doi: 10.1021/1a026481¢

18. Drits, V. A.; Besson, G.; and Muller, F., “An improved model for structural trans-
formations of heat-treated aluminous dioctahedral 2:1 layer silicates,” Clays and Clay
Minerals, V. 43, No. 6, 1995, pp. 718-731. doi: 10.1346/CCMN.1995.0430608

19. Zhou, Q.; Frost, R. L.; He, H.; and Xi, Y., “Changes in the surfaces of adsorbed para-
nitrophenol on HDTMA organoclay—The XRD and TG study,” Journal of Colloid and
Interface Science, V. 307, No. 1, 2007, pp. 50-55. doi: 10.1016/].jcis.2006.11.016

20. Lee, S. Y., and Kim, S. J., “Expansion characteristics of organoclay as a precursor to
nanocomposites,” Colloids and Surfaces A: Physicochemical and Engineering Aspects, V.
211, No. 1, 2002, pp. 19-26. doi: 10.1016/S0927-7757(02)00215-7

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/177157343/ACI-SP-302?src=spdf

348 SP-302-25

This is a preview. Click here to purchase the full publication.



https://www.civilenghub.com/ACI/177157343/ACI-SP-302?src=spdf

SP-302-26

Effect of the Stereochemistry of Polyols
on the Hydration of Cement: Influence of
Aluminate and Sulfate Phases

by Camille Nalet and André Nonat

The difference in the retarding effects induced by sugar alcohols on the hydration of pure
tricalcium silicate and white cement pastes is investigated. The polyols studied which are
stereoisomers (D-glucitol, D-galactitol and D-mannitol) generate a lower retarding effect
on the hydration of white cement than on the hydration of pure tricalcium silicate. The
presence of aluminate and sulfate phases in white cement pastes is shown to reduce the
retarding effect induced by the molecules. Moreover, these alditols strongly complex alumi-
nate in solution and adsorb on hydrating cement. The interactions of polyols with the
anhydrous and/or hydrated aluminate phases and their effects on the hydration kinetics of
white cement are discussed.

Keywords: adsorption; aluminate; cement; complexation; hydration; kinetics; polyols;
reactivity; stereochemistry.

INTRODUCTION

Portland cement is composed of silicate (C;S, C,S), aluminate (C3A, C4AF) and sulfate
(CaS0O,, xH,0) phases which interact between each other during hydration and make
its study complicated. The generalized use of chemical admixtures confers to concrete
specific properties either related to its fresh state (rheology modifiers, set accelerators
or retarders...) or longer term properties (strength enhancers, durability improvers...).!
Although used since decades those additives are often considered from a performance point
of view?? but their interactions with mineral surfaces are hardly resolved and understood.

Hence, this study is focused on the understanding of the interactions of hexitols with
white cement paste and their effects on its kinetic of hydration. Here, we compare the effect
of the conformation of D-glucitol, D-galactitol and D-mannitol on the hydration kinetics
of pure tricalcium silicate (C;S) and of white cement. Then, the interactions of the hexitols
with the anhydrous and/or hydrated aluminate phases present during cement hydration are
assessed.
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Table 1-Physical and chemical compositions of the cement phases.

Tricalcium
‘White cement | Tricalcium silicate aluminate-Gypsum-Hemihydrate
Specific stzlrface area 0.40 @ 0.49'b 034b
(m*/g)
Mono. Alite (%) 66.10 - -

Tric. Alite (%) 0.00 100.00 -
Belite (%) 24.20 - -
Ferrite (%) 0.40 - -

Cub. Aluminate (%) 2.00 - £0.00
Ortho. Aluminate (%) 0.70 -
Lime (%) 0.30 - -
Gypsum (%) 0.20 - 5.00
Hemihydrate (%) 0.70 - 15.00

Anhydrite (%) 1.00 - -
Calcite (%) 2.40 - -

Portlandite (%) 1.80 - -
Quartz (%) 0.10 - -

—=not measured items.
2 Blaine method,

b Calculated from particle size distribution assuming that the density of particles is homogeneous with the size, that the particles
are spherical and considering the different densities (C3S: 3210 kg/m? and C;A= 3030 kg/m?).

RESEARCH SIGNIFICANCE

With the diversity of existing cements and the increasing levels of Supplementary
Cementitious Materials of Portland cement in modern concrete, the current limited knowl-
edge on the interactions between chemical admixtures and mineral phases and their influ-
ence on the hydration mechanisms of cement phases represents a real limitation in the
development of new products with improved properties. This study intends to contribute
to fill this knowledge gap by focusing on the effects and interactions of hexitols with
hydrating cement phases.

EXPERIMENTAL PROCEDURE

Materials

A batch of white cement, a C;A-gypsum-hemihydrate mixture and triclinic C3S were
used, Table 1. The molecules studied were D-glucitol (> 98%), D-galactitol (> 99%) and
D-mannitol (> 98%) which were in a powder form. The preparation of all pastes, suspen-
sions and solutions was made with water which was both distilled and deionised. Calcium
oxide used in different experiments was obtained after decarbonation of calcium carbonate
(98.5-100%) at 1000 °C [1830 °F] for 24 h. All the saturated lime solutions were obtained
by equilibrating water at 25 °C [77 °F] with an excess of calcium oxide.

Methods
Isothermal calorimetry - The kinetics of hydration of different cement phases in presence
of sugar alcohols were monitored by isothermal calorimetry at 23 °C [73 °F]. The mixing
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