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BETOANE CU LIANTI MINERALI $I COMPUSI MACROMOLECULARI
CONCRETES WITH MINERAL BINDERS
AND MACROMOLECULAR COMPOUNDS

MARIN AMAREANU*
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/ In lucrare, se prezintd un studiu focalizat asu%

comportarii in betoanele de ciment a compusilor

macromoleculari, respectiv a compusgilor macromoleculari
impreuna cu diferite alte adaosuri minerale, precum si
influenta acestora in procesele de hidratare-hidrolizd cu
evidentierea mecanismelor care au loc la priza si intarirea
acestor sisteme liante complexe. Studiile sunt circumscrise
proceselor aferente intaririi sistemului liant complex :
ciment portland — ragina epoxidica — apa, ciment portland —
rasina epoxidica + intaritor — apa , ciment portland -
poliacetat de vinil — apa, dar si acestor sisteme cu diferite
tipuri de adaosuri (pulberi ultrafine) : silice ultrafina (SUF),
@tomit (D), si cenusa de termocentrala.

f The paper presents a study focused on behavio%

cement concrete of the macromolecular compounds and of
macromolecular compounds associated with various
mineral addition materials, and their influence on hydration-
hydrolysis processes, emphasizing the mechanisms related
to setting and hardening of these complex binding systems.
The studies are concerning the complex hardening
processes of complex binding systems: Portland cement -
epoxy resin - water, Portland cement - epoxy resin +
hardening agent - water, Portland cement - polyvinyl acetate
— water. To these binding systems, different additions (of
ultrafine particles): silica fume (SF), diatomite (D), and fly
ash (FA) were added.

Keywords: Polymer concrete, mechanical properties, epoxy resin, vinyl polyacetate, mineral addition materials

1. Introducere

Betonul modern a devenit materialul de
constructie cel mai utilizat. Realizarea gi folosirea
lui, mai cu seama in ultimele decenii, au cunoscut
progrese remarcabile (prin calitate, cantitate si
varietate).

Se vorbeste tot mai mult de betoane si
cimenturi de inalta performanta.

Asupra betonului, in timpul perioadei sale de
utilizare, pot actiona anumiti factori externi (mediul
in care este expus), sau interni (proveniti din masa
betonului) care sa conduca la scaderea durabilitatii
sale.

Este esential ca betonul s& reziste, in
conditiile pentru care a fost proiectat, o perioada
indelungata de timp, fara ca el sa se deterioreze.
Un beton care indeplineste aceastd conditie este
durabil.

Piatra de ciment prezintda o rezistenta la
incovoiere si la intindere din tractiune simpla de
aproximativ 5 ori, respectiv 10 ori mai mica decét
rezistenta la compresiune; deformabilitatea sub
sarcina este limitata, ruperea se produce casant. La
cresterea sarcinii aplicate are loc o deformatie
preponderent elastica urmata de o rupere brusca [1].

Prin armare metalica, proprietatile elastice ale
elementelor de constructie sunt Tmbunatatite, cu
toate acestea performantele mecanice ale betonului
armat reprezinta doar aproximativ 10% din
rezistenta la tractiune a armaturii metalice. Lucrurile
se prezintd asa pentru ca rezistenta teoretica,
intrinseca a pietrei de ciment, practic, nu poate fi
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1.Introduction

Modern concrete has become the most
widely used building material. Making and using i,
especially in recent decades have seen remarkable
progress (through quality, quantity and variety).

It is to discuss more about high performance
concretes and cements.

On the concrete, during its period of use,
may act external factors (such as the environment
in which the concrete is exposed), or internal
factors (related to the concrete composition). These
influence factors will lead to concrete durability
decreasing.

It is essential that the concrete doesn’t be
affected, in the design conditions, for a long time,
without deterioration. A concrete meeting this
specification is durable.

Cement stone shows bending strength and
traction strength just about 5, respectively and 10
times lower than compressive strength; the
deformability under loading is limited, the brittle
breaking may occurs. By increasing the loading,
may appear the elastic deformation followed by a
sudden breaking [1].

Through metal reinforcement, the elastic
properties of building components are improved.
However the mechanical performance of reinforced
concrete is only about 10% of tensile strength of
steel reinforcement. This is due to the fact that the
theoretical strength of cement stone cannot be
achieved, mainly due to the high porosity.

Only the large pores and microcracks of
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atinsa, fin principal, datorita porozitatii sale
importante.

Dintre porii pietrei de ciment numai porii
mari si microfisurile influenteaza proprietétile
mecanice, ele reprezentdnd punctele cele mai
vulnerabile de la care se propaga fisurarea in
conditiile aplicarii unei sarcini exterioare.

Porozitatea pietrei de ciment poate fi
diminuata prin diminuarea raportului apa/liant (a/l),
in conditiile folosirii de superplastifianti, si prin
utilizarea de adaosuri de polimeri solubili in apa
sau care pot forma emulsii apoase coloidale
stabile. Diminuarea porozitatii rezulta, in acest din
urma caz, atat prin umplerea porilor cu polimeri
cat si printr-un efect plastifiant, determinat de
acestia, care permite scaderea raportului a/l.

Betoanele de ciment cu polimeri se obtin
prin adaugarea, la preparare, a unui compus
macromolecular, rezultdnd un beton cu proprietati
modificate fata de betoanele obisnuite [2].

In betoanele de ciment cu polimeri liantul
mineral constitue partea componenta
predominantd, iar liantul organic este in cantitati
mai mici, formand impreuna un liant complex.
Componentul organic contribuie la imbunatatirea
aderentei dintre piatra de ciment si agregat
precum si dintre particulele de ciment [3,4].

Dezvoltarile din ultimele doua decenii,
privind realizarea de sisteme liante compozite
performante, cu rezistente mecanice foarte
ridicate sau cu alte proprietati care sa le deschida
arii speciale de utilizare, au fost rezultatul unor
concepte si proceduri adecvate referitoare
indeosebi la compozitia si procesarea lor. Prin
modificari compozitionale adecvate si prin
dezvoltarea, la intarire, a unor structuri de o céat
mai Tnhaltd competitivitate, libere de macrodefecte,
cu discontinuitati structurale uniform distribuite si
de foarte mici dimensiuni al caror efect de
concentrare a eforturilor la solicitari mecanice sa
fie cat mai redus, reprezinta cai de realizare a
unor materiale compozite de foarte Tnalta
rezistentd mecanica, cu tenacitati imbunatatite.
Unei asemenea motivari ii raspund si sistemele
liante complexe: ciment portland — adaosuri
hidraulic active — polimer — apa, ceea ce fac
obiectul prezentei lucrari, avand scopul final de
imbunatatire a performantelor betoanelor rutiere.

Se urmareste corelarea proprietatilor si a
modului cum, cei doi componenti - organic i
anorganic - se influenteaza reciproc in procesele
de intarire; de exemplu vascozitatea dispersiilor
de polimeri influenteaza procesele de difuzie care
au loc la hidratare-hidroliza cimentului portland,
iar in cazul rasinilor epoxidice, mediul bazic, creat
de hidratarea-hidroliza cimentului (ionii Ca2+),
poate asigura reticularea monomerului, astfel
incat sa nu fie nevoie de intaritor special (compus
aminic) [1].

Pornind de la aceasta premiza — care ar
simplifica tehnologia de realizare a betoanelor cu

cement stone affect the mechanical strength.
These pores and microcracks represent the most
vulnerable points from which cracks propagate at
external loading.

The porosity of cement stone can be
diminished by reducing the water/binder ratio
(a/l), by using superplastifiants and by adding
different amount of polymers. These polymers
can be water soluble or can form stable colloidal
aqueous emulsions. Porosity is decreasing due to
the fact that the pores either are filled with
polymer, either by a plasticizer effect, determined
by the polymers, which allows the decreasing of
all ratio.

The cement concretes with polymer are
obtained by adding, to the preparation, of a
macromolecular compound, forming a concrete
with modified properties as compared to ordinary
concretes [2].

In the cement concretes with polymer, the
mineral binder represents the main component,
and the organic binder is smaller amounts.
Together they form a complex binder. The
organic compound improves the adhesion
between cement stone and aggregate, as well as
between cement particles [3,4].

Developments in the last two decades,
regarding the development of advanced
composite binding systems with high mechanical
strength or other properties according to their
special usage were the result of concepts and
procedures related to their composition and
processing. Through composition variation and
the development of the macrodefect free
structures, with small structural discontinuities
uniformly distributed (which will not concentrate
the stress at mechanical loading) can be obtained
composite materials with high mechanical
strength and improved toughness. For the same
motivation, the complex systems binders:
Portland cement - hydraulic active materials -
polymer — water, are the subject of the present
paper, with the ultimate goal of improving the
performance of road concretes.

It is to emphasize the correlation between
properties and of how the two compounds -
organic and inorganic - are influencing hardening
processes, e.g. polymer dispersions viscosity
influences the diffusion processes occurring in
Portland cement hydration-hydrolysis, and the
epoxy resins, due to the alkali medium created by
the hydration-hydrolysis of cement (ions Ca*"),
can provide cross-linking monomer, so you do not
need the hardening agent (amine compound) [1].
Starting from this premise, the technology of
concrete with resin will be simplified. Also and
taking into account the information regarding the
active hydraulic materials, the studies will be
limited to hardening processes of complex
binding system: Portland cement - epoxy resin -
water, Portland cement - epoxy resin + hardening
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asemenea rasind, si tindnd seama de informatiile
referitoare la adaosurile hidraulic active, studiile
vor fi circumscrise proceselor aferente Tintaririi
sistemului liant complex: ciment portland — rasina
epoxidica — apa, ciment portland - rasina
epoxidica + intaritor — apa , ciment portland —
poliacetat de vinil — apa, dar si acestor sisteme cu
diferite tipuri de adaosuri (pulberi ultrafine): silice
ultrafina (SF), diatomit (D), si cenusa de
termocentrala (FA).

2. Conditii si proceduri experimentale

Materialele componente ale betoanelor de
ciment cu polimeri sunt: liantul mineral, liantul
organic  (polimerul), apa de amestecare,
agregatele si, In anumite cazuri, adaosurile.

Liantul mineral care s-a folosit este cimentul
rutier CD 40 (Lafarge), cu caracteristicile fizico-
chimice prezentate in tabelul 1.

205

agent - water, Portland cement — vinyl
polyacetate - water, and to these systems will be
added various ultrafine particles: silica fume (SF),
diatomite (D), and fly ash (FA).

2. Experimental

Constituent materials of polymer cement
concrete are: mineral binder, organic binder
(polymer), mixing water, aggregates, and in some
cases, additions.

The mineral binder is road cement coded
CD 40 (Lafarge). The physical and chemical
characteristics of used cement are presented in
Table 1.

Existing research and information have
suggested the decisive role of the active hydraulic
additions and macromolecular compounds on the
hardening behavior and properties of concrete
made with these complex binding systems.

Tabelul 1

Caracteristici fizice si chimice ale cimentului CD40 / Physical and chemical characteristics of cement CD40

Compozitie chimica (%) / Chemical composition (%)

CaO SIOz SO3 A|203 Fe203 MgO Na20 Kzo NaZOeq CaO liber/free PC / LOI | Insoluble Residue CI

Reziduu insolubil

62.79|20.57| 2.80 | 445 | 6.11 | 1.91 | 0.18 | 1.10

0.90 0.61 0.46 0.22 0.018

Suprafata specificd (Blaine), cm?/g

Stabilitate (mm)

Timp de priza (Vicat)

Specific surface area (Blaine), cm*/g Stability(mm) Vicat settingItime
3022 1.0 Initial(minute) Final(minute)
190 235

Rezistente mecanice la compresiune (N/mm?)
Compressive strength (N/mm?)

2 zile / days

7 zile / days

24.8 35.6

Cercetarile si informatile existente in
domeniu au sugerat rolul potential hotarator al
adaosurilor hidraulic active si al compusilor
macromoleculari asupra comportarii la intarire si a
proprietatilor betoanelor realizate cu aceste
sisteme complexe, rol potentat de natura
adaosului realizat.

Pornind de la acesta premiza, au fost
efectuate cercetdri pe categorii de betoane,
sistematizate in tabelul 2.

In tabelul 3 sunt prezentate compozitiile
chimice ale adaosurilor considerate: silicea
ultrafina (SF), diatomitul (D) si cenusa de
termocentrala (FA).

Cenusa de termocentrala, provenita de la
termocentrala Mintia, contine faza vitroasa
(predominanta, rezultata prin subracirea topiturii
din care provine), dar si faze preexistente netopite
sau formate prin reactii in faza solida: cuartul,
mulitul si, intr-o mai mica masura, hematitul [5].

Diatomitul ~ contine  faze necristaline
constituente — cvasiamorfe sau vitroase, si faze
cristaline rezultate din impurificari — nisip cuartos,
minerale argiloase, feldspati si alte minerale
sedimentometamorfice. Fazele cristaline
frecvente, evidentiate sunt: cuart, dolomit [5].

Starting from this premise, the considered
concrete systems were systematized in Table 2.

In Table 3 are presented the chemical
composition of the used additive materials: silica
fume (SF), diatomite (D) and fly ash (FA).

Fly ash from thermal plant Mintia contains
vitreous phase (predominantly produced by melt
fast cooling), and unmelted phases or phases
formed by the solid state reaction: quartz, mullite,
and hematite in small quantity [5].

Diatomite contains noncrystalline phases —
gvasiamorphous or vitreous and crystalline
phases from contamination - quartz sand, clay
minerals, feldspars and other metamorphic or
sediment minerals. Common crystalline phases
highlighted are: quartz, dolomite [5].

On the above mentioned systems were made
experimental studies concerning binding activity of
the complex binder - water systems and their
capacity to develop strong hardening structures,
assessed by determining the mechanical strength.
In order to achieve these objectives, the concretes
were prepared with 10%wt macromolecular
compounds (reported to cement). The hydraulic
active materials were introduced by replacing 5% of
the aggregate of 0-1 class.
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Tabelul 2
Categoriile de sisteme de betoane considerate
Considered concrete systems
Clase de sisteme Sistem / System Cod / Code
Class of systems
Ciment CD 40 (martor) / Cement CD 40 (reference) CD 40
A Ciment CD 40 + Rasina / Cement CD 40 + Resin CD 40+R
Ciment CD 40 + Rasina + Intaritor / Cement CD 40 + Resin + Hardening agent CD 40+R+I
Ciment CD 40 + Poliacetat de vinil / Cement CD 40 + Vinyl polyacetate CD 40+PAV
Ciment CD 40 + Silice ultrafind / Cement CD 40 + silica fume CD 40+SF
Ciment CD 40 + Silice ultrafina + Rasina / Cement CD 40 + Silica fume + Resin CD 40+SF+R
Ciment CD 40 + Silice ultrafind + Rasina + Intaritor
B Cement CD 40 + Silica fume + Resin + Hardening agent CD 40+SF+R+I
Ciment CD 40 + Silice ultrafina + Poliacetat de vinil
Cement CD 40 + Silica fume + Vinyl polyacetate CD 40+SF+PAV
Ciment CD 40 + Cenusa de termocentrala / Cement CD 40 + Fly ash CD 40+FA
Ciment CD 40 + Cenusa de termocentrald + Rasina / Cement CD 40 + Fly ash + Resin CD 40+FA+R
Ciment CD 40 + Cenusa de termocentralé + Rasina + Intaritor
¢ Cement CD 40 + Fly ash + Resin + Hardening agent CDUA0+FA+R+
Ciment CD 40 + Cenusa de termocentrala + Poliacetat de vinil
Cement CD 40 + Fly ash + Vinyl polyacetate CD 40+FA+PAV
Ciment CD 40 + Diatomit/ Cement CD 40 + Diatomite CD 40+D
Ciment CD 40 + Diatomit + Rasina / Cement CD 40 + Diatomite + Resin CD 40+D+R
Ciment CD 40 + Diatomit + Rasina + Intaritor
D Cement CD 40 + Diatomite + Resin + Hardening agent CD 40+D+R+l
Ciment CD 40 + Diatomit + Poliacetat de vinil
Cement CD 40 + Diatomite + Vinyl polyacetate CD 40+D+PAV
CD 40(martor) / Cement CD 40 (reference) CD 40(martor)
(reference)
E CD 40+Silice ultrafind/ Cement CD 40 + silica fume CD 40+SF
CD 40+Cenusa de termocentrala / Cement CD 40 + Fly ash CD 40+FA
CD 40+Diatomit / Cement CD 40 + Diatomite CD 40+D
Nota: Poliacetatul de vinil a fost utilizat sub forma de emulsie apoasa continand 50% substanta solida si 50% apa.
Note : Viynil Poliacetate was an water emulsion containing 50% solid substance and 50 % water
Tabelul 3
Caracteristicile chimice ale silicei ultrafine, diatomitului si cenusii de termocentrala
Chemical characteristics of silica fume, diatomite and fly ash
PC/
SiO, | Fe,03 | ALO; | Cal MgO | Na,O | K;O | C/S | MnO | TiO, S SO, LOI
Silice ultrafing 841| 80 |08 | 10 |08 | - | - |18/-] - 3.9
Silica fume
Diatomit 07| 224 |a71| 143 |o035| - | - | - | - 8,98
Diatomite 2
Cenusa d,f,;zrgfce”tra'a 5353| 9,33 |2644| 4,0 | 194|077 | 223 091 | 0,11 | 0,21 | 0,80

Pe sistemele mentionate s-au facut studii
experimentale privitoare la activitatea sistemului
liant complex — apa, precum si disponibilitatea lor
de a dezvolta structuri de intarire rezistente -
evaluate prin determinéri de rezistenta. In scopul
realizarii obiectivelor propuse, la prepararea
betoanelor, procentul de compus macromolecular
a reprezentat 10% (procente gravimetrice) fata
de ciment, iar adaosul s-a introdus prin inlocuirea
a 5% din agregatul 0-1.

Raportul a/c la toate betoanele obtinute, s-a
mentinut constant, egal cu 0,5, compactarea lor
efectudndu-se prin vibrare.

Incercarile privind obtinerea rezistentelor
s-au efectuat la termene de 28 zile si de 60 zile
(dupa 28 zile de pastrare in apa, epruvetele s-au
pastrat in aer - in conditi de laborator) pe
epruvete prismatice, rezistentele la compresiune
efectudndu-se pe capete de prisma.

In all concrete, a/c ratio was kept constant,
equal to 0.5; their compaction was executed by
vibration.

Mechanical strength values were
determined on prismatic specimens, at 28 days
and 60 days (until 28 days the samples were kept
in water, after that the samples were stored in air
- in laboratory conditions). The compressive
strengths were determined on the prismatic
samples heads.

3. Results and interpretation

3.1. Results

The mechanical strength values,
determined at 28 and 60 days, are presented in
Tables 4 and 5.

3.2. Results interpretation
Regarding to 28 days hardened binding
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3. Rezultate si interpretari systems, kept in water (Table 4), it is to point out:
System A (containing macromolecular

3.1. Rezultate experimentale compounds, free of mineral additive):

In urma incercarilor fizico-mecanice, la - It is to point out the fact that only
termene de 28 zile si de 60 zile, au fost obtinute system containing resin and hardening agent
rezultatele prezentate in tabelele 4 si 5. exceeds the value of compressive and bending

Tabelul 4

Valori ale rezistentelor mecanice (la tractiune din incovoiere si la compresiune -R;si R;), la 28 de zile ale betoanelor studiate
Mechanical strengths values (bending and compressive - R ; and R ;) for 28 days of studied concrete.

Clase de sisteme / Class of systems Sistem / System (N /i“mz) (N /Efmz) (kg‘/)m:*)
CD 40 10.21 48.44 2335
A CD 40+R 9.80 37.01 2248
CD 40+R+l 11.60 48.58 2265
CD 40+PAV 9.63 46.77 2280
CD 40+SF 12.93 63.47 2335
B CD 40+SF+R 8.94 42.58 2303
CD 40+SF+R+l 10.77 43.80 2341
CD 411+SF+PAV 10.91 64.97 2366
CD 40+FA 9.51 37.90 2334
c CD 40+FA+R 11.09 38.98 2388
CD 40+FA+R+| 11.11 43.35 2388
CD 40+FA+PAV 10.26 57.76 2297
CD 40+D 10.51 57.11 2377
D CD 40+D+R 6.66 41.33 2092
CD 40+D+R+| 5.70 25.05 2259
CD 40+D+PAV 10.71 58.96 2300
CD 40 10.21 48.44 2335
E CD 40+SUF 12.93 63.47 2335
CD 40+FA 9.51 37.90 2334
CD 40+D 10.51 57.76 2377

Tabelul 5

Valori ale rezistentelor mecanice (la tractiune din incovoiere si la compresiune -R;si R;), la 60 de zile ale betoanelor studiate
Mechanical strengths values (bending and compressive - R ; and R ;) for 60 days of studied concrete

Clase de sisteme / Class of systems Sistem / System Ry (N/mm?) R. (N/mm?)
CD 40 12.42 64.22
A CD 40+R 11.37 48.75
CD 40+R+ 11.25 45.86
CD 40+PAV 10.03 68.67
CD 40+SF 13.66 67.53
B CD 40+SF+R 11.02 62.84
CD 40+SF+R+| 11.48 49.69
CD 40+SF+PAV 10.91 70.94
CD 40+FA 9.86 48.75
c CD 40+FA+R 12.19 54.53
CD 40+FA+R+l 11.48 52.73
CD 40+FA+PAV 11.06 68.20
CD 40+D 10.60 68.44
D CD 40+D+R 7.31 44.84
CD 40+D+R+l 5.80 27.58
CD 40+D+PAV 11.06 78.91
CD 40 12.42 64.22
E CD 40+SUF 13.66 67.53
CD 40+FA 9.86 48.75
CD 40+D 10.60 68.44
3.2. Interpretarea rezultatelor strengths of reference system. Strength values
Referitor la sistemele liante intarite timp de close to those of the reference are found also for
28 de zile, in apa, se constatd urmatoarele sytem containing vinyl polyacetate (PAV).
(tabelul 4):
System B (containing macromolecular
Sistemul A (sistem cu compusi macro- compound and silica fume):
moleculari, fara adaos mineral): - For the complex mineral binding

- Se poate observa ca numai sistemul system: cement CD40 + SF, it is to point out that
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care contine rasind cu intaritor depaseste
valoarea rezistentelor la compresiune si intindere
din Tncovoiere a sistemului martor. Valori ale
rezistentelor apropiate de cele ale martorului se
constata si la sistemul cu poliacetat de vinil (PAV).

Sistemul B (sistem cu compusi macro-
moleculari,cu adaos de silice ultrafina):

- In sistemul cu liant mineral complex:
ciment CD40 — SF, se constata ca tot sistemul
martor (CD40+SF) se prezinta cel mai bine, din
punct de vedere al rezistentelor mecanice, dupa
28 zile de intarire in apa. Se remarca sistemul CD
40+SF+PAV la care rezistenta la compresiune
depaseste valoarea sistemului martor.

Sistemul C (sistem cu compusi macro-
moleculari,cu adaos de cenusa de termo-
centrala):

- Sistemul cu liant mineral complex,
ciment CD40 — FA, se caracterizeaza printr-o
crestere a rezistentelor mecanice, fata de martor
(sistem cu ciment CD40 — FA) a tuturor sistemelor
care contin polimer. Sistemul PAV prezinta cea
mai mare valoare a rezistentei la compresiune. Se
evidentiaza sistemele cu rasina, ele prezentand
cea mai mare valoarea a rezistentei la tractiune
din incovoiere.

Cresterile de rezistenta sunt puse pe seama
cresterii compactitatii sistemelor cu polimer inclus
indiferent de natura acestuia, fapt ce reiese din
valorile densitatilor sistemelor, acestea fiind mai
mari in cazul betoanelor cu polimeri.

Cresterea valorilor rezistentelor mecanice
ale sistemului cu ciment CD 40, cenusa si rasina
(fara intaritor) confirmé ideea ce reprezintd unul
din obiectivele lucrarii, si anume, faptul ca mediul
bazic creat de hidratarea-hidroliza cimentului,
poate asigura reticularea monomerului, astfel
incat sa nu mai fie nevoie de intaritorul special.

Sistemul D (sistem cu compusi macro-
moleculari,cu adaos de diatomit):

- In sistemul cu liant mineral complex,
ciment CD40 — D, se observa o crestere a
rezistentelor mecanice, fatd de martor, in cazul
sistemului cu PAV. Se pot observa si valorile mai
mari ale rezistenfelor mecanice in cazul
sistemelor cu ragina (féré intéritor) fata de cel cu
rasina si cu Intaritor.

In cazul intaririi in apa a acestor sisteme nu
se constata cresteri semnificative de rezistente in
cazul utilizarii sistemului liant complex, anorganic
— organic, decat in putine cazuri, fapt pus pe
seama incompatibilitatii cu apa a liantului organic,
dar si, foarte posibil, pe incetinirea reactivitatii
cimentului fatd de apa de catre liantul organic.

Sistemul E (sistem fara compusi macro-
moleculari, cu adaosuri minerale) :
- In sistemul cu liant mineral, ciment CD40 —

the reference system show the best mechanical
strengths, after 28 days of curing in water. The
CD 40 + SF + PAV system presents the highest
compressive strength.

System C (containing macromolecular
compound and fly ash):

- Complex system with mineral binder,
cement CD40 - FA is characterized by an
increase of mechanical strengths as compared
with reference system. System with PAV shows
the highest compressive strength. It is to point out
that the system containing resin presents the
highest value for bending strength.

Strength increases are due to increased
compactity of systems regardless of its nature.
This affirmation is sustained by the densities
values, which are higher for the concrete with
polymer.

The mechanical strengths increasing of the
system containing cement CD 40, fly ash and
resin (without hardening agent) confirm one of the
paper’s objectives, namely, that the basic
environment created by the cement hydration -
hydrolysis, can provide the monomer cross-
linking, so the hardening agent is not longer
needed.

System D (containing macromolecular
compound and diatomite):

- The complex system with mineral binder,
cement CD40 - D presents an increase of
mechanical strengths, compared to reference, in
the case of system with PAV. It is to point out the
higher values of mechanical strengths for
systems containing resin (without hardening
agent) as compared with the one with resin and
hardening agent.

When the samples are kept in water, there
are not find significant increases in strength for
complex inorganic — organic binding systems,
except few cases, attributed to incompatibility
with water of the organic binder, but also to
slowing the reactivity of cement with water by
organic substances.

System E (containing mineral additions
and free of macromolecular compound):

- Important increasing of mechanical
strength is observed for systems containing silica
fume and diatomite, as compared with reference.

From Table 5 (where are presented the
mechanical strength of concretes for 60 days of
hardening) can be pointed out:

- the concretes from system A, the
concrete with polymer shows lower values of
mechanical strengths than reference, except CD
40 + PAV system which shows the highest value
of compressive strength; however, stands out the
concrete containing CD40 + resin (without
hardening agent), who's mechanical strengths
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adaosuri, se observa o crestere importanta a
rezistentelor mecanice, fata de martor, a
sistemelor care contin silice ultrafina gi diatomit.

Din tabelul 5 (valori ale rezistentelor
mecanice ale betoanelor studiate testate la 60 de
zile) reies urmatoarele :

- In categoria betoanelor de clasa A,
betoanele cu polimeri prezintd valori ale
rezistentelor mecanice mai mici decat martorul,
exceptie facand sistemul CD 40 + PAV care
prezintd valoarea rezistentei la compresiune mai
mare; Se evidentiaza totugi si betonul cu ciment
CD40 + rasina (fara intaritor) care se apropie de
betonul martor, avand valori ale rezistentelor
mecanice mai mari decét betonul cu ciment CD40
+ ragind + intaritor.

- si in categoria betonelor de clasa B (cu
silice ultrafind) se constata ca betonul cu polimeri
prezintd valori ale rezistentelor mecanice ceva
mai scazute fata de martor (fara polimer),
exceptie facand sistemul CD 40+SF+PAV care
prezintd valoarea rezistentei la compresiune mai
mare.

- In categoria betoanelor de clasa C (cu
cenusd de termocentrald) se evidentiaza rolul
hotarator al polimerului asupra rezistentei
mecanice. Si in acesta categorie de betoane se
evidentiazd sistemul cu ragind (fard intéaritor)
acesta, practic, prezentand valorile cele mai mari
ale rezistentei la tractiune din incovoiere, dar si
valoarea rezistentei la compresiune fiind mai mare
comparativ cu acelagi sistem dar cu intaritor.

- betoanele din clasa D (cu diatomit) nu
prezinta valori ale rezistentelor mecanice mai mari
decéat martorul, exceptie facand betonul cu PAV.

- In categoria betoanelor de clasad E, atat
dupa 28 de zile céat si dupa 60 zile (dupa 28 zile
de pastrare In apa epruvetele au fost pastrate in
aer pana la 60 zile) se obtin rezistente mecanice
mult mai mari in cazul betoanelor cu pulberi
ultrafine (silice ultrafina si diatomit) in comparatie
cu betoanele cu cenusa de termocentrala.

Din valorile comparative ale densitatilor
reiese faptul ca s-au obtinut betoane mai putin
dense, prin utilizarea liantilor de natura organica,
comparativ cu betonul martor (obtinut numai cu
liantul mineral) exceptie facand categoria C de
sisteme liante (cele cu cenusa de termocentrald).
Aceasta deoarece prin utilizarea pulberilor
ultrafine si a polimerului, pastrand raportul a/l
(a=apa, I=liant) constant, se inrautateste
lucrabilitatea sistemelor liante, producandu-se o
compactitate redusa fatd de betoanele fara
polimer (martor), aceasta conducand, in final, la
valori ale rezistentelor mecanice mai mici decat
ale martorului.

Rolul adaosurilor de naturd mineralda Tn
procesele de intarire ale betoanelor cu compusii
macromoleculari studiati poate fi observat in
figura 1.
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are close to reference concrete, but higher than
concrete containing CD 40 cement + resin +
hardening agent.

- for concretes belonging to system B (with
silica fume) is found that concrete with polymer
shows lower values of mechanical strengths as
comparing with reference (without polymer),
except for CD 40 + SF + PAV concrete which
shows higher compressive strength.

- for concretes from system C (with fly ash)
it is to point out the important role of polymer on
mechanical strength development. It is to
highlight the concrete containing resin (without
hardening agent) which presents the highest
values of bending and compressive strength as
compared with same concrete but containing
hardening agent.

- concretes from system D (with diatomite)
shows lower mechanical strength as compared
with reference, except the concrete with PAV.

- concretes from system E, after 28 days
and after 60 days (up to 28 days, the samples
were kept in water and after 28 days and up to 60
days in air) presents higher mechanical strength
when concretes contains ultrafine powders (silica
fume and diatomite) as compared with concrete
containing fly ash.

Apparent densities values point out the fact
that were obtained less dense concretes by using
organic binders, as compared with reference
concrete (obtained only with mineral binders),
except concretes from system C (with fly ash).
This is due to the usage of ultrafine powders and
polymer, which reduce binder workability (as
compared with reference), when the a (water)/l
(binder) ratio is kept constant. This is leading to
smaller values of mechanical strengths than the
reference.

The role of mineral additions in hardening
processes of concrete with macromolecular
compound is presented in Figure 1.

In Figure 1a is highlighted the role of
mineral additions in hardening processes of
concretes from system CD 40 + PAV. It is noted
that for this system, all mineral additives (silica
fume, fly ash, and diatomite) have an important
role in increasing the mechanical strengths,
especially due to ultrafine powders. The
explanation is that, by mixing inorganic complex
binder with polymer emulsion (PAV) are
superpose two effects: dispersion of particles of
inorganic complex binder (allowing the obtaining
of a more uniform texture) and lubrication effect
(allowing solid particles to be close to minimum
possible  distance), thus favoring close
coagulation; all these effects positive influences
the structure formation. Regarding the hydration-
hardening mechanism of system containing
cement - vinyl polyacetate - water, by cement
hydration-hydrolysis, alkaline environment is
created, which allows the hydrolysis the vinyl



210

M. Améareanu / Concretes with mineral binders and macromolecular compounds

“‘E 70 2380 3
£ 7 Rti E)
Z 60 - —3JRc / ; 1 2360 "«
=O—Densitate
50 1 2340
r 2320
40 -
—t——0 L 2300
30 —
C r 2280
2 || 2260
10 1 b 2240
N | ?J | 7 | EA p220
CD 40 + PAV CD 40+PAV+ SF CD 40+PAV+FA CD 40+PAV +D
Concrete code
a
NE 45 2450 Fy
£ 40 WmRtl CRe [ ~ L2400 5
z —O—Densitate h
s r 2350
35 —
/< I 2300
301 O] \ - 2250
25 [ 2200
20 | \ b 2150
15 5 |_f 2100
r 2050
107 ? % I 2000
51 ? L 1950
CD 40+R CD 40+R+SF CD 40+R+FA CD 40+R+D
Concrete code
b
g 60 2400 =
£ rZ2Rti C—IRc /\ 5
z 50 | —O—Densitate @
r 2350
40 +
r 2300
30 O/
r 2250
20
104 ? Z F 2200
0 A : EA : Z. 2150
CD 40+R+l CD 40+R+HSUF  CD 40+R+H+FA CD 40+R+HD
Concrete code

Cc

Fig. 1 - Influenta adaosurilor minerale asupra caracteristicilor fizico-mecanice ale betoanelor studiate: a. betoane cu PAV;
b. betoane cu rasina (fara intaritor); c. betoane cu rasina si intaritor / Mineral additions influence on physical and mechanical
characteristics of studied concrete: a. concretes with PAV; b. concrete with resin (without hardening agent); c. concrete with resin and
hardening agent.

Astfel, in figura 1a este evidentiat rolul
adaosurilor de natura minerala in procesele de
intarire ale betoanelor din sistemul cu ciment CD
40 + PAV. Se constata ca, pentru acest sistem,
foate celelalte adaosuri (silicea ultrafind, cenuga
de termocentrald, diatomitul) au rol important in
cregterea rezistentelor mecanice, evidentiindu-se
in special pulberile ultrafine.

Explicatia consta

in faptul ca, prin

polyacetate vinyl with formation of polyvinyl
alcohol and acetate ions. These last ions react
with Ca** ions, forming calcium acetate. Positive
ions from intergranular solution, reacts with HO
groups of polyvinyl alcohol, forming
interconnections  between polymer chains,
creating reticular structure. Such links can be
formed, also, with residual positive valences from
surface of anhydrous or hydrated cement grains.
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amestecarea liantului complex anorganic cu
emulsia de polimer (PAV) se obtine suprapunerea
a doud efecte care concurd la densificarea
sistemului: un efect de dispersie a particulelor de
liant complex anorganic — acesta avantajand
formarea unei texturi mai uniforme, si un efect de
lubrifiere care permite apropierea particulelor
solide la distante minim posibile, deci favorizeaza
coagularea apropiata, toate aceste efecte fiind cu
influente pozitive asupra formarii structurii de
rezistenta.

Facand referire la mecanismul procesului
de hidratare-intdrire a sistemului ciment -
poliacetat de vinil — apa, Tn mediul bazic, creat de
hidratarea-hidroliza cimentului, are loc hidroliza
poliacetatului de vinil cu formare de alcool
polivinilic complet hidrolizat §i ioni acetat. Acesti
ioni reactioneaza cu ionii Ca”* formand acetat de
calciu. lonii pozitivi din solutia intergranulara,
reactioneaza cu gruparile -HO™ ale alcoolului
polivinilic, cu formare de interconexiuni intre
lanturile de polimeri, creand reticularea structurii.
Asemenea legaturi se pot forma si cu valente
pozitive reziduale de pe suprafata granulelor
anhidre sau hidratate de ciment. Interactiile de
natura fizica din sistemul liant cu polimer sunt
determinate de caracterul tensioactiv al
polimerului, determinat de adsorbtia gruparilor
HO  pe suprafata particulelor anhidre sau
hidratate, modificand prin aceasta viteza
proceselor fizice si chimice din sistem
reprezentate de hidratarea particulelor anhidre si
de transformari ale unor hidrocompusi.

Pentru sistemul cu ciment CD 40 si rasina
(fara intaritor), figura 1b, adaosurile de natura
minerald influenfeazd pozitiv  rezistenta la
compresiune, obtindndu-se valori mai mari, fata de
martor, pentru toate cele trei adaosuri. Rezistenta la
tractiune din incovoiere (Ry), insa, prezinta valori mai
mici comparativ. cu martorul, exceptie facand
sistemul cu cenusa. Explicatia poate fi pusa pe
seama fenomenelor de suprafata care apar la limita
de separatie adaos-polimer, acestea manifestandu-
se separat in functie de suprafata specifica a
adaosului utilizat. Se obtine, asfel, o compactizare
mai mare in cazul sistemului cu cenusa, deci o
densificare mai mare a sistemului intarit. Acest fapt
este evidentiat si prin valorile densitatilor obtinute.

n cazul sistemului cu ciment CD40 + résind +
intaritor (figura 1c), se constatd ca adaosurile de
naturd minerald nu produc o imbunatatire a valorilor
Ry, toate sistemele care contin aceste adaosuri
prezinta valori ceva mai mici comparativ cu martorul,
iar in sistemul cu diatomit valorile rezistentelor chiar
se injumatatesc. Explicatia poate fi pusa pe seama
incetinirii  procesului de hidratare-hidroliza a
sistemului liant compozit datorita formarii unei
pelicule de polimer la suprafata acestuia. Prezenta
peliculelor de polimer, adsorbite pe suprafata
particulelor, modificd conditile de formare a noilor
compusi, influentand contactele dintre fazele nou
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Physical interactions from binding systems
containing polymer are influenced by the polymer
surfactant effect, determined by HO™ groups
adsorption on the anhydrous or hydrated particles
surface, thereby altering the rate of physical and
chemical processes in the system (particle
hydration, hydrocompounds transformation).

For system containing cement CD 40 and
resin (without hardening agent), Figure 1b, the
mineral additions of increases compressive
strengths, being obtained values higher than
reference for all three additions. The bending
strength (R;) shows lower values as compared
with reference, except system with fly ash. This
can be attributed to surface phenomena occurring
at the addition and polymer boundary limits,
depending on the used addition specific surface.
It is obtained a higher compaction for system with
fly ash, thus a higher densification of the
hardened system (see the values of obtained
densities).

For system containing cement CD40 +
resin + hardening agent (Figure 1c), it is to point
out that mineral additions does not improve Ry
values; all systems containing mineral additives
shows lower values compared with reference and
for system with diatomite the strength values are
halves. This can be attributed to slowing the
binding system hydration-hydrolysis process due
to the formation of a polymer film surface. This
film of polymer adsorbed on the particle surface,
modify the conditions of formation of new
compounds, influencing the contact between
newly formed phases. If system alkalinity is
reduced, necessary conditions for calcium
hydroaluminates and hydrosilicates formation and
stability are not fulfilled, being stable SiO, and
AlLO; gels. These gels are covering the
unreacted grains, thus lowering their hydrolysis
rate. Hydraulic reactivity of the hydraulic active
materials depends on system basicity.

High compressive strengths are obtained,
due to the system densification. The density of
concretes containg silica fume and fly ash are
higher as compared to reference.

It can be considered, that the hardened
structure development of system containing
polymer, can be split in few stages [1]:

- Following the components mixing, the
mixture of particles of anhydrous inorganic
binder, and polymer particles and aggregate, are
surrounded by water and small air bubbles
formed during mixing.

- In the first stage of the interaction
process, on anhydrous cement grains surface,
gelic hydrocompounds are formed. In same time,
polymer particles are deposited on cement
grains.

- Later, in interaction stage, these
processes continues, and on the solid particles
surface (which can be cement covered with



212 M. Améareanu / Concretes with mineral binders and macromolecular compounds

formate. Tn cazul unei astfel de bazicitati reduse in
sistem, nu sunt create conditiile necesare formarii
si stabilitatii hidrosilicatilor si hidroaluminatilor de
calciu, fiind stabile gelurile de SiO, si Al,O5; care
acopera granulele  adaosului  nereactionat
scazand astfel procesul de hidratare-hidroliza a
lor. Reactivitatea substantelor hidraulic active
depinde, in mare masura, de bazicitatea
sistemului.

Se obtin totusi valori relativ mari in cazul
rezistentelor la compresiune, fapt pus pe seama
densificarii sistemului evidentiat de valorile mai
mari ale densitatii acestor sisteme (cu silicea
ultrafina si cenusa) comparativ cu martorul.

Se poate considera, astfel, ca formarea
structurii de intérire Tn aceste sisteme liante cu
polimeri se desfasoara in mai multe etape [1]:

-In momentul imediat urméator amestecarii
componentilor, amestecul rezultat este format din
particule nehidratate de liant anorganic, particule
de polimer si agregat, toate fiind inconjurate de
apa si bule mici de aer antrenante in timpul
amestecarii.

-intr-un prim stadiu al procesului de
interactie, pe suprafata granulei anhidre de ciment
se formeaza hidrocompusi gelici. Paralel cu
aceasta, particulele de polimer se orienteaza spre
granulele de ciment pe care se depun.

-Intr-un stadiu mai avansat al interactiei,
aceste procese progreseaza, iar pe sprafata
particulelor solide, care pot fi ciment acoperit cu
hidrocompusi sau particule de agregat, se depun
pelicule dense, continue, de polimer.

-In final, rezultd o matrice liantd continua
formata din hidrocompusi acoperiti cu membrane
de polimer care inglobeaza resturile de ciment
nehidratat, particulele de agregat si bule mici de
aer. In asemenea sistem, matricea liant& organica
influenteaza procesele de nucleatie si de crestere
a cristalelor, dar si morfologia acestora.

Intarirea  sistemului  liant de naturd
anorganica este consecinta proceselor chimice
care au loc in sistemul respectiv [5]; deci este
firesc ca rezistentele sale mecanice sa se
dezvolte dupa o cinetica asemanatoare
proceselor de hidratare-hidroliza si puzzolanice.

4. Concluzii

- In lucrare sunt realizate investigatii
comparative, mecanice si structurale, cu
evidentierea  factorilor  de influenta  —
compozitionali si de procesare a betoanelor cu
liant complex: organic-anorganic. Acestora le sunt
asociate studii particularizate avand ca scop
obtinerea de informatii referitoare la procesele
care au loc la intarirea acestui tip de liant.

- Este evidentiat rolul pH-ului bazic (ionii
Caz+), rezultat Tn urma hidratarii-hidrolizei
cimentului, asupra reticularii monomerului astfel
incat sa nu mai fie nevoie de ntaritor.

- Reactivitatea materialelor hidraulic active

hydrocompounds or aggregate particles) are
deposited dense and continuous films of polymer.

- Finally, results a continuous binding
matrix formed by hydrocompounds covered by
polymer membranes. These membranes include
anhydrous cement remains, aggregate particles
and small air bubbles. In such system, organic
matrix influences the processes of nucleation and
crystals growth, and their morphology.

The hardening of inorganic binding system
is the result of chemical processes taking place in
that system [5], its mechanical strength develops
after a similar kinetics of hydration-hydrolysis
processes and pozzolanic reactions.

4. Conclusion

- Present paper presents comparative
mechanical and  structural investigations,
emphasizing the influence factors - composition
and processing of concrete containing complex
organic-inorganic binder. They are associated
with specific researches to obtain information
about processes taking place at binding system
hardening.

- It is pointed out the role of alkaline pH
(Ca®* ions), resulted from cement hydration-
hydrolysis, on cross-linkihg monomer process,
the presence of hardening agent being no longer
needed.

- The reactivity of the hydraulic active
materials depends of system basicity. For low
alkaline environment, are not created the
necessary conditions for calcium hydroaluminates
and hydrosilicates formation and stability, being
stable Al,O; and SiO, gels which are covering
unreacted hydraulic active grains, thus the
hydration-hydrolysis  process are  slowed.
Increasing the basicity of complex binding
systems, by using Portland cement clinker,
hydration-hydrolysis processes of constituent
additions will be activated.

- Macromolecular compounds are not
simply addition; in many cases, they have
additional binding role, participating in structure
formation and influencing physical and chemical
properties of concretes.

Were highlighted the secondary roles of
macromolecular compounds, namely: they
increase the setting time of cement; they can be
plasticizer in the concrete, due to which the
water/cement ratio can be reduced.

- Was find out that the concretes with
ultrafine powders and polymer shows apparent
densities lower than reference concrete (obtained
with mineral binder only). It was pointed out that
processing conditions have to be improved by
using methods such as very good mixing, a
mixing time increased as compared to ordinary
concrete, but also a pressing of constituent
materials to eliminate air bubbles (this conditions
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depinde, in mare masura, de bazicitatea sistemului.
In cazul unor bazicitati reduse, nu sunt create
conditile  necesare  formari gi  stabilitatii
hidrosilicatilor si hidroaluminatilor de calciu, fiind
stabile gelurile de SiO, si AlL,O; care acopera
granulele adaosului nereactionat, scazand astfel
procesul de hidratare-hidroliza a lor. Cregsterea
bazicitatii sistemelor liante complexe, realizatd de
clincherul de ciment portland, activeaza si procesele
de hidratare-hidroliza ale adaosurilor constituente.

- Compusii macromoleculari nu sunt simple
adaosuri, ci, in multe din cazuri, indeplinesc rol de
liant suplimentar, care participa la formarea structurii
si influenteazd proprietatile fizico-chimice ale
betoanelor. Au fost evidentiate si roluri secundare
ale compusilor macromoleculari si anume: acestia
lungesc intr-o anumitd masura timpul de prizad al
cimentului; se manifesta ca plastifiant in betoane,
fapt datorita caruia raportul apa/ciment poate fi
redus.

- Se constata ca betoanele cu pulberi
ultrafine si polimer prezinta valori ale densitatii
aparente mai mici comparativ cu betoanele martor
(obtinute numai cu liant mineral). Se evidentiaza
astfel faptul ca trebuie imbunatatite conditile de
procesare cum ar fi utilizarea metodelor de
omogenizare foarte energice, cu un timp de
amestecare marit fatd de betoanele obignuite, dar si
0 eventuala presare a materialelor constituente in
vederea eliminarii bulelor de aer (conditii evidentiate,
pentru betoanele cu polimeri, si de literatura de
specialitate).

- Se recomanda si utilizarea unor agenti de
cuplare (de tip oragano-silani) care sa formeze o
retea polimera hidrofoba la interfata liant organic-
polimer cu rol de a incetini difuzia apei in materialul
compozit.

Trebuie sa se tina seama de faptul ca cei
mai multi polimeri sunt incompatibili cu betonul
hidraulic (numai 5% sunt compatibili [6]), majoritatea
dintre ei fiind neionici ; este astfel esential tipul de
agent tensioactiv folosit pentru a dispersa si stabiliza
polimerul in suspensie.

- Se poate spune ca materialele formate din
polimeri si lianti minerali sunt materiale noi, in care
proprietatile liantului mineral si ale polimerului se
completeaza si se accentueaza reciproc, iar la
formarea structurii participa ambele componente.

- Un mare avantaj al utilizérii betoanelor cu
polimeri il constitue faptul ca acestea adera bine la
un strat de beton intarit inferior din punct de vedere
calitativ.

Polimerul, prin proprietétile sale elastice, preia
tensiunile interne din structurd, determinand o
relansare partiald a sistemului prin contactele
submicroscopice pe care le formeaza intre
particulele de hidrocompusi, iar prin efectul de
lubrifiere si de dispersie favorizeaza procesul de
coagulare primara apropiatd, ceea ce duce la
cregterea rezistentelor mecanice.

213

are outlined for polymer concrete).

- It is recommend the usage of coupling
agents (organo-silane type) that form a network
of hydrophobic polymers at the interface between
organic binder and polymer, slowing the water
diffusion in composite material [6].

It must take into account the fact that most
polymers are incompatible with hydraulic
concrete (only 5% are compatible [6, 7]), the
majority of them being non-ionic; thus is essential
the surfactant used to disperse and stabilize the
polymer in suspension.

- It can be say that the materials consisting
of polymer and mineral binders are new materials
in which properties of mineral binder and polymer
are complement and accentuate each other, both
participating in structure forming.

- A big advantage of using polymer
concretes is that they adhere well to a layer of
reinforced concrete of low quality.

Polymer, with elastic properties, will taking
over internal tensions of the structure, causing a
partial relaxation of the system by submicroscopic
contacts they form between hydrocompounds
particles, and by lubricate and dispersion effect
will enhance the appropriate coagulation process,
thus increasing the mechanical strengths
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