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PROPRIETATI FIZICO — MECANICE ALE UNOR
LIANTI TERNARI SILICAT — ALUMINAT - SULFATICI
PHYSICAL - MECHANICAL PROPERTIES OF SOME TERNARY BINDERS
SILICATE — ALUMINATE - SULPHATE

ANDREEA MONCEA*, MARIA GEORGESCU, ANA-MARIA PANAIT, CARMEN MUNTEANU
Universitatea ,,POLITEHNICA” din Bucuresti, Str. G. Polizu, nr.1, sector 1, 011061, Bucuresti, Roméania

Cimentul superaluminos este cunoscut aproa-
pe exclusiv, ca un liant refractar. Cercetari realizate in ul-
timele decenii, indeosebi in cadrul companiei Kerneos
(inventatoare a cimentului Fondu, in 1908 — cunoscuta sub
numele Lafarge), au condus la rezultate interesante, privind
utilizarea acestui liant, asociat cu ciment portland si sulfat
de calciu, in lianti complecsi, constituienti ai unor "mortare
uscate”, destinate lucrdrilor de constructii.

In astfel de mase complexe, el insusi sau prin
interactii cu ceilalti componenti, cimentul superaluminos
imprima ca proprietati specifice: priza si intarire rapida,
variatii dimensionale controlabile, calititi estetice (lipsa
eflorescentelor, stabilitatea culorii), rezistenta la coroziune,
rezistente mecanice bune, inclusiv la abraziune, diminuarea
poludrii (”eco-friendly”). Asemenea proprietati raspund
cerintelor impuse de utilizari in domenii ca: straturi
autonivelante, adeziv pentru placi ceramice si pietre
naturale, mase compozite de izolare termica exterioara, cu
caracteristici decorative, mortare si betoane de reparatii, cu
priza rapida, mortare rezistente la apa.

Considerdnd aceste informatii, s-au initiat si in
cadrul catedrei SIMONa din Universitatea POLITEHNICA
Bucuresti, cercetari sistematice privind realizarea si
caracterizarea unor mase liante ternare, in sistemul ciment
portland-ciment aluminos-sulfat de calciu. Au fost realizate
mase liante cu compozitii variind in limite largi: 10-80%
ciment portland, 10-60% ciment superaluminos, 5-30%
sulfat de calciu (semihidrat sau anhidrit lll). Prezenta lucrare
aduce date privind timpul de priza si rezistentele mecanice
ale liantilor ternari din sistemul ternar ciment portland (PC)
— ciment aluminos (CAC) - sulfat de calciu (CSH,), precum
si informatii referitoare la variatiile dimensionale in timpul

intaririi.

High Aluminate Cement is known almost exclusi-
vely like a refractory binder. The researches achieved in the
last decades, especially in the Kerneos company (the
inventor of cement Fondue, in 1908 — known under Lafarge
name), have lead at interesting results, concerning the use
of this binder, associated with Portland cement and calcium
sulfate in complex binders, constituents of the ,dry
mortars”, for construction works.

In such complex binders, Calcium Aluminate
Cement, himself, or by interactions with others
components, give specific properties like: setting time and
rapid hardening, size variation control, aesthetical qualities
(non efflorescence, color stability), good resistance of
corrosion, good mechanical strength, including abrasion
resistance, reduction of pollution (”eco-friendly”). These
properties meet the requirements imposed by applications
in areas: leveling masses, ceramic tiles and natural stone
adhesive, composites masses for external thermal
insulations with decorative characteristics, mortars and
concretes for repairs, with rapid setting, mortars with water
resistance.

Considering these information, some systematic
researches concerning achievement and characterization of
ternary binders, in Portland cement (PC) - Calcium
Aluminate Cement (CAC) — calcium sulphate (CSH,) system,
were initiated at the S.I.M.O.Na department in POLITEHNICA
University from Bucharest. Complex binder masses with
ranging: 10 — 80% Portland cement, 10 — 60% Calcium
Aluminate Cement, 5 — 30% calcium sulphate (hemihydrates
or anhydrite Ill) was realized. This work brings data
concerning setting time and mechanical strength, of the
ternary binders from Portland cement (PC) — Calcium
Aluminate Cement (CAC) — calcium sulphate (CSH,) ternary
system, as information regarding size variations, during
hardening.
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1.Introducere

Tendintele macro — economice care includ
grija  pentru dezvoltarea durabila, in care
economisirea materiilor prime si a energiei,
impreuna cu respectarea legislatiei de mediu, sunt
fara nici un dubiu cele mai critice probleme,
cerintele utilizatorilor pentru stabilitatea pe termen
lung a performantelor si caracteristici estetice
imbunatatite, au facut ca piata europeana a
materialelor de constructie sa fie intr-o continua
schimbare [1].

in tendinta de realizare a unor mase liante
perfomante si cu implicatii favorabile asupra
mediului [2], exista o puternica dinamica de lansare
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1. Introduction

Macro-economic trends including care for
sustainable development, in which row materials
and energy saving, with environmental legislation
compliance, are undoubtedly, the most critical
problems, the requirements of the users for long
term stability of the performances and improved
aesthetical qualities have made that the
constructions European market being in continuous
change [1].

In tendency for achieving of some
performance binder masses,  with favorable
influences on the environmental [2], is a strong
release evolution on the building materials
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pe piata materialelor de constructi a noilor
.mortare uscate” hidraulice, in care cimentul
aluminos joaca un rol principal. Prin caracterul
preponderent aluminatic, confera caracteristici
importante  materialelor compozite (mortare),
realizate din ,mortarele uscate” [3], precum: timp
de priza scurt, intarire rapida, cu dezvoltarea unor
rezistente initiale mari, care nu scad in timp,
contractie controlata [4], rezistentd la temperaturi
ridicate, la abraziune si la atacul chimic [5].

La acestea se adauga si calitati estetice —
lipsa eflorescentelor, stabilitatea culorii. Aceste
caracteristici esentiale, au justificat dezvoltarea
unor tehnologii de realizare a unor materiale liante
in care cimentul aluminos este practic, unul din
componentii de bazé [6 ].

Caracteristicile compozitionale specifice
amestecurilor liante complexe, pot fi descrise, prin
localizarea lor intr-un sistem ternar, ai carui
constituenti principali sunt: ciment aluminos, ciment
portland, sulfat de calciu (CAC — CP — CSHx).
Comportamentul lor si proprietatile se modifica in
functie de compozitie [7].

In ciuda acestei diversititi compozitionale,
s-a constatat ca procesele de intarire rapida sunt
intotdeauna dominate de formarea etringitului [8] n
solutia care contine ioni de aluminiu, de sulfat gi de
calciu. Este foarte bine stiut ca in cimentul
portland, formarea rapida a etringitului este foarte
importantd pentru controlul corect al reactivitatii
C,A si evitarea prizei instantanee.

Considerandu-se informatiile de literatura
[9], In cadrul lucrarii prezente, s-au preparat un
numar relativ mare de lianti ternari, care s-au
caracterizat prin determinari de rezistenta
mecanica, timp de priza si variatii dimensionale.
Datele obtinute au permis selectarea unor
compozitii liante, pentru studii mai complexe si
aprofundate.

in abordarea acestei categorii de lianti, s-a
pornit de la ideea ca fiecare component al
sistemului liant poate contribui prin el insusi sau
prin interacti cu ceilalti, la realizarea unor
caracteristici importante. In astfel de lianti, unele
deficiente ale cimentului aluminos se atenueaza
pana la anulare, el contribuind, pe de alta parte,
prin unele calitati ale sale, la performantele liantilor
complecsi, de acest tip.

2. Parte experimentala
2.1. Materiale utilizate

Pentru realizarea maselor liante ternare au
fost folositi ca si componenti:
e cimentul portland, CEM |1 42,5 (P.C)
e sulfatul de calciu — semihidrat sau anhidrit

I (CSHx, CS)

e cimentul aluminos (CAC),
Cimentul aluminos este un ciment

silicate — aluminate - sulphate

particularly market, of the new hydraulic "dry
mortars" in which CAC has a main contribution. By
his preponderant aluminates character gives some
important characteristics to composites materials
(mortars), derived from ,dry mortars” [3] like: rapid
setting and hardening, with high initial strength
development without decrease in time, control
shrinkage [4], good resistance at high temperature,
as well as to abrasion and chemical attack [5].

At these, aesthetical qualities - non
efflorescence, color stability — are added. These
essential characteristics, of materials, have been
justified development of some technologies for
achievement of some binder materials, in which
aluminous cement is one of the based components

[6].

Compositional characteristics of such
complex binders can be described, by theirs
location in the ternary system, whose main
constituents are: Calcium Aluminates Cement,
Portland cement, calcium sulphate (CAC — PC —

CSHx). Theirs behavior and properties are
modifying in function of composition [7].

In spite of the compositional diversity, it was
found that the rapid hardening processes are
always dominated by ettringit formations [8], in the
solution containing aluminum, sulphate and
calcium ions. It is very well known that in Portland
cement, the rapid formation of ettringit it's very
important for C3;A reactivity control and
instantaneous set avoidance.

Considering some literature information [9],
in this work, a relatively large number of complex
binders were prepared and characterized by
mechanical strength measurement, setting time
and size variations, during of the hardening. The
obtained data have been allowed the selection of
some binding compositions for more complex and
thorough studies.

In approach of this binders category, we
started from idea that each component from the
complex binding system can contribute by itself or
by interactions with others, to achieving of some
important characteristics. In these binders some
deficiencies of CAC can be attenuated until
canceling, itself contribution, on the other hand,
with some own qualities at the complex binders
performances being important.

2. Experimental
2.1. Materials

For achievement of the ternary binders, the
following materials were used:
e Portland cement, CEM | 42.5 (P.C);
e calcium sulfate — hemihydrates or

anhydrite 11l (CS H,, CS );

e Calcium Aluminate Cement (CAC).
Aluminous cement was a refractory
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refractar, GORKAL 50, avand continut ridicat de
alumina, AlLO; = 50%, rezista la temperaturi
cuprinse intre 1300 - 1400°C, si dezvolta rezistente
mecanice ridicate.

Finetea de macinare determinatd prin
metoda permeabilimetrului Blaine (conform SR EN
196 - 6:1989) [10], a fost caracterizata de o
suprafata specifica Ss, = 2188 cm2/g.

Compozitia mineralogica, calitativa a
cimentului aluminos a fost apreciata prin analiza de
difractie cu raze X, difractograma rezultata fiind
redatda in figura 1(a). Pe difractograma, se
deceleaza interferente specifice aluminatului
monocalcic, CA, de intensitati mari.

Cimentul portland CEM | 42,5 (conform SR
EN 197 — 1:2002) [11], folosit Tn realizarea maselor
liante ternare, prezinta caracteristici compozitionale
si fizico — mecanice, specificate in tabelul 1.
Finetea de macinare, determinatd prin metoda
permeabilimetrului Blaine, a fost corespunzatoare
unei suprafete specifice Sy, = 2596 cm2/g.
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cement, GORKAL 50, with high alumina content,
Al,O; = 50%, with a good resistance at high
temperatures ranging 1300 - 1400°C, and high
mechanical strength developing.

The fineness determinate by Blaine method
(according SR EN 196 — 6:1989) [10], was
characterised by a specific surface area Sg, =
2188 cm?/g.

The mineralogical qualitative composition of
the aluminates cement was appreciated by X-ray
diffraction analysis. On the X-ray pattern,
presented in Figure 1 (a), can be seen specific
peaks with high intensity for monocalcium
aluminate, CA.

Portland cement CEM | 42.5 (according SR
EN 197 — 1:2002) [11], used for achievement of
ternary binding masses, had the compositional and
physical — mechanical characteristics, shown in
Table 1. The fineness, determinate by Blaine
method, was corresponding to a specific surface
area S, = 2596 cm?/g.
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Fig. 1 - Difractograme ale materialelor componente ale liantilor ternari: a-ciment superaluminos; b - ciment portland; c-sulfat de calciu

semihidrat —CSHO.S; d-sulfat de calciu anhidru — C.S 111/ Difractograms of component materials of ternary binders:
a — calcium aluminate cement; b — portland cement; c- calcium sulfate; d — anhydrite Ill.
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Tabelul 1
Caracteristici ale cimentului CEM | 42,5 / Characteristics of CEM | 42.5 cement
UM Metoda de incercare Valori impuse cf. Valori obtinute
Caracteristica / Characteristic MU Testing method Imposed values by Obtained

g SR EN 197 — 1:2002 values
Timp initial de priza minute > 60 120
Initial setting time

SREN 196 - 3 + A1

Expansiune / Expansion mm <10 0.5
Ple_r(_iere la calcinare / Loss of % <5 3.36
ignition
Re;iduu insolubil / Insoluble % <5 01157
residue
Continut de sulfati SREN 196 -2
(exprimat ca SO;) / Sulfates % <4 3.02
content (as SO;)
Continut de cloruri / Chloride % <0.10 0.006
content
Rezistenta initiala la compresiune,
la 2 zile | Compressive strength MPa =20 259
after 2 days
Rezistenta standard la SR EN 196 -1
compresiune, la 28 2|I§ MPa 5425 <625
Normalised compressive strength
after 28 days

Prin analiza de difractie cu raze X, au fost
obtinute informatii calitative privind compozitia
mineralogica a cimentului. Difractograma din figura
1(b) evidentiaza, prin interferente specifice,
prezenta compusilor mineralogici C3S, -C,S, C,AF
si ghipsului.

Sulfatul de calciu semihidrat utilizat a avut o
finete de macinare foarte avansatd, avand o
suprafata specifica Blaine, S, = 3590 cm2/g.

By X — ray diffraction analysis, qualitative
information concerning mineralogical composition
of cement was obtained. The X-ray pattern in
Figure 1(b) shows the presence of mineralogical
compounds C3S, B-C,S, C,AF and gypsum, by
specific peaks.

Calcium hemihydrates sulphate was
characterized by a very advanced fineness, with a

specific surface area Sg, = 3590 cmz/g.
Tabelul 2

Compozitii liante cercetate / Investigated binding compositions

Indicativi si compozitii ale liantilor ternari cu continut de CEHOS | Indicatives and compositions of the

sulphate csS (A)

Component _
Compound ternary binders containing CSH, (%)
M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11
Ciment portland (CP)
Portland cement (PC) 90 85 75 60 60 40 50 30 20 10 15
Ciment aluminos (CAC)
Calcium aluminate 5 10 20 30 25 40 40 50 50 60 55
cement (CAC)
Sulfat de calciu
semihidrat
Hemihydrate calcium 5 5 5 10 15 20 10 20 | 30 30 30
sulphate
CSH,, (S)
Indicativi si compozitii ale liantilor ternari cu continut de CS ! Indicatives and compositions of the
Component . o =
Compound ternary binders containing CS (%)
P1 P2 P3 P4 P5 P6 P7 P8 P9 P10 P11
Ciment portland (CP)
Portland cement (PC) 90 85 75 60 60 40 50 30 20 10 15
Ciment aluminos (CAC)
Calcium aluminate 5 10 20 30 25 40 40 50 50 60 55
cement (CAC)
Sulfat de calciu anhidru
Anhydrous calcium 5 5 5 10 15 20 10 20 30 30 30
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Sulfatul de calciu anhidru a fost obtinut prin
tratarea termica a semihidratului la temperatura de
600°C, palier doua ore si racire lenta in cuptor.
Formarea sulfatului de calciu anhidru a fost
verificata prin analiza difractometrica.
Difractograma din figura 1 (d) confirma formarea
anhidritului IlI.

Compozitile liante ternare, preparate si
cercetate sub aspectul principalelor proprietati, au
fost selectate avandu-se in vedere si unele
informatii din lucrarea [9]. S-au avut in vedere
compozitii care in conditii de pastrare standard au
prezentat o bund comportare mecanica. In plus,
s-a urmarit gi influenta naturii sulfatului de calciu
semihidrat si respectiv anhidrit asupra principalelor
proprietati. in tabelul 2 se prezinta compozitiile
liantilor ternari cercetati.

2.2 Metode de investigare

Liantii complecsi, preparati, au fost
caracterizati din punct de vedere al finetii de
macinare, prin determinarea suprafetei specifice.
Prin  analize difractometrice, utilizdnd un
difractometru tip SHIMADZU XRD-6000 (cu Ka; A =
1.5406 A cu pas 0,02° si 2grd/min), s-au obtinut
informatii privind compozitia mineralogica a liantilor
investigati.

Comportarea liantd a maselor ternare
silicat-aluminat-sulfatice a fost apreciata prin
determinari ale timpului de priza, rezistentelor
mecanice la perioade de 2-90 zile, variatii
dimensionale in timpul intaririi.

Timpul de prizé s-a determinat folosind
aparatul Vicat, pe paste de consistentd standard,
preparate cu volume de apa care s-au determinat
prin metoda standardizata (conform SR EN 196-3
+A1:2009) [12], folosind sonda Tetmayer.

Rezistentele mecanice (la compresiune)
s-au determinat pe microprobe prizmatice, cu
dimensiuni 15mm x 15mm x 60mm, preparate din
mortar, cu rapoarte gravimetrice liant/agregat = 1/2
si apa/liant = 0,5. Probele s-au compactat prin
vibrare. Pastrarea s-a realizat in urmatoarele
conditii: o zi in matrite acoperite, la temperatura
camerei T = 20 + 2°C si dupa decofrare, perioade
de 2 zile — 90 zile pe apa, la T = 20 + 2°C si u.r
90%. Pentru comparatie, a fost studiata si
comportarea mecanica a unor probe etalon,
realizate din ciment portland si pastrate in aceleasi
conditii.

Variatiile ~ dimensionale ale  probelor
prismatice de mortar cu dimensiuni initiale
15><15><60mm3, au fost determinate prin masurarea
lungimii, folosind un micrometru electronic iar
valorile obtinute si prezentate tabelat au fost
calculate cu formula:

L, -L

AL = x 100
0
in care: Lo — lungimea initiald a probei Tn mm;

L — lungimea probei masurata in mm.

Anhydrous calcium sulfate was obtained by
thermal treatment of the hemihydrates at
temperature of 600°C, for two hours and slow
cooling in the furnace. Anhydrous calcium sulfate
was identified by X-ray diffraction analysis. The X-
ray pattern in Figure 1(d) confirms the formation of
anhydrite I11.

The ternary binding compositions, prepared
and investigated in terms of the main properties
were selected taking into account information
provided by literature sources [9]. Composition that
in standard condition have been a good
mechanical behavior were considered.
Furthermore were followed the influence of the
calcium sulfate nature (hemihydrates and
anhydrite) on the main properties. Table 2 present
investigated ternary binding compositions.

2.2 Methods

The complex prepared binders were
characterized in terms of fineness, by
determination of specific surface area. By X-ray
diffractions analysis, using SHIMADZU XRD-6000
diffractometer (with Ka; A = 1.5418 A with 0.02°
and 2dgr/min pas), information concerning
mineralogical composition of the investigated
binders were obtained.

The binding behavior of the ternary
silicate-aluminate-sulfate masses was appreciated
by the setting time determinations, compressive
strengths at periods of 2-90 days and size
variations during of the hardening.

The setting time was determined using
Vicat device, on the paste with standard
consistency, prepared with a water volume which
has been determined by standard method [12],
using Tetmeyer tube.

The compressive strengths have been
determined on the prismatic samples, with
15x15%x60mm sizes, prepared from mortars, with
gravimetric binder/sand ratio of= ., and
water/binder ratio of 0.5. The samples were
compacted by vibration and cured in the following
conditions: one day in covered mould, at room
temperature T=20 + 2°C and after mould release,
periods of 2-90 days, on the water, at T = 20 + 2°C
and relative humidity of 90%. For comparison, the
mechanical behavior of some standard samples,
made with Portland cement and cured in the same
conditions was studied also.

The size variations of the mortar
specimens with 15x15x60mm® initial dimensions
at different ages were assessed by length
measurement using an electronic micrometer and
the values obtained and presented in Table 4 was
calculated with formula:

L, -L

AL = x 100
0
where: Ly — initial length in mm; L — the

measured length in mm.
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3. Rezultate si interpretari

Liantii ternari investigati au dezvoltat
rezistente mecanice diferite, Tn functie de
caracteristicile compozitionale. Raportul ciment
portland/ciment aluminos, continutul de sulfat de
calciu si natura aportorului acestuia influenteaza in
masura importantd  evolutia rezistentelor
mecanice.

Considerand liantii cu continut de sulfat de
calciu  semihidrat  (ipsos), raportul ciment
portland/ciment aluminos influenteaza indeosebi
rezistentele initiale, in corelare gi cu continutul de
semihidrat (fig. 2-5). Pentru proportii moderate de
sulfat de calciu (10-20%), rezistentele initiale sunt
mai bune in cazul liantilor cu raport CP/CAC mai
mic (v.fig.2 si 3), fiind deci favorizate de un continut
mai mare de ciment aluminos.

in cazul liantilor cu continut mic de sulfat de
calciu (5%) sau foarte mare (30%), rezistentele
mecanice sunt, in general (deci inclusiv, initial),
mai mici, pentru rapoarte mai mici CP/CAC -
figurile 2 si 5.

O evolutie buna a rezistentelor mecanice in
timp, prezinta liantii M; si indeosebi, M (fig. 3 si 4).
La acestia se poate adauga si liantul M,, pentru
care insa, rezistenta initiala este mai mica, evolutia
foarte buna, in timp, fiind imprimata de cimentul
portland, net preponderent in acest liant.

silicate — aluminate - sulphate
3. Results and discussions

The ternary investigated binders have
developed different mechanical strength, in
function of compositional characteristics. The
PC/CAC ratio, calcium sulfate content and the
nature of this, influenced in important measure, the
mechanical strengths evolution.

Considering the binders with hemihydrates
sulfate content, the PC/CAC ratio, affects
especially the initial strength, in correlation with
hemihydrate content (Figs. 2-5). For moderate
proportions of calcium sulfate (10-20%), the initial
strengths are better for the binders with PC/CAC
lower ratio (see Figs.2 and 3), being favored by a
higher content of aluminates cement.

In the case of binder with a lower (5%) or
very high (30%) calcium hemihydrate sulfate
content, the mechanical strengths are generally
(including initially), lower for PC/CAC smaller ratio
— Figures 2 and 5.

A good evolution of mechanical strength in
time show M; and especially Mg binders (Figs. 3
and 4). At these can be added also, M, binder but,
for this, the initial strength is lower, an important
contribution at a favorable evolution in time having
Portland cement, clear preponderantly in this
binder.

-
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Fig. 2 - Rezistente la compresiune functie de raportul CP/CAC, C S Ho s constant = 5% -compozitile My, M, si M3 / Compressive strength

depending on PC/CAC ratio, C S Hy s constant = 5% - My, M, M; compositions.
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Cs
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28
Time (days)
PC/CAC 2.00 1.25

Fig. 3 - Rezistentele la compresiune functie de raportul CP/CAC, C S Hos constant = 10% - compozitiile M4 si M; / Compressive strength

depending on PC/CAC ratio, C S Ho s constant = 10% - M, and M; compositions.
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1.0 ' Time (days)
PC/CAC 0.60 1

Fig. 4 - Rezistentele la compresiune functie de raportul CP/CAC, C S Ho5 constant = 20% - compozitiile Mg $i Mg / Compressive strength

depending on PC/CAC ratio, C S Ho s constant = 10% - Mg and Mg compositions.
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Liantii cu continut de sulfat de calciu anhidru
au dezvoltat rezistente mecanice mai bune, in
general, comparativ cu cei cu continut de
semihidrat. Pentru aceasta categorie, rezistentele
mecanice initiale sunt influentate favorabil de
rapoarte CP/CAC mai mici, influenta continutului
mai mare de ciment aluminos manifestandu-se mai
puternic in cazul compozitilor cu continut de
anhidrit de 10-20% (fig. 6-8).
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silicate — aluminate - sulphate

The binders with anhydrous calcium sulphate
content developed generally, better mechanical
strengths in comparison with those containing
hemihydrates. For this category of binders, the
initial mechanical strengths are also, favorably
influenced by smaller PC/CAC ratio, the influence
of higher aluminates cement content being
stronger for the compositions with 10 — 20%
anhydrite content (Figs. 6 - 8).
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Fig. 5 - Rezistente la compresiune functie de raportul CP/CAC, C S Ho s constant = 30%-compozitiile Mg, M1 $i My /

Compressive strength depending on PC/CAC ratio, C S Ho s constant =30% - Mg, M1, and My, compositions.
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Fig. 6 - Rezistente la compresiune functie de raportul CP/CAC, C S constant = 5% - compozitile P4, P, si Ps / Compressive strength

depending on PC/CAC ratio, C S constant = 5% - Py, P, and P; compositions.
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Se remarca prin rezistente initiale foarte The binders with higher content of calcium

bune, liantii cu continut foarte mare de sulfat de sulfate (30%) — hemihydrates (Mg, M4y and My; —
calciu (30%) — semihidrat (Mg, M1g, M44) (fig.5) sau Fig. 5) or anhydrite (Py, P19 and P4, — Fig. 9) are
anhidrit (Pg, P49, P11 — fig.9). noticeable by very high initial strengths.
20
16 -
12 -
Cs
(MPa)
8
4 -
0 - . 90
l 7 28
2
1.25 1 .
PC/CAC Time (days)

Fig. 7 - Rezistente la compresiune functie de raportul CP/CAC, C S constant = 10% - compozitiile P4 si P; / Compressive strength

depending on PC/CAC ratio, C S constant = 10% - P, and P, compositions.
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Fig. 8 - Rezistente la compresiune functie de raportul CP/CAC, C S’ constant = 20% - compozitiile Ps si Ps / Compressive strength

depending on PC/CAC ratio, C S constant =20% - Ps and Ps compositions.
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Fig. 9 - Rezistente la compresiune functie de raportul CP/CAC, C S constant = 30% - compozitiile Pg, P10 $i P11/ Compressive strength

depending on PC/CAC ratio, C S constant = 30% - Ps, Py and Py compositions.

Rezistentele la compresiune dupa o zi,
variaza pentru acesti lianti, intre aprox. 20 MPa si
34 MPa. Dar, in timp, dupa perioade mai mici (7
zile — liantii Py, P10, Si P44) sau mai mari (90 zile —
lianti Mg, Mo, si Myq), rezistentele mecanice
prezinta anumite scaderi, care pot fi consecinta
unor tensiuni interne provocate de viteza foarte
mare a proceselor de hidratare sau de unele
transformari ale hidrocompusilor formati initial,
acesti lianti avand si continut foarte mare de ciment
aluminos (50-60%).

Pentru considerarea utilitatii practice a
unora din liantii ternari, care au dezvoltat rezistente
mecanice bune, este importanta viteza cu care are
loc priza acestora, de aceasta depinzand
lucrabilitatea mortarelor / betoanelor.

Pentru determinarea timpului de priza, s-a
determinat anterior, apa pentru pasta de
consistentd standard (normald), prin metoda
standardizata [12], folosind aparatul Vicat prevazut
cu sonda Tetmayer. Au fost considerati o parte din
liantii caracterizati din punct de vedere al
rezistentelor mecanice. Selectiile s-au facut avand
in vedere masele ale caror rezistente mecanice au
avut valori bune, atét initiale cat si la perioade mai
mari de timp. Valorile determinate pentru acestia
sunt prezentate in tabelul 3.

Asa cum era de asteptat datorita hidratarii
mai rapide a aluminatilor de calciu din cimentul
aluminos, volumul de apa necesara obtinerii unei
paste cu consistentda normala, creste important
odata cu cresterea cantitatii de ciment aluminos din

For these binders, the compressive
strengths, after one day are comprised
approximately between 20 MPa and 34 MPa. But
in time, after certain periods of time (7 days — Py,
P10, and P4y binders, respectively 90 days — Mo,
Mio and My, binders), the mechanical strengths
present some decreases which may be a
consequence of some internal stresses caused by
rapid hydration processes or some transformation
processes of initially formed hydrates, these
binders having a very high aluminates cement
content (50-60%).

For practical utility of some ternary binders,
which developed good mechanical strengths, their
workability, depending of the setting time is
important.

For setting time determination, it has
previously determined the quantity of water for
standard consistency paste [12], using Vicat
device with Tietmeyer tube. For this determination,
some of the characterized binders in terms of
mechanical strength were considered. The
obtained values of the water necessary for
standard consistency are presented in Table 3.

As was expected, the water volume
necessary for normal consistency paste increases
with amount of aluminates cement in binders
composition because a rapid hydration process of
the calcium aluminates from calcium aluminate
cement. The binders with calcium sulphate
hemihydrates, especially with high proportions of
this compound (20-30%) required, also a higher
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compozitia liantilor. Liantii cu continut de sulfat de
calciu semihidrat, indeosebi pentru proportii mari
ale acestui component (20-30%) au necesitat, de
asemenea, cantitdti mai mari de apa pentru

quantity of water to achieve a standard
consistency paste.

The setting time of ternary binders was
determined on the normal consistency pastes, with

obtinerea pastelor de consistenta standard. Vicat device.
Tabelul 3
Valori ale apei pentru pasta de consistenta standard / Water values for standard consistence pastes
Apa de consistenta standard Apa de consistenta normala
Indicativ liant [cm3/1OOg liant] / Water for Indicativ liant 3p : ’
; P . . PR [em*/100g liant] / Water for normal
Binder indicative standard consistency paste Binder indicative consistency paste [cm®/100g binder]
[cm®100g binder] yp 9
P1 31 M1 31
P2 26.6 M2 32
P3 34 M3 26.6
P6 36 - -
P8 49 M8 50
P9 42 M9 54
P10 36 M10 48
P11 38 M11 51
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Fig. 10 - Timpul de priza (initial si final) pentru lianti ternari cu continut de C S Hos / Setting time (initial and final) for the ternary binders

containing C S Hos.

Valorile inceputului si sfarsitului de priza,
determinate  pentru liantii  investigati  sunt
prezentate in figurile 10 si 11.

Reprezentarile grafice releva foarte clar,
comportamentul diferit al liantilor ternari, sub
aspectul vitezei de rigidizare a pastelor. Continutul
de ciment aluminos din compozitia liantilor
influenteaza hotarator timpul de priza. Astfel, in
categoria liantilor cu continut de sulfat de calciu
semihidrat, priza se scurteaza paralel cu cresterea
continutului de CAC, in limitele 5-10%, in seria
M; — M; — M, iar pentru compozitile Mg, My,
M4, cu 50-60% CAC, ea devine foarte scurta (fig.
10). Aceasta inseamna o viteza foarte mare a

The initial and final setting time values, for
the investigated binders are presented in Figures
10 and 11.

The Figures show very clearly, a different
behavior of ternary binders, in terms of the pastes
set. CAC content in binders composition exerts an
important influence on the setting time. Thus, in
the binders category with calcium sulphate
hemihydrates content, the setting time becomes
shorter at the same time with the increase of CAC
content in the range of 5-20%, in the series: My —
M, — Ms. For Mg, M4y and M4, compositions with
50-60% CAC, the set becomes very rapid (Fig.
10). This means a very high rate of hydration
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proceselor de hidratare, care asigura dezvoltarea
de rezistente initiale bune, dar tensiunile interne
asociate unei astfel de viteze slabesc structura de
intarire si atrag dupa sine scaderi in timp ale
rezistentelor mecanice (asa cum s-a aratat anterior
in fig. 5). Ca urmare, aceste mase (Mg, M4q Si M4 )
nu pot fi considerate pentru aplicatii practice, decét
daca se adauga la prepararea lor, un aditiv
intarzietor, eventual un superplastifiant cu efect
intarzietor de priza.

silicate — aluminate - sulphate

processes, which provides development of good
initial strengths, but internal stresses appear in the
same time. They affect the hardening structure
and lead to decrease in time of mechanical
strength (as shown above). As a result, these last
masses cannot be considered for practical
application, only if it use to theirs preparation of
some retarding admixtures, or super plasticizers
with retarding effect on setting time.
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Fig. 11 - Timpul de priza (initial si final) pentru lianti ternari cu continut de C S Setting time (initial and final) for the ternary binders

containing C S.

Pentru lianfii cu continut de anhidrit,
variatia timpilor de priza in functie de continutul de
CAC nu a fost la fel de regulata, ca in cazul celor
cu continut de semihidrat. Totusi, si Tn aceasta
categorie, lianti cu  continut mic de ciment
aluminos (5-10%) si de semihidrat (5%) au priza
lentad (v. fig. 11 — compozitile P4, P), in timp ce
pentru compozitile cu continut mare de CAC (Ps,
Ps, Pgo, P10, P14), priza este rapida. Procesul de
rigidizare este foarte rapid in cazul masei Ps.
Viteza foarte mare a proceselor de hidratare a
generat tensiuni interne si chiar fenomene de
fisurare a probelor [13] din aceasta compozitie,
ceea ce explica si lipsa, practic, a rezistentelor
mecanice.

Coroborand datele de rezistentd mecanica
si timp de priza, masele liante ternare, investigate
se pot grupa in mai multe categorii:

- lianti cu priza si intarire lenta (M4, M, si
P4, P,), care contin 5-10% ciment aluminos si 5%
sulfat de calciu semihidrat si anhidrit; acestia
dezvolta rezistente mecanice initiale mici, dar care
cresc in timp, continuu si in masura importanta;

- lianti cu priza si intarire rapida (Mg, My,
M4 si Pg), cu continut mare de ciment aluminos

For the binders with anhydrite content, the
setting time variation in function of CAC content
wasn’t as regular as those for the binders with
hemihydrates content. However, in this category,
the binders with small aluminates cement content
(5-10%) and hemihydrates (5%) have a slow set
(see Fig. 11 — P4 and P, compositions), while for
the compositions with high content of CAC (Ps, Ps,
Pg, P1o and P4q) the setting time is shorter. The
hardening process is very rapid for Pg binder. Very
high rate of hydration processes generates internal
stresses and even cracking of the samples [13],
what explains mechanical strengths lack.

By corroborating of the mechanical
strength and setting time data, the investigated
ternary binding masses can be grouped in many
categories:

- binders with slow set and slow
hardening (M;, M, and P, P, with 5-10% CAC
content and 5% calcium sulphate); these binders
developed small initial mechanical strengths, but
they increase continuously in time in important
measure;

- binders with rapid sett and rapid
hardening (Mg, My, My; and Pg), with high
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(40-60%) si de sulfat de calciu (20-30%); acestia
dezvolta rezistente initiale foarte bune, dar care
scad dupd intervale de timp mai mari, consecinta a
tensiunilor interne pe care viteza prea mare a
proceselor de hidratare le genereaza;

- lianti cu prizd moderata (P3;, Pi, P11),
care dezvoltd rezistente initiale bune si care
evolueaza continuu crescator in timp (P;) sau
rezistente initiale foarte bune, dar care nu se
modifica practic, in timp (P19, P14).

Determinarile de variatii dimensionale,
pentru unii dintre liantii ternari investigati, au
indicat, pentru cele mai multe compozitii, o buna
constanta de volum in primele 7 zile, iar pentru 90
zile — contractii, in general mici (tabelul 4).

aluminate cement content (40-60%) and high
calcium sulphate content (20-30%); these binders
developed good initial strengths, but these
decrease, after longer periods of time; this is a
consequence of internal stresses generated by a
very high hydration rate;

- binders with average sett (Ps, P1o
and P4,), which develop good initial strengths and
these increase in time (P3) or very good initial
strengths, but these do not change in time (Pq
and P11).

Size variation measurements, for some
investigated binders, showed for the most of them,
an unchanging volume in the first 7 days, and

Tabelul 4
Variatii dimensionale pentru lianti cu continut de semihidrat sau anhidrit
Dimensional variations for the binders containing hemihydrate or anhydrite
Indicativ liant Compozitie /Composition, (%) AL (%)
m’f,;ggsce cP CAC | CSHos cs 2 zile/days 7 zile/days 90 zile/days
M1 90 5 5 - 0 0 - 0.036
M2 85 10 5 - 0 0 -0.42
M3 75 20 5 - 0 0 -0.3
M10 10 60 30 - 0 0 -0.08
M11 15 55 30 - 0 0 +03
P1 90 5 - 5 0 0 -1.41
P2 85 10 - 5 0 0 -0.63
P3 75 20 - 5 0 0 -1.67
P6 10 60 - 30 0 +4.35 +5.39
P7 15 55 - 30 0 0 -0.36

Face exceptie liantul Ps, pentru care s-au
inregistrat fenomene de expandare, concretizate
prin cresteri relativ importante ale lungimii (4,35%,
la 7 zile). Ulterior, la 90 zile, cresterea lungimii
probei se accentueaza, compozitia Ps, prezentand
si vizual, un proces accentuat de fisurare (fig. 12).
Acest lucru se poate datora formarii etringitului Tn
cantitate mai mare, datoritéd continutului mai mare
de anhidrit pe care aceasta proba il are in
compozitia sa [14].

4. Concluzii

Proprietatile fizico-mecanice ale liantilor
ternari silicat-aluminat-sulfatici cercetati au fost
influentate in m&sura importantad de caracteristicile
compozitionale ale acestora — raportul ciment
aluminos (CAC) / ciment portland (CP) si continutul
de sulfat de calciu, precum si natura aportorului
sau (semihidrat sau anidrit) find de mare
importanta.

Pentru proportii moderate de sulfat de calciu
semihidrat de 10-20%, rezistentele mecanice
initiale au fost mai bune in cazul liantilor cu raport
CP/CAC mai mic, fiind deci favorizate de un
continut mai mare de ciment aluminos.

in cazul liantilor cu continut mic de
semihidrat (5%) sau foarte mare (30%),
rezistentele mecanice au fost, in general (deci
inclusiv, initial), mai mici, pentru rapoarte mai mici
CP/CAC. O evolutie buna a rezistentelor mecanice
in timp, au prezentat liantii M; si indeosebi, Mg — cu

some small contractions after 90 days (Table 4).
An exception is Pg binder, for which un expansion
phenomena was registered, concretized in a
relatively large volume increase (4.35% at 7 days
and 5.39% after 90 days). This binding
composition presented also, a visible emphasized
cracking process (Fig. 12). This can be because of
a more amount of ettringite do to a high anhydrite
content in composition [14].

Fig. 12 - Expansiune cu fisurare, la intarirea timp de 7 zile a
masei liante Pg / Expansion with craking at 7 days
hardening of Ps binding composition.

4. Conclusions

Physical and mechanical properties of
ternary silicate — aluminate — sulphate binders
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10-20% semihidrat si rapoarte mici CP/CAC (0,6-
1.25).

Liantii cu continut de sulfat de calciu
anhidru au dezvoltat rezistente mecanice mai
bune, in general, comparativ cu cei cu continut de
semihidrat. Si pentru  aceasta  categorie,
rezistentele mecanice initiale sunt influentate
favorabil de rapoarte CP/CAC mai mici, influenta
continutului mai mare de ciment aluminos
manifestandu-se mai puternic in cazul compozitiilor
cu continut de anhidrit de pana la 20%.

Se remarca prin rezistente initiale foarte
bune (dupa 1 zi de intarire), liantii cu continut
foarte mare de anhidrit (30% - Py, P, P11).
Rezistentele la compresiune dupa o zi, variaza
pentru acesti lianti, intre 24 MPa si 34 MPa. Dar, in
timp, chiar dupa 7 zile, rezistentele mecanice
prezintd anumite scaderi, care pot fi consecinta
unor tensiuni interne provocate de viteza foarte
mare a proceselor de hidratare.

Timpul de priza al liantilor ternari cercetati a
fost influentat hotarator de continutul de ciment
aluminos din compozitia lor. Astfel, in categoria
liantilor cu continut de sulfat de calciu semihidrat,
priza se scurteaza paralel cu cregterea continutului
de CA, in limitele 5-10%, in seria My — My, — M,
iar pentru compozitile Mg, My, M4y, cu 50-60%
CAC, ea devine foarte scurtda. Aceasta este
consecinta unei viteze foarte mari a proceselor de
hidratare, care asigura dezvoltarea de rezistente
initiale bune, dar tensiunile interne asociate unei
astfel de viteze slabesc structura de intarire si
atrag dupa sine scaderi in timp ale rezistentelor
mecanice (agsa cum s-a aratat anterior). Ca urmare,
aceste ultime mase nu pot fi considerate pentru
aplicatii practice, decat daca se adaugd Ila
prepararea lor, un aditiv intarzietor, eventual un
superplastifiant cu efect intarzietor de priza.

Liantii ternari cercetati au prezentat
contractii foarte mici (<0,5%), in timpul intaririi,
exceptie facand liantii cu continut foarte mare de
ciment aluminos (60%) si de sulfat de calciu —
semihidrat sau anhidrit (30%) — Ps.
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e Hydration and formation of microstructure

e (Experimental) Techniques for characterization hydration and microstructure

e Early-age deformations and internal stresses in cement-based systems

e Transport properties in cracked and uncracked concrete

e Effect of time dependent phenomena and aging on microstructure and durability

e Chemical and physical degradation under coupled (environmental) loading conditions (carbonation, chemical attack,
bio-induced degradation, freeze-thaw, ASR, etc)

e (Numerical) Modeling of microstructure, transport and degradation processes

e  Effect of electrical current (from electrochemical protection) and corrosion products on microstructure

e New techniques for evaluation of durability and service life

e  Curing technology and effect of curing on durability

e  Smart cementitious materials for enhanced durability

e Durability of systems containing waste products and recycled materials

e  Stability of cementitious systems used for immobilization of hazardous products

e Self healing concepts for enhanced durability of cement-based systems?

e Bio-inspired and bio-degradable cementitious systems?

e Durability of bio-based modifications of cement-based systems

e Durability of concrete repair: The role of microstructure at repair interface

e Design for durability: A microstructure-based durability index

e Integral strategy for sustainability and durability
Contact: http://microdurability.tudelft.nl/Contact.php
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