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Abstract:

Early-age cracking resulting from the absence of water is a 
major problem in high-performance concrete in which the low 
water-to-cement ratio is used. This is solved through internal 
curing methods where absorptive materials, such as saturated 
lightweight aggregates (LWAs) and super absorbent polymers 
(SAPs), are added to the cement mix to aid the hydration process. 
Because of its hygroscopic properties, natural fibers are a novel 
material in internal curing methods and have often been thought 
of as an inert material in cementitious composites. However, 
these fibers are not inert and the nanocharacterization of the 
cement-fiber system grants insight to the interactions between 
these fibers and the cement. Through this nanocharacterization, 
it has been determined that fiber is acting as both a nucleation 
site and as a semi-permeable membrane which interacts with 
the cement system and ultimately changes the kinetics of the 
hydration process.

Introduction:

In terms of worldwide resource consumption, only water is 
used in greater quantities as compared to concrete each year 
[1]. Early age cracking is one of the main problems high 
performance concrete faces due to the low water to cement ratio 
that is required to achieve high performance. High performance 
concrete is typically very dense and traditional methods of 
supplying water through external curing methods, where water 
is ponded on top of the concrete, are not very effective. A 
novel method to provide water to high performance concrete 

Figure 1: Heat released from the white cement paste compared 
with that of the fiber-white cement paste.

is internal curing. These methods aid the cement hydration pro-
cess by uniformly distributing a hygroscopic material through-
out the concrete mix.

A novel material used to internally cure concrete is natural fiber. 
When evaluating the effect of fiber in ordinary Portland cement 
and white Portland cement, the calorimetry curves in Figure 1 
have shown that fiber alters the systems in such a way that it not 
only aids cement hydration reactions, it also accelerates them to 
occur earlier in white cement. This suggests that the interactions 
between fiber and white cement at early ages mainly depends 
on the chemical composition of the cement.

There are two possibly ways in which the fiber may be 
interacting with the fiber; 1. The fiber’s surface is acting as 
a nucleation site onto which cement hydration products are 
forming, and 2. The fiber could be acting as a semi-permeable 
membrane which changes the ion concentrations and therefore 
alter the kinetics of the reactions.

Experimental Procedure:

In order to determine certain aspects between these interactions, 
nanocharacterization techniques were applied in the form of 
inductive coupled plasma spectroscopy (ICP), scanning electron 
microscopy (SEM) images, atomic force microscopy (AFM), 
and x-ray photoelectron spectroscopy (XPS). ICP was used 
to determine the ion concentrations of both cements used to 
determine if chemical composition was a factor in these changes, 
SEM images were taken in order to determine if the fibers 
were acting as nucleation sites that facilitated the formation of 
cement hydration products, AFM imaging was used to survey 
the fiber surface and better understand the surface morphology, 
and XPS was used to determine ion concentrations at different 
depths to determine if the fiber was acting as a semi-permeable 
membrane which ultimately affected the kinetics of the system.

Results and Conclusions:

From the ICP ion analysis, different concentrations were 
determined for the gray and white cements. Gray cement pore 
solution was found to contain 60% potassium, 29% sulfur, 
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8% sodium, and 3% calcium. In contrast, white cement pore 
solution contained 40% calcium, 23% sulfur, 19% potassium, 
and 18% sodium. Since the chemical composition of the cement 
pore solution was one of the factors which was hypothesized 
to be a primary factor of the acceleration in the cement, the 
calcium difference between the two cements should be noted as 
the primary difference.

From the SEM and AFM images, the fiber’s rough surface could 
be observed. Further SEM images showed cement products 
forming onto the rough areas of the fiber. AFM imaging showed 
the rough features found on the fiber surface were about 1000 
nanometers. There was no observable difference between the 
white cement and grey cement.

From XPS analysis, the main thing that should be noted is the 
difference in calcium ion concentrations at different depths. 
Again, there were no notable differences in our analysis 
between the gray and white cement. The importance of this was 
factored in when the membrane-like properties of the fiber were 

Figure 4: High-resolution XPS spectra of fiber sample in Ca 2p 
energy region.

Figure 2: SEM image of fiber exhibits hydration 
product formation at 24 hour in cement pore solution.

Figure 3: AFM 3D image of a detail of the fiber surface. 
Fiber features are about 500 nanometers in height.

considered. The XPS data also showed that the calcium ions 
were favored due to the selectivity of the fiber membrane. 

Since the main difference in the cement chemical composition 
was the difference of calcium where gray cement had almost no 
calcium present (3%) and the white cement had an abundance 
(40%), the selectivity of the fiber for this calcium is what causes 
this acceleration in the hydration reactions in the white cement 
as shown in the calorimetry curves.

Future Work:

Additional research into investigating the effect of altering the 
surface morphology of the fiber could provide additional insight 
into the physical effects that fiber plays in cement hydration. 
Experiments that alter the fiber’s surface through chemical 
manipulation to become more rough and therefore accelerate 
the nucleation properties of the fiber could provide additional 
insight into the cement hydration phase. Also, further insight 
into the role of the fiber’s cell wall and the effects it has on the 
kinetics of the hydration reactions could be beneficial.
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