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BSTRACT

urrently polymer superplasticizers are commonly used in the production of cement and
nicrete building materials. Superplasticizers. improve purposefully the operational
nracteristics of concrete as compressive, strqng’d‘l,-;water resistance, water absorption,
workability, etc. o '

Il aim of this work is to research of the effects of graft copolymers on the physical
Juind mechanical properties of cement pastes as superplasticizer based on polyethylene
Jlycol and N-vinylcaprolactam. ,

(Iraft copolymers of polyethylene glycol (PEG) and N-vinylcaprolactam (NVCL) were
prepared by the use of free radical polymerization in the 95:5, 85:15 and 75:25 wt%
{tios. FT-IR-spectroscopy measurements were performed for identification of the graft
copolymers. i

(lement pastes were prepared at water-cement ratio of 1:1 using portland cement and
~ iqueous solutions of copolymers at concentrations of 0.25; 0.5; 1 wt%.

Ihe study results established that the addition of the synthesized graft copolymers
vauses the increase of basic physical and mechanical properties of cement pastes: the
compressive strength increases to 25-28% for the entire time interval of measurements;
water absorption decreases to 1-1,5%, workability increases to 15% compared with the
control samples. The optimal concentration of the copolymer in water, where the best
results of operational properties of cement are achieved, is 0.25 wt%. Thus, it was
established that the graft copolymers based on polyethylene glycol and N-
vinylcaprolactam can be the effective superplasticizers of cement and concrete masses.

Keywords: copolymer, cement, superplasticizers, workability, compressive strength,
water absorption
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INTRODUCTION \IERIALS AND METHODS

i : ; Sigma-
In concrete technology superplasticizers are used in order to improve the i inylcaprolactam (NVCL; Sigma-Aldrich gsoﬂ’d" "_'g%’;?};i‘ii"pi‘i’hﬁ‘iff;ndg\md
properties, strength, water resistance, workabiliy, ctc. It s knowy, that the o mdbatasaralond B S e el
the water-cement ratio in composition is one of the very important factors ut purification. Graft copolymers of A e e bl
significant effect on the mechanical properties of concrete [1]. However, the m lcaprolactam (NVCL) were prepared using fre Bapsss Seisepn iy dosnapey
macrostructure defects of concrete is substantially associated with an tound-bottom flask equipped with 1‘:2"‘%‘;‘6‘;“[}‘0“ NVCL added into flask by
deficiency of water added to the initial cement mixture [2], Last decades there Q" iy el AR sled B VC
vergrowing use of superplasticizers in the production fe Qi o alled e et il 3
concrete which may reduce the amount of water by the recipe mixture
Wide range. Generally synthetic compounds with high molecular weight g
superplasticizers. related 1o one of the following groups: sulphonated. m
formaldehyde polycondensates, sulfonated naphthalene-formaldehyde polycon
modified lignosulfonates and others [3-6].

i Iymers were reéorded on a
fer-transform infrared (FT-IR) spectra of the (co)polyr .
fin-Blmer FT-IR Spectrum Two instrument at the 4000400 cm! range using 4
3t § e resolution. The (co)polymer samples were mixed with KBr and pellet
preparcd. |
eemogravimesic nalysis of he samples s peromed ana ek Eimer Prs
o e oshit M. and Ok K. v developd s e type of i Bt Sauples tor TG weresweighiad abowt 10/ g wad lienisd ot heating

on Water-soluble methacrylpolyethylene graft polymers containing both carly 0 of 10°C/min from room temperaturc to S00°C under nitrogen N; atmosphere
sulfonic groups [7]. It was determined that a high quality and workable concs

0,99%, flow rate 20 ml/min). =% i
200d fluidity can be obiained by using of these admixtures even at 0.3 wa . Shai h GOST 10181.1-
fmie [8]. Htayrdened concrete is cyhangeﬁzed by low shrinkage upon drying 4 Orkability was measured by standard technique in accordance wit
longevity with compressive strength 100 N/mm? and more, )il
i testing machine
In the paper [9], a series of copolymers based on polycarboxylic acids with 4 leasurement of compressive strength was carried out on a hydraulic testing

M 600 M1 SEIDNER (Germany) with full capacity of 600 KN. The test samples
e prepared in the form of cubes with 5x5x3 cm size [12].

p P | ;
o resulting cement pastes were directly moulded info one-inch cube T ]
QR T e D M Sl T o
mers with some block chains of PEO with certa red under water for 3, 7 and 28 days until the time of defining ofvlyat;ra‘ iy
and molar concentration have good characteristics in terms of as plasticizer and lnisture absorption was determined by weight change of the sample during g
which improves the water-retaining capacity. The results indicate that this
copolymers can be used as a wide range of plasticizing additive. One
application s to use it 10 produce. high-flowing concrete by introducing 1
admixtures such as fly ash, etc. [9], 4 RESULTS AND DISCUSSION

El-Sayed et al. [10] reported the performance of water-soluble copolymers [l structure of prepared copolymers with different ompisiton <1)f Plfrc:l;;‘i ;Xﬁ’“er
heological properties of Portland cement (PC) pastes and mortar. The results sh 05:5, 85:15 and 75:25 wit% was confirmed by FT-IR, e
that the addition of aqueous solutions from the prepared copolymers fo. the ¢ Bepolymers are shown in Figare 1. FT-IR spectnum of e cop e el
enhance the propertics of cement and mortar. Al the frequencies that typical of PEG and NVCL manomer: e G
yibration is typical of the carbonyl groups at range 1737 cm! and the C- rougs of
IVCL at range 1647 cnr. Carbonyl peak (C-0) of PVCL homopolymer at el
shifted to 1737 . The same trend was observed for C-N stretching v!bn:u])l; ‘;;z of
I'VCL homopolymer from 1508 e fo 1647 cm. The region at 2874 an ? LS
present CHz and C-O groups stretching vibrations, respclcnvely. The‘ cHz de ul?na ‘om
Vibrations are clearly observed at range 1464-1466 cn”, O-H stretching il B
finge 34503300 em. FT-IR spectra clearly indicate the formation of the gra
copolymer.

graft chain groups of polyethylene oxide (PEO) were synthesized. The effect of
PEO chains on the fluidity, zeta potential and adsorption in the cement paste|
characteristics of the copolymer in concrete were discussed. It was shown
propertics of the copolymer depend on the length and density of the grafted a
PEO chains. Also the copolys

The aim of this work is to research of the effect of graft copolymers on the physis
mechanical propertics of cement pastes as superplasticizer based on poly(¢
glyeol) (PEG) and N-vinylcaprolactam (NVCL). These copolymers are perspect
gement and concrete superplasticizers. On one hand, they have possibility of pro
of concretes with special workability propertics. On the other hand. superpl
allow to prepare concrete mixtures with very low water-cement ratios,
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Figure L FT-IR spectra of the [PEG:NVCL] 75:25 wt.% copolymer

and reaches a maximum at 450°C which indicates the complete degradatic
the copolymers. The degradation of [PEG:NVCL] 95:5 copolymer starts o at
250°C and reaches at maximum 300°C, These results show that the thermal stabilif
Copolymer is increased by the NV, content incresing,
Negim ESM. etal, [13, 14) reported the performance of water-sofup
the rheological properties of Portland cement
addition of aqueous solutions from th
Properties of cement slurry,

In this study,

the effeet of the content of copolymers on workability of cement
Was determined. The concentrations of the copolymer aqueous solutions wers i
102255 0.5; 1%, The results of the comens pastes workability tests are presen
Figure 2. 1t was determined tha (e workability of polymer-modified cmen pi
higher than natural cement pagtes, ‘e highest workability shows the [pEG:
fatio — 95:5 copolymer. The rheological Properties of cement paste were improvy
presence of studied copolymers,

338

Section Green lings Technologies and Materials

|
i

»
w
n
@
©
»
»
0
o

v
ERRE
o S

Figure 2. TGA data of the copolymers: a — [PEG:NVCL], wt.%: 95:
©~75:25.
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. In the final

thickening the water i
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Jligure 5. The compressive strength of cement pastes: 1 = without copolymer; 2 —
[PEG'.NVCL], Wt.%: 95:5; 3 — 85:15; 4-17525.

ONCLUSION ¢ n

study results established that the additiont of the synthesized graft. copolymers
o5 the increase of basic physical and mechanical properties of cement pastes: Tt was
rmined that the compressive strength increases 0 25.28% for the entire time
ryal of measurements; water absorption decreases to 1-1.5%; workability increases
15% compared with the control samples. The optimum concentration of the
jolymer in water, where the best results of operational properties of cement are
feved, is 0.25 wt%. Thus, it was established that the graft copolymers based on PEG
i NVCL can be the effective superplasticizers of cement and concrete masses.
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