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Abstract. Given the high energy intensity of the cement grinding process, the development of
new and effective intensifiers is a pressing issue. The aim of this work is to develop grinding
intensifiers from secondary raw materials produced during carpet manufacturing and gas processing
wastes, and to study their effect on the structure and strength of modified cement stone. Methods of
physicochemical analysis of raw materials and the obtained grinding intensifier, as well as standard
methods for testing cement stone were used in the work. The possibility of obtaining an effective
intensifier through the interaction of HYPAN (Hydrolyzed polyacrylonitrile) and diethanolamine was
established. The optimal dosage of the grinding intensifier was determined to be 0.1%, which allows
increasing the grade strength of modified cement stone by 31.2% and reducing the water consumption
by 11%, which is explained by hydration due to the additional effect of reducing the electrokinetic
potential between cement particles and increasing the fineness of cement particle grinding.
Physicochemical analysis methods established that there is practically no free water in the modified
cement stone sample and that the formation of the structure in the cement stone was achieved to a
much greater extent. It has been established that, over time, the amount of C-S-H hydration products
and calcium sulfoaluminate in the cement matrix of modified cement stone increases, which leads to
an increase in the strength of the cement.
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F'bIJIBIMHN MAKAJIA

YHTAKTAY KEJEJJAETKIIITEPIHIH HEMEHT TACBIHBIH
®U3NKA-MEXAHUKAJBIK KACUETTEPIHE 9CEPI

P. Pucrasaeros''”, M. Kam6apos!"", T. Kacumosa?'",
P. Kynabaes'* "', M. AyecoexoBa'

'M. Oye3os ateiagars Oxrycrik Kazakcran ynusepcuteri, 160012, Isivkent, KasakcTan
TalKeHT CAyJeT XkoHe KypbUIbic yHuBepcuteti, 111100, TamkeHT, ©36excTan

Anoamna. [lemenmmi YHmMaxkmay npoyeciniy dHepeemuKaIblK WbIEbIHbIHbIY JICO2APbl eKeHIH
eckepe OmvlPuIN, HCARA dHeane mMuimoi scedendemxiwumepoi azipney e3exmi macene O0abln MadLLIAObL.
Byn oicymvicmuiy maxcamor — xintem OHOIpY dicaHe 2a3 oHOeY KATOLIKMAPLIHAH ANbIHEAH eKiHuil
pemmIiK WUKI3amman YHMAaKmay dHceoei0emxiumepin 23ipaey iHcaHe onapobly MOOUPUKAYUAIAHEAH
YeMeHm MAachiHbIY KYPbUIbIMbl MeH bepixmicine acepin sepmmey 6oavin mabwiiadvl. Kymvicma
WUKI3am NeH albIHeAH YHMAKMAY JHeedei0emKiumepin Qu3uka-xumMusiivlk mauoay a0icmepi, coHOatl-
aK yemeHm MACLIH CbIHAYObIH cmanoapmmol 20icmepi Koadanvlnovl. [ UIIAH (cudponusdencen
NOMUAKPUTOHUMPUT) MeH OUIMAHOIAMUHHIY 63apa apeKemmecyi apKblLibl MUIMOI dcedel0emKiul any
MYMKIHOI2I  anblKkmanovl. ¥umaxmay ocedendemkiwmepiniy  oymatiivl  moawepi 0,1% Oen
AHBIKMANObI, OY1 MOOUPUKAYUAIAHRAH YeMeHm macbiubly Oepikmicin 31,2%-2a apmmuipyea scone
cycypanvicoin 11%-2a azavimyza MymKinodik bepeoi, oyn agpghexm yemenm 6onuexmepi apaculHoazsl
INEKMPOKUHEMUKANBIK, ~— NOMEHYUAnobl — MOMEHOemyOiyy — JicaHe  yemewm  OOnUeKmepiHiy
YHMAKMBLIbIELIH  aPMMbIPYObly  KOCLIMWA  dCcepiner  O0aamulH  cUuopamayusamer mycinoipineo.
DU3UKA-XUMUATBIK Manoay 20icmepi MOOUDUKAYUALAHEAH YeMeHm macbl yaziciHoe 6oc Kyuinoeel
cyovly ic oicysinOe OOIMAUMBIHOIZLIH JICOHE YEMEHN MACIHbIY KVPbUIbIMbIH  KATbINMACHbIDY
210eKatioa Jco2apsl 0apedicede Jcy3eze ACKaHbIH AHbIKMAObl. Yakeim ome Kejie MOOUupuKayusianean
yemenm macviHvly yemenm mampuyacvinoagel C-S-H eudpamayus oHimOepi MeH KaTbyuil
CYIbOOAIOMUHAMBIHIE, MOJIUUEDT apmbln, OV yemenmmiy Oepikmicii apmmuvlpamviibl AHbIKMALObL.

Tyiiin ce30ep: yumaxmay ocedendemkiuwmepi, ousmanonamu, IUIAH, yemenm macwl,
Oepikmik, KYpblibim
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BJIUSAHUE YCKOPUTEJIENA IOMOJIA IEMEHTA HA
®U3UKO-MEXAHUYECKHUE CBOMCTBA IEMEHTHOI'O
KAMHA

P. Pucrasaeros''”', M. Kam6apos!""', T. Kacumoa? "”/,
P. Kyna6aes!"" | M. Ayec6exoBa!

'1Osxu0-Kazaxcranckuil ynusepcuter um. M.Ays308a, 160012, IlIsimkent, Kazakcran
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Annomauus. Ilpu ycrnosusx 6vICOKOU 3HEP2OEMKOCMU Npoyecca NOMOAA —YeMeHma
aKmyanbHol A8semcst paspabomra HO8uIX u dhgexmuenvix yckopumenetl nomona. Llenvio danmotl
pabomul se15IeMCsL pazpabomra yckopumerneli HOMOAA U3 BMOPUHHOZO CbiPbs RPOU3BO0CMEA KOBPOS U
omx0008 2azonepepabomKu U UCCIe008AHUS GIUSHUS UX HA CMPYKMYypy U HPOYHOCMb
MOOUPUYUPOBAHHO20 YeMEHMHO20 KamHs. B pabome ucnonwb306ambl Memoovl Pu3uKO-XUMUYECKO20
AHATU3A  CHIPLEGLIX MAMEPUAIos U HOIYHeHHOU 000A6KU, CMAHOAPMHbIE MemoObl UCHbIMAHUS
YEMEHMHO20 KAMHS. YCMAaHO8AEHO, 8603MONCHOCIbL NOJYUEHUSL IPDEKMUBHBIX YCKOpUmenei nomoa
s3aumodeticmeuem  2UOPOIU30BAHHO20  NOAUAKPUIOHUmMpPURa u ousmanonamuna. Onpedenena
onmumanvHas 003uposka o0obasku 0,1% komopas no3eonsem ROBbICUMb MAPOYHVIO NPOUHOCHDL
Mooupuyuposannozo yemenmrnoz2o kamus nHa 31,2%, chuzume pacxod 600vl sameoperus Ha 11%,
Komopas — obwscHAemcs — euopamayuu 34 cuem  OOROJHUMENbHO2O  IPgexma  CHUdNCeHUs
INEKMPOKUHEMUUECKO20 NOMEHYUANA MENHCIY YACMUYAMU YeMEHMA U NOSLIULEHUSL MOHKOCMU NOMOAA
yacmuy yemenma. Memooamu uauUKoO-XuMU4ecKko2o anaiu3a aHaiusa yYCmanosleHo, Ymo 6 obpasye
MOOUDPUYUPOBAHHO20 YEMEHMHO20 KAMH NPAKMUYECKU OMCymcmeyem c80000Hasi 6004 U
Gopmuposanue Cmpykmypbl 6 YEMEeHMHOM KaMHe OOCHMUSHYMO 6 20pa300 O0abuiell CMeneHu.
Yemanoeneno umo, 6 mooupuyuposanHom yemenmHoM KAMHE CO 6DeMeHeM YEenuuUBaemcs
xoauwecmea npooykmos euopamayuu C-S-H u cyrvghoamomunama xkamvyusi 8 YeMeHmHOU Mampuye
Komopoe obecneuusaem nogvlulenue NPOYHOCMU YeMeHmd.

Knwuesvie cnosa: unmencugukamopvl  HOMOAQ,  OUIMAHOIAMUH,  2UOPOJIUZ0GAHHBII
NOAUAKPUTOHUMPUT, YEMEHMHASL KAMEHb, NPOYHOCHb, CIMPYKMYPa
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1 INTRODUCTION

The building materials sector is one of the industries that has a significant impact on the
development and growth of our country’s economy. One of the primary challenges that must be
addressed in the production of building materials is improving the efficiency of equipment and the
processes it involves—that is, enhancing the energy efficiency of energy-intensive processes during
production. It is well known that in cement production, 20% of the total energy consumed goes
toward grinding raw materials, 25% toward clinker calcination, and 40% toward final grinding.

Cement is produced worldwide at an astonishing rate of approximately 150 tonnes per second
and is an indispensable material for social and technological development [1]. Research [2] shows
that for every tonne of cement clinker produced, approximately one tonne of CO2 is emitted, which
actually far exceeds the theoretical decarbonisation content of limestone. This is because the
enormous energy consumption involved in cement production ultimately leads to CO> emissions
exceeding the expected level. At the same time, electricity consumption in the cement clinker
grinding process accounts for 60-70% of the total energy consumption in cement production, but
only a very low energy utilisation factor, typically less than 15%, is used for effective clinker
grinding, with the rest of the energy being lost as heat [3]. Improving the efficiency of cement
clinker grinding can be achieved in two key ways: modernising grinding equipment and introducing
auxiliary means for cement grinding. In practice, however, it is the auxiliary agents that have found
widespread use due to characteristics such as minimal dosage, cost-effectiveness and significant
improvement of the grinding process [4-6].

An analysis of scientific literature has shown that several groups of compounds are used in the
synthesis of grinding intensifiers, namely surfactants, organic amines, polyhydric alcohols,
oligomers, and complex additives [7-10], but the most studied of these are polycarboxylate ester
(PCE)-based intensifiers, additives that are commonly used to improve the workability of cement
systems as a grinding intensifier in clinker mills [11-14]. These studies have shown that PCE can
increase grinding efficiency by reducing cement particle agglomeration through the formation of
adsorption coatings on them. Moreover, the use of such a polymer can also improve the fluidity or
reduce the water demand of such cements.

PCE - based additives are very diverse, according to B. Lothenbach, Ben Haha, R. Figi [15-
17], the weakening of the plasticising effect and cement hydration under the influence of PCE
additives is explained not by the chemical interaction of these grinding intensifier with Ca®" ions,
but by the electrostatic-steric mechanisms of their action. Koizumi [18], on the contrary, believes
that PCE molecules form metastable complexes with Ca®" ions, reducing the basicity of
hydrosilicate phases. S. Moothedath and I. Teoreanu propose a theory of neutralisation of static
charges on the surface of solid particles in the presence of organic molecules to explain the role of
surfactants in grinding intensifier during grinding [19-20]. According to the works of J. Plank et al.
[21], PCE react with C3A and are incorporated into the structure of the hydrates formed, creating
stable organic mineral phases.

Currently, research is being conducted worldwide in a number of priority areas with the aim
of developing new organic chemical additives and applying them in cement composites, including
the following: the development of chemical additives with complex mechanisms of action; the
production of plasticizing additives based on renewable resources; the development of technologies
for producing plasticizing additives using carriers such as zeolite and silica gel; and the production
of new, effective additives through the chemical modification of existing superplasticizers[22-23].

However, to date, there has been no systematic study of the relationship between the structure
and properties of polyacrylate feedstock as they relate to grinding efficiency. Only limited
information can be gleaned from the molecular dynamics simulation study conducted by R. K.
Mishra et al. [24], and this information still needs to be verified through experimental work.
Furthermore, there are no studies on the possibility of using oil and gas refining waste as secondary
alkonalamines in the synthesis of accelerators.
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From the above, it can be concluded that there is no comprehensive information in the
literature on the mechanisms of influence of PCE as grinding intensifiers on the properties of
cement. In addition, analysis of the literature has shown that information on research into the
synthesis of grinding intensifiers based on secondary raw materials, waste from various industries,
and the effect of the resulting intensifiers on the cement hydration process is limited.

Kazakhstan is one of the world's leading countries in terms of hydrocarbon reserves,
production, and processing. According to statistical data, Kazakhstan has proven natural gas
reserves of 3.8 trillion cubic meters, of which 2.2 trillion cubic meters are associated gas and 1.6
trillion cubic meters are natural gas. In the first six months of 2025, natural gas and associated gas
production in the republic increased by 18.3%, reached 5.73 billion cubic meters, and aqueous
solutions of diethanolamine (DEA) and methyldiethanolamine (MDEA) absorbents are widely used
in natural gas and NGL processing plants. The average MDA consumption for purifying one cubic
meter of gas depends on the gas composition, the concentration of harmful substances, and the
specific purification technologies.

Typically, about 0.1-0.5 kg of MDEA is used for neutral and moderately contaminated gases.
Open sources contain no published data on the volume of saturated MDEA residues in Kazakhstan.
However, given the active use of this chemical in the oil and chemical industries for producing acid
inhibitors, anti-corrosion compounds, and other products, it can be assumed that its residues are
generated in significant quantities. Interestingly, MDEA is a substance with absorbent and purifying
properties, and its waste requires strict environmental monitoring due to its potential toxicity and
the complexity of its disposal. It has been determined that these residues can currently serve as a
significant raw material for the production of grinding catalysts.

Thus, the development of new grinding intensifiers is a pressing scientific and technical task.
Of particular interest are studies aimed at obtaining effective and environmentally safe intensifiers
based on secondary raw materials capable of increasing the energy efficiency of the grinding
process without compromising the basic characteristics of the resulting cements.

In this regard, the aim of this study is to develop grinding intensifiers from secondary raw
materials produced during carpet manufacturing and gas processing wastes, and to investigate the
effect of the obtained grinding intensifier on the structure and strength of the modified cement
stone.

2 MATERIALS AND METHODS

Secondary nitronic fiber (PAN, waste from carpet production), secondary diethanolamine
(DEA) (waste from gas processing by PetroKazakhstan Oil Products LLP), 8% sodium hydroxide
solution, methanol, and hydrochloric acid were used as raw materials for the synthesis of cement
grinding intensifiers.

The synthesis of PCE was carried out by the hydrolysis of nitrile groups, i.e., the treatment of
PAN with strong alkalis at elevated temperature and pressure and esterification, in which the
resulting PCE (or its salt) reacts with diethanolamine in the presence of an acid catalyst to form
ester groups (PCE).

The raw materials and grinding intensifier obtained were studied by IR spectroscopy, thermal
analysis and X-ray phase analysis.

The IR spectrum of the synthesised grinding intensifier, was recorded on an IRAffinity-1S
spectrometer (SHIMADZU CORP., Japan), a high-sensitivity spectrometer (noise ratio 60,000:1)
that allows the analysis of wave numbers of various samples, despite the low intensity of spectral
bands, in the wave number range of 4000400 cm™'. The interferometer optimisation system, along
with built-in self-diagnostics and a built-in automatic drying device, significantly improves ease of
use and ensures long-term stability of the instrument. The high-speed scanning mode (20 spectra
per second) allows reactions lasting several seconds to be monitored [1].

The thermal stability of the synthesized grinding intensifier and cement mixtures was
analyzed using differential thermal and thermogravimetric methods on a DTG-60 device
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manufactured by the Japanese company SHIMADZU. SHIMADZU’s TGA (simultaneous thermal
analysis) and simultaneous TGA-DTA and TGA-DSC analysis methods provide an easy-to-use,
reliable and highly efficient platform for thermal analysis. The derivatogram was studied on a
derivatograph at a speed of 10 degrees/min, with the sensitivity of a T-900, TG-200, DTG-1/10,
DTA-1/10 galvanometer, with automatic recording of the derivatogram on photographic paper. A
sample of the pigments under study weighing 35-46 mg was placed in a 10 mm diameter aluminium
oxide and platinum crucible without a lid, capable of withstanding temperatures up to 165 °C.
Differential heating was carried out under atmospheric conditions. During the analysis, the
synthesized pigments were subjected to thermal analysis at temperatures ranging from 20 to 1000
°C [1].

X-ray phase analysis cement stone added grinding intensifier was performed using a modern
Rigaku MiniFlex 600 X-ray (Rigaku CORP., Japan) device, which combines various research
methods that typically use X-ray radiation. In the equipment used for the analysis, X-ray radiation
uses transverse electromagnetic oscillations with a wavelength of 102-102 A. In the process of
generating X-rays, radiation is formed as a result of the collision of fast-moving electrons with a
metal cathode under the influence of high voltage in X-ray tubes.

The distance between surfaces (d) was calculated based on the wavelength of X-ray radiation
and the Bragg angle (6). The values of d for each sector were calculated, and the values of the
distance d between each surface were determined using special programmes and calculators [1].

The water requirements of cement systems were determined using the methods of GOST
301.6-2020 and the Vika apparatus.

The results of HYPAN IR spectroscopy showed that there are two strong carbonyl peaks at
1697 cm™ and 1653 cm™! in the spectrum. This indicates the presence of both a carboxylic acid
(1697 cm™) and an amide (1653 cm™) group, i.e. a compound containing both acidic and amide
groups in its molecule (Figure 1).

Currently, along with methyldiethanolamine, diethanolamine is also actively used in the oil
and gas industry (albeit to a lesser extent than methyldiethanolamine). Therefore, the use of
diethanolamine as a secondary raw material is of great importance.
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Figure 2 — IR spectra of diethanolamine (DEA)

The results of DEA IR spectroscopy showed that the spectrum has a very strong peak at 1662
cm-1 and C=0O (amide) at 3300 cm-1: a broad N-H stretching peak at 1236 cm-1: strong C-N
stretching (amide III). These three peaks together confirm the clear presence of an amide group (-
CONH-) (Figure 2).

The synthesis of the grinding intensifier based on HYPAN and diethanolamine was carried
out in a 5-litre reactor, into which the calculated amount of HYPAN was placed. The temperature of
the mass in the reactor was brought to 50 °C and the calculated amount of diethanolamine was
slowly added over the course of 1 hour. After that, the reaction mass was cooled to room
temperature. Unreacted diethanolamines were separated from the cooled reaction mass by vacuum
distillation. The resulting product is a viscous liquid whose colour can vary from light yellow to
orange.
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Figure 3 — IR spectra of HYPAN and diethanolamine

As can be seen from Figure 3, absorption bands characteristic of v(C=N) — elongation of the
nitrile group in acrylonitrile segments — are observed in the 2240-2250 cm-1 range. In the spectrum,
this means that a decrease or shift in the peak occurs during the formation of hydrolysis or amide.
Absorption bands in the 1730-1740 cm-1 region are characteristic of v(C=0) — carbonyl stretching.
Amides or ester fragments are specific to amides formed during PAN hydrolysis. Absorption bands
in the 1650-1670 cm-1 region are characteristic of 6(N-H) and v(C=0) mixed oscillations in the
second-order amide structure. On the spectrum, this appears as a strong or broad peak. Absorption
bands in the 1250-1300 cm-1 region are characteristic of v(C—N) in the structure of amide or amine
groups. This is characteristic of hydrolysed PAN. Broad absorption in the range 3400-3500 cm-1
represents oscillations — v(O-H) or v(N-H), which indicates an increase in hydrophilic properties.

The strength of cement stone specimens prepared using cement with a grinding accelerator
was studied and compared with that of cement stone specimens prepared using a traditional mixture
(control specimen). The composition of the control sample for grinding was as follows: cement
clinker—1,140 g (95%), gypsum—60 g (5%); the composition for grinding using cement grinding
intensifiers was calculated with an additive mass fraction of 0.1% of the total mass, i.e., cement
clinker — 1,138.86 g, gypsum — 59.94 g, grinding accelerator — 1.2 g. The mixture was loaded into a
ball mill, and the grinding time was 45 minutes. After stopping the grinding process, the mill’s
contents were discharged into a screen to separate the balls; from the remaining screenings, a 25-
gram sample was weighed, and the fineness of grinding was determined by sieving through a No.
0.08 sieve, with the residue on the sieve amounting to 9—14%.

Study of the strength of cement specimens with the addition of a grinding accelerator. The
cement specimens were prepared as follows, in accordance with GOST 30744-2001. To do this, a
control specimen was mixed in a special mixer, poured into a 3x3%x3 mold, and compacted on a
vibrating table. The cement specimens in the molds were stored in a special climatic chamber at a
temperature of 20°C and a humidity of 98% for 24 hours; after that, the specimens were removed
from the molds and placed in water-filled containers in a special climatic chamber at a temperature
of 20°C and a humidity of 98%. To test the compressive and flexural strength of the cement
samples, samples were taken on the 2nd, 7th, and 28th days and tested in special presses.
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3 RESULTS AND DISCUSSION

The study of the influence of grinding intensifier on the main characteristics of modified
cement was conducted by many authors [25-31], who established that particle size distribution,
uniformity of distribution, and specific surface area (SSA) have a significant impact on the
performance properties of cement, especially its strength.

The optimal amount of grinding intensifier was selected based on experiments and literature
data. Typically, PCE are added to cement systems in amounts no greater than 0.1-0.2%. Exceeding
these amounts typically results in the cement and water separating into two layers. However, all
results presented were obtained by averaging multiple analyses.

The authors of this article conducted experimental studies to determine the effect of the
obtained grinding intensifier on the strength and structure of cement stone. As a result of the study,
when testing the compressive and flexural strength of cement samples with grinding intensifier, it
was found that the strength of the sample containing the grinding intensifier additive changed as
follows compared to the conventional SEM II/A-I 32.5N cement sample without grinding
intensifier (Table 1).

Table 1 - Compressive strength (a) and flexural strength (b) of cement stone samples of grade SEM II/A-I 32.5N with
the addition of a grinding intensifier

Compressive and flexural strength of cement samples

Ne SEM II/A-132.5N Water (ml) . Grir.lding 2 days 7 days 28 days

cement (g) intensifier (g) (N/mm?) (N/mm?) (N/mm?)

a b a b a b

1 2 3 4 5 6 7
2 1000 250 - 16.4 3.5 25.1 4.6 37.7 6.3
3 1000 225 1 21.2 3.9 32.8 4.9 46.9 6.6
4 1000 225 5 23.2 4.2 36.5 4.8 48.2 7.5
5 1000 225 10 22.8 4.5 38.8 4.8 49.5 7.8

The results in Table 1 show that the compressive strength of the cement sample with 1 grams
of grinding intensifier was 29.3% higher after 2 days, 31% higher after 7 days, and 24.4% higher
after 28 days than that of cement stone samples obtained from SEM II/A-I 32.5N cement samples.
The flexural strength of the samples was 11.2% higher after 2 days, 6.5% higher after 7 days and
4.7% higher after 28 days. When studying the compressive strength of cement samples obtained
with the addition of 5 g of a grinding intensifier, it was found that after 2 days it was 41.4% higher,
after 7 days — 45.4% higher, and after 28 days — 31.2% higher. The flexural strength of these
samples was 10% higher after 2 days, 4.3% higher after 7 days, and 23.8% higher after 28 days.
This indicates that the grinding intensifier plays a very important role in increasing the strength of
cement stone by actively participating in the primary and secondary hydration of the cement
mixture.

Usually, when adding grinding intensifier to cement (and concrete), the need for water is first
determined, so experiments are carried out when the water and cement are in the same ratio without
defining this parameter, the actual effectiveness of the grinding intensifier cannot be estimated due
to the negative consequences associated with the increase in the amount of free water. A reduction
in water consumption may only indicate that the supplement has other positive properties.

Effect of grinding intensifier on the Blaine specific surface area of cement. The grinding
process in cement production is an important step that determines the main physicochemical
properties of the product. In particular, the Blaine specific surface area (m*kg) of cement directly
affects its hydration rate, strength-building properties, and overall reactivity.
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Table 2 - Time dependence of the specific surface area of cement with and without the addition of a
grinding intensifier

Ne Time (min) Without grinding With grinding Efficiency
intensifier (m*/kg) intensifier (m*/kg) (%)
1 20 222 263 +18%
2 40 284 337 +18%
3 60 326 390 +19%
4 80 358 493 +38%
5 100 380 456 +20%

The conducted analyses show that the use of special grinding intensifier — in the grinding
process significantly increases the dispersion level of cement. The graph, compiled based on the
experimental results, shows an increase in the Blaine specific surface area with increasing grinding
time. However, in the case where the intensifier is not used, this increase is relatively slow.

In the case of grinding without an intensifier, the specific surface area of cement in 20
minutes was approximately 222 m?/kg, while in 100 minutes this indicator increases to 380 m?/kg.
During this process, agglomeration (sticking) between particles can be observed, which reduces the
grinding efficiency.

On the contrary, under the conditions of using a grinding intensifier, the growth rate of the
Blaine specific surface area is much higher. In particular, if 263 m?*/kg is achieved in 20 minutes,
then in 100 minutes this indicator reaches 456 m*kg (Table-2). This is an average result of 15-25%
higher. The main reason for this is that the intensifier adsorbs on the surface of the particles,
reducing their adhesion and improving the dispersion process.

Also, when grinding intensifier are used:

energy consumption is reduced;

mill productivity increases;

a uniform granulometric composition of the cement is ensured.

Cements with a high Blaine specific surface area usually hydrate faster and develop early
strength faster. However, excessively high dispersion can increase water demand and cause some
technological inconveniences. Therefore, choosing the optimal grinding mode is important.

In conclusion, the use of grinding intensifier significantly increases the Blaine specific surface
area of cement and improves production efficiency, which justifies their widespread use in modern
cement production technologies.

The effect of grinding intensifiers on the fineness of cement particles. In cement production
technology, the grinding process is one of the main stages that form the granulometric composition
of the product. The size distribution of particles directly affects the physicochemical properties of
cement, in particular, the hydration rate, water demand and strength indicators. Therefore,
increasing the efficiency of the grinding process is of great scientific and practical importance.

In modern technologies, various grinding intensifiers are used to increase the efficiency of
grinding - grinding intensifier s. The main function of these substances is to reduce the adhesion
(agglomeration) forces between particles and increase their dispersion.

Table 3 - The dependence of the fineness of cement particles with and without the addition of a grinding intensifier

Faction (um) Without With Eff
intensifier (%) intensifier (%) iciency
>80 14 7 —50%
45-80 28 21 —33%
20-45 27 29 +7%
<20 31 42 +35%

According to the results of experimental analyses, in the absence of a grinding intensifier, the
proportion of large fractions in the granulometric composition of cement particles remains relatively
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high. In particular, the amount of particles larger than 80 um is significant, which indicates that the
grinding process is not fully effective. In this case, the electrostatic and molecular attraction forces
between the particles lead to their adhesion to each other, as a result of which the grinding process
slows down and energy consumption increases.

When a grinding intensifier is used, the size distribution of the particles changes radically.
First of all, the proportion of large particles decreases sharply, while the proportion of small (<20
um) (Table 3) fractions increases significantly. This is explained by the adsorption of intensifier
molecules on the particle surface. As a result, the adhesion forces between the particles decrease,
they are easily separated from each other, and the grinding process is more efficient.

At the same time, the use of grinding intensifiers not only improves the granulometric
composition, but also increases the economic efficiency of the technological process. In particular,
energy consumption is reduced, mill productivity is increased, and production costs are reduced.

However, excessive particle size can also lead to some negative consequences. For example,
the water requirement of cement increases, which can affect the ease of processing concrete
mixtures. Therefore, ensuring optimal granulometric composition during the grinding process is an
important task.

In conclusion, the use of grinding intensifiers significantly increases the degree of fineness of
cement particles, reduces the proportion of large fractions, and increases the amount of fine
fractions. This serves to improve the reactivity and technological properties of cement and
scientifically justifies the use of such additives in modern cement production.

During IR spectroscopic analysis of modified cement stone, absorption lines were observed in
the range of 873.75-1080.31 cm!. It is known from the literature that the range of 1100-750 ¢cm’!
corresponds to symmetric and asymmetric absorption lines of Si-O-Si and Si-O bonds, as well as
Si-O-Al bonds (Figure 4b).
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Figure 4 — Results of IR spectroscopic analysis:
a) conventional cement stone b) modified cement stone

According to the analysis of IR spectra of the modified cement stone sample and the
conventional cement sample, wavelengths in the ranges of 694-779 and 873 cm™ correspond to
symmetric and asymmetric oscillations of Si-O-Si and Si-O bonds. At wavelengths of 975.8 and
1080 cm™!, oscillations of Si-O-Al bonds and better crystallisation of calcium hydrosulfoaluminate
are observed. At a wavelength of 1417.68 cm™!, the presence of carbonate, bicarbonate and sulfite
groups is indicated, resulting in the formation of hydrocarbonaluminates and hydrosulfocarbonates,
which increases the strength of the cement stone. At a wavelength of 2926-2976 cm™!, the presence
of free water molecules is indicated. Unlike a conventional cement sample, the wavelength of
3415.93 cm! is associated with the oscillations of the SiOu tetrahedron bound by OH groups,
indicating a high content of Si(OH)s hydrosilicates and submicron crystals. This increases the
strength and water resistance of the cement sample.

In infrared spectra, absorption lines in the region of 3200-3600 cm™ usually belong to
hydroxyl groups, so it is difficult to see amines and amides against the background of hydroxyl
groups, but in diethanolamine we can see that the absorption lines in this region are not as broad as
those characteristic of -OH groups, but rather narrow. This means that the amount of -NH> and -OH
groups in diethanolamine is equal. Another absorption line at 1620-1680 cm™, characteristic of -
NH> groups, is lower in the spectra of ethanolamine, which can be explained by the hydrogen bonds
in the ethanolamine molecule.

Thermogravimetric analysis showed that the experiment was conducted for 90 minutes at
temperatures up to 900 °C. During this time, three intense mass losses were observed on the TGA
of the conventional cement sample. During the experiment on intense mass loss 1, a mass loss of
9.526% was observed at a temperature of 59.77-426.82 °C due to excess moisture and water in the
gypsum. In the intensive mass loss experiment 2, it can be seen that the mass loss of 31.511% is due
to the dehydration of C-S-H crystals and the decomposition of Ca(OH); at a temperature of 426.82-
675.82 °C, and in the intensive mass loss experiment 3, it can be seen that the mass loss of 41.150%
is due to the decomposition of CaCOs3 at a temperature of 675.82-901.75 °C. During differential

1
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thermal analysis, energy absorption was observed in the temperature range of 59.77, 675.82, 901.75
°C, with the maximum heat absorption recorded at 901.75 °C (Figure 5a).
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Figure 5 — Thermogravimetric analysis (TGA) and differential thermal analysis (DTA):
a) sample of conventional cement b) cement stone based on modified cement

According to thermogravimetric analysis of a cement sample with a grinding intensifier, three
intense mass losses were observed in TGA. During the first intense mass loss of 12.792% at a
temperature of 347.41-621.74 °C, the mass loss was observed due to the excess moisture and the C-
S-H dehydration. In the second phase of intense mass loss, the mass loss of 9.057% was observed at
a temperature of 621.74-900.83 °C due to the partial dehydration of C-S-H and the decomposition
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of Ca(OH)2. In the zone of intense mass loss 3, it can be seen that the mass loss was 27.731% at a
temperature of 621.74-900.83 °C, mainly due to the decomposition of CaCO3 (Figure 5).

Differential thermal analysis of a cement sample with a grinding intensifier showed that
energy absorption was observed in the temperature range from 347.41 to 621.74 °C, with the
maximum heat of absorption recorded at 621.74 °C. (Figure 5b).
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Figure 6 — Results of X-ray phase analysis:
a) cement stone sample obtained from conventional cement. b) cement stone sample obtained from
modified cement

Figure 6b, illustrating a cement composite with the addition of a grinding intensifier, shows
that the Ca(OH), diffraction peaks in the 18, 28 and 34" are weaker than the Ca(OH), diffraction
peaks in the 18, 34" and 47 regions in the conventional cement sample (Figure 6a). As a result of the
hydration of alite C3S in cement, Ca(OH), crystals are formed, but the weak diffraction peaks are
due to the fact that active SiO, combines with the Ca** ion during the hydration process, forming C-
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S-H. Over time, an increase in the amount of C-S-H and calcium sulfoaluminate hydration products
in the cement matrix increases the strength of the cement. Ca(OH)> crystals that remain unhydrated
have a negative effect on the strength of the cement.

4 CONCLUSIONS

1. Based on a review of the literature, it was shown that polyamide polyelectrolytes were
obtained by polymer-chemical transformations of selected raw materials — diethanolamine and
HYPAN — during the synthesis of a grinding intensifier based on IR spectroscopy analysis.

2. When testing the compressive strength of cement samples produced with the addition of
0.1% grinding accelerator, it was found that after 2 days it was 41.4% higher, after 7 days it was
45.4% higher, and after 28 days it was 31.2% higher. The flexural strength of these samples was
20% higher after 2 days, 4.3% higher after 7 days, and 23.8% higher after 28 days. Thus, it was
demonstrated that a 0.1% dosage of the grinding accelerator is optimal.

3. When comparing the physical and mechanical properties of modified and unmodified
cement, it was found that the water consumption for producing cement paste in the modified cement
was reduced by 11% compared to the control sample. This is explained by an improved hydration
process due to the additional effect of increasing the fineness of the cement particles.

4. Research using differential thermal analysis showed that the content of free water in the
modified cement stone sample decreased several times, and the reduction in endoeffects indicates a
significantly more efficient formation of the structure in the cement stone.

5. It has been established that, over time, the amount of C-S-H hydration products and
calcium sulfoaluminate in the cement matrix of modified cement stone increases, which leads to an
increase in the strength of the cement.

6. The research was carried out within the grant funding of the Science Committee of the
Ministry of Science and Higher Education of the Republic of Kazakhstan (Project AP26102705
«Development and Production of Cement Grinding Intensifiers Based on Local Raw Materialsy).
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