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Abstract

Porous composites with the principal class of porosity in the range of those presented in the literature as
ideal for the moisture control capacity of building environment are described. In the course of the design of
the matrices, micrometric pores are introduced to give to the pore systems a bi- or multimodal characters
with the aim of improving the phases percolation during the course of desorption and make the moisture
accumulation–desorption behavior of the porous composites essentially function of weather and
environment. The porous composites present size of pores in the range  for the gel pores and
peak centered at  for the micrometric pores which insure the matrices efficiency in moisture control
capacity and durability. The results of cycles of moisture absorption–desorption in the course of various
seasons of the year permit to identify the activities of gel pores meanly efficient in the extreme environment:
absorption when the temperature is under ; relative humidity is  and desorption when the
temperature is above . At ambient conditions, the pores more active are micrometric pores, while gel
pores enter in activity only in the extreme environment conditions. The proposed porous geopolymer
composites appeared promising candidates for the management of the moisture while improving the
thermal insulation of residential building particularly in the regions with important fluctuation of weather.
The use of geopolymerization process for the production of those porous composites, the choice of recycling
industrial and municipal inorganic wastes appears ideal solution, environmentally friendly, eco-efficient and
sustainable for the design of newly materials for the moisture control capacity in building environment.

Graphical Abstract

0.001−1 μm

10 μm

11 C
∘

> 60%

18 C
∘

https://link.springer.com/
https://link.springer.com/journal/11242
https://link.springer.com/journal/11242/122/1/page/1
mailto:kamseuelie@yahoo.fr


9/4/2019 Moisture Control Capacity of Geopolymer Composites: Correlation of the Bulk Composition–Pore Network with the Absorption–Desor…

https://link.springer.com/article/10.1007%2Fs11242-017-0990-1 2/6

Keywords

Porous geopolymer composites Gel pores Absorption–desorption Moisture control capacity 
This is a preview of subscription content, log in to check access.

Notes

Acknowledgements

We acknowledge the laboratory Ingessil Srl Verona for providing the sodium silicate used for the samples
preparation. The research grants received from Universitary Agency of Francophony (AUF) and the
Academy of Science for the third world (TWAS) to the principal investigator Dr. Elie Kamseu are also
acknowledged.

Funding

Funding was provided by Academy of Science for the Third World TWAS (Grant No. AF/AC-I-FR
3240287064).

References

Alonso, S., Palomo, A.: Alkaline activation of metakaolin–calcium hydroxide solid mixtures: influence of
temperature, activator concentration and metakaolin/Ca(OH)2 ratio. Mater. Lett. 47, 55–62 (2001)
CrossRef  (https://doi.org/10.1016/S0167-577X(00)00212-3)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Alkaline%20activation%20of%20metakaolin%E2%80%93calcium%20hydroxide%20solid%20mixture
s%3A%20influence%20of%20temperature%2C%20activator%20concentration%20and%20metakaolin%2F
Ca%28OH%292%20ratio&author=S.%20Alonso&author=A.%20Palomo&journal=Mater.%20Lett.&volume
=47&pages=55-62&publication_year=2001)

Alonso, S., Palomo, A.: Calorimetric study of alkaline activation of calcium hydroxide–metakaolin solid-
mixtures. Cem. Concr. Res. 31, 25–30 (2001)
CrossRef  (https://doi.org/10.1016/S0008-8846(00)00435-X)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Calorimetric%20study%20of%20alkaline%20activation%20of%20calcium%20hydroxide%E2%80%93

https://media.springernature.com/original/springer-static/image/art%3A10.1007%2Fs11242-017-0990-1/MediaObjects/11242_2017_990_Figa_HTML.gif
https://link.springer.com/signup-login?previousUrl=https%3A%2F%2Flink.springer.com%2Farticle%2F10.1007%252Fs11242-017-0990-1
https://doi.org/10.1016/S0167-577X(00)00212-3
http://scholar.google.com/scholar_lookup?title=Alkaline%20activation%20of%20metakaolin%E2%80%93calcium%20hydroxide%20solid%20mixtures%3A%20influence%20of%20temperature%2C%20activator%20concentration%20and%20metakaolin%2FCa%28OH%292%20ratio&author=S.%20Alonso&author=A.%20Palomo&journal=Mater.%20Lett.&volume=47&pages=55-62&publication_year=2001
https://doi.org/10.1016/S0008-8846(00)00435-X
http://scholar.google.com/scholar_lookup?title=Calorimetric%20study%20of%20alkaline%20activation%20of%20calcium%20hydroxide%E2%80%93metakaolin%20solid-mixtures&author=S.%20Alonso&author=A.%20Palomo&journal=Cem.%20Concr.%20Res.&volume=31&pages=25-30&publication_year=2001


9/4/2019 Moisture Control Capacity of Geopolymer Composites: Correlation of the Bulk Composition–Pore Network with the Absorption–Desor…

https://link.springer.com/article/10.1007%2Fs11242-017-0990-1 3/6

metakaolin%20solid-
mixtures&author=S.%20Alonso&author=A.%20Palomo&journal=Cem.%20Concr.%20Res.&volume=31&pa
ges=25-30&publication_year=2001)

Belitsky, I.V., Sakata, A., Goto, S.: Kinetics of hydration of slag in the slag-alkaline cements. In: Proceedings
of the 3rd Beijing International Symposium on Cement and Concrete, Beijing, China, 27–30 Oct 1993, pp.
1028–1031. International Academic Publishers, San Bernardino, CA (1993)
Google Scholar  (https://scholar.google.com/scholar?
q=Belitsky%2C%20I.V.%2C%20Sakata%2C%20A.%2C%20Goto%2C%20S.%3A%20Kinetics%20of%20hydr
ation%20of%20slag%20in%20the%20slag-
alkaline%20cements.%20In%3A%20Proceedings%20of%20the%203rd%20Beijing%20International%20Sy
mposium%20on%20Cement%20and%20Concrete%2C%20Beijing%2C%20China%2C%2027%E2%80%933
0%20Oct%201993%2C%20pp.%201028%E2%80%931031.%20International%20Academic%20Publishers%
2C%20San%20Bernardino%2C%20CA%20%281993%29)

Bignozzi, M.C., Manzi, S., Lancellotti, I., Kamseu, E., Barbieri, L., Leonelli, C.: Mix-design and
characterization of alkali activated materials based on metakaolin and ladle slag. Appl. Clay Sci. 73, 78–85
(2013)
CrossRef  (https://doi.org/10.1016/j.clay.2012.09.015)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Mix-
design%20and%20characterization%20of%20alkali%20activated%20materials%20based%20on%20metak
aolin%20and%20ladle%20slag&author=MC.%20Bignozzi&author=S.%20Manzi&author=I.%20Lancellotti
&author=E.%20Kamseu&author=L.%20Barbieri&author=C.%20Leonelli&journal=Appl.%20Clay%20Sci.&
volume=73&pages=78-85&publication_year=2013)

Carsten, C., Peuhkuri, R., Time, B., Svennberg, K., Ojanen, T.: Moisture buffer value of building materials.
In: ASTM Symposium on Heat–Air–Moisture Transport: Measurement on Building Materials, Toronto, 23
April (2006)
Google Scholar  (https://scholar.google.com/scholar?
q=Carsten%2C%20C.%2C%20Peuhkuri%2C%20R.%2C%20Time%2C%20B.%2C%20Svennberg%2C%20K.
%2C%20Ojanen%2C%20T.%3A%20Moisture%20buffer%20value%20of%20building%20materials.%20In
%3A%20ASTM%20Symposium%20on%20Heat%E2%80%93Air%E2%80%93Moisture%20Transport%3A
%20Measurement%20on%20Building%20Materials%2C%20Toronto%2C%2023%20April%20%282006%2
9)

Gezer, N. A.: The effects of construction materials on thermal comfort in residential buildings, an analysis
using Ecotect 5.0. Thesis, Middle East Technical University (2003)
Google Scholar  (https://scholar.google.com/scholar?
q=Gezer%2C%20N.%20A.%3A%20The%20effects%20of%20construction%20materials%20on%20thermal
%20comfort%20in%20residential%20buildings%2C%20an%20analysis%20using%20Ecotect%205.0.%20T
hesis%2C%20Middle%20East%20Technical%20University%20%282003%29)

Kamseu, E., Nait-Ali, B., Bignozzi, M.C., Leonelli, C., Rossignol, S., Smith, D.S.: Bulk composition and
microstructure dependence of effective thermal conductivity of porous inorganic polymer cements. J. Eur.
Ceram. Soc. 32(8), 1593–1603 (2012)
CrossRef  (https://doi.org/10.1016/j.jeurceramsoc.2011.12.030)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Bulk%20composition%20and%20microstructure%20dependence%20of%20effective%20thermal%20
conductivity%20of%20porous%20inorganic%20polymer%20cements&author=E.%20Kamseu&author=B.%
20Nait-
Ali&author=MC.%20Bignozzi&author=C.%20Leonelli&author=S.%20Rossignol&author=DS.%20Smith&jo
urnal=J.%20Eur.%20Ceram.%20Soc.&volume=32&issue=8&pages=1593-1603&publication_year=2012)

Kamseu, E., Cannio, M., Obonyo, E.A., Tobias, F., Bignozzi, M.C., Sglavo, V.M., Leonelli, C.: Metakaolin-
based inorganic polymer composite: effects of fine aggregate composition and structure on porosity
evolution, microstructure and mechanical properties. Cem. Concr. Compos. 53, 258–269 (2014)
CrossRef  (https://doi.org/10.1016/j.cemconcomp.2014.07.008)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Metakaolin-
based%20inorganic%20polymer%20composite%3A%20effects%20of%20fine%20aggregate%20compositio
n%20and%20structure%20on%20porosity%20evolution%2C%20microstructure%20and%20mechanical%2
0properties&author=E.%20Kamseu&author=M.%20Cannio&author=EA.%20Obonyo&author=F.%20Tobia
s&author=MC.%20Bignozzi&author=VM.%20Sglavo&author=C.%20Leonelli&journal=Cem.%20Concr.%2
0Compos.&volume=53&pages=258-269&publication_year=2014)

Kamseu, E., Ponzoni, C., Tippayasam, C., Taurino, R., Chaysuwan, D., Bignozzi, M.C., Barbieri, L., Leonelli,
C.: Influence of fine aggregates on the microstructure, porosity and chemico-mechanical stability of
inorganic polymer concretes. Constr. Build. Mater. 96, 473–483 (2015)
CrossRef  (https://doi.org/10.1016/j.conbuildmat.2015.08.090)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Influence%20of%20fine%20aggregates%20on%20the%20microstructure%2C%20porosity%20and%2
0chemico-

http://scholar.google.com/scholar_lookup?title=Calorimetric%20study%20of%20alkaline%20activation%20of%20calcium%20hydroxide%E2%80%93metakaolin%20solid-mixtures&author=S.%20Alonso&author=A.%20Palomo&journal=Cem.%20Concr.%20Res.&volume=31&pages=25-30&publication_year=2001
https://scholar.google.com/scholar?q=Belitsky%2C%20I.V.%2C%20Sakata%2C%20A.%2C%20Goto%2C%20S.%3A%20Kinetics%20of%20hydration%20of%20slag%20in%20the%20slag-alkaline%20cements.%20In%3A%20Proceedings%20of%20the%203rd%20Beijing%20International%20Symposium%20on%20Cement%20and%20Concrete%2C%20Beijing%2C%20China%2C%2027%E2%80%9330%20Oct%201993%2C%20pp.%201028%E2%80%931031.%20International%20Academic%20Publishers%2C%20San%20Bernardino%2C%20CA%20%281993%29
https://doi.org/10.1016/j.clay.2012.09.015
http://scholar.google.com/scholar_lookup?title=Mix-design%20and%20characterization%20of%20alkali%20activated%20materials%20based%20on%20metakaolin%20and%20ladle%20slag&author=MC.%20Bignozzi&author=S.%20Manzi&author=I.%20Lancellotti&author=E.%20Kamseu&author=L.%20Barbieri&author=C.%20Leonelli&journal=Appl.%20Clay%20Sci.&volume=73&pages=78-85&publication_year=2013
https://scholar.google.com/scholar?q=Carsten%2C%20C.%2C%20Peuhkuri%2C%20R.%2C%20Time%2C%20B.%2C%20Svennberg%2C%20K.%2C%20Ojanen%2C%20T.%3A%20Moisture%20buffer%20value%20of%20building%20materials.%20In%3A%20ASTM%20Symposium%20on%20Heat%E2%80%93Air%E2%80%93Moisture%20Transport%3A%20Measurement%20on%20Building%20Materials%2C%20Toronto%2C%2023%20April%20%282006%29
https://scholar.google.com/scholar?q=Gezer%2C%20N.%20A.%3A%20The%20effects%20of%20construction%20materials%20on%20thermal%20comfort%20in%20residential%20buildings%2C%20an%20analysis%20using%20Ecotect%205.0.%20Thesis%2C%20Middle%20East%20Technical%20University%20%282003%29
https://doi.org/10.1016/j.jeurceramsoc.2011.12.030
http://scholar.google.com/scholar_lookup?title=Bulk%20composition%20and%20microstructure%20dependence%20of%20effective%20thermal%20conductivity%20of%20porous%20inorganic%20polymer%20cements&author=E.%20Kamseu&author=B.%20Nait-Ali&author=MC.%20Bignozzi&author=C.%20Leonelli&author=S.%20Rossignol&author=DS.%20Smith&journal=J.%20Eur.%20Ceram.%20Soc.&volume=32&issue=8&pages=1593-1603&publication_year=2012
https://doi.org/10.1016/j.cemconcomp.2014.07.008
http://scholar.google.com/scholar_lookup?title=Metakaolin-based%20inorganic%20polymer%20composite%3A%20effects%20of%20fine%20aggregate%20composition%20and%20structure%20on%20porosity%20evolution%2C%20microstructure%20and%20mechanical%20properties&author=E.%20Kamseu&author=M.%20Cannio&author=EA.%20Obonyo&author=F.%20Tobias&author=MC.%20Bignozzi&author=VM.%20Sglavo&author=C.%20Leonelli&journal=Cem.%20Concr.%20Compos.&volume=53&pages=258-269&publication_year=2014
https://doi.org/10.1016/j.conbuildmat.2015.08.090
http://scholar.google.com/scholar_lookup?title=Influence%20of%20fine%20aggregates%20on%20the%20microstructure%2C%20porosity%20and%20chemico-mechanical%20stability%20of%20inorganic%20polymer%20concretes&author=E.%20Kamseu&author=C.%20Ponzoni&author=C.%20Tippayasam&author=R.%20Taurino&author=D.%20Chaysuwan&author=MC.%20Bignozzi&author=L.%20Barbieri&author=C.%20Leonelli&journal=Constr.%20Build.%20Mater.&volume=96&pages=473-483&publication_year=2015


9/4/2019 Moisture Control Capacity of Geopolymer Composites: Correlation of the Bulk Composition–Pore Network with the Absorption–Desor…

https://link.springer.com/article/10.1007%2Fs11242-017-0990-1 4/6

mechanical%20stability%20of%20inorganic%20polymer%20concretes&author=E.%20Kamseu&author=C.
%20Ponzoni&author=C.%20Tippayasam&author=R.%20Taurino&author=D.%20Chaysuwan&author=MC.
%20Bignozzi&author=L.%20Barbieri&author=C.%20Leonelli&journal=Constr.%20Build.%20Mater.&volu
me=96&pages=473-483&publication_year=2015)

Kamseu, E., NGouloure, Z.N.M., Nait Ali, B., Zekeng, S., Melo, U.C., Rossignol, S., Leonelli, C.: Cumulative
pore volume, pore size distribution and phases percolation in porous inorganic polymer composites: relation
microstructure and effective thermal conductivity. Energy Build. 88, 45–56 (2015)
CrossRef  (https://doi.org/10.1016/j.enbuild.2014.11.066)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Cumulative%20pore%20volume%2C%20pore%20size%20distribution%20and%20phases%20percolat
ion%20in%20porous%20inorganic%20polymer%20composites%3A%20relation%20microstructure%20an
d%20effective%20thermal%20conductivity&author=E.%20Kamseu&author=ZNM.%20NGouloure&author
=B.%20Nait%20Ali&author=S.%20Zekeng&author=UC.%20Melo&author=S.%20Rossignol&author=C.%2
0Leonelli&journal=Energy%20Build.&volume=88&pages=45-56&publication_year=2015)

Kamseu, E., Lancelotti, I., Sglavo, V.M., Modolo, I., Leonelli, C.: Design of inorganic polymer mortar from
ferricalsialic and calsialic slags for indoor humidity control. Materials (2016).
 https://doi.org/10.3390/ma9060410  (https://doi.org/10.3390/ma9060410)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Design%20of%20inorganic%20polymer%20mortar%20from%20ferricalsialic%20and%20calsialic%2
0slags%20for%20indoor%20humidity%20control&author=E.%20Kamseu&author=I.%20Lancelotti&autho
r=VM.%20Sglavo&author=I.%20Modolo&author=C.%20Leonelli&journal=Materials&publication_year=20
16&doi=10.3390%2Fma9060410)

Kamseu, E., Ponzoni, C., Tippayasam, C., Taurino, R., Chaysuwan, D., Sglavo, V.M., Thavorniti, P., Leonelli,
C.: Self-compacting geopolymer concretes: effects of addition of aluminosilicate-rich fines. J. Build. Eng. 5,
211–221 (2016)
CrossRef  (https://doi.org/10.1016/j.jobe.2016.01.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Self-
compacting%20geopolymer%20concretes%3A%20effects%20of%20addition%20of%20aluminosilicate-
rich%20fines&author=E.%20Kamseu&author=C.%20Ponzoni&author=C.%20Tippayasam&author=R.%20
Taurino&author=D.%20Chaysuwan&author=VM.%20Sglavo&author=P.%20Thavorniti&author=C.%20Leo
nelli&journal=J.%20Build.%20Eng.&volume=5&pages=211-221&publication_year=2016)

Kotama, M., Fukumizu, H., Matsumoto, Y., Tapama, M., Yamanioto, K., Endo, M.: Moisture control
capacity. Construction Material USA Patent No. 6472 0610 B2, 12 (2002)
Google Scholar  (https://scholar.google.com/scholar?
q=Kotama%2C%20M.%2C%20Fukumizu%2C%20H.%2C%20Matsumoto%2C%20Y.%2C%20Tapama%2C
%20M.%2C%20Yamanioto%2C%20K.%2C%20Endo%2C%20M.%3A%20Moisture%20control%20capacity.
%20Construction%20Material%20USA%20Patent%20No.%206472%200610%20B2%2C%2012%20%2820
02%29)

Kourounis, S., Tsivillis, S., Tsakiridis, P.E., Papadimitriou, G.D., Tsibouki, Z.: Properties and hydratation of
blended cements with steel making slag. Cem. Concr. Res. 37, 815822 (2007)
CrossRef  (https://doi.org/10.1016/j.cemconres.2007.03.008)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Properties%20and%20hydratation%20of%20blended%20cements%20with%20steel%20making%20sl
ag&author=S.%20Kourounis&author=S.%20Tsivillis&author=PE.%20Tsakiridis&author=GD.%20Papadimi
triou&author=Z.%20Tsibouki&journal=Cem.%20Concr.%20Res.&volume=37&pages=815822&publication
_year=2007)

Kumar, A., Singh, O.P.: Advances in the building materials for thermal comfort and energy saving. J. Recent
Pat. Eng. 7.3, 220–232 (2013)
CrossRef  (https://doi.org/10.2174/18722121113076660005)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Advances%20in%20the%20building%20materials%20for%20thermal%20comfort%20and%20energy
%20saving&author=A.%20Kumar&author=OP.%20Singh&journal=J.%20Recent%20Pat.%20Eng.&volume
=7.3&pages=220-232&publication_year=2013)

Lee, W.K.W., van Deventer, J.S.J.: Chemical interactions between siliceous aggregates and low-Ca alkali-
activated cements. Cem. Concr. Res. 37, 844–55 (2007)
CrossRef  (https://doi.org/10.1016/j.cemconres.2007.03.012)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Chemical%20interactions%20between%20siliceous%20aggregates%20and%20low-Ca%20alkali-
activated%20cements&author=WKW.%20Lee&author=JSJ.%20Deventer&journal=Cem.%20Concr.%20Re
s.&volume=37&pages=844-55&publication_year=2007)

Malolepszy, J.: Some aspects of Alkali-activated cementitious materials setting and hardening. In:
Proceedings of the 3rd Beijing International Symposium on Cement and Concrete, Beijing, China, 27–30
Oct 1993, pp. 1043–1046; International Academic Publishers, San Bernardino, CA (1993)

http://scholar.google.com/scholar_lookup?title=Influence%20of%20fine%20aggregates%20on%20the%20microstructure%2C%20porosity%20and%20chemico-mechanical%20stability%20of%20inorganic%20polymer%20concretes&author=E.%20Kamseu&author=C.%20Ponzoni&author=C.%20Tippayasam&author=R.%20Taurino&author=D.%20Chaysuwan&author=MC.%20Bignozzi&author=L.%20Barbieri&author=C.%20Leonelli&journal=Constr.%20Build.%20Mater.&volume=96&pages=473-483&publication_year=2015
https://doi.org/10.1016/j.enbuild.2014.11.066
http://scholar.google.com/scholar_lookup?title=Cumulative%20pore%20volume%2C%20pore%20size%20distribution%20and%20phases%20percolation%20in%20porous%20inorganic%20polymer%20composites%3A%20relation%20microstructure%20and%20effective%20thermal%20conductivity&author=E.%20Kamseu&author=ZNM.%20NGouloure&author=B.%20Nait%20Ali&author=S.%20Zekeng&author=UC.%20Melo&author=S.%20Rossignol&author=C.%20Leonelli&journal=Energy%20Build.&volume=88&pages=45-56&publication_year=2015
https://doi.org/10.3390/ma9060410
http://scholar.google.com/scholar_lookup?title=Design%20of%20inorganic%20polymer%20mortar%20from%20ferricalsialic%20and%20calsialic%20slags%20for%20indoor%20humidity%20control&author=E.%20Kamseu&author=I.%20Lancelotti&author=VM.%20Sglavo&author=I.%20Modolo&author=C.%20Leonelli&journal=Materials&publication_year=2016&doi=10.3390%2Fma9060410
https://doi.org/10.1016/j.jobe.2016.01.004
http://scholar.google.com/scholar_lookup?title=Self-compacting%20geopolymer%20concretes%3A%20effects%20of%20addition%20of%20aluminosilicate-rich%20fines&author=E.%20Kamseu&author=C.%20Ponzoni&author=C.%20Tippayasam&author=R.%20Taurino&author=D.%20Chaysuwan&author=VM.%20Sglavo&author=P.%20Thavorniti&author=C.%20Leonelli&journal=J.%20Build.%20Eng.&volume=5&pages=211-221&publication_year=2016
https://scholar.google.com/scholar?q=Kotama%2C%20M.%2C%20Fukumizu%2C%20H.%2C%20Matsumoto%2C%20Y.%2C%20Tapama%2C%20M.%2C%20Yamanioto%2C%20K.%2C%20Endo%2C%20M.%3A%20Moisture%20control%20capacity.%20Construction%20Material%20USA%20Patent%20No.%206472%200610%20B2%2C%2012%20%282002%29
https://doi.org/10.1016/j.cemconres.2007.03.008
http://scholar.google.com/scholar_lookup?title=Properties%20and%20hydratation%20of%20blended%20cements%20with%20steel%20making%20slag&author=S.%20Kourounis&author=S.%20Tsivillis&author=PE.%20Tsakiridis&author=GD.%20Papadimitriou&author=Z.%20Tsibouki&journal=Cem.%20Concr.%20Res.&volume=37&pages=815822&publication_year=2007
https://doi.org/10.2174/18722121113076660005
http://scholar.google.com/scholar_lookup?title=Advances%20in%20the%20building%20materials%20for%20thermal%20comfort%20and%20energy%20saving&author=A.%20Kumar&author=OP.%20Singh&journal=J.%20Recent%20Pat.%20Eng.&volume=7.3&pages=220-232&publication_year=2013
https://doi.org/10.1016/j.cemconres.2007.03.012
http://scholar.google.com/scholar_lookup?title=Chemical%20interactions%20between%20siliceous%20aggregates%20and%20low-Ca%20alkali-activated%20cements&author=WKW.%20Lee&author=JSJ.%20Deventer&journal=Cem.%20Concr.%20Res.&volume=37&pages=844-55&publication_year=2007


9/4/2019 Moisture Control Capacity of Geopolymer Composites: Correlation of the Bulk Composition–Pore Network with the Absorption–Desor…

https://link.springer.com/article/10.1007%2Fs11242-017-0990-1 5/6

Google Scholar  (https://scholar.google.com/scholar?
q=Malolepszy%2C%20J.%3A%20Some%20aspects%20of%20Alkali-
activated%20cementitious%20materials%20setting%20and%20hardening.%20In%3A%20Proceedings%20
of%20the%203rd%20Beijing%20International%20Symposium%20on%20Cement%20and%20Concrete%2
C%20Beijing%2C%20China%2C%2027%E2%80%9330%20Oct%201993%2C%20pp.%201043%E2%80%93
1046%3B%20International%20Academic%20Publishers%2C%20San%20Bernardino%2C%20CA%20%281
993%29)

Mozgawa, W., Deja, J.: Spectroscopic studies of alkaline activated slag geopolymers. J. Mol. Struct. 924–
926, 434–441 (2009)
CrossRef  (https://doi.org/10.1016/j.molstruc.2008.12.026)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Spectroscopic%20studies%20of%20alkaline%20activated%20slag%20geopolymers&author=W.%20M
ozgawa&author=J.%20Deja&journal=J.%20Mol.%20Struct.&volume=924%E2%80%93926&pages=434-
441&publication_year=2009)

Myers, R.J., Bernal, S.A., Gehman, J.D., van Deventer, J.S.J., Provis, J.L.: The role of Al in cross-linking of
alkali-activated slag cements. J. Am. Ceram. Soc. 98, 996–1004 (2015)
CrossRef  (https://doi.org/10.1111/jace.13360)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=The%20role%20of%20Al%20in%20cross-linking%20of%20alkali-
activated%20slag%20cements&author=RJ.%20Myers&author=SA.%20Bernal&author=JD.%20Gehman&a
uthor=JSJ.%20Deventer&author=JL.%20Provis&journal=J.%20Am.%20Ceram.%20Soc.&volume=98&pag
es=996-1004&publication_year=2015)

Nazanin, N., Knight, I., Jones, P.: Work place satisfaction and thermal comfort in air conditioned office
buildings: findings from a summer survey and field experiments in Iran. Indoor Built Environ. 17, 69–79
(2008)
CrossRef  (https://doi.org/10.1177/1420326X07086945)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Work%20place%20satisfaction%20and%20thermal%20comfort%20in%20air%20conditioned%20offi
ce%20buildings%3A%20findings%20from%20a%20summer%20survey%20and%20field%20experiments%
20in%20Iran&author=N.%20Nazanin&author=I.%20Knight&author=P.%20Jones&journal=Indoor%20Bui
lt%20Environ.&volume=17&pages=69-79&publication_year=2008)

O’Farrell, M., Wild, S., Sabir, B.B.: Pore size distribution and compressive strength of waste clay brick
mortar. Cem. Concr. Compos. 23, 81–91 (2001)
CrossRef  (https://doi.org/10.1016/S0958-9465(00)00070-6)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Pore%20size%20distribution%20and%20compressive%20strength%20of%20waste%20clay%20brick
%20mortar&author=M.%20O%E2%80%99Farrell&author=S.%20Wild&author=BB.%20Sabir&journal=Ce
m.%20Concr.%20Compos.&volume=23&pages=81-91&publication_year=2001)

Pontikes, Y., Machiels, L., Onisei, S., Pandelaers, L., Geysen, D., Jones, P.T., Blanpain, B.: Slags with high Al
and Fe content as precursors for inorganic polymers. Appl. Clay Sci. 73, 93–102 (2013)
CrossRef  (https://doi.org/10.1016/j.clay.2012.09.020)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Slags%20with%20high%20Al%20and%20Fe%20content%20as%20precursors%20for%20inorganic%
20polymers&author=Y.%20Pontikes&author=L.%20Machiels&author=S.%20Onisei&author=L.%20Pandel
aers&author=D.%20Geysen&author=PT.%20Jones&author=B.%20Blanpain&journal=Appl.%20Clay%20Sc
i.&volume=73&pages=93-102&publication_year=2013)

Rubner, K., Hoffmann, D.: Characterization of mineral building materials by mercury-intrusion
porosimetry. Part. Part. Syst. Charact. 23, 20–28 (2006)
CrossRef  (https://doi.org/10.1002/ppsc.200601008)
Google Scholar  (http://scholar.google.com/scholar_lookup?
title=Characterization%20of%20mineral%20building%20materials%20by%20mercury-
intrusion%20porosimetry&author=K.%20Rubner&author=D.%20Hoffmann&journal=Part.%20Part.%20Sy
st.%20Charact.&volume=23&pages=20-28&publication_year=2006)

Zhang, Z., Provis, J.L., Reid, A., Wang, H.: Fly ash-based geopolymers: the relationship between
composition, pore structure and efflorescence. Cem. Concr. Res. 64, 30–41 (2014)
CrossRef  (https://doi.org/10.1016/j.cemconres.2014.06.004)
Google Scholar  (http://scholar.google.com/scholar_lookup?title=Fly%20ash-
based%20geopolymers%3A%20the%20relationship%20between%20composition%2C%20pore%20structur
e%20and%20efflorescence&author=Z.%20Zhang&author=JL.%20Provis&author=A.%20Reid&author=H.%
20Wang&journal=Cem.%20Concr.%20Res.&volume=64&pages=30-41&publication_year=2014)

Copyright information

https://scholar.google.com/scholar?q=Malolepszy%2C%20J.%3A%20Some%20aspects%20of%20Alkali-activated%20cementitious%20materials%20setting%20and%20hardening.%20In%3A%20Proceedings%20of%20the%203rd%20Beijing%20International%20Symposium%20on%20Cement%20and%20Concrete%2C%20Beijing%2C%20China%2C%2027%E2%80%9330%20Oct%201993%2C%20pp.%201043%E2%80%931046%3B%20International%20Academic%20Publishers%2C%20San%20Bernardino%2C%20CA%20%281993%29
https://doi.org/10.1016/j.molstruc.2008.12.026
http://scholar.google.com/scholar_lookup?title=Spectroscopic%20studies%20of%20alkaline%20activated%20slag%20geopolymers&author=W.%20Mozgawa&author=J.%20Deja&journal=J.%20Mol.%20Struct.&volume=924%E2%80%93926&pages=434-441&publication_year=2009
https://doi.org/10.1111/jace.13360
http://scholar.google.com/scholar_lookup?title=The%20role%20of%20Al%20in%20cross-linking%20of%20alkali-activated%20slag%20cements&author=RJ.%20Myers&author=SA.%20Bernal&author=JD.%20Gehman&author=JSJ.%20Deventer&author=JL.%20Provis&journal=J.%20Am.%20Ceram.%20Soc.&volume=98&pages=996-1004&publication_year=2015
https://doi.org/10.1177/1420326X07086945
http://scholar.google.com/scholar_lookup?title=Work%20place%20satisfaction%20and%20thermal%20comfort%20in%20air%20conditioned%20office%20buildings%3A%20findings%20from%20a%20summer%20survey%20and%20field%20experiments%20in%20Iran&author=N.%20Nazanin&author=I.%20Knight&author=P.%20Jones&journal=Indoor%20Built%20Environ.&volume=17&pages=69-79&publication_year=2008
https://doi.org/10.1016/S0958-9465(00)00070-6
http://scholar.google.com/scholar_lookup?title=Pore%20size%20distribution%20and%20compressive%20strength%20of%20waste%20clay%20brick%20mortar&author=M.%20O%E2%80%99Farrell&author=S.%20Wild&author=BB.%20Sabir&journal=Cem.%20Concr.%20Compos.&volume=23&pages=81-91&publication_year=2001
https://doi.org/10.1016/j.clay.2012.09.020
http://scholar.google.com/scholar_lookup?title=Slags%20with%20high%20Al%20and%20Fe%20content%20as%20precursors%20for%20inorganic%20polymers&author=Y.%20Pontikes&author=L.%20Machiels&author=S.%20Onisei&author=L.%20Pandelaers&author=D.%20Geysen&author=PT.%20Jones&author=B.%20Blanpain&journal=Appl.%20Clay%20Sci.&volume=73&pages=93-102&publication_year=2013
https://doi.org/10.1002/ppsc.200601008
http://scholar.google.com/scholar_lookup?title=Characterization%20of%20mineral%20building%20materials%20by%20mercury-intrusion%20porosimetry&author=K.%20Rubner&author=D.%20Hoffmann&journal=Part.%20Part.%20Syst.%20Charact.&volume=23&pages=20-28&publication_year=2006
https://doi.org/10.1016/j.cemconres.2014.06.004
http://scholar.google.com/scholar_lookup?title=Fly%20ash-based%20geopolymers%3A%20the%20relationship%20between%20composition%2C%20pore%20structure%20and%20efflorescence&author=Z.%20Zhang&author=JL.%20Provis&author=A.%20Reid&author=H.%20Wang&journal=Cem.%20Concr.%20Res.&volume=64&pages=30-41&publication_year=2014


9/4/2019 Moisture Control Capacity of Geopolymer Composites: Correlation of the Bulk Composition–Pore Network with the Absorption–Desor…

https://link.springer.com/article/10.1007%2Fs11242-017-0990-1 6/6

© 2018 Springer Nature Switzerland AG. Part of Springer Nature.

Not logged in University of Modena and Reggio Emilia (3000144974) - CRUI-CARE Italy (3000155420) - CARE 2009 & 2010 (3000180852) -
Care Nature (3003532199) 155.185.51.103

© Springer Science+Business Media B.V., part of Springer Nature 2017

About this article

Cite this article as:
Kamseu, E., Mohamed, H., Sofack, J.C. et al. Transp Porous Med (2018) 122: 77. https://doi.org/10.1007/s11242-017-0990-1

Received 27 November 2017
Accepted 12 December 2017
First Online 28 December 2017
DOI https://doi.org/10.1007/s11242-017-0990-1
Publisher Name Springer Netherlands
Print ISSN 0169-3913
Online ISSN 1573-1634

About this journal
Reprints and Permissions

Personalised recommendations

Powered by:Want recommendations via email? Sign up now

1. Enhanced extraction of phenolic compounds using choline chloride based deep eutectic solvents from
Juglans regia L
Vieira, Vanessa… Ferreira, Olga
Industrial Crops and Products (2018)

2. Lightweight geopolymer composites as structural elements with improved insulation capacity
Kakali, Glikeria… Tsivilis, Sotiris
MATEC Web of Conferences (2018)

3. Lightweight geopolymer composites as structural elements with improved insulation capacity
Kakali, Glikeria… Tsivilis, Sotiris
MATEC Web of Conferences (2018)

https://www.springernature.com/
https://www.springernature.com/
https://www.springer.com/journal/11242/about
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&copyright=Springer+Science%2BBusiness+Media+B.V.%2C+part+of+Springer+Nature&author=E.+Kamseu%2C+H.+Mohamed%2C+J.+C.+Sofack+et+al&issueNum=1&contentID=10.1007%2Fs11242-017-0990-1&endPage=95&publicationDate=2017&startPage=77&volumeNum=122&title=Moisture+Control+Capacity+of+Geopolymer+Composites%3A+Correlation+of+the+Bulk+Composition%E2%80%93Pore+Network+with+the+Absorption%E2%80%93Desorption+Behavior&imprint=Springer+Science%2BBusiness+Media+B.V.%2C+part+of+Springer+Nature&publication=0169-3913
http://recommended.springernature.com/recommended/
https://recommendations.springernature.com/recommended/#email-signup
https://recommended.springernature.com/v2211/redirect/lSmL2B120H7yAzoJhJ77ZpQBYJjJu0WL_z4JOZkGat16zmSBaRWy-oY5zyaExTVL9Gvt5iFdcHQmsQM4l0OmwCeHIoGo-Ft87Z4eeZN33OR91TBRZSBfq5guqJUCPCBmR5tsbXvL-b-nWnWNfoSP2AF_tXiICdwDZX-4mlf0WahQJ5Y7SKZUVMe_MF2Z5aZQMqhAUy_F6cBkyE_mXmlzuE03gvzhVQL3MgQNV1xUQ2A0LUJ_YLjc5DtM0I6vIwV_zRc1BRFZ16bTlWHbedUzGknyCOHE93a6OkzG950W1wn_G4mPxSVx_NV4cuEdgUoC8J6U060pyiShtrRKuiWN_pTdc9gXaeXpKx2cTdIKh54cyDo3Xshh7n04EmEpZO2RIfZEYDUDDUOdXAP8Tp_dy3JhPrl0L-YZFeDS2nyq4aUoCp_TVqRAkDWE9y_UoM96MwsjKadB00eJX4OpC71xZNBgfuizDy7Kxl7rzzfBALt7Fjk4ggFp1TfF7hh8KPPkgVoEJht-jttxI_v53EQOfhonDOHT2DGVrdHozzhI_0KKeo-51Bvn5cqNGe_jRZEtdlJ--6lmRfpbbQSd4s0ujhvMJqAr9Xj8FC1p9DbumcqmUEA1VPlFJ1jzm8BgZmP6qzKeRfR7_HXLVYTCNoMpagwkPxvmrK6tXPj81qHYe5zDwMq0GETSO838brRa7he8TUYcYqBz2tbLga2tpODd9bGrty-xEO-g1bdSWYM9_1iGdP461w3lZ9lxqbjDGjLHP2XONKl87zPZMW0KTbtjNfj27_npGQ7dsFZ-ovjNL5aWgYdHaN5OeqcN1X43gn9h7fIRMtfEJBzKc-jxLDPqdSTqz1G1sCyrCGS4JkJ2SwVGjbn4Dljb2FuRlw1coMylDF7NtXW3Ttb5Lkc6l_PN-RxEXdRb6h53BsA7aw6n8kc0pUaUhYIfuQBo4QSB2HVgD0qEI7qtrD6k4wzIVpWsuNTZa3oD2ZYtzrF1zY4FqumTTLUHNhvPeyPEaAqtRi8LJbllmQ9gnLADmdWfXv22DdRwgNKIBD1JKrr_mF4EgL42_Ww9kh0LPwnsoH50E4zoFcHbkVRXU8G-EdjBkIK2Zl7cGUBM2BgGls47YB7eCBM%3D
https://recommended.springernature.com/v2211/redirect/wuCcLYAEm4Li2hUpomkCwVM6lZgxlbbExi_mxne-JXec-1zV5n-d7932Ar8L2zEuTcYrocV3_245DNEw3d5jswp-zMGwbw0zEiET9bH7nPhrGW2tI6eeFQpJ3LoL4UXooTwojGqhja92QI-NkWI0U_cBzmWAN4UN8eEU1VlNTN7ztTq1I2EFCUQsrJHo_f-kRNFNne_wiXfav-fHnKd16JCYThWYeFZq6gusMsz66cJTbOEBBxvGN8k1_XN6DTTGfNbOpWQ2YyC7Oz-sw3wAyzgKMi7zR4wY1F12KAc8WOcAeLV5FTJELo9vymP0eDuSJaROdyTjcSsFimOx37CtqkzGRaxPUdbZ6z2ZFqeBlM7rZqhv4mSDvVSUge89zf_Wv9g94NYB1eZeJ9ArkgE5J9TuwDN67ptTBqNdL89SeTnkc1s0U3emW-auUzezBWkhrRvwDjnejFC3bwhOtuI-9-C6Xtm6poEiHIMVtGX9RRrQ5GxMDORX7SrP45QgYjYgZ7-B--QzmkZ5zHSE_dFLywc_S5nmvXz96czh28uW11jb_g1UAzhma_hzASPWFrMYpbPOXzV_4GZQR1E-eoFO2V_mzy7ZP3diePBeoJc3-B5FZM5vB6QckinijWJ-XzP-mHlolJOwNEIRTGzH3KPtli2_t_iaw9hrtyhHhgfKepwqNiLNU2HSTb07nLAQs1IhoP2YTWkYIN7ZcWb_UzNRXFR3_WiOF4iCouGGzDedubHHyQl9hlNy01aDea7DMZ31qoOFXgnDtB4ssJnHtrGlhwcCcm9sC6qGi4laGDxS6a0AypgrlIa6tS4QRGOHW7rdEpob-v7SNKeEzISwgIgzUJNjqEt43fjQjUCyzV3K53Sc9L3O4hP9Y8HrBzlhWn0mLjK3d38eRvcC4LZgqDnLbhRAuQDfAGoe-z0Md0zR8QIVXtPdNlgj-wd2GJ4RMfaORq5pNwWqO6s5Kh9uxNKQy5n2hBEdJ5gsw8u5ALRT_zMVziviTRB-tVk2bXEjkVqtBOqy9AlayfKphWmsl3VroqpCMAPXaahXwt3HgdlmyROI9QSB6WR-OeGpOb9J78w8aSFhNl0lcorDUD24IyG8Jgf9qfkaMiWrq3AzLX7yHv4%3D
https://recommended.springernature.com/v2211/redirect/wuCcLYAEm4Li2hUpomkCwVM6lZgxlbbExi_mxne-JXfD3VQgkHatE-y6fz7K7R9vtlmDArd89KJRLsEXRDF12hHXU7z6RT5WsURPaYDFo1uVKNv2ILchlYXG8SILPvycbJdde4qcVbw9190h-Svn-bkSLlaNDi_M2GS6PKUO9PnxuMtTn7p8FxXO-ArQ2TEzAh4Mck3JNwWJN59fgRVLPYDCIJ_3uQwBMWmojD9LoZ1VXeOjJPpoPUI6ulmOW4p216xhngkbTP9yT0olFbCBbMK81P6zwZHJjlINEh-3S_bT0PElWjtJBYdXHomZolME5Acz_wWkBXoWyry5spdkI0nJEoAGZp7epXHZGR3ZVApW6QGzMxtQo4JqhDY6Y_gFQAQFh-LqgqNHTQ9IxrMbN0x3PBJ0uslP0WA3Lw6Hoxo6wKRQphehPnXD7UyHaMtZ7H9a1KdUYafeG8YHlcM7WjEZ_uWRKc8W9KnD8xEJlUYUs1yOJvLPv8Hz5CL6uJdeLIXJPHEAYYFbgRfGEivd67rgbOSLAMkcqDP4b24SI7eZIMBoqWZp0r2dzHQ3XFKjOX-6e3lTm3Q93vbg-bEvF152D4hIykTB34kU8qtDh52HGCN9bfDEHwZPuz2tBMX9KQ1Lw5sWigG_tvc8ItCV_Cs_SBXLYYm-DduxQjhv31vDd91FuUxz4lfQKZG9vUfSIl-igfmRLzrXOrxN_ocjAjZ4ovfzymkyRRqEjyE4v77laxCmOw2RXurbVhVwwJLur5SRG2c2RlWXp_ASputuUeSfc0_yHwJ2a_D0U3PLwveyLni8BLqKTBhOFRE673eu2Hh6IqNrK8ukMUydm_ldqi-SkZmT7DZwke0e6qi-VSkYAU23AFsu_UeyAO_zuqps7rBbjLnPvihm_J6CXoyWNPcY0rg-FMpgcCVA0IYsgUrRr7g1Ub11nLsXH80B95BxSX6kCvq9BTVY9UCbxvy9BT_YyD5AJLjipH1uAW3TDqbLdwX_3wFemtJYF2Qpa2y1dcQ6Oal8r8Zn71udanERGN3KZ4aSMs1E5_WbYs0Vihs98Wmx0cJ1pw_qpcytss5BuK9OULbBKUc_7A4CF3Fsp2fB7UkutsMuk1h1yKKVzLQ%3D

