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Abstract. The influence of naphthalene formaldehyde superplasticizers (NFS), lignosulfonatc plasticizers (LSP) and 
silica fume on cement paste properties and complex usage of these admixtures for high-strength concrete production are 
investigated in this research. 
These admixtures influence the cement hydration products morphology and properties of hardened cement paste. The 
degree of cement hydration and Ca(OH)2 content in hardened cement paste were determined for analysis of cement 
hydration process with admixtures. Mechanical properties and porosity of hardened cement paste with the admixtures 
were tested. Optimal dosages of plasticizing admixtures and silica fume were estimated and the most efficient method of 
silica fume adding to concrete mixture was proposed. The results of investigation have been used for high-strength 
concrete production. 
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1. Introduction 

The main principle of high-strength concrete pro­
duction is a considerable decrease of V /C ratio in con­
crete. To produce a high-strength and long-durability 
concrete, it is important to use effective plasticizing ad­
mixtures to decrease water requirement in the concrete 
and to entrain a sufficient amount of air in case of pro­
duction of frost resistant concrete. 

Plasticizers decrease the demand of water in con­
crete mixture up to 15%. The most popular ones are being 
produced on the base of lignosulfonate. Lignosulfonate 
plasticizers (LSP), alongside with plasticizing effect, are 
known for their air entraining effect [I]. Superplasticizers 
decrease the demand of water in concrete mixture up to 
40%. The most popular admixtures of this kind in 
Lithuania are naphthalene formaldehyde superplasticizers 
(NFS), that are based on naphthalene sulphates and form­
aldehyde [ l-7]. Superplasticizers do not only consider­
ably decrease the amount of water in concrete mixtures 
but also influence the process of cement hydration and 
the properties of hardened cement paste [2, 8, 9]. 

Silica fume, a very active mineral admixture, is used 
in production of high-strength concrete. Due to a very 
active pozzolanic effect silica fume increases concrete 
strength, although due to their great specific surface area, 
it also considerably increases the water demand in con-

crete mixture [ 1 0-14]. Therefore using silica fume it is 
important to increase considerably the amount of plasti­
cizing admixture in the concrete. 

The research aim is to determine the influence of 
complex admixtures, being composed from naphthalene 
formaldehyde or melamine formaldehyde superplasticizers 
and lignosulfonates as well as silica fume, on cement 
mixtures and concretes properties, to investigate proper­
ties of such type of concretes and possibilities to use the 
above-mentioned admixtures in high-strength concrete 
production. 

2. The influence of complex admixtures on cement 
paste properties 

Naphthalene fonnaldehyde superplasticizer S-3, li­
gnosulfonates, silica fume, as a powder, from Ukraine 
metallurgic plants and portlandcement CEM I 42,5 R, 
produced by AB "Akmenes cementas" have been used 
in the experimental research. 

Cement pastes were mixed manualy for approxi­
mately 5 min. Plasticizing admixtures were added to­
gether with water used to mix the concrete. At the be­
ginning of experiments silica fume was mixed with ce­
ment, then the obtained dry binder was mixed with wa­
ter. Water requirements for normal consistency cement 
paste as well as setting time were determined by Vikat 
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apparatus. For hardened cement paste properties testing 
samples-prisms 4x4xl6 em were formed. They were com­
pacted by vibration on a vibrating table and cured for 
28 days in a regime chamber at 20±2 co and 95±5 % 
relative humidity. Compressive and bending strength of 
hardened cement paste was determined by testing the 
samples. Porosity parametres of hardened cement paste 
were determined according to water absorption kinetics 
(GOST 12730.4-78). For this reason splitted samples of 
about 4x4x4 em were used. 

The research results indicate that with the increase of 
the quantity of naphthalene formaldehyde superplasticizer 
the water requirement for normal consistency cement paste 
does not decrease proportionally (Fig I). This admixture is 
effective adding it to the cement paste up to I ,5 ... 2% (dry 
material) of cement mass. Increasing the plasticizers amount 
above the mentioned values fractionally reduces water re­
quirement for normal consistency cement paste. 
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Fig 1. Relationship between water requirement for nor­
mal consistency cement paste and naphthalene formalde­
hyde superplasticizer (NFS) content 

Analysing naphthalene formaldehyde superplasticizer 
effect on the cement hydration process and on the prop­
erties of hardened cement paste, it was defined a great 
effect of this admixture on cement hydration products 
morphology in hardened cement paste and properties of 
this paste. The plasticizing effect of this admixture on 
cement paste is quite well due to water solution surface 
tension reduction and increasing of cement particles sur­
face watering and electrokinetic s - potential. But ad­
mixture adsorption on the cement particles surface re­
duces the degree of crystallization of cement hydration 
products resulting in the hardened cement paste compres­
sive strength reduction and cement hydration process 
slowdown [8, 9]. This has been proved by the results of 
cement hydration degree and Ca(OH)2 quantity investi­
gation (Table 1). 

Compressive strength of hardened cement paste is 
under the influence of V /C ratio but the above-mentioned 
effect of admixtures on cement hydration process and 
cement hydration products morphology have an influence 
too. 

Table 1. The influence of naphthalene formaldehyde super­
plasticizer (NFS), lignosulfonates (LSP) and silica fume (Si02) 

on the degree of cement hydration and hydration products 

Admixtures Degree of cement Ca(OHh content. 
content.% of hydration. % % 
cement mass 

- 75,7 14.3 
l'X· NFS 78,2 14,3 

3% NFS 73.3 4,7 
5% NFS 65,6 3,3 

l% NFS +0.3% LSP 72.9 12,5 
5% Si02 80,6 10.7 
15% Si02 89,1 7.9 

I% NFS +5% Si02 79.7 8.6 
1% NFS +15% Si02 79,7 5.3 

Due to the complex infuence of these two factors 
the compressive and bending strength of hardened ce­
ment paste increases only with increasing of naphthalene 
formaldehyde superplasticizer quantity up to a certain 
level ( Fig 2). 
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Fig 2. Relationship between hardened cement paste com­
pressive strength and naphthalene formaldehyde 
superplasticizer (NFS) content 

The optimum quantity of naphthalene formaldehyde 
superplasticizer with respect to hardened cement paste 
strength is 1,0 .. . 1 ,5% of the cement mass. The capillary 
porosity of cement paste distinctly decreases, but the size 
of capillary pores increases with adding naphthalene 
formaldehyde superplasticizer. Bigger than 1,0 ... 1,5 % 
quantities of formaldehyde superplasticizer decrease 
water requirement for cement paste ineffectively and even 
decrease the strength of hardened paste. 

In order to obtain a bigger water requirement re­
duction and to increase the strength of hardened cement 
paste it is possible to use admixture of lignosulfonate. 
By adding this admixture up to 0,3 % (dry material) of 
cement mass water requirement for a normal consistency 
of cement paste increases proportionally with admixture 
quantity (Fig 3) and compressive strength of hardened 
cement paste increases proportionally and reaches con­
siderably high values (Fig 4). 
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Fig 3. Relationship between water requirement for nor­
mal consistency cement paste and lignosulfonate (LSP) 
content 
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Fig 4. Relationship between compressive strength of hard­
ened cement paste and lignosulfonate (LSP) content 

A bigger quantity of naphthalene formaldehyde 
superplasticizer, lignosulfonate plasticizer increases the 
strength of hardened cement paste more. Lignosulfonate 
admixture decreases the degree of cement hydration more 
than naphthalene formaldehyde superplasticizer but just 
negligibly changes the quantity of Ca(OH)2 in hardened 
cement paste (Table 1 ). Due to the hydration decelera­
tion, lignosulfonate admixture prolongs the cement paste 
setting time. While analysing the admixtures effect on 
the cement paste setting time, it was determined that the 
maximum quantity of lignosulfonate admixture in mixes 
with a 0,5% dosage of naphthalene formaldehyde 
superplasticizer is 0,3 % and the maximum quantity of 
the same admixture with a 1,0 % dosage of naphthalene 
formaldehyde superplasticizer is 0,2 %. Lignosulfonate 
admixtures, as naphthalene formaldehyde superplasticizer, 
decrease the capillary porosity of cement paste, decreas­
ing at the same time the size of capillary pores. 

Silica fume due to its very big specific surface area 
increases water requirement for normal consistency of 
cement paste proportionally to its quantity (Fig 5). 
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Fig 5. Relationship between water requirement for nor­
mal consistency cement paste and silica fume content 

Fig 5 shows that silica fume increases the water re­
quirement in mixes without plasticizing admixtures more 
than in mixes with them. The increase of water require­
ment and V /C ratio has a negative effect on cement hy­
dration tenns as well as on hardened cement paste com­
pressive and bending strength. With an increased V/C 
ratio, silica fume had a considerable effect on cement 
hydration process and on the structure of hardened ce­
ment paste. Silica fume considerably increase the degree 
of cement hydration but in mixes with plasticizing ad­
mixtures the above-mentioned increase is being compen­
sated by a plasticizing admixture which reduces the speed 
of hydration (Table l ). Silica fume rapidly reacts with 
Ca(OHh and an additional amount of hydration prod­
ucts - calcium hydrosilicate, forms [ 1 0]. In such a way 
the silica fume hydraulic activity is displayed. This has 
been proved by a considerably decreased amount of 
Ca(OH)2 in hardened cement paste (Table 1). 

Formation of an additional amount of hydration 
products increases the hardened cement paste strength. 
Due to changes of V /C ratio and silica fume hydraulic 
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pressive strength and silica fume content 
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activity, the reliability of hardened cement paste com­
pressive strength dependence upon silica fume quantity 
has an extreme character (Fig 6). 

In has been proved by experiments that the amount 
of capillary pores increases with the increase of silica 
fume quantity and that the size of capillary pores de­
creases with the increase of silica fume quantity up to a 
certain level. 

The research results indicate that the optimum quan­
tity of silica fume in cement pastes and concrete with a 
0,5 % dosage of naphthalene formaldehyde superplasti­
cizer is 5 % and with a l % dosage of the above-men­
tioned superplasticizer is 7 ... 15 % of cement mass (by 
the replacement of cement with a certain amount of silica 
fume). 

3. The research of silica fume mixing methods 

As silica fume is a very fine dispersive material, it 
ts rather difficult to distribute it gradually in a cement 
mixture while mixing. Moreover, silica fume (for trans­
port convenience) is granulated, before or during mixing 
it is necessary to dissolve its granules. Therefore silica 
fume mixing methods have been investigated. 

During the research granulated silica fume from 
Norway, naphthalene formaldehyde superplasticizer 
REBA mix F2, portlandcement CEM I 52,5 produced 
by AB "Akmenes cementas" were used. 

The following silica fume mixing methods have been 
used: 

• grinding cement together with silica fume in a ball 
mill; 

• mixing dry silica fume with cement; 
• preparing silica fume suspension in water and later 

mixing it with cement; 
• preparing silica fume suspension in a plasticizer so­

lution and later mixing it with cement. 
Fig 7 indicates that the most efficient silica fume 

mixing method is preparation of its suspension in a plas­
ticizer solution and later mixing it with cement. Plasti­
cizer in this case is being used as a deflocculant. There­
fore this silica fume mixing method was used in all fur­
ther investigations. 

4. High-strength concrete with complex admixtures 

According to the investigation results high-strength 
concretes have been produced by using naphthalene form-
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Fig 7. The influence of silica fume mixing method on hardened 
cement paste compressive strength 

aldehyde or melamine formaldehyde superplasticizers, 
plasticizers on lignosulfonates base and silica fume. 

Naphthalene formaldehyde superplasticizer 
"Muraplast NN", plasticizer on lignosulfonates base 
"Centrament N3", silica fume suspension and portland­
cement CEM I 52,5, produced by AB "Akmenes 
cementas", crushed granite of 5/8 and 11116 mm frac­
tion, produced by UAB "Nesta" have been used in this 
investigation. Lignosulfonates (plastificizer "Centrament 
N3") were dissolved in water and added to concrete 
mixture together with 80% of water and silica fume sus­
pension. The rest amount of water together with super­
plasticizer was added at the end of mixing. 

Two-stage mixing was used for preparing mixtures: 
1) cement, aggregate, silica fume suspension, plasticizer 

and 80% of water were mixed for 2 minutes. 
2) the rest of water together with superplasticizer was 

poured and mixed for additional 2 minutes. 
1,12% dosage (dry material) from the cement mass 

of naphthalene formaldehyde superplasticizer and 0,14 % 
dosage (dry material) of the cement mass of lignosul­
fonates were added into mixture. 10% dosage (dry ma­
terial) of the cement mass of silica fume was added as 
well. Volume concentration of coarse aggregate in all 
mixtures was 0,4. 

Concrete mixtures had a sufficient slump and rather 
stable - without separation and bleeding. Physical-me­
chanical characteristics of concrete after 7 days of cur­
ing in chamber regime are presented in Table 2. 

Table 2. Physical and mechanical properties of high-strength concrete with complex admixtures 

Cement NFS LSP Silica fume Slump, Entrained Concrete Concrete 

V/C content. content,% content,% content.% em air,% density, compressive 
kg/m1 of cement of cement of cement kg/ m1 strength, MPa 

mass mass mass 
0,43 315 I, 12 0,14 10 19 1,6 2441 73,6 
0,35 385 1,12 0,14 10 15 1,04 2440 79,4 
0,28 478 Ll2 0,14 10 19 1,01 2443 83,9 
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Using naphthalene formaldehyde superplasticizers 
together with lignosulfonates and silica fume, it is pos­
sible to produce a high-strength concrete, which strength 
is 73 ... 84 MPa depending on V/C ratio even after 7 days 
of curing. 

5. Conclusions 

I. The optimum content of naphthalene formalde­
hyde superplasticizer in high-strength concrete mixture 
is I ,0 ... 1 ,5 % of dry material of cement mass. 

2. The maximum content of lignosulfonates admix­
ture in mixtures with a 0,5% dosage of naphthalene 
formaldehyde superplasticizer is 0,3 % and with a 1,0 % 
dosage of naphthalene fom1aldehyde superplasticizer is 
0,2 % of cement mass. 

3. The naphthalene formaldehyde and lignosul­
fonates plasticizing admixtures decrease the degree of 
cement hydration as well as Ca(OH)2 quantity in hard­
ened cement paste. 

4. Optimum silica fume content in concrete with a 
0,5% dosage of naphthalene formaldehyde superplasti­
cizer is 5 % and with a 1 % dosage of the above-men­
tioned superplasticizer is 7 ... 15 % of cement mass. 

5. Silica fume increases the degree of cement hy­
dration and decreases Ca(OH)2 quantity in a hardened 
concrete. 

6. The best method of silica fume adding to con­
crete mixtures is the preparation of silica fume suspen­
sion in a plasticizer solution and later mixing it with dry 
components of concrete. 

7. Complex usage of naphthalene fonnaldehyde and 
lignosulfonates plasticizers as well as silica fume and new 
mixtures preparation technologies determine the possi­
bilities of production of high-strength concrete. 
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