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The Impact of DNA as a Chemical Admixture for

Cementitious Materials
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and Charles E. Diesendruck*

Viscosity modifying agents (VMA) and superplasticizers (SP) are two common
macromolecular admixture types for cementitious materials. VMAs are used
to stabilize fresh cementitious materials, while SPs are used to disperse them.
Most VMAs are bio-based polysaccharides that act in the water phase
between particles; while most SPs are synthetic comb polymers, consisting of
negatively charged backbones that help their adsorption to the cement
particles’ surface. The molecular structure of DNA contains elements of VMA
— as it is a polysaccharide — and SP - as it is a polyanion. In this study,
rheological measurements are used to compare how these three types of
macromolecules (VMA, SP, and DNA) affect cementitious materials. It is
found that DNA shows the combined effects of VMAs and SPs on cement
paste: it lowers yield stress while at the same time maintaining or even
increasing its viscosity, which permits reducing water content while avoiding
bleeding or segregation of samples. Yet, the presence of DNA has a significant
retardation impact on cement hydration, which is also a common side effect

quality of such concrete has been the
topic of numerous studies and has
been explained through the large use of
pozzolana,!?) and the creation of unique
calcium-aluminium-silicate-hydrate (C-
A-S-H) binders through the reaction
of volcanic ash, lime, and seawater.l®!
While the actual recipe described by
Pliny the Elder and Vitruvius diverge
on the lime/sand ratios to make the
mortar,[! they both include a “sacrificial”
part: animal fat, milk, and blood, which
probably also affected the rheological
and chemical properties as admixtures.
Two thousand years later, cementitious
materials are complex composites that
continue to be developed using state-of-
the-art materials science, e.g. conductive

of VMAs and SPs.

1. Introduction

Roman concrete, opus caementicium, is known for its superior
durability, both in land and sea-exposed structures.l!! The high

A. Mezhov

Division Technology of Construction Materials
Bundesanstalt fir Materialforschung und -priifung (BAM)
12205 Berlin, Germany

E-mail: alexander.mezhov@bam.de

A. Goncharoy, S. Zhutovsky, K. Kovler

Faculty of Civil and Environmental Engineering

Technion —Israel Institute of Technology

Haifa 3200003, Israel

C. E. Diesendruck

Schulich Faculty of Chemistry and Russell Berrie Nanotechnology Institute
Technion —Israel Institute of Technology

Haifa 3200008, Israel

E-mail: charles@technion.ac.il

The ORCID identification number(s) for the author(s) of this article
can be found under https://doi.org/10.1002/admt.202500073

© 2025 The Author(s). Advanced Materials Technologies published by
Wiley-VCH GmbH. This is an open access article under the terms of the
Creative Commons Attribution-NonCommercial-NoDerivs License,
which permits use and distribution in any medium, provided the original
work is properly cited, the use is non-commercial and no modifications
or adaptations are made.

DOI: 10.1002/admt.202500073

Adv. Mater. Technol. 2025, 70027 70027 (1 0f8)

admixtures for microwave absorption
and reflection,! magneto-responsive
cementitious materials for controlling
the structural build-up,®! graphene
nano-composites, ] electricity-based multifunctional
concrete,l! self-sensing cementitious composites with nan-
otubes for smart high-speed rail infrastructures,'”! and mon-
itoring of maglev girder.'!l On the other hand, cementitious
materials could still be developed by exploring natural prod-
ucts, e.g., improving the ductility and strength performance
by creating nacre-like cementitious composites, although such
technologies are still far from practical implementation.['>13]
Yet, some of the key development aspects of new cementitious
materials are related to their sustainability aspects, and for that,
concrete admixtures become key components.['*l Indeed, many
modern concrete mixtures used nowadays in construction use
rheology modifying admixtures, which allow the fine-tuning
of the consistency of fresh concrete, allowing for example,
the reduction in water content and increase in concrete hard-
ened properties, reducing the overall concrete quantity in the
construction.[> There are two main groups of rheology modi-
fying agents used industrially: superplasticizers (SP),[**) which
increase the flowability of fresh concrete reducing the water
content in the mortar; and viscosity modifying agents (VMA),
which affect yield stress, viscosity, and thixotropy, enhancing the
resistance to segregation and bleeding.[1718]

SPs and VMAs are both macromolecular in nature but are
based on very different chemistries. SPs consist of a poly-
electrolyte (polyanion, e.g., carboxylate,'! sulfonate,[2°22] or
phosphonate),[?*?* responsible for the adsorption of the SP
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Figure 1. Molecular structure of VMA (XG), DNA, and SP (3P).

chains on the cement particles’ positive surface; and non-charged
polymeric side chains (e.g., polyethylene glycol) to form-brush
like structures, which create the plasticizing effect through steric
repulsion (Figure 1).[1%%5] When used in relatively small amounts
(up to 0.5% by the weight of cement), SPs reduce the yield stress
and viscosity of cementitious materials,2%] allowing a reduction
in the water/cement ratio, and therefore increase in final me-
chanical properties. Yet, the use of SP might result in adverse seg-
regation or bleeding of the fresh concrete.l?] Therefore, in many
applications, VMAs are also introduced.”’ 2’ VMAs are typically
water-soluble biopolymers such as polysaccharides.!'718] Exam-
ples include diutan and xantham gum, cellulose, starch, and
more (see Figure 1). VMAs are highly hydrophilic and act by in-
teracting with water molecules between the cement particles, re-
ducing their diffusion rate. When added at a high enough concen-
tration, these molecules can entangle and even gel, causing a sig-
nificant increase in viscosity. Some VMAs, such as xanthan gum
(XG), have a few anionic groups (pyruvates in this case) which
lead to gel adhesion to the cement grains, further increasing
viscosity.*®] Importantly, both SPs and VMAs often cause retar-
dation of hydration, which is typically seen as a disadvantage.?!]
However, there is a commercial VMAs made from a copolymer of
2-acrylamido-2-methylpropane sulfonic acid and N,N-dimethyl
acrylamide which have a strong impact on rheology but at the
same time possess a marginal effect on the hydration process.!*?]

While VMAs and SPs are both used in different cementitious
recipes, they have the opposite effect on the cement paste’s or
concrete’s viscosity — SPs reduce viscosity, while VMAs increase
it. The effects naturally go beyond viscosity, as VMAs can inhibit
some of the higher bleeding created by the SPs. Given Roman’s
use of biomaterials in the creation of exceptional cement, it is in-
teresting to study how each different biomacromolecule affects
cement rheology and performance. Different studies have looked
at the effects of fats,!**] proteins,**35] and polysaccharides(3¢-%]
on cement rheology and performance; yet, deoxyribonucleic acid
(DNA), perhaps due to its small bioavailability and difficulty in
accessing in large scale compared to the other biomaterials, has
been mostly overlooked. DNA’s molecular structure makes it an
interesting target as a rheology-modifying admixture for cement-
based materials, as its chemical structure is a combination of
both SPs and VMAs components (Figure 1). DNA (or RNA for
that matter) typically presents a single or double helix structure
with phosphate groups on its surface, which would allow for
strong adhesion on the cement surface, similar to SPs. On the
other hand, the structure backbone is a high molecular weight
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Deoxyribonucleic acid (DNA)

comb-Polyphosphate

polysaccharide, similar toa VMA. While impractical in real-world
applications, recently, it has been shown that oligonucleotides
of DNA can inhibit chloride-induced corrosion of steel rebars in
concrete.?**1] However, the application of DNA in cementitious
material was found to have a retardation effect on hydration.[*?!
Therefore, in this work, considering the history of concrete and
DNAs’ similarity to SPs and VMAs, we study the DNA’s perfor-
mance as an admixture for cement-based materials, looking at
the influence of DNA on mortar rheology as well as on the rate of
hydration of the cement paste, while comparing it with a conven-
tional VMA (xanthan gum) and two types of SPs (polycarboxylate
3C and polyphosphate 3P).

2. Results and Discussion

2.1. DNA’s Influence on Cement Paste Rheology

Cement pastes were prepared using cement powder (250 g), pre-
mixed with the required dose of the admixture, and deionized
(DI) water (100 g). Each paste was rapidly moved into a rheometer
incorporating a crossed-blade impeller stirrer. After a pre-mixing
of ca. 2 min, rheological parameters were measured at room tem-
perature with a continuously increasing shear rate of 0 to 100 s~!
at an acceleration of 1 s72. The shear stress versus shear rate
curves are presented in Figure 2. The neat cement paste (marked
as a reference) showed shear-thinning behavior, typical for ce-
mentitious pastes.[*’] The addition of a VMA (XG) at low concen-
trations resulted in a notable reduction of the yield stress and vis-
cosity (Figure 3) but as its concentration was raised, both the yield
stress and viscosity increased, exceeding those of the neat cement
paste. Itis worth noting that regardless of dosage, pastes contain-
ing XG exhibited similar shear-thinning behavior as that of neat
cement paste (Figure 2a). Two types of SPs, having carboxylate
(3C) or phosphonate (3P) groups, were also tested. In agreement
with previous studies,!®! small doses of 3C and 3P significantly
reduced the cement paste’s yield stress. Moreover, when enough
SP was added (0.2%), the cement paste started to behave as a
Newtonian fluid and showed sample bleeding, which was clearly
observed during our measurements. Bleeding of cement paste is
characterized by water/cement phase separation and can result
in the degradation of the materials’ hardened properties.[*4+]
Finally, pastes prepared with 0.2% DNA exhibited rheology
similar to that of 0.2% of XG. However, unlike XG, increas-
ing the DNA dose (0.6%) leads to a reduction in yield stress,
as expected for an SP, but an increase in viscosity, similar to a
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Figure 2. Shear stress versus shear rate diagrams of cement pastes containing a) DNA and XG; and b) 3P and 3C as admixtures in different concentra-
tions, measured by rheology. “Reference” represents the cement paste without any admixture.

VMA. When added at 0.8%, the cement paste sample showed
the lowest yield stress amongst all the tested samples, combined
with the highest viscosity value. These results support our hy-
pothesis that DNA molecules can show the combined effects
of an SP and a VMA. Moreover, the cement paste having 0.8%
DNA changed the rheological behavior of the cement paste to
a pure Bingham fluid behavior with a linear increase in shear
stress and almost constant viscosity (Figure 2a). It is important
to state, though, that while DNA induced a plasticizing effect, it is
much weaker compared to modern SPs, probably due to the ab-
sence of sterically hindering side chains (brush-like) on the DNA
chains.

As discussed in the introduction, VMAs are typically added
to deter the adverse effects (e.g., bleeding) caused by the SPs.
Therefore, we decided to compare DNA to additional samples
combining two admixtures, and the resulting yield stresses
and viscosities from all cement pastes are summarized in
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Figure 4. The cement paste containing both VMA and SP
showed a tiny increase in yield stress compared to the paste
dosed with SP without VMA, but the expected stabilizing ef-
fect was seen, and all tested samples showed a viscosity value
close to the neat cement paste. Interestingly, a similar effect
was observed when the same dose of DNA was used instead
of XG (VMA). Thus, DNA can increase viscosity and stabi-
lize cement pastes in the presence of SP, while maintaining
its low yield stress. However, it is important to say that DNA
is not superior to the combined SP and VMA, but a similar
trend was seen in which yield stress is decreased while vis-
cosity increases. The reduction in yield stress is a result of re-
ducing the attractive forces between water and cement. The
action of DNA can be described using the Derjaguin-Landau-
Verwey-Overbeek (DLVO) theory,*#7] which accounts for the in-
teraction between charged surfaces and the distances between
them. DNA action probably resembles more the mechanism of
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Figure 3. Relative yield stress a) and plastic viscosity b) of cement pastes prepared with DNA, XG, 3P, and 3C. All values are normalized to the cement

reference without any additives.
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Figure 4. Influence of the presence of DNA and XG (and their combina-
tions with SPs 3P and 3C) on the yield stress and viscosity of cement pastes

(relative to admixture-free paste), measured by rheology. The content of
DNA and XG is 0.6% wt., and the content of 3P and 3C is 0.2% wt.

an SP like polynaphthalene sulfonatel?!! or lignosulfonatel?248]

which do not have long side chains, but plasticize the system by
increasing the negative zeta potential on the cement particle
surfaces, creating an electric repulsion. Still, DNA has nega-
tively charged phosphate functional groups, which are known
to adsorb more strongly to cement particles than sulfonate or
carboxylate.[*]

A second mode of action leads to an increase in viscosity. As
described before, VM As are hydrophilic polymers that adsorb wa-
ter between particles, increasing the overall viscosity.'’] Interest-
ingly, the presence of a low dose of DNA decreased the plastic
viscosity (Figure 3b), yet, when higher amounts of DNA were
added, the plastic viscosity increased notably. Similar toa VMA, it
is known that DNA can increase the viscosity of Newtonian aque-
ous solutions.[>-52]

2.2. DNA Influence on Cement Hydration Kinetics

Both VMAs and SPs are known to delay cement hydration — the
main chemical reaction occurring between cement and water and
responsible for the strength of hardened material.>*>*] While SPs
are used to improve rheology, their action mechanism is through
adsorption onto the cement particles’ surface, which creates the
“side effect” of limiting water access to the mineral, slowing down
the mineral dissolution, and inhibiting cement hydration.>3
VMAs on the other hand, at high enough concentration, gelate
the interparticle space, reducing water mobility, also inhibiting
cement hydration.> The hydration kinetics can be compared by
looking at the hydration heat flow curves (Figure 5). It can be seen
that DNA introduction has also a significant effect on hydration
kinetics, resembling the SP curves, i.e., extension of the induc-
tion period and lowering the main hydration peak, which may
indicate retardation of hydration through inhibition of aluminate
and silicate reactions. Such observations provide additional sup-
port that DNA is adsorbing to the cement particle surfaces.

Adv. Mater. Technol. 2025, 70027 70027 (4 of 8)
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Conventionally, the heat flow curve obtained using isothermal
calorimetry has several stages. The first minutes after mixing ce-
ment with water are characterized by a strong exothermic peak,
which is followed by a dormant period that lasts ca. 2 h. As de-
scribed above, SPs and VMAs are known to extend this dormant
period.5%! The next stage is an acceleration period, characterized
by extensive heat release and formation of the main hydrates.
This second peak is actually a combination of two consecutive hy-
dration reactions, the first is the hydration of 3Ca0OeSiO, (alite) to
form Ca(OH), (portlandite) and C-S-H (calcium silicate hydrate).
The second reaction is the renewed hydration of 3Ca0OsAl, O, and
secondary formation of ettringite. The order of these reactions is
of great importance for the proper formation of hydrate phases
and is responsible for the hardened properties of the cementi-
tious material.l?] However, in the case of DNA, these two reac-
tions cannot be seen separately, as both occur at the same time
interval between 6 and 9 h of hydration (Figure 5a denoted as
Reference).

Given that DNA shows similar retardation to XG, one could
worry about its effect on the concrete final properties. Given that
the cumulative heat of pastes has been shown to strongly corre-
late to the final compressive strength,l’] these curves are shown
in Figure 5e f. Interestingly, while the hydration is slowed down,
it seems like the small dosages of both these additives used in
this study have only a marginal effect on cumulative heat, al-
though a high dosage (0.6%) notably reduced the emitted heat,
at least in the first 24 h. Interestingly, it seems like the overall
heat in DNA, contrary to XG, seems to somehow recover after
3 days, almost reaching the cumulative heat generated by the
smaller DNA dosages and the reference neat cement paste. Xan-
than gum, as expected, does not demonstrate acceleration over
time and presents notably reduced total heat after 3 days of hy-
dration.

The presence of small doses of additives (0.01%) has no signif-
icant influence on the kinetics of hydration. However, at slightly
higher doses (0.1%), DNA retards hydration more significantly
than either VMA (XG) or SP (3C or 3P), perhaps because of the
combined effect on the surface and water viscosity. Higher doses
(0.2%) of all additives create a much stronger hydration delay, but
DNA provides the strongest effect. At even higher doses (0.6%,
for VMA or DNA, SP not tested due to bleeding), the heat flow
curves start to change, and a reduction in the maximum height
of the main exothermic peak is seen (Figure 6). In these cases,
the exothermic peak is more evenly spread over time, indicating
DNA and XG retard hydration without perturbing the sulfate-
aluminate balance in the system, as opposed to the polyphos-
phate SP 3P.[2)] The mutual application of DNA or XG with SP
results in a coupled effect, i.e., the retardation produced by the
addition of 0.2% of XG is equal to retardation produced by the
presence of 0.1% XG with 0.1% of 3C (see Figure 6). This addi-
tive effect is seen for DNA as well.

To provide further information into the mechanism of action
of DNA, the adsorption behavior of DNA in cement pastes as
a function of dosage was studied, and is given in Figure 7. Ce-
ment pastes were prepared with different dosages of DNA, and
centrifuged, and the separated aqueous phase was analyzed for
its total organic carbon (TOC) content. In addition, a calibration
curve was prepared using DNA in water solutions, without any
cement. The difference between the two provides the amount of
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Figure 5. Isothermal calorimetry of cement paste samples prepared with different dosages of admixtures. Heat flow: a) DNA, b) XG, c) 3C, and d) 3P;

and cumulative heat: ) DNA and f) XG.

DNA adsorbed, which, surprisingly, does not seem to follow a
Langmuir isotherm, which is often found for conventional car-
boxylate and phosphate-type SPs, such as those used in the study
(3Cand 3P).[2Y Looking at the literature, this behavior seems sim-
ilar to that of a different VMA: welan gum.[***°1 When the small

dosage of DNA is added it is almost completely absorbed, increas-
ing linearly with added amount. However, a saturation point is
still expected, but this could not be reached with DNA — concen-
trations beyond 2% create a very thick paste that could not be
used to provide a pore solution.
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Figure 6. Relative cement hydration retardation of a) DNA, XG, 3C, and 3P were added separately, and b) the mutual introduction. The relative retardation
was calculated as the ratio between the time of appearance of a maximum of the exothermic peak in the presence of admixture and the reference.

3. Conclusion

In conclusion, this study looked at DNA as an admixture for
cement-based materials, expanding the knowledge base of the
effect of biomaterials on cementitious materials. DNA chemi-
cal structure combines a polysaccharide backbone, similar to a
VMA, and surface phosphate groups, similar to an SP. Interest-
ingly, when added to a cement paste, DNA affects its rheological
properties similarly to a combination of SP and VMA, decreas-
ing yield stress and increasing viscosity. Yet, the DNA’s effects as
admixture go beyond the change in these parameters — cement
paste with enough DNA exhibited a pure Bingham fluid behavior.

10

Adsorbed, mg/g cement

0 s T T T T
0 0,5 1 1,5 2

DNA dosage (%)
Figure 7. Adsorption behavior of DNA calculated from TOC analysis of

pore solutions (each measurement was done in triplicate, error bars rep-
resent std. dev.).
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In addition, DNA, like a VMA, stabilizes the cementitious sys-
tem with SP, inhibiting bleeding while maintaining the low yield
stress of the system. That said, DNA causes severe retardation of
cement hydration, which is in the order of magnitude of xanthan
gum and stronger than tested SPs. The cumulative heat showed
that a small dosage of DNA, like small doses of XG, reduces the
total heat only slightly, indicating that the effect on final mechan-
ical properties is minor. It seems like DNA’s effect is similar to its
combination of chemical structures: like a polyphosphate (SP), it
causes a reduction in yield stress, although not as strong as pure
SPs (more similar to SPs like polynaphtalene sulphonate, which
have charged backbones but no steric hindering sidechains); and
increased viscosity due to its polysaccharide structure, similar to
a VMA.

4. Experimental Section

Materials: Standard cement of CEM | 52.5N type supplied by Nesher
Israel Cement Enterprises was used for this study. Its chemical and mineral
compositions are presented in Tables 1 and 2. The mineral phase content
of cement was calculated using X-ray diffraction.[?’]

Monomers, solvents, initiators, XG from Xanthomonas campestris, and
DNA from salmon sperm were obtained from Sigma-Aldrich and used as
received. SPs 3P and 3C were synthesized via free radical polymerization
in water, following the procedure described in detail elsewhere.[23241 3C:
Mn = 44.5 kDa; 3P: Mn = 38.3 kDa (from multi-angle light scattering gel-
permation chromatography analysis). Both polymers were made from the
same PEG methacrylate macromonomer, having an average side chain
of 45 ethylene glycol units. In both 3P and 3C, the molar ratio between
the acidic monomer and the PEG methacrylate monomer was 1:3 (by 'H-
NMR).[23]

Cement Pastes Preparation:  All admixtures were premixed with cement
followed by water addition (see specific procedure in the different tests).
All doses of admixtures are given in wt% of cement. All the tests were con-
ducted with three independent preparations for each recipe. In the results
section, the average values are given.

Rheological Measurements: Rheological measurements were per-
formed using a rotational rheometer from Anton Paar (Rheolab QC) incor-
porating a crossed-blade impeller stirrer. The samples for rheological mea-
surements were pre-sheared in two intervals: 1) a continuously increasing
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Table 1. Chemical composition of cement (wt.%), obtained by ICP analysis.

www.advmattechnol.de

Ca0 Sio, Al,O, Fe,0, MgO TiO, K,0 Na,O P,0, Mn, O, SO, IR FL Lol
62.16 19.02 5.42 3.82 1.31 0.53 0.37 0.22 0.40 0.05 2.48 0.76 2.80 2.93
Table 2. Mineralogical composition of cement (wt.%), obtained by XRD analysis.

Alite Belite Aluminate Ferrite Calcite Bassanite Portlandite Arcanite Aphthitalite
62.00 14.16 5.86 12.14 2.80 1.65 1.23 0.56

shear rate of 0to 50 s~ at an acceleration of 1572; 2) a constant shear rate
of 50 s~ for 50 s. The rheological data was taken from the third interval:
3) a continuously increasing shear rate of 0 to 100 s~ at an acceleration of
1572, The mixture composition was cement (250 g) and DI water (100 g).
Yield stress and viscosity were calculated using the Bingham model.

Isothermal Calorimetry: Calorimetric measurements were performed
using the Isothermal Calorimeter TAM Air model (TA instruments). Mea-
surement precision of the heat flow was +4 p\W at a 95% confidence inter-
val. Fresh pastes consisting of cement (3.6 g) and deionized water (1.44 g)
with a given amount of admixture were prepared and mixed by Vortex-
Genie 2 at 60 rpm for 20 s. The samples were then introduced into the
calorimeter, which measured the heat flow for 48 h, providing 6 measure-
ments per min. All the tests were conducted at 21 °C.

Polymer Adsorption: Adsorption measurements were done as follows.
Cement (described above, 150 g) was mixed first with DNA (different
dosages) as dry solids and then with DI water (60 g). After that, the ho-
mogeneous paste was centrifuged for 15 min at 5000 rpm. The separated
water (ca. 8 mL) was collected, passed through a hydrophilic polytetrafluo-
roethylene (PTFE) 0.45 pm filter, and analyzed for its TOC in a Shimadzu’s
TOC-VCPH Total Organic Carbon analyzer. The value was compared to a
calibration curve, in which DNA was directly mixed with water and equally
mixed, centrifuged, and filtered. The amount of adsorbed polymer was cal-
culated as the difference between the expected TOC from the calibration
and the measured value. Each cement paste was prepared in triplicate.
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