. ENGINEERING

Evaluation of lithium based concrete curing compound

effectiveness

BY BRIAN WARD WITH ANOL MUKHOPADHYAY AND DAN G. ZOLLINGER
COLORADO STATE UNIVERSITY AND TEXAS TRANSPORTATION INSTITUTE

Abstract

The purpose of this research was to con-
duct an evaluation of lithium concrete
curing compounds for their relative effec-
tiveness to decrease water evaporation and
to meet other noted measures of effective-
ness as well as to investigate the optimal
time of application. In this regard, curing
compound effectiveness was evaluated for
four different curing compounds for com-
parative purposes as a function of differing
performance indicators including moisture
loss, dielectric constant, relative humidity,
and compressive strength.

Based on the preliminary findings, even
though the lithium curing compound
seemed ineffective in limiting moisture loss
from the concrete surface early in the curing
cycle, the resulting compressive strengths
were acceptable. A clear trend in the time
of application of lithium compound plac-
es the optimal application time at 2.5 - 3
hours after casting using controlled envi-
ronmental testing conditions. Differential
hardening of the lithium treated concrete
specimens was observed and suggests that
the lithium compound should not be added
to concrete prior to one hour after casting.
Based on Environmental Scanning Elec-
tron Microscope (ESEM) images, the lith-
ium compound is found to be reactive with
the silicate in the mortar to form a gel-like
membrane on the treated surface and later
yields improved strength levels.

Introduction

Excessive early-age water evaporation from
the surface of concrete pavement may in-
duce detrimental impacts, high porosity,
delamination (leading to joint spalling in
concrete pavements and other similar dis-
tresses), and loss of strength on long-term
performance of the pavement. Spalling in-
volves a breakdown or dislodging of con-
crete segments along a crack or joint in a
concrete slab within 0.6 m (2 ft) of a crack
or joint, and it affects the quality of concrete
pavement smoothness and riding quality.’

The Texas Department of Transportation
(TxDOT) has recently experienced cases of
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spalling and delamination failures, which may
be related to excessive early age evaporation
worsened under the influence of certain field
conditions such as high temperature, low rela-
tive humidity, high solar radiation, and high
wind speed. To mitigate early-age unexpected
water loss, application of curing compounds in
concrete paving has been widely used to mini-
mize evaporation. However, the TxDOT stan-
dard specifications for pavement construction
(Item 360) is limited to the definition of mem-
brane style curing compounds in terms of key
characteristics such as percent solids, density,
viscosity, color, and the application rate and
does not specify curing performance in terms
of field conditions. The current laboratory
curing membrane effectiveness evaluation
method ASTM C 156 has some intrinsic de-
ficiencies: irrelevance of the test conditions to
field performance, mortar’s hardening effect,
and questionable basis for assigning moisture
loss limits. Previous research introduced a
new laboratory test protocol based on changes
in the surface relative humidity, moisture loss,
and mortar compressive strength to evaluate
the curing membrane effectiveness in control-
ling evaporation.?

The previous test protocol was used to evaluate
resin and wax based curing compounds. The
instrumentation (especially for surface hu-
midly chamber) in the previous method was
subsequently modified and found to be very
effective in measuring curing effectiveness pa-
rameters. Lithium based compounds, which
stop water loss by a different mechanism, was
examined in this research by the updated test
method in order to validate the applicability of
the test protocol in evaluating lithium-based
compounds.

Objective

The purpose of the current research is four-
fold, which is listed below:

« To test lithium-based compounds us-
ing an updated test protocol in order to
classify lithium compounds in terms of
curing effectiveness using similar perfor-
mance parameters as was previously used.

« To determine the optimal time of appli-
cation of Li-compounds - to study if the
time of application of lithium compound

after casting play any role on changing the
performance indicators.

«  Use a ranking system to compare different
compounds.

« To investigate the mechanism by which
lithium compounds aid in the retardation
of evaporation from concrete during the
curing process.

Experimental Program

Materials used and test procedure employed
are described below.

Materials

Four curing compounds, i.e., (i) one Lithium-
based compound (LiC), (ii) one Lithium and
resin based compound (LiRC), (iii) one conven-
tional resin based compound (RC) and (iv) one
high reflective resin based compound (HRRC)
were used in this research. Mortar specimens
of different dimensions (described next) were
used for measuring relative humidly, mois-
ture loss, dielectric constant and compressive
strength. The mix design of mortar specimens
used is given in Table 1. A Type I/II cement and
conventional concrete sand were used.

Table 1. Mixture Propagation

Wic Unit Weight (Ib/ft")
Mixture Water |Cement| Sand
0.40 13.04 34.84 05.81

The sequence of mortar mixing (in accordance
with ASTM C 305) is described below:

1. The total amount of water was first placed in
the mixing bowl.

2. The cement is introduced and mixed at a
slow speed for 30 s.

3. The required amount of aggregate is added to
the mixer over a period of 30 s while the mixer
continues to operate.

4. The resulting mortar is allowed to mix for an
additional 30 s at a medium speed.

5. After a minute rest period, the mixing is con-
tinued for an additional minute until a homo-
geneous mortar with no lumps is obtained.
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Test Procedure

Mortar disc specimens of 12” diameter x 4”
tall are used i%r relative humidly, moisture
loss and dielectric constant measurements
whereas 2 x 2 inch mortar-cube specimens
are used for compressive strength measure-
ment.

Moisture-Loss Specimens

A square chamber assembly with two
chambers was attached to the mortar disc
specimen (Figure 1), using commercial sili-
con adhesive, to measure relative humidity
(RH). The left chamber in Figure 1 repre-
sents the configuration to measure surface
RH (i.e. humidity just below the curing
compound) and the right chamber record
RH under sealed condition. The arrange-
ment of placing a filter paper over a perfo-
rated support in the left chamber (called a
filtered chamber) creates an environment
that closely mimics the situation immedi-
ately below the curing compound. Curing
compound was added to the surface of the
disc immediately after casting in amounts
corresponding to an application rate of 180
ft* / gallon. The mortar discs with the hu-
midity chamber were then placed on a scale
(Figure 1) to measure moisture loss inside
an environmental chamber maintained
at 104+5°F, 30% relative humidity, and 10
mph wind speed.

The lithium compound (LiC - non-resin
based) was applied directly to the surface of
the concrete in the filtered chamber rather
than on the filter since the lithium needs
to be in direct contact with the concrete.
Relative humidity was then recorded in the
filtered chamber but the difference between
it and 100% was determined to represent
the relative humidity immediately below
the concrete surface; a similar difference
between the sealed chamber (one with no
treatment) and the filtered chamber could
also be considered in characterizing the
effects attributable to the lithium curing
compound. This method, however, returns
results that may not be directly compared
or consistent with the relative humidity lev-
els of the resin-based compounds particu-
larly in using 80% as the key indicator in
compound effectiveness.

Readings were taken every 30 minutes for
the first five hours, every hour for the next
five hours, and then at consistent intervals
up to 48 hours for the following parameters:

1. Weight reading - taken by reading digital
scale

2. Filtered chamber RH and temperature

Figure 1. Disc Specimen Testing Setup.

- taken by inserting handheld sensor into fil-
tered chamber assembly.

3. Sealed chamber RH and temperature - tak-
en by inserting handheld sensor into sealed
chamber assembly.

4. Ambient RH and temperature - taken by
placing handheld sensor in ambient position
in the environmental chamber.

5. Dielectric Constant - taken by collecting
three readings with a Percometer and averag-
ing the three readings.

Cube Specimens for Compressive Strength

2” x 2” mortar cubes were cast by the follow-
ing procedure:

Mortar was placed into each 2” x 2” open-
ing to fill the cube mold. With a rubber

tapping device the mortar was compacted
16 times, four times in four differing direc-
tions to an approximate volume equaling
Y4 the mold height (17). The entire brass
mold (3 - 2”7 x 2”7 cubes) was tapped ap-
proximately 10 times. Mortar was placed
into each 2” x 2” mold to fill the mold to
the top (27). With a rubber tapping de-
vice the mortar was compacted 16 times,
four times in four differing directions. The
entire brass mold (3 - 2” x 2” cubes) was
tapped approximately 10 times. The tops
of the 2” x 2” molds were smoothed (fin-
ished) with a metal trowel to the top of the
brass mold assembly.

Curing compounds were applied three hours
after casting with the same application rate of
180 ft*/ gallon. The cube specimens were cured
under the same environmental chamber and
strength data were obtained at the age of 1, 3,
7, or 28 days. Average strength of 2-3 cubes are
reported as representative strength at each age.

Additional cube specimens were tested to de-
termine the best application time for only Li
compound. Lithium compound was applied
until it created an uniform thick layer on cube
specimen surfaces at 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0,
3.5, 4.0, 4.5 and 5.0 hours after casting. These
cubes were cured for three days inside the
same environmental conditions and compres-
sive strength corresponding to each application
time was determined. Average of three com-
pressive strength values are reported as repre-
sentative strength for each application time.

Environmental Scanning Electron Microscope
(ESEM)

The appearance of Li curing compounds as well
as conventional resin based compound was
studied using an environmental scanning elec-
tron microscope (ESEM).

Moisture loss, RH, dielectric constant data

100 \‘\

Figure 2. Relative
Humidity Inside

Filtered Chamber vs.
Time for the Studied

Curing Compounds.

T
;
:.
] =+=LiRC
5 —a—TLiC
< ———RC
"E ==—HRRC
£ 30 =~
- / ——Control
20 T T T T T T T T T
0 5 10 15 20 25 30 35 40 45

Time (Hours)

Journal of Undergraduate Research and Scholarly Excellence - Vol 2 Issue 1

19



. ENGINEERING

20

Moisture Loss (Ib/ft"2)

Figure 3.

Dielectrie Constant

0.8
0.7
0.6
0.5
204
-§ 03
0.2
0.1
0.0
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from disc specimens, strength data using cube
specimens, and selective ESEM testing were
collected for each test run in Table 2. The test
runs using different compounds is presented in
Table 2.

Table 2. Test Combinations.

Test # Curing Compound
1 LiRC
3 LiC
7 RC
9 HRRC

Relative humidity (i.e. cured conditions), mois-
ture loss, and dielectric constant data was col-
lected over a 24 hour period and summarized
in Figures 2-4 for the four curing compounded
listed in Table 2. In some instances, special
measures were taken in order to account for
the difference in how resin-based curing com-
pounds functioned relative to non-resin-based
or non surface membrane forming (i.e. reactive
type) compounds. The word ‘reactive’ is used as
a way of noting that these agents appear to react
with the paste in the concrete to form a pro-
tective layer in the concrete in which to inhibit
moisture loss. The reactive compounds tend
to build up a protective layer gradually over
time as an accelerated hydration process takes
place through the depth that the curing agent
penetrates the concrete surface, thus forming a
hardened layer in which to inhibit the move-
ment of moisture and facilitate strength gain in
the concrete.

Relative Humidity

Relative humidity data for resin-based com-
pounds was collected from inside a filtered
chamber by placing the compound on a filtered
covering which served to create a cured envi-
ronment above the exposed concrete surface
for sampling purposes. This test setup can be
seen in Figure 1. The non-resin or reactive
compounds were placed directly on the con-
crete surface where the difference between a
RH of 100% and the measured RH immedi-
ately above the forming protective layer was
observed. This observed data is presented in
Figure 2. This difference is shown as a means of
equivalency to the other RH data shown in the
figure. The following observations were made:

s It takes around 2.0-2.5 hours for the RH
inside the chamber to reach 80% for the
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LiRC, RC, and HRRC compounds.

« The RH value reaches around 100%
after 4-5 hours for these compounds
and stays at 100% for 12-15 hours. The
attainment of 100% RH is believed to
be due to in part condensation inside
the chamber. Nonetheless, the longer
the condensation period the better the
curing effectiveness. It is believed that
quick decay of the condensation pe-
riod is an indication of poor curing.
The LiRC and HRRC both show longer
duration of maintaining 100% RH fol-
lowed by a slow decay till reaching 80%
RH. However, RC shows a relatively
shorter duration of 100% RH and a
faster decay till it reaches 80% RH.

« The RH trend for the LiC compound,
which is strictly a reactive type prod-
uct, shows that little protection against
moisture loss is not achieved until
nearly 10 hours after placement. This
compound, however, reaches the equi-
librium RH much sooner than the res-
in-based or containing compounds do.

The time needed to maintain RH above
809% was found to be a useful parameter for
determining curing effectiveness. The time
for RC above 80% RH is around 12 hours
whereas it is 18 hours for HRRC and 20
hours for LiRC. The ranking with increas-
ing order of quality based on time above
80% RH is RC < HRRC < LiRC.

Moisture Loss

Moisture loss data was collected and is pre-
sented above in Figure 3. Moisture loss data
was calculated by observing weight read-
ings at pre-determined intervals of the disc
samples to establish moisture loss curves.
HRRC shows the lowest moisture loss
whereas LiC shows the highest loss until 48
hours time period; the higher the moisture
loss the lower the curing effectiveness. The
ranking with increasing order of quality
based on moisture loss is LiC < RC < LiRC
< HRRC.

Dielectric Constant

Dielectric constant data of the surface con-
crete is presented in Figure 4. The dielec-
tric of a material is a measure of the po-
larization or the electrical density that can
develop within a material compared to air
under an applied current. Dielectric con-
stant readings were measured in this study
using a Percometer, which produces a low
frequency signal that only penetrates the

B 1 Day Break
¥ 3 Day Break
B 7 Day Break
M 28 Day Break

LiRC LiC

= 4500

£ 4000

£ 3500

= 3000

Z 2500

% 2000

<1500

g 1000

= 00

G 0 T T T 1 1

RC HRRC Control

Test Number

Figure 5. Strength vs. Test Number of Compressive Strength Cube Samples.

concrete to a shallow depth. Consequently,
the resulting dielectric reading is assumed
to be applicable to only the surface concrete.
Due to its sensitivity to water, high dielectric
readings indicate more water is in the material
than a material with a lower dielectric read-
ings. For this reason high dielectric readings
would be an indicator that water has been re-
tained by the sample. The value indicated by
the dielectric constant is considered to repre-
sent the evaporable water mainly held within
the capillary pores of the concrete. The dielec-
tric data for the different curing compounds
is shown in Figure 4. As moisture is lost over
time the dielectric reading diminishes as well.
Based on the data shown in this ﬁgure, the di-
electric reading of 15 or above corresponded
to the initial water-cementitious ratio of the
concrete mixture. Work by Lee showed how
the surface dielectric can be used in interpret
the water-cementitious ratio of the surface
concrete by considering the phase of a fresh
concrete in the early hardening stages.” The
analysis for the water content was carried out
on the basis that the minimum water-cementi-
tious ratio is 0.22 but in some instances the
water-cementitious ratio can exceed the initial

Table 3. Ranking of Performance Indicators.

water content during the bleeding stages.

Mortar Cube Strength

Mortar cube strength data was collected on
cube samples cured with the different curing
compounds and presented in the bar graph
above as Figure 5. The cube strength was used
as a means to represent the strength of surface
concrete directly exposed to the curing quality
afforded by the curing compound. Based on
the data shown, it is not entirely evident but the
cube strengths do reflect the moisture loss and
quality of curing compound to some extent.

Curing Effectiveness

Table 3 lists the performance factors considered
in this study and ranks them from high to low
with 1 being the best. The ranking is based on
individual performance indicators for the four
compounds summarized in Table 3.

This ranking shows that the HRRC curing com-
pound showed the best results where the resin-
based lithium compound showed the second
best performance. Although it is not elabo-

st [Motsture Loss Pikesc Conant RelatseHomidi | Cube Srmgth
LiRC 2 2 2 3

LiC 4 3 N/A 4

RC 3 - 3 2
HRRC 1 1 1
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Figure 6. Strength vs. Time of Application of Lithium Compound.

rated, it is pointed out that a correlation
appeared to exist between the time that the
relative humidity in the filtered chamber
stayed above 80% and low moisture loss.
The moisture loss data showed basic trends
consistent with previous curing studies car-
ried out at the Texas Transportation Insti-
tute.? Samples that had less moisture loss
also had longer times of relative humid-
ity above the required 80% necessary for
hydration to occur in concrete (Table 3).
Additionally, samples that showed lower
moisture loss also displayed signs of higher
dielectric constants as expected based on
results from previous work.

The primary objective of validating an ap-
proach for evaluating lithium based cur-
ing compound effectiveness characterizing
the lithium compound was in this sense
achieved. In regards to moisture loss, the
lithium compound appears to be somewhat
ineffective. 'The relatively high moisture

Figure 7. ESEM Image of LiC at Zero hour
Application.
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loss of the lithium compound can be seen in
Figure 3. These results are validated by the RC
and HRRC results which are consistent with
previous work.?

The dielectric constant readings seem to indi-
cate that good performing compounds (low
moisture loss) returned relatively high di-
electric constant readings. This is consistent
with previous work and further validates the
data. It is noted that compounds containing
lithium read higher than expected dielectric
constant readings. This is believed to be due
to the mechanism by which lithium interacts
chemically with the concrete, subsequently
elaborately.

The compressive strength of the cube samples
is another indicator of performance of the
curing compound. The general trend of the
samples tested is consistent with the expected
trends of previous work; however the magni-
tude of the compressive values differs by ap-

proximately a magnitude of two due to the type
of sand used in the mixtures. The lithium cube
strengths displayed lower cube strength charac-
teristics in this testing series but good strength
characteristics in the lithium time test studies.
The general trend shows that the lithium com-
pound (LiC) yielded the lowest strength at 1, 3,
7, and 28 days.

Characteristics of Lithium Compound Curing
Mechanism

The LiRC compound tested higher than the RC
product despite the fact that the LiRC product
is primarily a lithium based product with a
resin component; it was applied in a configu-
ration consistent with resin based compounds.
Apparently, the resin components of the LiRC
held the lithium based components in place for
a long enough period of time that the lithium
components may have hydrated with free water
in the air forming discussed gel subsequently
discussed. This gel then assisted in the retarda-
tion of evaporation.

The LiC was consistently the lowest in regards
to compressive strength. The LiRC displayed
trends of gaining strength as curing time de-
veloped with the LiRC beginning ranked the
lowest at 1 day and ending at 1 for 7 day cube
strength.

Application Time for LiC

Cubes were cast and lithium compound was
added at 30 minute intervals from T=0 minutes
to T=300 minutes as described earlier. The re-
sults are presented in Figure 6.

The data outlined in Figure 6 shows a possible
trend in the time of application of the lithium
compound and the compressive strength of the
concrete sample at three days. Based on the
characteristics of the graph the optimal time

Figure 8. ESEM image of RC at Zero hour
application

Figure 9. ESEM image of LiC at 3 Hours of
application.
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to apply the lithium compound is approxi-
mately 2.5-3 hours after casting based on
environmental conditions.

ESEM Images of Lithium Treated Samples

The appearance of LiC at zero hours appli-
cation is manifested by ESEM and present-
ed in Figure 7. Figure 7 shows the presence
of fines pores as well as cracks, which pos-
sibly facilities moisture loss. On the other
hand, RC shows uniform layer without any
fines pores or cracks (Figure 8).

From ESEM study, it was observed that
the lithium compound formed a very tight
layer without any pores or cracks (Figure 9)
between application time 30 minutes and
3 hours. A compound layer of this nature
has the potential to protect concrete surface
from evaporation.

It was observed during testing that the
lithium compounds would form a clear gel
upon exposure to ambient conditions re-
gardless of direct contact with silicates. It
1s believed that lithium compounds hydrate
and form this gel substance with only the
introduction ofg free water as was observed
during the testing procedure. Additionally,
referring to Figure 9, during investigation
by scanning electron microscope the lithi-
um was observed to have created a definite
boundary layer on the treated surface of
the specimen. This boundary layer offered
evidence that the lithium had chemically

bonded with the silicates present in the cement
and that the lithium had formed a gel like sub-
stance. This gel like substance is believed to
be formed when the lithium bonds with free
water therefore indicating that free water was
retained at the treated surface despite relative-
ly high moisture losses. This free water held
by the lithium gel would return high dielectric
readings as the Percometer penetrates only the
top layer of the sample.

Conclusions

Four curing compounds were evaluated for
curing effectiveness based on strength, mois-
ture loss, water retention, and relative humid-
ity. Although drying shrinkage strain was
not included in the data collection effort, the
strength parameter does serve as an indicator
of resistance to crack development. Nonethe-
less, the follow points can be made:

« Lithium curing compound (non-resin)
is not effective in retarding moisture loss
in the concrete curing process at an early
age.

«  The lithium mechanism was observed to
be twofold. Evidence shows that the lith-
ium compound does chemically combine
with the silicate in the cement to form a
hardened boundary layer. Evidence also
shows that lithium by itself can form a
hard state clear solid gel in the absence of
silicate. It is believed this gel is formed
from hydration with free water in the at-

mosphere.

e  Results for RC and the HRRC were consis-
tent with previous research.

+ A trend was observed regarding a correla-
tion between application time of lithium
compound to achieve optimal compressive
strength. An application time of 2.5 hours
after casting was observed to return the
highest compressive strength for the cube
specimens.

+ Lithium/resin hybrids were observed to
retard moisture loss better than lithium
compounds alone. This is possibly due to
the resins ability to bond the lithium to the
treated surface.
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