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After the sol-gel reaction, nanosilica particles were clearly seen on both the treated micro and macro PP fibers
compared to the untreated (Fig. 4). Further, treated PP fibers had nanosilica particles (white colored spots) on
their surface regardless of drying temperature. Table 3 presents the mass change results of the micro PP fibers.
Both of the treated micro PP fibers gained mass after sol-gel reaction in the same amount; 15.2 + 0.15% for
RmPP and 15.1 £ 0.22% for OmPP. This shows that the total amount of nanosilica to adhere onto the fiber
surface was not affected by drying condition. To compare, it was previously measured that treated macro PP
fibers also gained mass after sol-gel reaction; 12.5 £ 0.08% for RMPP and 8.75 + 0.12% for OmPP.?* It is
apparent that the mass change values were lower for the macro PP fibers compared to the micro PP fibers. This
may be attributed to the micro PP fiber having a relatively high specific surface area compared to the macro PP
fiber, which can provide more deposition sites for nanosilica particles during the sol-gel process.

From the mass change results, all treated fibers gained mass after coating, indicating nanosilica was effectively
adhering onto the fiber surface. To provide further insight, the results of the water absorption and solubility
matter loss tests will be discussed, which are presented in Table 4. As expected, the untreated PP fiber did not
absorb any water. For treated micro PP fibers, RmPP and OmPP absorbed 9.38+1.07% and 9.46+0.60%,
respectively. And for treated macro PP, RMPP and OMPP absorbed 2.04+0.73% and 2.26+0.55%, respectively.
This is very similar to previously reported values for RMPP and OMPP (1.713% and 2.101%, respectively).2*
Slight differences may be due to the higher sample size tested in the present study (approx. 1 g vs 0.1 g (0.0022
Ib vs 0.00022 1b)), but the trend is the same.

Comparing the micro vs macro PP fibers coated with nanosilica, it is apparent that the measured absorption was
much higher for micro PP. As mentioned prior, this can be attributed to the relatively high specific surface area
and resultant higher concentration of nanosilica. For both micro and macro PP fibers, a slightly higher value in
absorption was measured for the fibers that were oven dried at 50°C (122°F). This can be attributed to
differences in the moisture status of the nanosilica due to drying temperature, and thereby likely not
representative of any difference in the quantity or morphology of the nanosilica themselves. Finally, all treated
fibers showed zero water solubility matter loss, which indicates that the nanosilica is adhered onto the fiber
surface and not lost upon contact with water.

The key findings here are that the sol-gel process is effective in coating both micro PP and macro PP fibers, with
higher concentrations for micro PP due to their higher specific surface area. Drying temperature did not have
any apparent effect on the amount of nanosilica formed to coat the PP fibers. And the sol-gel process was
effective in producing a coating of nanosilica that is not soluble. Next it will be discussed how this translates to
flexural strength and recovery.

Flexural strength and recovery

The flexural strength and recovery results are presented in Fig. 5 for macro PP and Fig. 6 for micro PP, as well
as concisely summarized in Table 5. It should be noted that the mechanical performance of the cement-
composites reinforced with micro PP fibers and macro PP fibers can not be compared directly due to differences
in their reinforcing mechanism. The fracture surface of a sample reinforced with macro PP is shown in Fig. 7(a).
Due to their lower specific surface area, there were much fewer macro PP fibers at the site of the crack, even
though the dosage was higher than that of micro PP fibers by volume. In contrast, micro PP fibers were able to
bridge the fractured area effectively with a uniform distribution (Fig. 7(b)). Therefore the effect of the micro PP
and macro PP fibers will be discussed separately herein.

Macro PP fibers — The results of macro PP cement-composites are shown in Fig. 5. The flexural strength of the
plain system without fibers was set at 100% to serve as a reference. It is observed that the initial flexural
strength increases with the introduction of macro PP fibers, both treated and untreated (Fig. 5(a)). Polymeric
fibers have poor bonding with cement matrices due to their hydrophobicity. As a result, the sites of poor
bonding at the fiber-matrix interface can act as points of entry for water during curing,*'*> which can promote
cement hydration and subsequent pozzolanic reaction by the nanosilica. Through this mechanism, the cement-
composites with macro PP can develop higher flexural strength at early ages.*

Looking at the effect of fiber treatment, there was no notable effect of nanosilica, i.e. no difference between
uMPP versus RMPP and OMPP. However, a previous study by the authors indicated improved bonding strength
through nanosilica coating through pull-out tests, so the present flexural strength results were unexpected. A
potential explanation is that the nanosilica coating applied through the sol-gel process is not completely uniform,
as observed previously.?* Therefore the macro PP fibers may still have sites of poor bonding with the cement
matrix, which govern and cause them to perform similar to untreated fibers.

Fig. 5(b) shows the flexural strength recovery results of the macro PP fiber cement-composites. Macro PP fibers
did not lead to any recovery in flexural strength — 85.3% for uMPP, 51.9% for RMPP, and 51.8% for OMPP. In
fact, the results indicate that nanosilica-coated macro PP fibers decreased the recovered flexural strength
(fzheating) compared to the untreated fiber. Recall that the 28day flexural strength of cement-composites
reinforced with macro PP fibers were higher than that of the plain due to potential water entry at the fiber-matrix
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interface, which promoted cement hydration and pozzolanic reaction during water curing (Fig. 5(b)). As a result,
the amount of unhydrated cement particles was reduced, which did not lead to sufficient strength recovery
during additional curing in air.?*?? This effect may have been even more pronounced with the introduction of
nanosilica, which explains why RMPP and OMPP exhibited less strength recovery than uMPP. It is noted that
the fiber diameter was relatively large compared to the specimen size and the systems were limited to pastes.
The performance may differ in concrete systems, which was out of the scope of the current study but is the topic
of ongoing work.

Micro PP fibers — The flexural strength and recovery results for micro PP fiber reinforced cement-composites
are shown in Fig. 6. Generally, it was observed that flexural strength increases with the introduction of micro PP
fibers (Fig. 6(a)). The flexural strength of umPP and RmPP were comparable, indicating that nanosilica coating
dried at room temperature did not have a measurable effect on flexural strength at 28 days. On the other hand,
OmPP exhibited an increase in strength of 129.3% compared to umPP. Through this, it could be surmised that
the nanosilica exhibited different reaction mechanisms to affect strength depending on drying temperature. Main
parameters influencing the mechanical properties of cement-composite have been reported as the specific
surface area, the micropore volume and the average size of the primary particles of silica.®#-4¢ Nanosilica with
higher surface area have higher reactivity, which can affect early-age strength.>3! In the sol-gel process, the
elimination of water during drying causes the concentration of the sol to increase and also creates fluid drag,
which can cause the particles to aggregate.*’ Since drying occurs more slowly at room temperature than 50°C
(122°F) in an oven, nanosilica particles can be expected to be more aggregated in RmPP than OmPP. Therefore
the higher flexural strength of OmPP compared to RmPP can be attributed to the nanosilica on the OmPP fibers
exhibiting higher surface area and subsequently higher reactivity.

Flexural strength recovery of cement-composites with micro PP are shown in Fig. 6(b) and detailed in Table
5(b). First looking at the flexural strength recovery of plain and umPP, they were 78.8% and 64.3%,
respectively, which indicate that autogenic self-healing was not enough to lead to full strength recovery. In
contrast, when comparing umPP to RmPP and OmPP (in particular, RmPP, which had similar flexural strength
(fu) as umPP), development of strength through nanosilica was clearly observed. Both RmPP and OmPP
recovered flexural strength completely at 112.8% and 99.0%, respectively.

Results indicate that the nanosilica dried at room temperature after sol-gel led to the highest strength recovery.
This can be tied to a dominant pozzolanic effect (versus seeding effect) by the nanosilica, which would promote
the formation of hydration products at later ages and contribute to strength recovery (versus initial strength).
This is supported by the results of 28 day flexural strength (Fig. 6(a)), which showed RmPP did not have any
measurable effect compared to umPP. In contrast, OmPP exhibited the highest 28 day flexural strength (Fig.
6(a)) but led to less significant recovery than RmPP (Fig. 6(b)). This can be attributed to the nanosilica dried at
50°C (122°F) having a dominant seeding effect, which leads to earlier strength development versus sustained.
To add, the absolute recovered flexural strength of OmPP was higher than that of RmPP. This also explains why
OmPP exhibits higher CH content than RmPP, indicating a seeding effect by the nanosilica dried at 50°C (122°F)
and pozzolanic effect dried at room temperature.

In summary, results indicate that drying condition had an impact on the reactivity of the nanosilica, and
subsequently initial and recovered flexural strength. Nanosilica on the OmPP fiber appeared to react faster,
acting dominantly as a nucleation agent, which accelerated hydration at early age and led to higher initial
strength. On the other hand, nanosilica on the RmPP fiber appeared to react later on, acting dominantly as a
pozzolan, which did not affect initial strength but went on to enhance strength recovery.

Analysis of hydration products

From the flexural strength results, it was found that treated micro PP fibers led to the most significant strength
recovery. To better understand the mechanisms underlying this and resolve the contribution of the nanosilica,
XRD, TGA, and SEM imaging were performed on samples reinforced with treated micro PP fibers.

The results of XRD are shown in Fig. 8. There were no apparent differences between the XRD patterns overall.
However, there were some changes in the peaks related to CH (2-theta=18.1°, 28.7°, 34.2°, 47.2°, and 50.9°). To
further analyze the CH phase, TGA was performed, which can quantify calcium hydroxide content (CH, %) to
further obtain a measure of pozzolanic reaction due to the nanosilica. Generally, the decomposition of hydration
products can be divided into three ranges, as shown as Fig. 9. The first range below 400°C represents the
evaporable water and the hydrates, i.e. hydrated silicate or aluminates decomposition. Weight loss between 440
and 520°C (824 and 968°F) corresponds to the decomposition of CH. And calcium carbonate (CaCOs3)
decomposes at high temperatures.*$->2

It should be noted that for the calculation of CH, the temperature range considered is typically from 400 to
600°C (752 to 1,112°F). However, here, it was calculated based on weight loss from 400 to 800°C (752 to
1,472°F) since the samples for TGA were 140 days old and CH may produce CaCO; due to carbonation.™
Therefore the final CH content values reported in Table 6 take this into consideration.
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First, comparing CH content, TGA results show that RmPP and OmPP exhibited lower CH content than plain,
which agrees with the results of XRD. This can explain the enhanced recovery in flexural strength exhibited by
both RmPP and OmPP, where the pozzolanic reactivity of the nanosilica facilitated self-healing (Fig. 6(b)).

To better understand the influence of drying condition, i.e. RmPP vs OmPP, further analysis was performed for
temperatures below 400°C (752°F), which relate to decomposition of C-S-H, C-A-H and ettringite. Within this
range, weight loss from 115 to 125°C (239 to 257°F) is due to chemically bound water evaporation of C-S-H
and cement gel,* from 135~140°C (275~284°F) by decomposition of ettringite, and at 185~200°C (365~392°F)
by iron-substituted ettringite (CasAl2(SO4)3(OH)12-26H,0) and hematite (Fe,O3) solid solution — the reaction
products of tetracalcium aluminoferrite (4CaO-AlOs-Fe;03).# Finally aluminate hydration products, i.e.
Ca;Al0s'6H,0 (C3AHs), CarAlLSiO;7-8H,O (C2ASHs), decompose at 200~400°C (392~752°F).%° Based on
these temperature ranges, the distribution of weight loss for each cement system is shown in Fig. 9(b). Total
weight loss was very similar for all cement-composites when temperatures reached 125°C (257°F),
approximately 30%. However, it is apparent that the decrease in OmPP was higher in the range of 115 to 125°C
(239 to 257°F), which relates to chemically bound water in C-S-H, than plain and RmPP. This can help explain
why OmPP exhibited higher flexural strength overall, i.e. both initial and recovered (Fig. 6). This can again be
attributed to differences in formation and morphology of the nanosilica due to drying conditions. More
investigation is needed to elucidate this.

Through SEM, the surface of micro PP fibers (treated and untreated) and the fiber-matrix interface were
observed to identify the effect of nanosilica on microstructure. The site of interest was a fractured surface where
fibers were either pulled out or fractured, and they are shown in Fig. 10. In the case of umPP, it is apparent that
the fibers were pulled out from the cement matrix. There are some friction marks visible on the fiber surface, but
the interface between the fiber and cement matrix appears not to exhibit any bonding phase (Fig. 10(a)). There
was no evidence of additional hydration product forming after initial fracture, which agrees with umPP’s low
strength recovery. Untreated micro PP fibers generally result in poor bonding with the cement matrix and the
formation of a relatively high porous interface,”*3? which was observed here. On the other hand, cement-
composites reinforced with nanosilica-coated micro PP fibers exhibited a denser interface and residues on the
fiber surface. There was also visible fracturing of the fiber, which can be attributed to enhanced bonding by the
nanosilica coating.* And the cement matrix showed more cracking near the interface in RmPP and OmPP than
umPP, which could also be evidence that the fiber resisted pull-out through enhanced bonding (Fig. 10(b)). The
improved bonding and residues on the fiber surface, which could be hydration products and other constituents of
the cement matrix, provide some evidence of how the treated micro PP fibers led to strength recovery (Fig.

10(c)).

CONCLUSIONS
In this study, nanosilica was applied to the surface of polypropylene fibers to introduce self-healing abilities
when incorporated into cement-composites. Based on the results of this experimental investigation, the
following conclusions are drawn:

1. Optical microscopy and mass change results confirmed the existence of nanosilica particles on the
surface of both the micro and macro PP fibers applied through a sol-gel process at both drying
conditions. Solubility matter loss results also indicated that the nanosilica remains adhered even after
exposure to water, which has positive implications for mixing.

2. The flexural strength recovery of cement-composites reinforced with nanosilica-coated PP fiber
(loaded to 60% of peak load) was evaluated after additional curing for 28days in air. It was found that
the nanosilica-coated micro PP fibers led to strength recovery (up to 112.8%), especially when the
nanosilica was dried at room temperature after the sol-gel process. None of the other systems exhibited
strength recovery.

3. Through XRD and TGA, calcium hydroxide content was found to decrease in cement-composites
reinforced with coated micro PP fibers, which indicates promoted pozzolanic reaction by the nanosilica.

4. Nanosilica-coated micro PP fiber surfaces and interfaces with the cement matrix were observed
through SEM. Cement-composites with coated micro PP were observed to not only have a denser
interface but also hydration products on the fiber surface, likely due to the reactivity of the nanosilica.

ACKNOWLEDGMENTS
The authors would like to acknowledge the CENITS Corporation Inc. (PG008725) and the National Science
Foundation (Award #1738802) for financial support. All tests performed in the Robert A. W. Carleton Strength
and Materials Laboratory at Columbia University. A portion of this work, SEM was performed in the
Nanoscience Initiative Advanced Science Research Center at City University of New York and XRD was
performed in the Shared Materials Characterization Laboratory at Columbia University.

REFERENCES

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



https://www.civilenghub.com/ACI/133862217/ACI-SP-335?src=spdf

SP-335: Nanotechnology for Improved Concrete Performance

1. Mehta, P. K.; and Monteiro, P. J. M., “Concrete: Microstructure, Properties, and Materials,” 3™ edition,
McGraw-Hill, 2006, pp. 21-84.

2. Hewlett, P. C., ed., “Lea’s chemistry of cement and concrete,” 4" edition, Elsevier Ltd., 1998, pp.241-289.

3. Papatznni, S.; Paine, K.; and Calcabria-Holley, J., “Strength and microstructure of colloidal nanosilica
enhanced cement pastes,” Cement and its Applications, V. 4, 2014, pp.80-85.

4. Shah, S. P.; Hou, P.; and Konsta-Gdoutos, M. S., “Nano-modification of cementitious material: toward a
stronger and durable concrete,” Journal of Sustainable Cement-Based Materials, V. 5, No. 1-2, 2015, pp. 248-
271.

5. Qing, Y.; Zenan, Z.; Deyu, K.; and Rongshen, C., “Influence of nano-SiO, addition on properties of hardened
cement paste as compared with silica fume,” Construction and Building Materials, V. 21, 2007, pp. 539-545.

6. Santos, S. F.; Rodrigues, J., A.; Tonoli, G. H. D.; Almeida, A. E. F. S.; and Savastano Jr, H., “Potential use of
colloidal silica in cement based composites: Evaluation of the mechanical properties,” Key Engineering
Materials, V. 517, 2012, pp. 389-391.

7. Jo, B.; Kim C.; and Lim, J., “Characteristics of cement mortar with nano-SiO, particles,” ACI Materials
Journal, V. 104, No. 4, 2007, pp. 404-407.

8. Bolhassani, M.; and Samani, M., “Effect of type, size, and dosage of nanosilica and microsilica on properties
if cement paste and mortar,” ACI materials Journal, V. 112, No. 2, 2015, pp. 259-266.

9.Lu, C; Li, S.; Lei, L; Wang, W.; Tao, F.; and Feng, L., “Bending strength properties of cement modified with
nano-materials,” Electronic journal of geotechnical engineering, V. 20, 2015, pp. 3647-3654.

10. Thomas, J. J.; Jennings, H. M.; and Chen, J. J., “Influence of nucleation seeding on the hydration
mechanisms of tricalcium silicate and cement,” The Journal of Physical Chemistry, V. 113, No. 11, 2009, pp.
4327-4334.

11. Land, G.; Stephan, D., “The influence of nanosilica on the hydration of ordinary Portland cement,” Journal
of Material Science, V.47,2012, pp. 1011-1017.

12. De Rooij, M.; Van Tittelboom, K.; De Belie, N.; and Erick, S., ed., “Self-healing phenomena in cement-
based materials: State-of-the-Art Report of RILEM Technical Committee 221-SHC,” Springer, 2013, pp. 1-17,
65-214.

13. Hearn, N., “Self-sealing, autogenous healing and continued hydration: What is the difference?,” Material
and Structures, V. 31, 1998, pp. 563-567.

14. Suleiman, A. R.; and Nehdi, M. L., “Effect of environmental exposure on autogenous self-healing of
cracked cement-based materials,” Cement and Concrete Research, V. 111, 2018, pp. 197-208.

15. Tan, N. P. B.; Keung, L. H.; Choi, W. H.; Lam, W. C.; an Leung H. N., “Silica-based self-healing
microcapsules for self-healing for self-repair in concrete,” Journal of Applied Polymer Science, V. 133, 2016,
pp- 43090(1-12).

16. Shamaran, M.; Yildirim, G.; Aras, G. H.; Keskin, S. B.; Keskin, O. K.; and Lachemi, M., “Self-healing of
cementitious composites to reduce high CO, emissions,” ACI Materials Journal, V. 114, No. 1, 2017, pp.93-
104.

17. Wu, M.; Johannesson, B.; and Geiker, M., “A review: Self-healing in cementitious materials and engineered
cementitious composite as a self-healing material,” Construction and Building Materials, V. 28, 2012, pp. 571-
583.

18. Ferrara, L.; Ferreira, S. R.; Krelani, V.; Silvia, F.; and Toledo Filho, R. D., “Effect of natural fibres on the
self-healing capacity of high performance fibre reinforced cementitious composite,” SHCC3-3"¢ International
RILEM Conference on Strain Hardening Cementitious Composite, 2014, pp. 9-16.

19. Lee, M. W.; An, S.; Jo, H. S.; Yoon, S. S.; and Yarin A. L., “Self-healing nanofiber-reinforced polymer
composites: 1. Tensile testing and recovery of mechanical properties,” ACS Applied Materials & Interfaces, V.
7, No. 35, 2015, pp. 19546-19554.

20. Homma, D.; Mihashi, H.; and Nishiwaki, T., “Self-healing capability of fibre reinforced cementitious
composites,” Journal of Advanced Concrete Technology, V. 7, No. 2, 2009, pp. 217-228.

21. Herbert, E. N.; and Li, V. C., “Self-healing of microcracks in engineered cementitious composites (ECC)
under a natural environment,” Materials, V. 6, No. 7, 2013, pp. 2831-2845.

22. Cuenca, E.; and Ferrara, L., “Self-healing capacity of fiber-reinforced cementitious composites: State of the
art and perspective,” KSCE Journal of Civil Engineering, V. 21, No. 7, 2017, pp. 2777-2789.

23. Sofia, A., “Self-healing in ECC materials with high content of different micro-fibres and micro-particles,”
MSc Thesis, Delft University of Technology, 2009.

24. Lee, S. J.; Kawashima, S.; Kim, K. J.; Woo, S. K.; and Won, J. P., “Interfacial properties of nanosilica-
treated structural polymer fibres in cement matrix composites,” Composite Structures, V.202, 2018, pp.465-472.
25. Sobolev, K., “Nanotechnology and nanoengineering of construction materials,” Nanotechnology in
construction, Sobolev K.; and Shah, S. P., ed., Springer, 2015, pp. 3-13.

26. Milea, C. A.; Bogatu, C.; and Duta, A., “The influence of parameters in silica sol-gel process,” Bulletin of
the Transilvania University of Brasov, V. 4, No. 53, 2011, pp. 59-66.

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



https://www.civilenghub.com/ACI/133862217/ACI-SP-335?src=spdf

SP-335: Nanotechnology for Improved Concrete Performance

27. Shakmenko, G.; Juhnevica, I.; and Korjakins, A., “Influenc of sol-gel nanosilica on hardening process and
physically-mechanical properties of cement paste,” Procedia Engineering, V. 57,2013, pp. 1031-1021.

28. Arai, Y.; Segawa, H.; Yoshida, K., “Synthesis of nano silica particles for polishing prepared by sol-gel
method,” Journal of Sol-Gel Science and Technology, V. 32, 2004, pp. 79-83.

29. Azlina, H. N.; Hasnidawani, J. N.; Norita, H.; and Surip, S. N., “Synthesis of SiO, Nanostructures using sol-
gel method,” Acta Physica Polonica A, V. 129, No. 4, 2016, pp. 842-844.

30. Buckley, A. M.; and Greenblatt, M., “The sol-gel preparation of silica gels,” Journal of Chemical Education,
V.71, No. 7, 1994, pp. 599-602.

31. Flores-Vivian, I.; and Sobolev, K., 2015, “The effect of nano-SiO, on cement hydration,” Nanotechnology in
construction, Sobolev K.; and Shah, S. P., ed., Springer, 2015, pp. 167-172.

32. Coppola, B.; Di Maio, L.; Scarfato, P.; and Incarnato, L., “Use of polypropylene fibers coated with
nanosilica particles into a cementitious mortar,” AIP Conference Proceedings, V. 1695, No. 1, 2015, pp.
020056(1-9).

33. Yang, Z.; Liu, J.; Liu, J.; Li C.; and Zhou, H., “Silica modified synthetic fiber for improving interface
property in FRCC,” 8" RILEM International Symposium on Fiber Reinforced Concrete: challenges and
opportunities (BEFIB2012), 2012, pp. 347-357.

34. Di Maida, P.; Radi, E.; Scianclapore, C.; and Bondioli, F., “Pullout behavior of polypropylene macro-
synthetic fibers treated with nano-silica,” Construction and Building Materials, V. 82,2015, pp. 39-44.

35. Raabe, J.; dos Santos, L. P.; Del Menezzi, C. H. S.; amd Tonoli, G. H. E., “Effect of nano-silica deposition
on cellulose fibers on the initial hydration of the Portland cement,” BioResources, V. 13, No. 2, 2018, pp. 3525-
3544,

36. Hosseini, S. B.; Hedjazi, S.; Jamalirad, L.; and Sukhtesaraie, A., “Effect of the nano-SiO, on physical and
mechanical properties of fiber reinforced composites (FRCs),” Journal of the Indian Academy of Wood Science,
V. 11, No. 2,2014, pp. 116-121.

37. Ghazy, A.; Bassuoni, M. T.; Maguire, E.; and O’Loan, M., “Properties of Fiber-Reinforced Mortars
Incorporating Nano-Silica,” Fibers, V. 4, No. 6, 2016, pp. 1-16.

38. Kong, D.; Du, X.; Wei, S.; Zhang, H.; Yang, Y.; and Shah, S. P. “Influence of nano-silica agglormeration on
microstructure and properties of the hardened cement-based materials,” Construction and Building Materials, V.
37,2012, pp. 707-715.

39. Herber, E.N.; and Li, V. C., “Self-healing of engineered cementitious composites in the natural environment,”
Article in RILEM book series (High Performance Fiber Reinforced Cement Composite 6), 2012, pp.155-162

40. Yang, Y. Z.; Lepech, M.; Yang, E. H.,; Li, V. C., “Autogenous healing of Engineered Cementitious
Composites under wet-dry cycles,” Cement and Concrete Research, V. 39, 2009, pp. 382-390.

41. Berkowskia, P.; and Kosior-Kazberukb, M., “Effect of fiber on the concrete resistance to surface scaling due
to cyclic freezing and thawing,” Procedia Engineering, V. 111, 2015, pp. 121-127.

42. Selvil, M. T.; and Thandavamoorthy, T. S., “Studies on the Properties of Steel and Polypropylene Fibre
Reinforced Concrete without any Admixture,” International Journal of Engineering and Innovative Technology,
V. 3, No. 1, 2008, pp. 411-416.

43. Smirnova, O. M.; Shubin, A. A.; and Potseshkovskaya, I. V., “Strength and deformability properties of
polyolefin macrofibers reinforced concrete,” International Journal of Applied Engineering Research, V. 12, No.
20,2017, pp. 9397-9404.

44. Biricik, H.; and Sarier, N., “Comparative study of the characteristics of nano silica-, silica fume- and fly ash-
incorporated cement mortars,” Materials Research, V. 17, No. 3, 2014, pp. 570-582.

45. Quercia, G.; Lazaro, A.; Geus, J. W.; and Brouwers, H. J. H., “Characterization of morphology and texture
of several amorphous nano-silica particles used in concrete,” Cement and Concrete Composites, V. 44, 2013,
pp- 77-92.

46. Belkowitz, J. S.; Belkowitz, W. L. B.; Nawrocki, K.; and Fisher, F. T., “The impact of nano silica size and
surface area in concrete properties,” ACI Material Journal, V. 112, No. 3, 2015, pp. 419-428.

47. Rahman, 1. A.; and Padavetta, V., “Synthesis of silica nanoparticles by sol-gel: size-dependent properties,
surface modification, and applications in silica-polymer nanocomposites-A review,” Journal of Nanomaterials,
V. 2012, No. 8, 2012, pp. 132424(1-15).

48. Sun, X.; Wu, Q.; Zhang, J.; Qing, Y.; Wu, Y.; Lee, S., “Rheology, curing temperature and mechanical
performance of oil well cement: Combined effect of cellulose nanofibers and graphene nano-platelets,”
Materials & Design, V. 114, 2017, pp. 92-101.

49. Deboucha, W.; Leklou, N.; Khelidj, A.; Oudjit, M. N., “Hydration development of mineral additives blended
cement using thermogravimeric analysis (TGA): Methodology of calculating the degree of hydration,”
Construction and Building Materials, V. 146, 2017, pp. 687-701.

50. Rodriguez, E. T.; Garbev, K.; Merz, D.; Black, L.; and Richardson, 1. G., “Thermal stability of C-S-H
phases and applicability of Richardson and Groves’ and Richardson C-(A)-S-H(I) models to synthetic C-S-H,”
Cement and Concrete Research, V. 93,2017, pp. 45-56.

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



https://www.civilenghub.com/ACI/133862217/ACI-SP-335?src=spdf

SP-335: Nanotechnology for Improved Concrete Performance

51. Collier, N. C., “Transition and decomposition temperatures of cement phases-A collection of thermal
analysis data,” Ceramicc-Silikaty, V. 60, No, 4, 2016. pp. 338-434.

52. Zhang, Q.; and Ye, Q., “Dehydration kinetics of Portland cement paste at high temperature,” Journal of
Thermal Analysis Calorimetry, V. 110, 2012, pp. 153-158.

53. Rupasinghe, M.; San Nicolas, R.; Mendis, P.; and Sofi, M., “Analysing the pozzolanic reactivity of nano-
silica in cement paste,” Proceeding of 23rd Australasian Conference on the Mechanics of Structures and
Materials (ACMSM23), 2014, pp. 131-136.

TABLES AND FIGURES

List of Tables:

Table 1 — Characteristics of polypropylene fiber

Table 2 — Cement-composites reinforced with nanosilica-coated fibers

Table 3 — Changes in mass of nanosilica-coated PP fibers after a sol-gel reaction

Table 4 — Water absorption and soluble matter loss of nanosilica-coated PP fibers after a sol-gel reaction
Table 5 — Flexural strength and recovered strength of studied cement-composites

Table 6 — Ca(OH), content of cement-composites reinforced with nanosilica-coated micro PP fiber
List of Figures:

Fig. 1 — Polypropylene fibers

Fig. 2 — Sol-gel process

Fig. 3 — Flexural test setup

Fig. 4 — Surface of nanosilica-coated PP fibers

Fig. 5 — Flexural strength of cement-composites reinforced nanosilica-coated fibers

Fig. 6 — Flexural strength recovery of cement-composites reinforced nanosilica-coated fibers

Fig. 7 — Fracture mode and fractured surface of cement-composites reinforced nanosilica-coated fibers
Fig. 8 — XRD results of cement-composites reinforced nanosilica-coated micro PP fibers

Fig. 9 — Weight loss related to decomposition of hydration product

Fig. 10 — Interface between nanosilica-coated fiber and cement matrix

(a) micro type (b) macro type
Fig. 1 Polypropylene fibers

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



https://www.civilenghub.com/ACI/133862217/ACI-SP-335?src=spdf

SP-335: Nanotechnology for Improved Concrete Performance

Solution
(ethanol+water+ammonia)

+ TEOS(tetraethyl orthosilicate) [?ondénsation]

: precursor to make silica sol

Coated fibers
(drying at room temperature/50°C)

A

Fig. 2 Sol-gel process

Fig. 3 Flexural strength test setup
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Fig. 4 Surface of nanosilica-coated PP fibers
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(b) flexural strength recovery
Fig. 5 Flexural strength and recovery of cement-composites reinforced with nanosilica-coated macro PP fibers
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(b) flexural strength recovery
Fig. 6 Flexural strength and recovery of cement-composites reinforced with nanosilica-coated micro PP fibers
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