
World Applied Sciences Journal 31 (5): 975-978, 2014
ISSN 1818-4952
© IDOSI Publications, 2014
DOI: 10.5829/idosi.wasj.2014.31.05.14335

Corresponding Author: Kazhmukhan Tohtyarovich Arynov, Aspan-Tau LTD LLR, aven. G. Slanov, 35, Almaty City, 050000,
Republic of Kazakhstan.

975

Study of Influence of -PNS Synthesis Conditions on
Cement Mortar Plasticizing Properties

Kazhmukhan Tohtyarovich Arynov, Abdrazak Pernebaevich Aueshov,1  2

Chaizada Zulpukharovna Eskibaeva, Aitkul Makhatovna Ybraeva and2 2

Elmira Muhammedgapurovna Dzholdasova2

Aspan-Tau LTD LLR, Aven. G. Slanov, 35, Almaty City, 050000, Republic of Kazakhstan1

South Kazakhstan State University Named after M. Auezov, Aven. Tauke-Han, 5,2

Shymkent City, 160000, Republic of Kazakhstan

Abstract: Improved methods of -PNS synthesis by adjusting basic parameters intended for obtaining
naphthalene formaldehyde oligomers with optimal molar mass distribution. Resulting product is polymethylene
naphthalenesulphonate -PNS-K4 (5-7, 6-6-polymethylene naphthalene - sodium sulphonate) with improved
cement mortars plasticizing properties. Plasticizing effect: - PNS-K4, as an additive, is viewed in comparison
to the known Kratasol plasticizer (produced by Superplast). By its plasticizing properties, effect on the strength
and on the kinetics of concrete hardening, the analyzed PNS-K4 is not inferior to Krasatol performance and
shows similar results.
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INTRODUCTION sodium sulphonate) and -PNS-4-(5-7, 6-6-

Modern development of building technology their effectiveness as additives in cement mortar show low
includes the problem of increasing quality and durability plasticizing properties, increasing mobility of the concrete
of concrete, which in many practically important cases can mixture from 2.5 to 9-9.5 cm (acc. GOST 24211-2008 par 8,
be successfully resolved through use of new chemicals. plasticity is changed from P1 to P3, slump, OK = 9.0-9.7

The most common are super plasticizers based on cm) and increase strength by 26-30%.
naphthalene and its derivatives. About 1.3 million tons of Due to this, in order to obtain PNS with stronger
superplasticizers based on polymethylene plasticizing properties, there was proposed the research
naphthalenesulphonate (PNS) are produced in the world for improving methods of PNS synthesis by adjusting
every year, which is about 70.0% of total quantity [1, 2]. main parameters of synthesis [3, 4]. Thus, research has

The  possibilities  of obtaining new PNSs by focused on obtaining optimal naphthalene formaldehyde
changing conditions of synthesis based on traditional oligomers with optimum molar weight distribution
reactants, i.e., naphthalenesulphonic acids and (MWD), since it is MWD that largely determines
formaldehyde, are not yet exhausted and development of effectiveness  of superplasticizers derived from PNS;
promising  chemical  additives for cement systems, which high-polymeric fractions of PNS liquefy cement paste
are based on them, remains an urgent task in concrete better than low-polymeric fractions [5-8].
knowledge. It has been suggested that the low-plasticizing effect

It  was earlier revealed that obtained PNS ( -PNC-1 on concrete mixtures of the PNS synthesized earlier is
(2,     7-polimetilennaphthalene- -sodium    sulphonate), related to non-compliance of MWD oligomers to the

-PNS-2 (5-7, 3-3-polimetilennaphthalene- -sodium optimum composition, or, more precisely, the low content
sulphonate) and -PNS -3 (5-7-polimetilennaphthalene- - of high-polymeric fractions in the PNS.

polimetilennaphthalene- -sodium sulphonate) [3, 4] by
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Table 1: conditions for PNS-K series samples synthesis
Duration of synthesis , hours Concentration after the reaction, %
-------------------------------------------- ----------------------------------------------------

PNS name Ratio Naphthalensulphonic acid/ CH O, moles Sulphonation Condensation CH O SO PNS2 2 4
-2

PNS-K1 1/1.7 0.5 0.5 3.67 6.76 14.0
PNS-K2 1/1.7 4 3 1.41 3.0 30.0
PNS-K3 1/1.2 3 3 1.1 1.86 33.0
PNS-K4 1/1.2 8 4 0.01 - 36.0

Table 2: The optimum dosage and plasticizing action of the synthesized PNS-K series samples on various grades of cement
Optimum PMS dosage from the weight of cement, %
-------------------------------------------------------------------------------------------------
PNS-K1 PNS-K2 PNS-K3 PNS-K4
--------------------- ---------------------- ---------------------- ---------------------

No. Grade and type of cement Water/Cement Conc. Spread, cm Conc. Spread, cm Conc. Spread, cm Conc. Spread, cm
1 Standard cement portlandcement 400 additive 0% 0.305 2.0 10.5 1.5 27.5 1.0 27.0 0.7 28.0
2 Standard cement ironportlandcement 400 additive 20% 0.350 1.5 15.0 1.0 20.0 0.8 27.0 0.6 30.0
3 Shymkent cement portlandcement 400 additive 0% 0.244 2.0 12.0 1.7 18.0 1.5 22.0 1.5 27.0
4 Shymkent cement ironportlandcement 400 0.26 1.8 14.0 1.5 20.0 1.3 25.0 1.0 28.0
Note: Spread is the spread of the cement paste

Fig. 1: -PNS-4 chemical formula and structure The structures of the synthesized PNS-4 and PNS- K4

Main Part: Synthesis parameters were adjusted in a are identical to each other but differ in MWD, degree of
manner that these changes contributed to increasing step-wise polymerization, i.e. PNS-K4 is different from
precisely the content of high-polymeric fractions of PNS-4, only in oligomeric composition, molecular weight
oligomers,  i.e.,  increasing  temperature and duration of distribution (MWD) [3, 4]. All further studies were made
the synthesis, conditions and scheme whereof were with sample -PNS-K4 (5-7, 6-6-polymethylene
shown in previous works [3,4]. Established by methods of naphthalene--sodium sulphonate) obtained after 8 hours
NMR – PMR spectroscopy chemical formula of -PNS-4 of sulphonation and 4 hours of condensation.
can be represented as: (5–7, 6–6-polimetilennaphthalene- MWD of the obtained PNS-K4 defined by mass

-sodium sulphonate - Fig. 1). spectrometry with matrix-activated laser
As a result of changing PNS synthesis parameters, 4 dissociation/ionization combined with time-of-flight mass

new laboratory samples were synthesized with different analyzer (MALDI-TOF) [9, 10], comprises, % wt.:
duration of the synthesis stage, i.e., sulphonation and oligomers with 2 to 4 naphthalene 10.0-28.5 nuclei;
condensation conventionally designated as PNS-K1, oligomers with 5-9 naphthalene 6.0 ÷ 11.5 nuclei;
PNS-K2, PNS-K3 and PNS-K4. Basic conditions for the oligomers containing 10 or more naphthalene 60.0 ÷ 80.0
synthesis of PNS-K samples are shown in Table 1. nuclei. Besides, PNS-K4 additionally contains salts of

In order to obtain more unbiased data and define PNS naphthalenesulphonic acid, naphthalene disulphonic acid
compatibility with binding agents, PNS-K samples were and sodium sulfate.
tested in 4 types of cement manufactured by domestic Analysis of PNS-K4 plasticizing properties was made
factories. Influence of the obtained PNS on agility and at concentrations ranging from 0.2% to 1.6% from the
spread of cement paste is shown in Table 2. weight of cement. Plasticizing effect of PNS-K4 was

By results of this study it can be assumed that assessed  by  cement  paste  spread.  Effectiveness of
increasing temperature and duration of the synthesis PNS-K4  as  a  plasticizer  was  determined  by comparison

(conditions of PNS-4 synthesis)* positively influences
plasticizing properties. Almost all obtained PNS (PNS-K1
to PNS K4) feature significantly high plasticizing
properties  than those obtained previously (spread over
10 cm), regardless of the type of cement. Comparatively,
the PNS-K4 sample has higher stable characteristics
(spread 28 to 30 cm), so the conditions of its synthesis
were taken as optimum.

established  by  results  of NMR, PMR and UV analysis
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Table 3: Comparative indicators of PNS-K4 and Kratasol influence on characteristics of cement paste
Compressive strength, MPa /%

Optim. q-ty of the -------------------------------------- Cement setting time, h-min
Kind and additive from Age, natural days --------------------------------
brand of cement Water/Cement Name of additive cement mass,% Spread, cm 3 28 Start End
Standard cement 0.305 - - 27 20.0/100 27.0/100 3-30 4-45
portlandcement PNS-K4 1.0 28 26.3/131.5 34.8/129.0 3-45 6-00
400 additive 0% Kratasol 0.5 27 21.3/106.5 33.2/123.0 - -
Standard cement 0.350 - - 27.5 11.5/100 20.5/100 6-35 9-00
ironportlandcement PNS-K4 0.5 28 5.04/43.8 22.3/108.8 9-15 11-55
400 additive 20% Kratasol 0.7 28 8.7/75.7 18/87.8 18-20 25-30
(SC-IPC-400A20)
Shymkent cement 0.244 - - 27 23.5/100 43.5/100 4-40 8-25
portlandcement PNS-K4 1.5 27.5 29.0/123.4 52.5/120.7 12-00 13-50
400 additive 0% Kratasol 1.5 28 6.0/25.5 40/92.0 0-20 0-40
Shymkent cement 0.264 - - 28 18/100 30.5/100 6-28 10-22
ironportlandcement PNS-K4 1.3 27 14.5/80.5 33.5/109.8 7-30 23-30
400 Kratasol 1.4 27.5 4.0/22.5 32.8/107.5 2-00 3-25

(a) (b)

Fig. 2: Dependence of cement paste spread on concentration of PNS-K4 (a) and Kratasol (b)

Fig. 3: Optimum amount of PNS-K4 and Kratasol additives depending on the type of cement

with characteristics of Kratasol superplasticizer that is portlandcement 400 additive 20 (SC-IPC-400A20) are
widely used nowadays by building companies in Russia virtually no worse than properties of the Kratasol
and Kazakhstan. Obtained results are shown in Table 3 superplasticizer. Optimum dosage for both plasticizers is
and in Figures 2 and 3. 0.5-1.5%. Unlike PNS-K4, dependence of cement paste

As can be seen in Figure 2, by its plasticizing spread on concentration of Kratasol has a smoother
properties (cement paste spread), properties of PNS-K4 growth curve. Optimum concentrations of PNS-K4 and
for cements “Standard cement” portlandcement 400 Kratasol used as plasticizers for various analyzed types of
additive 0% (SC-PC-400A0) and “Standard cement” cement are shown in Figure 3. As can be seen, for cement



World Appl. Sci. J., 31 (5): 975-978, 2014

978

of grade “Standard cement” portlandcement 400 additive 2. Aydin,  S.,  A.H.  Aytac and K. Ramyar, 2009. Effects
0% only, the optimal PNS-K4 concentration is slightly of Fineness of Cement on Polynaphthalene
higher; for "Shymkent Cement" portlandcement 400 Sulphonate Based Super-Plasticizer-Cement
additive 0%, PNS-K4 and Kratasol concentrations are the Interaction. Construction and Building Materials,
same, for the other two cements, the optimum 23(6): 2402-2408.
concentration of PNS-K4 is lower, compared to Kratasol. 3. Arynov,  K.T.,  A.P.   Aueshov,   Ch.Z.  Eskibaeva,

Influence of adding PNS-K4 on the kinetics of cement S.I. Dosov and R.D. Beysbekova, 2011. New Trends
paste hardening was assessed by strength test with in Optimizing Plasticizing Properties of
certain  dosage of PNS-K4 and Kratasol that are Polymethylene Naphthalenesulphonate. Bulletin of
hardening under normal conditions at t = 20±2°C and KAHAK   Scientific     and     Technical   Society,
humidity = 95%. Tests were made according to standard 33(3): 35-37.
procedures in accordance with GOST 10180 (see Table 3). 4. Arynov,  K.T.,  A.P.  Aueshov,  O.T.  Zhilkibaev,

Table 3 shows that after 3 days, PNS-K4 improves Ch.Z. Eskibaeva and K.B. Alzhanov, 2012. Modified
strength of cement rock made of portlandcement 400 Synthesis, Structure and Properties of Sulphonated
additive 0% and “Standard Cement” portlandcement 400 Naphthalene-Formaldehyde   Condensates.  Bulletin
additive 0% cement brands by 23% and 31%, respectively, of  KAHAK  Scientific  and   Technical  Society,
while Kratasol at this age only increases cement strength 38(4): 51-54.
for “Standard Cement” portlandcement 400 additive 0% 5. Kovalev, A.F. and I.Z. Shamsutdinov, 2007. Patent
(by 6.5%). Strength of cement rock after 28 natural days 2357937 of the Russian Federation, IPC C04B24/22,
with added PNS-K4 for all types is higher than reference C04B111/20. Superplasticizer / applicant and patentee
(w/o additives) by 9 - 29%. In turn, after this time, Kratasol - Open Joint Stock Company Polyplast (JSC
increases the strength of only 2 types of cement by 7 - Polyplast) - No. 2007136392/03; appl. 03.10.2007, publ.
26% over reference, for the remaining 2 types ("Shymkent 10.06.2009. pp: 4.
Cement"-portlandcement 400 (ShC-PC-400 A0) and 6. Yamada, K., 2011. Basics of Analytical Methods Used
"Standard Cement" ironportlandcement  400 additive 20 for the Investigation of Interaction Mechanism
(SC-IPC-400A20) it shows strength below reference by 8% between Cements and Superplasticizers. Cement and
and 12%, respectively. Concrete Research, 41: 793-798.

CONCLUSIONS Superplasticizers on the Rheology and Stability of

Thus, new syntheses of PNS aimed at obtaining Research, 38: 907-919.
naphthalene formaldehyde oligomers with higher- 8. Kim, B., S. Jiang, C. Jolicoeur and P.C. Aïtcin, 2000.
polymeric fractions, obtained new samples of The Adsorption Behavior of PNS Superplasticizer
polymethylene naphthalenesulphonate (PNS-K4) with and its Relation to Fluidity of Cement Paste. Cement
considerably (approximately 3 times vs. previous) and Concrete Research, 30(6): 887-893.
increased plasticizing effect on cement systems. 9. Krasnova, T.A., 2012. Analysis of Polymethylene

PNS-K4 changes plasticity of cement paste from P1 to Naphthalenesulphonic Acid Oligomers by MALDI-
P5, increasing strength of mature concrete by 20-25% and TOF Method. In the Proceedings of the All-Russian
according to GOST 24211-2008 and GOST 30459-2008 Conference  with  international   participation,
relates to additives for regulating properties of concrete - marking the 70  anniversary of V.V. Kormachev
superplasticizers and additives that increase concrete “Modern Problems of Chemical Science and
strength. Education”, 2: 47-48. 
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