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Abstract

The system of sulfoaluminate ferrite belite (SAFB) clinkers premixed with Portland cement (PC) in

mass ratio 85:15 in combination with hydroxypropylmethyl cellulose (HPMC) or polyphosphates

(poly-P) was used for the syntheses of Macro-Defect-Free (MDF) materials. The subsequent mois-

ture treatment and thermal stability of these MDF materials were investigated. The effect of individ-

ual humidity upon the evolution of mass is more intensive than the effects of composition of MDF

materials or duration of the original MDF material synthesis. Detailed values of mass changes at

100% relative humidity (RH) and under ambient conditions are strongly affected by the nature of

polymer used. A significant improvement of moisture resistance of MDF materials is achieved when

the materials are dried after 24 h of finishing the pressure application. In the inter-phase section of

MDF material samples, the content of C-(A,F)-S hydraulic phases, mainly tetracalcium aluminate

ferrite monosulphate hydrate (AFm) decomposing by 250°C and CaCO3 decomposing at

600–700°C increase after the moisture attack, while cross-links in AFm-like section with typical

thermoanalytical traces in temperature region 250–550°C remain intact.**
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Introduction

The term ‘Macro-Defect-Free’ (MDF) refers to the absence of relatively large voids

or defects that are normally present in conventional cement pastes because of en-

trapped air or inadequate mixing [1]. MDF materials display unique properties rela-

tive to traditional cement pastes. For example, their flexural strength is roughly 200

MPa as compared to 5–10 MPa for hardened PC pastes. MDF materials also have

several other attractive features such as low fabrication temperature (<100°C), high

toughness and good dielectric properties [2]. In an early patent in this field, Birchal et
al. [3] outlined the use of aluminous, PC and sulfate clinkers, and a wide range of wa-
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ter-soluble carbonaceous polymers. Drabik and co-workers have reported MDF ma-

terials processability of particular components/phases arising in potential sulfo-

aluminate ferrite belite (SAFB) clinkers, as well as the SAFB clinker itself, in

combination with hydroxypropylmethyl cellulose (HPMC) and/or sodium poly-

phosphate (poly-P) [4–9]. Studies demonstrate the potential of low-energy clinkers

and cements for the MDF material process. The results have pointed to (a) the in-

volvement of Al, Fe, P and C atoms in Al(Fe)–O–C(P) cross-links within amorphous

AFm-like reaction product/intergranular gel, (b) thermoanalytical characteristics of

above mentioned cross-links, giving the temperature of decomposition from

250–450°C and (c) the influence of cross-link chemistry on porosity, electrical im-

pedance as well as the moisture resistance.

The present work is focused on MDF material systems in SAFB clinkers with

PC and HPMC or poly-P dried at 50°C immediately or after 24 h of finishing the

pressure application (delayed dried). Blends of SAFB clinkers with PC exert up-

graded properties against SAFB clinkers alone, i.e. setting times and mortar making

technological procedures [10]. The aim of our study was to check the effects of PC in

the raw mix and delayed drying on MDF material processes and also on subsequent

moisture resistance and thermal stability.

Experimental

The process to obtain MDF materials was as follows:

a) Initial dry premixing of SAFB clinker and PC was followed by either

b) addition of HPMC or Na5P3O10 (5% of total mass) and water to give w/s=0.2

or

c) addition of an aqueous solution of sodium polyphosphate (poly-P) to incorpo-

rate 5% (by mass) of poly-P and give w/s=0.2 (‘s’ includes clinker and mass equiva-

lent of the dissolved poly-P).

d) Traces of glycerol were used as plastifier/processing agent.

e) Twin-rolling was employed until the mixture reached the consistency of

dense dough (up to 5 min),

f) Static 5 MPa pressure in a pellet die (diameter 10 mm) was applied for inter-

vals ranging from 0.5, 1, 3 and 5 h and

g) Chemical reactions were completed by air drying at 50°C either immediately

(xdi) or 24 h after finishing the pressure application (xdd). HPMC (Aldrich) used corre-

sponds to the viscosity of a 2% aqueous solution 80–120 cP. Sodium polyphosphates

(Aldrich) were of formulae (NaPO3)n and Na5P3O10.

The moisture resistance of model MDF material samples was investigated at two

different RHs. Cylindrical samples were kept in dessicators with controlled RH val-

ues, namely (a) above saturated NaHSO4(aq) (52% RH) and (b) above deionized wa-

ter (100% RH).

Simultaneous thermogravimetry (TG) and differential thermal analysis (DTA)

were conducted from ambient temperature to 1000°C by using the T.A.I. SDT 2960
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instrument (sample mass 10–20 mg (recommended by TA Instruments, Inc.), heating

rate 10°C min–1, in flowing air). Thermoanalytical studies were made on powders of

two series of MDF material samples (as synthesized and after the moisture attack and

re-equilibration under ambient conditions).

Results and discussion

Mass changes as the measure of the moisture resistance of MDF materials

The mass changes as the function of duration of the exposure in the environments

with given RHs are displayed in Fig. 1. These, as the measure of the moisture resis-

tance, give a powerful tool for an effective check of the attack of various levels of

humidities on a variety of MDF material relevant compositions [5–7]. The evolution

of mass (Fig. 1) to the equilibrium values enlarge the information about the effects of

various levels of humidity as well as composition upon the moisture resistance of

MDF materials. The equilibrium is achieved in any of the studied humidities within 8

to 13 days, it is in accordance with data about MDF materials where cementitious

phase is exclusively SAFB clinkers [5–7, 9, 13]. The effect of individual humidity

upon the evolution of mass is more intensive than the effects of composition of MDF

materials or duration of the original MDF material synthesis. However, detailed val-

ues at 100% RH and re-equilibrated at ambient conditions are strongly affected by the

nature of polymer, in both in SAFB clinker-based MDF materials [7, 9, 13] and in

MDF materials, based on blends of SAFB clinkers and PC. The most important im-
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Fig. 1 Mass change ∆m as a function of time for delayed dried MDF material test
pieces fabricated from mixture of SAFB clinkers and PC with a – dissolved
poly-P–(NaPO3)n, b – powdered poly-P– Na5P3O10, c – HPMC and d – HPMC
without PC, and treated at 52% RH (until the 8 day), at 100% RH (from the 9 to
21 day) and under the ambient conditions (from the 22 to the 30 day)



provement of moisture resistance of MDF materials is achieved in probes containing

poly-P and delayed dried (Fig. 1, curve a).

The results are discussed in details as follows:

a) the effect of 52% RH and

b) the effect of 100% RH, the latter being subdivided into irreversible change

(the residual mass after decrease under ambient conditions) and reversible change

(difference of the mass at 100% RH and the residual mass). The results show nearly

negligible mass change of studied MDF material probes at 52% RH. An equilibrium

mass increase after the treatment at 100% RH strongly depends on the nature of poly-

mer, ∆m(HPMC)> ∆m(poly-P) and on drying, ∆m(di)> ∆m(dd).

Thermoanalytical identification of the environmental deterioration in moist
atmosphere

Data relating to the whole range of the studied compositions during thermal treatment

are presented in Table 1. The effects of polymer used in the original synthesis upon

the TG curves of moist attacked probes (Fig. 2) remain the same as we discussed ear-

lier [9]. Individual sequences, as well as total mass changes (15–17.5% if poly-P is

present vs. 23–26% if HPMC is present, cf. Fig. 2) for MDF materials attacked by ex-

treme moisture do support the hypothesis about the impregnation/barrier effect of

poly-P. Thus, presence of poly-P minimizes the scope of irreversible mass as well as

phase changes due to the moisture uptake of MDF materials of SAFB clinkers, PC

and HPMC or poly-P at 100% RH.
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Fig. 2 Effect of polymer identity on TG steps during heating of the model MDF mate-
rials irreversibly attacked in the environment with 100% RH. Polymer additions
are a – dissolved poly-P–(NaPO3)n, b – powdered poly-P–Na5P3O10 and
c – HPMC



Table 1 Summary of indicative TG intervals (°C) and DTA peak temperatures (°C) of MDF ma-
terial samples based on SAFB clinkers and Portland cement

Polymer
additives

MDF probes

As synthesized After irreversible attack at 10% RH

TG DTA TG DTA

HPMC
20–250

250–550*

550–700 (CH)

180–190
280–300*

20–250
250–400*

500–700 (CH) (CC)

90
290–300*

680 (CC)

poly-P
20–250

250–550*

550–700 *(CH)

180–190
300–320*

20–250
250–450*

500–720*(CH),(CC)

60–80
310–320*

670–680 (CC)

Indicative thermal events: * – decomposition of cross-linked section of MDF materials.
CH – decomposition of Ca(OH)2, CC – decomposition of CaCO3.
The values in presence of poly-P ((NaPO3)n or Na5P3O10) are almost identical.

Thermoanalytical treatment supports the differences of attacked and

non-attacked MDF material probes (Table 1, Figs 3 and 4). The temperature intervals

of thermal events (TG as well as DTA curves) are similar to that reported for MDF

materials in system of SAFB clinkers and HPMC or poly-P [9, 13]. Totally, three dis-

tinct temperature regions in the thermoanalytical traces of both series of MDF materi-

als (as synthesized and re-equilibrated after the moisture attack) are seen:

i) Upto 250°C – temperature region of ‘classical’ AFm hydrate decomposition

[14, 15], where TG curves exert in moisture attacked probes by 1.5–7% higher mass

loss (depending on the nature of polymer and delayed dried condition). It clearly dis-

plays an increase of the content of ‘classical’ cement hydrates. They arise due to the
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Fig. 3 Thermoanalytical curves of the delayed dried MDF materials. The sample was
synthesized from mixture of SAFB clinkers and PC with powdered poly-P
(Na5P3O10)



moisture attack of clinker grains converted only partly in original MDF material sam-

ples [7, 9].

ii) 250–550°C – temperature region of cross-links decomposition [7, 9, 13].

Closely identical TG and DTA characteristics in both series of MDF materials con-

firm that the clusters of Al(Fe)–O–C(P) cross-links appear unaffected by the moisture

under test conditions. Thus, if PC properly mixed with SAFB clinkers, does not affect

the moisture resistance of AFm-like cross-linked section of MDF materials and the

impregnation / barrier effect [5, 9] of Al(Fe)–O–P cross-links remains conserved.

iii) Above 600°C – temperature region of carbonates decomposition [14–16],

seen in the moisture attacked probes only as the additional mass loss, 0.5–4%, with

maximum of typical DTA effect at 670–680°C. TG and DTA characteristics in this

temperature region provide an evidence that the other crucial phase change of MDF

material probes in the moist environment is the carbonation. Generally, cement-based

materials with inter-phase region containing portlandite, free lime and/or partly con-

verted clinker grains suffer frequently for this type of phase change [14, 15].

Conclusions

1. The scope of moisture attack on MDF materials, synthesized from the blends of

SAFB clinkers, PC and HPMC or poly-P has been quantified using the values of mass

changes as the measure of the moisture resistance. The method was proved as a pow-

erful tool for an effective check of moisture attack on various MDF materials.
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Fig. 4 Thermoanalytical curves of the delayed dried MDF materials. The sample was
synthesized from mixture of SAFB clinkers and PC with powdered poly-P
(Na5P3O10) and irreversibly attacked by extreme levels of moisture (100% RH
for 13 days and ambient conditions for additional 8 days)



2. The effect of individual humidity upon the evolution of mass is more intensive

than the effects of composition of MDF materials or duration of the original MDF

material synthesis. However, detailed values of mass change at 100% RH are

strongly affected by the nature of polymer, where irreversible portion ranges from 0.5

to 10% of mass gain. The lowest values correspond to the delayed dried MDF materi-

als with poly-P.

3. The thermoanalytical data showed that Al(Fe)–O–C(P) cross-links in AFm-like

region remain intact in the moist environment of either ambient or extreme levels of

humidity.
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