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MACRO-DEFECT-FREE (MDF) CEMENTS
Synthesis, thermal, chemical, SEM and magnetometric study and moisture
resistance
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MDF cements using the blends of sulfoaluminate ferrite belite (SAFB) clinkers and ordinary Portland cement (OPC) in mass ratio
85:15 with Al,Os, and starch, polyphosphate (poly-P) or butylacrylate/acrylonitrile were subjected to moist atmospheres (ambient,
52 and 100% relative humidity (RH)) to investigate their moisture resistance. Their chemical, thermal, electron microscopic and
magnetic properties were also studied before and after moisture attack. Butylacrylate/acrylonitrile (BA/AN) copolymer was found
to be the most suitable for MDF cement synthesis since the sample containing BA/AN showed the best moisture resistant. There are
significant differences in scanning electron microscopy (SEM) of MDF cements before and after moisture attack and with different
polymers. New data on the paramagnetic nonhysteresis magnetization curves for all the samples are observed. The MDF cements
synthesized from SAFB clinker with dissolved poly-P give the best signal/noise (S/N) ratio. Three main temperature regions on TG
curves of both series of MDF cements are observed. In the inter-phase section of MDF cements, the content of classical cement hy-
drates decomposing by 250°C is increased. Combustion of organic material took place by 550°C. In the temperature range

550-800°C, the decomposition of CaCOj3 occurs.
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Introduction

Study of mass equilibration and thermal analysis give
an effective knowledge of the moisture sensitivity phe-
nomenon of MDF cements. The results favour our pre-
vious hypothesis on the impregnation/barrier effect of
polymers incorporated in the structure of MDF ce-
ments. The discovery of the magnetic activity of MDF
cements, enlarge the application and importance of this
kind of materials. Materials are evolving faster now
than at any previous time in history; concurrently in-
credible industrial needs are also increasing faster than
in the past. Industries are very enthusiastic about
searching for new materials; on the other hand, they are
still not fully satisfied. Hence, this is the time to find
places that can replace cement with better performing
products. Our studies display the advantage and pros-
pects of butylacrylate/acrylonitrile (BA/AN) for the
MDF cements synthesis. The recent development of
moisture resistance of MDF cements (only about 2%
mass increase at 100% RH) proved that the old saying
‘where there’s a will there’s a way’ is very true with
MDF cements and their future developments.

The term ‘macro-defect-free (MDF) cement’ refers
to the absence of relatively large voids or defects that
are normally present in conventional cement pastes be-
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cause of entrapped air or inadequate mixing. MDF ce-
ments display unique properties relative to traditional
cement pastes. For example, their flexural strength is
roughly 200 MPa as compared to 5—10 MPa for hard-
ened OPC pastes. MDF cements indicate also several
other attractive features such as low fabrication temper-
ature (<100°C), high toughness and good dielectric
properties [1-4]. It is well known that the addition of
polymers to cementitious systems significantly improve
the materials’ properties. Therefore, it is not surprising
that many authors have investigated polymer-ce-
mentitious materials and also examined their properties
and applications [4-32]. The aim of this study was to
understand the effects of polymers, Al,O;, OPC in the
raw mix and of delayed drying on MDF cements synthe-
sis and also on subsequent moisture resistance and ther-
mal stability of newly synthesized MDF cements. This
work is a continuation of the previous studies on MDF
cements [33—-39]. Present work is focused on MDF ce-
ments from the blends of SAFB clinkers and OPC with
the addition of Al,O3, and starch, poly-P or BA/AN and
drying at 50°C immediately or 24 h after the finishing of
pressure application (delayed drying). Blends of SAFB
clinkers and OPC exhibit better properties as compared
to SAFB clinkers alone [40—42].
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Experimental
Synthesis of MDF cements

Processing of MDF cements was as follows: (a) Initial
dry mixing of the cement mixtures (SAFB and OPC)
and Al,O5 with starch, or butylacrylate/acrylonitrile (5%
of total mass) was followed by either (b) addition of wa-
ter to give w/s=0.2 or (c) addition of an aqueous solution
of sodium polyphosphate (poly-P) to incorporate 5%
(by mass) of poly-P and give w/s=0.2 (s’ includes
clinker and mass equivalent of the dissolved poly-P).
(d) Twin-rolling was employed until the mixture reach-
ed the consistency of dense dough (up to 5 min), (e)
static 5 MPa pressure in a pellet dye (diameter 10 mm)
was applied for 0.5, 1, 2, 3 and 5 h and (f) chemical re-
actions were completed by air drying at 50°C.

Measurements

Chemical composition of the samples was determined
by wet chemical methods. The moisture resistance of
model MDF cements was investigated above satu-
rated NaHSO, (aq) (52% relative humidity (RH)) and
above deionised water (100% RH). Simultaneous
TG-DTA was conducted from ambient temperature to
1000°C on a T.A.I. SDT 2960 instrument by using
platinum crucible (sample mass 10-20 mg, heating
rate 10°C min "', in flowing air). SEM was carried out
by JEOL 6300F equipped with a Kevex Quantum
EDS at an accelerating voltage of 25 kV. The mag-
netic properties of MDF cements were investigated
by a SQUID magnetometer [43].

Results and discussion

Chemical analysis

The results of chemical analysis are presented in Ta-
ble 1. Humidity loss to 100°C corresponds with the
loss of water from cement hydrates. A relatively high
loss on ignition to 1000°C in all samples reflects the
presence of an organic phase with maximum burning
temperature of approximately 350°C. Residue was
dissolved in concentrated HCl and insoluble solids
were weighed, calculating the soluble part from the
difference in mass. Soluble portion is the rest to hun-
dred. Soluble portions were investigated by qualita-
tive and quantitative analytical methods, estimating
oxide contents. Since the samples were prepared from
SAFB low-energy clinkers with Al,O; addition, they
have relatively high content of Al,O; and SOz and
correspondingly low CaO content.
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SEM analysis

Surface images of model MDF cements with butyl-
acrylate/acrylonitrile are presented in Fig. 1 as an ex-
ample. No macro-pore is observed in SEM of MDF ce-
ment samples, which is typical for cement without
polymer. Significant differences in SEM of MDF ce-
ments with different polymers as well as before and af-
ter moisture attack were observed (SEM images have
not been shown). Interfaces do not exhibit radial
boundaries. A further consequence of the presence of
polymers is the partial elimination of pores. Randomly
broken grains are common in model MDF cements.

Fig. 1 The SEM micrographs of the moisture attacked MDF
cement synthesized from blend of SAFB clinker and
OPC with Al,0O; and butylacrylate/acrylonitrile copoly -
mer, 5 MPa pressure was applied for 2 h

Magnetic properties of MDF cements

The AC volume magnetization characteristics of the
MDF cement sample synthesized from SAFB clinker
with dissolved poly-P was measured at liquid nitro-
gen temperature after the zero-field cooling by the
compensation method using second order SQUID
gradiometer. The best S/N ratio was obtained for the
MDF cement sample synthesized from SAFB clinker
with dissolved poly-P. The paramagnetic non-hyster-
esis magnetization curves were identified for all sam-
ples. An example is given in Fig. 2.

Thermal analysis of MDF cements

Data relating to the whole range of studied composi-
tions during thermal treatment are presented in Ta-
ble 1. Presence of butylacrylate/acrylonitrile and de-
layed drying reduce the possibility of mass (reversible
and irreversible) as well as phase changes, such as
Ca0O—Ca(OH),—»>CaCO; due to the moisture uptake
by MDF cements, synthesized from SAFB clinkers,
OPC and starch, poly-P or butylacrylate/acrylonitrile
at 100% RH. Thermoanalytical treatment supports the
differences of attacked and non-attacked MDF ce-
ments probes (Table 2).
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Fig. 2 The AC volume magnetization characteristics of the
MDF cement sample synthesized from SAFB clinker,
OPC and dissolved poly-P

Three distinct temperature regions were ob-
served on the thermoanalytical curves of both series
of MDF cements (as synthesised and re-equilibrated
after the moisture attack):

» Up to 250°C occurs the decomposition of ‘typical’
cement hydrates. The TG curves exhibit 0.07-0.83%
higher mass loss (depending on polymer) in mois-
ture attacked samples. It clearly displays an in-
crease of the content of ‘typical’ cement hydrates.
These arise due to the moisture attack of clinker

grains only partly converted in original MDF ce-
ments samples [44—46]. Figure 3 shows the above
relation exactly from 50 to 250°C.

* 250-550°C-temperature region of Ca(OH), and of
combustion of polymer materials [44—47].

* Above 550°C occurs the CaCO; decomposition
[45] with maximum of typical DTA effect at
670-680°C. TG and DTA characteristics in this
temperature range provide an evidence of that the
carbonization is the other crucial phase change of
MDF cements in the moist environment. The mois-
ture attack causes the formation of additional
CaCOs; according to the reactions (1) and (2).

CaO(s)+H,0(/) = Ca(OH)y(s) (1
Ca(OH),(5)+COx(g) = CaCOs(s)TH0())  (2)

Moisture resistance of MDF cements

Moisture resistance could be defined as the ability of a
material to resist swelling, blistering or other damage
caused by moisture. Mass changes (increases) were used
as the measure of the moisture resistance of MDF ce-
ments. The lowest mass increase (lowest environmental
deterioration) corresponds to the highest moisture resis-
tance. The mass changes of delayed dried MDF cements
with butylacrylate/acrylonitrile as the function of dura-

Table 1 Chemical composition of the MDF cements synthesized from SAFB1 clinker and polymers

Content/mass%

Composition

Starch Poly-P BA/AN
Humidity loss to 100°C 3.87 7.03 3.47
Ignition loss to 1000°C 10.92 8.56 9.47
Soluble portion 76.92 76.52 78.14
Insoluble resiude 8.29 7.89 8.92

Oxide content in soluble portion/mass%
SiO, 18.68 14.50 19.50
MgO 0.35 0.95 1.14
CaO 54.04 46.95 52.41
ALO; 15.24 26.25 15.36
Fe,O5 438 2.34 3.49
SO; 7.31 6.12 7.26
PO; - 3.25 -
Total 100.00 100.00 99.16

Table 2 Mass changes of non-attacked and moisture attacked MDF cements obtained from TG curves

Mass losses in separate thermal intervals non-attacked/moisture attacked MDF cement/%

Polymer additives

up to 250°C A 250-550°C A above 550°C A
Starch 7.79/8.42 +0.63 6.53/6.62 +0.09 2.39/2.91 +0.52
Poly-P 9.40/10.47 +1.07 5.06/5.15 +0.09 2.26/3.00 +0.74
Butylacrylate/acrylonitrile 9.50/9.74 +0.24 5.60/5.61 +0.01 0.57/0.88 +0.31
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Fig. 3 TG and DTA curves of moisture attacked MDF cement
synthesized from blends of SAFB clinker, OPC and
Al,O5 with butylacrylate/acrylonitrile
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Fig. 4 Mass change as a function of time for MDF cement test
pieces fabricated from blend of SAFB clinker, OPC,
Al,0O5 and butylacrylate/acrylonitrile

tion of the exposure in the environments with given RH
are displayed in Fig. 4 as an example. Relative humidity
describes the amount of water in the air compared with
how much the air can hold at the current temperature.
Example: 50% relative humidity means the air holds
half the water vapor that it is capable of holding; 100%
relative humidity means the air holds all the water vapor
it can. At 100% RH, no more evaporation can occur un-
til the temperature rises, or until the water vapor leaves
the air through condensation. The effect of individual
relative humidity, such as 100% RH upon the increase
of'mass is more pronounced than the effects of composi-
tion of MDF cement or duration of the pressure applica-
tion during the MDF cement synthesis. However, the
mass increase at 100% RH and at re-equilibration at am-
bient conditions are strongly affected by the nature of
the polymer, in both in SAFB clinker-based MDF ce-
ment (without OPC) and in MDF cement based on
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blends of SAFB clinkers and OPC. The most important
improvement of moisture resistance of MDF cements is
achieved in materials containing butylacrylate/acrylo-
nitrile, delayed drying and 5 MPa pressure applied for
2 h (Fig. 4), the lower mass change being the evidence
of higher moisture resistance [33-39, 47].

Conclusions

The following conclusions can be made from this study.

 The possibility of moisture attack on MDF cements,
synthesised from the blends of SAFB clinkers, OPC,
Al,Oj; and starch, poly-P or butylacrylate/acrylonitrile
co-polymer has been quantified using the values of
mass increases as the measure of the moisture resis-
tance. The method has been proved as a powerful tool
for an effective test of moisture attack on various
MDF cements.

* The effect of individual humidity on the moisture
resistance of MDF cements is more intensive than
the effect of composition of MDF cements or dura-
tion of the pressure application on MDF cements
synthesis. However, detailed values of mass in-
crease at 100% RH are strongly affected by the na-
ture of polymer. The highest moisture resistance
has been observed for delayed drying MDF ce-
ments with butylacrylate/acrylonitrile co-polymer
and with 5 MPa pressure for 2 h.

* The irreversible mass increase is strongly con-
nected to both the carbonization and secondary
hydration of cement grains in the inter-phase re-
gion of the structure of MDF cements as deter-
mined by methods of thermal analysis. Minimisa-
tion of the above phase changes together with
minimal direct mass changes in moist environment
of delayed drying MDF cements indicates a possi-
bility to improve the moisture resistance (environ-
mental deterioration) of MDF cements.

* The thermoanalytical data showed that
Al(Fe)-O—C(P) cross-links, formed between poly-
mers and cement grains remain intact in the moist
environment of either ambient or extreme levels of
humidity.

* Study of mass equilibration and thermal analysis
gives important information and control of the mois-
ture sensitivity phenomenon of MDF cements. The
results on MDF cements system in SAFB, OPC,
AL O; and starch, poly-P or butylacrylate/acrylo-
nitrile co-polymer favour our previous hypothesis on
the impregnation/barrier effect of polymers incorpo-
rated in the structure of MDF cements.

J. Therm. Anal. Cal., 83, 2006
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