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STUDIES OF STRUCTURAL-PHASE CHANGES IN A MODIFIED
CEMENT STONE METHOD BY DERIVATOGRAPHIC ANALYSIS

The use of a complex nanodispersed additive consisting of a superplasticizer and
nanoparticles (sol of nanosilica and carbon nanomaterial) have a significant effect on
the hydration, hardening, and curing of building composites, predetermining their
durability.

The results of studies of phase transformations occurring in a cement stone modified
with this additive are presented. The studies were carried out using the method of
thermal analysis, which allows to obtain quantitative information about the change in
the mass of the sample as a result of its heating and at the same time register this
change. Thermal analysis has a number of advantages over other research methods, the
flexibility of setting up an experiment, the rapid removal of information, the ability to
automate data processing, and a small amount of substance. A comprehensive study of
the properties of a material when it is heated allows a detailed and deeper study of the
nature of the processes occurring in it. The study of physical and chemical processes
was carried out on a combined thermogravimetric analysis device and differential
scanning calorimetry METTLER TOLEDO, which is designed to measure the
thermodynamic characteristics (heat and temperature of phase transitions and physico-
chemical reactions), as well as detect changes in the mass of materials in the
temperature range from 25 to 1600 degrees C. The article discusses the intervals of
weight loss of samples containing an additive of superplasticizer and a complex
nanodispersed additive in age those 1 and 28 days. To find out what effect a
superplasticizer has on a cement sample, an additional sample No. 1, consisting only of
cement and water, was examined at 28 days of age.

Key words: complex nanodispersed additive, nanosilica sol, carbon nanomaterial,
thermodynamic characteristics, experimental studies.

Formulation of the problem. Concrete is one of the fire resistant materials. Due to
the relatively low thermal conductivity, the short-term effect of high temperatures does
not significantly affect its properties. But with an increase in the degree and duration of
heating in concrete, irreversible changes occur [1].

Concrete structures in case of fire are exposed to high temperatures - from 800 ° C
and above, which subsequently leads to a decrease in the bearing capacity of concrete
and reinforced concrete structures and further to their complete destruction.

Analysis of research and publications, statement of the problem. The method of
derivatographic analysis is aimed at fixing the physicochemical properties of a substance
in the process of temperature effects [2-7]. The aim of the study is to study the effect of
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a complex nanodispersed additive consisting of a superplasticizer and nanoparticles (sol
of nanosilica and carbon nanomaterial) on the properties of the cement material.

Research Methods.

Prototypes.

Structural-phase changes in hardened cement stone were studied on samples of the
following samples:

No. 1 - control sample (cement-water),

No. 2 - sample containing the addition of superplasticizer (SP),

No. 5 sample containing a complex additive consisting of a superplasticizer and
nanoparticles of nanoparticles (sol of nanosilica and carbon nanomaterial) [8-10].

The additive in samples No. 1,2 and 5 was introduced in an amount of 0.8% by
weight of cement. The amount of mixing water for all samples was selected in such a
way as to obtain a dough of normal density in all cases. Samples of beams with
dimensions of 40x40x160 mm were made from cement paste of normal density. Tests
were conducted at the age of 1 and 28 days.

Methodology for sample preparation.

The preparation consists in removing water from the pores and micropores so that
the cement hydration reactions do not continue further. It is impossible to simply dry the
sample to remove pore water in an oven at 105 ° C, because together with the pore
water, the sample will lose part of the hydrated water, which has already reacted with
cement minerals and has become fixed in calcium silicate hydrates. After drying at 105 °
C we obtain, according to the data, an underestimated content of hydrated water and,
accordingly, an underestimated content of calcium silicate hydrates. Therefore, drying
was carried out in acetone at 50-60 ° C. Acetone is able to chemically bind water and
evaporate at 50-60 °C, taking away pore water with it, and at the same time
crystallization hydrated water is not affected, which is fixed in hydrates of calcium
silicates. Without acetone, it would be impossible to remove pore water without
destroying calcium silicate hydrates.

The procedure was as follows: a) crushing the sample, b) abrasion to powder, c)
adhering acetone to the powder, d) drying in a drying oven at 50-60 °C in acetone for 30
minutes. If acetone completely evaporated earlier than after 30 minutes, then it was
added additionally.

The equipment used.

The study of the physicochemical processes occurring during the high-temperature
heating of cement stone samples was carried out using a combined thermogravimetric
analysis and differential scanning calorimetry METTLER TOLEDO (Switzerland). This
device is intended for measuring thermodynamic characteristics (heat and temperature
of phase transitions and physicochemical reactions), as well as recording changes in the
mass of solid and powder materials in the temperature range from 25 to 1600 degrees C.

Thermogravimetric analysis (TGA) allows you to obtain quantitative information
about the change in mass of a sample as a result of heating, cooling, exposure at a
constant temperature in accordance with a given temperature program and in a specific
gas atmosphere.

Thanks to the unique design of the thermal sensors integrated in the measuring cell,
the TGA / DSC1 also enables differential scanning calorimetry (DSC). Such a
constructive solution makes it possible to carry out measurements of calorimetric
quantities at different thermodynamic transitions accompanied by a change in the mass
of the test sample at the same time in one experiment and on the same sample, and
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record this change. The device is made in the form of a single desktop measuring
module, consisting of a temperature unit (furnace), a unit for measuring mass change
(scales), a calorimetric sensor - a sample holder, placed in a furnace with adjustable
temperature and heating speed, an electronic control and measurement unit.

The principle of measuring the amount of heat released or absorbed by the sample is
based on the integration of a sensor signal over time that measures the difference in heat
fluxes between two cups, one of which is filled with a sample, while being
simultaneously controlled by the speed of heating in the furnace to a predetermined
temperature controlled by the sensor.

The principle of operation of the scales is based on compensation for changes in the
weight of the sample by electromagnetic force created by the automatic balancing
system. The measuring unit of the balance is thermostatically controlled by an external
circulation thermostat.

Main part.

Figures 1-5 show diagrams of samples of cement stone at the age of 1 and 28 days.

Three main intervals are considered (Figure 1.2):

1 interval. From 20-30°C to 300°C. The mass loss in this interval refers to hydrated
water H20, which was bound in the hydration reactions of alite and other clinker
minerals, and transferred to the composition of calcium hydrosilicates and hydrates of
calcium-aluminate and calcium-aluminoferrite. In this interval, there are minima on the
DTG and DSC curves corresponding to the maximum rate of hydrated water removal. If
we take the interval of 30-300 °C, then sample No. 2 lost 7.6% of its mass in this
interval, sample No. 5 is less - 7.06%. The relative difference in this case is 7.6 / 7.06 =
1.076 = 7.6%. This difference is in favor of sample No. 2 without nanoparticles.

If the entire 1st and 2nd interval, as highlighted in the graphs, from 30 to 425 ° C are
attributed to losses of hydrated water, then sample No. 2 lost 8.27% of the mass, sample
No. 5 - 7.72%, i.e. 7.1% less (8.27 / 7.72 = 1.071). It turns out that the proportion of
hydrated water is again larger in sample No. 2.

2 interval. From 450 to 550°C. In this range, weight loss is attributed to
decomposition of Portlandite Ca (OH) 2 into CaO and H20 upon heating. Portlandite is
formed as a result of hydration of alite and belite. On the graphs, the interval 425-491°C
is highlighted. In this interval, respectively, there are sharp minima on the DTG and
DSC curves, confirming the decomposition of portlandite.

Sample No. 2 lost in this interval 425-491°C 1.59% of the mass, sample No. 5 -
1.48% of the mass. It turns out that in sample No. 2 the hydrated water associated with
portlandite is relatively larger by 1.59/1.48 = 1.074 = 7.4%.

3 interval. This range corresponds to the decomposition of calcium carbonate
CaCO3 into CaO and carbon dioxide CO2. The formation of calcium carbonate in
cement stone is wholly attributed to the continuous carbonization of portlandite due to
contact with carbon dioxide gas. Typically, calcium carbonate decomposes in the range
of 780-820 ° C with corresponding sharp minima on the DTG and DSC curves. On the
charts, these minima fall on the interval 540-800°C. For sample No. 2 in this interval,
the mass loss is 2.438%, for sample No. 5 - 2.709%. If the losses are multiplied by the
ratio of the molar masses of H20 and CO2 - 18/44 = 0.409, then we get the equivalent
loss of water by portlandite. In the range of 540-800°C for sample No. 2 - 0.9971%, for
sample No. 5 - 1.1079%. The relative difference is 1.1079 / 0.9971 = 1.111 = 11.1% in
favor of sample No. 5.

34



| LiewerT N92 (1 cyr 27.11.19) Monowwka BHTY, 29,11.2019 12:04:47 Method: 30 1000 10 mg
1| sample Weight Module: TGA/DSC 1 HT/1600 319 DTA, 18.01.2018 14:00:35 Gt 100 . .
1} Llement N22 (1 cyr 27.11.19) Nonowwuka BHTY, 50,1420 mg [1] 30,0..1000,0 °C, 10,00 K/min
- Synchronization enabled 4
07 1 5 T - P T T
] P B [ -
.10 / DTG \ / "’ Signal Vakue -3,44e-03 mgeCA-1 ]
] / at 44 o]
] \ a9
-20-] / o Signal Value -12,34e-03 mg°C*-1 Signal Value  -9,84e-03 mg°C~-1 i
] e .::E:r;g 671,17 °C at 690,25 !
1 1 Resdue  93,14% Step -12,46 % 1
. -6,25 mg 1
-30- Left Umit 27,73 °C 5 Resdue B754% 48
1 Right Limit 198,66 °C Step })ﬁ % 4389 mg 4
27,73°C ]
] 3 Residue  90,14% Right Lm#t 998,37 °C ]
40~ 20 ma
Left Limit 425,41 °C 0,05 1
b \: Right Limit 491,10 5C g1 47t
] Signal Value -30,18e-03 mgC"-1
-50+] at  457,82°C - i 1
] SLQVJIWI S141 mw 2 30 mg 4
] at| 11d210C £ SigralValue 65,70 mW 4 Residue  B7,54% P
.60 3 a 87317 89 mg
Left Umk 491,10 °C 7
1 Right Limit 998,37 °C 1
-70 s Signal Value 65,25 mW 5]
- 2 Resdue  9173% ot 69527°C ]
1 4539 mg d
-804 Left Limit 199,66 °C DsC -
] Right Limit 425,41 °C 1
ShralValue -59,17e-03 mgPC™-1 ]
I at 110,10 °C 3
904 Signall Value 85,78 mW
] at X 1
7T T T T—T T T T T T
100 200 300 400 500 600 700 800 900 °C
Lab: METTLER STAR® SW 14.00

Fig. 1 — TG measurement results of cement sample No. 2 at the age of 1 day
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Fig. 2 — TG measurement results of cement sample No. 5 at the age of 1 day
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The total water associated with portlandite, by the sum for intervals 2 and 3 for
sample No. 2, was 1.59 + 0.9971 = 2.5871%, for sample No. 5, 1.48 + 1.1079 =
2.5879%. The relative difference is 0.03%. Those. the amount of water associated with
portlandite, and the amount of portlandite itself, formed during the hydration of alite and
belite, are the same.

If we attribute the amount of water released in the 1st interval, when hydrates are
decomposed, to the total amount of water corresponding to the 2nd and 3rd intervals -
portlandite decomposition, then for sample No. 2 it is 7.6 / 2.5871 = 2.937, for sample
No. 5 - 7.06 / 2.5879 = 2.728, which corresponds to stoichiometry of the alite hydration
reaction. The relative differences in interval losses at the level of tenths of a percent are
negligible.

It turns out that hydration water, judging by the 1st interval, is larger in sample No.
2. The amount of portlandite in the samples is approximately the same.

The difference in hydrated water between samples No. 2 and No. 5 at the age of 1
day is not so significant as to make a confident conclusion about faster hydration in one
of the samples. It is worth noting that the total mass loss in samples No. 2 and 5 in the
range of 30-1000°C differ even less - 12.46% and 12.07%, i.e. only 12.46 / 12.07 =
1.032 = 3.2%.

Comparison at the age of 28 days was carried out between samples of samples No.
2 and No. 5. In order to find out what effect the superplasticizer has, sample No. 1 was
additionally investigated.
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Fig. 3— TG results of measuring a sample of cement sample No. 2 at the age of 28

days
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Fig. 4 — TG results of measuring cement sample No. 5 at the age of 28 days
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Fig. 5 —TG results of measuring a sample of cement sample No. 1 at the age of 28

days
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We examined 3 intervals of weight loss at the age of 28 days on the TG-curve (Fig.
3,4,5):

1 interval. In the range of 30-300°C, sample No. 1 lost 13.29% of its mass, sample
No. 2 - 12.31%, sample No. 5--12.9%. The relative difference is 13.29 / 12.9 = 1.030 =
3% (sample No. 1). The difference is 12.9 / 12.31 = 1.048 = 4.8% for sample No. 5
containing nanoparticles and a super-plasticizer, compared with a sample modified only
with a superplasticizer.

If the entire 1st and 2nd interval, as highlighted in the graphs, is from 30 to 425°C,
the loss of hydrated water includes sample No. 1 lost 14.90% of the mass, No. 2 -
13.69% of the mass, sample No. 5 - 14.27%, i.e. sample No. 5 lost hydrate water by
4.2% more than sample No. 2 (14.27 / 13.69 = 1.042), but 4.4% less than sample No. 1
(14.9/14.27 = 1.044).

Thus, the proportion of hydrated water is greater in sample No. 1. But if we compare
sample No. 2 with sample No. 5, then the hydration water is greater in sample No. 5.

2 interval. Sample No. 1 lost in this interval - 3.07% of the mass, sample No. 2 -
2.64%, sample No. 5 - 2.7% of the mass. In sample No. 1, the hydration water
associated with Portlandite is relatively 3.07 / 2.7 = 1.137 = 13.7% more than in sample
No. 5. But if we compare sample No. 2, then the hydration water in it is less than in
sample No. 5 by 2.7/ 2.64 = 1.023 = 2.3%.

3 interval. For sample No. 1, the mass difference (41.1793-40.1268) / 50.1573 was
0.021 = 2.1%, for sample No. 2—-2.35%, for sample No. 5 — 2.61%.

If these losses are multiplied by the molar mass ratio, then the equivalent loss of
water by portlandite in the range of 500-800°C for sample No. 1 is 0.859%, for sample
No. 2 - 0.961%, for sample No. 5 - 1.068%. The relative difference is 1.068 / 0.859 =
1.243 = 24.3% in favor of sample No. 5 compared to sample No. 1 and 11.1% (1.068 /
0.961 = 1.111) compared to sample No. 2.

The total water associated with portlandite, in the sum for intervals 2 and 3 for
sample No. 1 - 3.07 + 0.859 = 3.929%, for sample No. 2 - 2.64 + 0.961 = 3.601%, for
sample No. 5 - 2.7 + 1.068 = 3.768%, i.e. water associated with portlandite, in sample
No. 5 more than in No. 2 by 3.768 / 3.601 = 1.046 = 4.6%, but less by 3.929 / 3.768 =
1.043 = 4.3% than sample No. 1.

Conclusions:

1) In the method of thermogravimetry itself there is an inaccuracy associated with
the choice of the boundaries of the intervals. For example, if the first interval is chosen
within 30-300 C, then in sample 1, the mass loss is 13.29%. If the first interval is chosen
within the range of 30-425 C, then the mass loss is 14.90%, i.e. relative change 14.9 /
13.29 = 1.12 = 12%.

2) Sample No. 1 has a mass loss greater than sample No. 2 in the 1st interval by
7.96%. In sample No. 2 modified with a superplasticizer, SP slowed down the hydration
of cement.

3) The mass loss in sample No. 1 is greater than in No. 5.

4) Sample No. 5 at the age of 1 day showed a lower weight loss compared to
sample No. 2, and at the age of 28 days a large weight loss (about 5%).

5) The difference of 5% between samples No. 5 and No. 2 is negligible.

6) Experimental studies of modified cement samples by the method of
derivatographic analysis are ongoing.
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E.H. Ilononuna, C.H. /Ieonosuu

Hccneoosanus cmpykmypHo-hazoevix usmenenuii 6 MOOUPUUUPOCAHHOM
UEeMEHMHOM KaMHe MeMO00M 0epUsamozpapuueckozo ananu3a

Hcnonv3osanue  KOMNAEKCHOU — HAHOOUCNEPCHOU  000asKu, cocmosawjell U3
cynepnaacmugukamopa u  HaHouacmuy (3074 HAHOKpeMHe3eMd U  YenepoOHO20
HAHOMAMeEPUAna) Uumelom 3HAYUMENbHOe BIUAHUe HA Npoyeccvl UOpamayuu,
meepoenus, Habopa NPOYHOCMU CMPOUMENbHBIX KOMNOZUMOS, NPeOONpeoeisia ux
0071206€4HOCMb.

Ilpusedenvi pesynvmamsl uccie008anull asosvix Npespawerutl, NPOUCXo0AUUx 8
YeMeHMHOM KamHe, MOOUDUYUpo8anHo2o 0anHol dobasxou. Hccredosanus nposedeHvl
C NOMOWBIO MEmooa MepMUYecKo20 aHAU3A, KOMOPbIL NO360AAen  NOLYUUMD
KOUYeCMBeHHyI0 uHgopmayuio 006 usmeHeHuUu maccel obpasya 6 pesyibmame €20
Hazpeeamus U HpU IMOM PeUCmpuposamsv 5mo usmeHenue. Tepmuueckuii anaiuz
umMeem ps0 npeuMywecms neped OpyeuMu MemooamMu UCCIe008aHull, 2uOKoCmb
NOCMAaHOBKU — SKCnepumeHma, Ovicmpoe cHamue uHGopMayuu, BO3MOICHOCb
asmomamuzayuy npu 0opabomxe OAnHbIX, Maoe Koauvecmeo seujecmea. Komnnexcrnoe
u3yueHue CBOUCME Mamepuaila npu e2o Hazpeeanuu Nno3eoisem O0emanbho u Oonee
2nyboko  uccredosams Hpupody npomexawwux 6 Hem npoyeccos. Hccreoosanue
QUBUKO-XUMUYECKUX — NPOYeccos, NPOBOOUNOCH HA  YCHPOUCMEE  COBMEUJeHHO20
mepmozpasumempuieckoeo  auamuza U - oupghepenyuanvhoil  ckanupyrower
xkanopumempuu METTLER TOLEDQO, xomopuwiii npeounasnauen ONs U3MePEHUs.
MEPMOOUHAMUYECKUX — XAPAKMEPUCMUK  (Meniomsl U  memnepamypvl — Qazoevix
nepexo008 U QU3UKO-XUMUYECKUX PeaKyuil), a makdice pecucmpayul UsMeHeHus Maccol
Mmamepuanog 6 ouanazore memnepamyp om 25 0o 1600 epaoycos C. B cmamve
paccmompenvl  UHMEPBATbl NOMePU MACCbl  00pasyos, cooepicawyio  000asKy
cynepnaacmuguxamopa u KOMNJIEKCHYH0 HAHOOUCHepCHYI0 000asKy 6 sospacme 1 u 28
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cymok.  Umobbl eblsACHUMb KaKOe GIUsiHUe OKA3bleaem Cynepniacmupukamop Ha
yemeHmHbIU 00pasey, OONOIHUMENbHO 6 28 cymounom eo3pacme Obll UCCIEO08AH
obpasey Nel, cocmosiuuii MoabKo U3 yemenma u 600bl.

Knrouegvre cnoea: Komnjaekcnasn Hanooucnepcnasn ooobaska, 3071
HaHOKpemHesema, yenepooHslil Hanomamepua, mepmoounamuuecKue
XapaKmepucmuKu, IKCHepUMEHMAIbHblE UCCIE008AHUA.

E.H. Ilononuna, C.H. /Ieonosuu

Jocnidicenns cmpykmypHo-pazoeux 3miH 6 MOOUPDIKOCAHOMY UEMEHMHOMY
Kameni memooom depieamozpagdiueckozo ananizy

Bukopucmanna KOMNieKCHOI HAHOOUCNEPCHOMY 000asKu, Wo CKIA0AEMyCs 3
cynepnaacmugikamopa i HAHOYACMUHOK (30110 HAHOKpeMHe3ema i 8yeneyeozo
HaHOMAamepuai) Maoms 3HAYHUL 8NAUE HA npoyecu 2iopamayii, meepoinHa, HAOOPY
MiyHOCMi 0YOi8ENbHUX KOMNO3UMIB, 3yMOBNIOI0UYU IX 008208IUHICIb.

Hageoeno peszynomamu docniodcenv (azosux nepemgopeHs, wo i00yearomuvcs 6
YEeMeHMHOMY KameHi, MoOughikosanozo 0anoi 0obagkoro. [ocrioicenns npogederi 3a
00NOMO2010 MEMoOy MepMiuHO20 aHANI3Y, AKUL O003601A€ OMPUMAMY  KilbKICHY
iHGhopmayito npo 3MiHYy Macu 3paska 6 pe3yIbmami U020 HASPIGaHHs | NpuU Yybomy
peecmpysamu yio 3miny. Tepmiunuil ananiz mae psao nepesaz nepeo iHUUMU Menooamu
00Ci0MHCEHb, SHYUKICMb NOCMAHOBKU eKCNepuMenmy, weuoke 3HAmms ingopmayii,
Modcaugicms  agmomamusayii. npu  obpobyi OaHux, Mana KiibKicmb PeyosUHU.
Komnnexcne eusuenns enacmueocmeti mamepiany npu 1020 HazpieanHi 00360Js€
demanvHo i Oinbui 2AUOOKO O0CHIOUmMU HPUPOOy NPOMIKAIOMb 6 HbOMY NpOyecis.
Hocnioocennsn  Qizuxo-XimMiunux npoyecis, npo8OOUNOCs HA NPUCMPOL CYMIWEHO20
MepMOSPAsiMempuyHo20 ananizy ma oughepenyianvhoi cKanyouoi Karopumempii
METTLER TOLEDO, sxuii npusnaueHuil Osi GUMIDIOGAHH MEPMOOUHAMIYHUX
Xapaxmepucmuk (meniomu i memnepamypu azoeux nepexooig i QizuKo-XiMiuHux
peaxyitl), a maxkoxyc peccmpayii 3MiHU Macu Mamepianie ¢ 0ianazoui memnepamyp 6io
25 0o 1600 epaoycie C. y cmammi po3enanymi iHmepsaniu empamu MAcu 3pasKis, ujo
Micmumb 000a6KY Cynepnaacmuikamopa i KOMIAEKCHY HAHOOUCNEPCHOMY 000A8KY 8
6o3pa mi 1 i 28 0i6. IlJo6 3'acysamu saxuil 6éniue HA0Ae€ Cynepuiacmu@ixamop Ha
yemeHmHuUll 3pas’ok, 000amxogo 8 28 0obosomy 6iyi 6y6 docnioxcenuii 3pazox Nel, wo
CKAA0aemuvCsi mibKu 3 YeMeHmy i 600u.

Knrwowuogi cnosa: komninekcHa HAHOOUCNEPCHOMY 000a8Ka, 30716 HAHOKPEMHE3eMda,
gyzneyesuil Hanomamepuan, mepmoounamiuni Xapakmepucmuku,
eKcnepumMeHmanbvHi 00Cai0HCeH .
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