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The article gives the results of studying hydration processes occurring in cement synthesis
using waste products of chemical industry. Cement clinker was synthesized with the relation
of initial raw components, calcium-containing water treatment waste and rejected nickel-
containing catalyst of AZOT Private Joint Stock Company (Severodonetsk, Luhansk Region,
Ukraine), equal to 50/50. The obtained samples were studied by Strelkov minor method:
normal density, setting time and mechanical strength were determined within 1, 3, 7 and
28 days. The results regarding the setting product were analyzed by differential thermal,
X-ray phase analysis, microscopic analysis and electron microscopy; this enables to control
the phase relation in the synthesis of a new class of aluminate cements using waste products
of chemical industry. The obtained data showed the absence of cubic hydroaluminates
which deteriorate the strength. The methods of physicochemical analysis revealed that the
phase composition of hydrated alumina cement is represented by calcium hydroaluminate
of different basicity, whereas cleavage structure consists of prismatic crystals which give
dual coalescence, and this is favorable form to provide matrix self-reinforcement. The
developed composition of aluminous nickel-containing cement referred to hydraulic binders.
The results of physical-mechanical tests of the synthesized cements indicated that the
obtained cements are quick-setting, fast-hardening and high-strength materials.
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hydroaluminates, structure.

Introduction

In conditions of swift development and
industrialization, special attention is paid to the use
of secondary raw materials or substandard materials
that are amenable to recycling. The main fields of
application of such materials are the industrial
branches of construction materials, chemical and
metallurgy industries. [1]. A great attention is also
focused on the refractory cementing materials. A
deficiency of raw materials and a high cost of pure
raw materials encourage the development of the new
types of binding materials of a special purpose that
enable a more efficient use of the resources reducing
thus the cost price of end products [2,3].

Experimental methods, results and discussion

For research purposes, we synthesized the
cement clinker with the 50/50 ratio of initial raw
materials, in particular the calcium-containing water
preparation waste and the nickel catalyst carrier waste

from the Private Joint Stock Company «North-
Donetsk Association AZOT» ( K-905 D2) [1].

Using a number of physical and chemical
methods of analysis, we studied the hydration
products of alumina nickel-containing cement. The
cements were manufactured and exposed to
hardening under air-moist conditions during 1, 3, 7,
14 and 28 days. The hardening products were studied
using the differential-thermal, X-ray phase analysis
and microscopic methods of analysis [8]. Figure 1
gives the data of differential-thermal research of
hydrated cement. It has been established that a
specific stepwise dehydration of available calcium
hydroaluminates of a different composition is
observed with the temperature rise that results in
the endothermic effect at the temperatures of 140 to
160°C [4].

The endothermic effect at the temperatures of
280 to 440°C is related to the stepwise character of
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Fig. 1. DTA curves of hydrated alumina cement

water removal. The endothermic effect at 380°C
corresponds to the removal of the constituent water
from Al (OH);. The endothermic effects at the
temperatures of 780°C and 960°C correspond to the

Hydration for 1 day

complete dehydration of calcium hydroaluminates,
recrystallization and growth of the crystals of calcium
aluminates that form the reinforcing skeleton and
increase the cement strength [5,6,7].

It should be noted that the peak typical of the
stepwise dehydration of calcium hydroaluminates of
a different composition deepens as the hydration
time is increased, and the peak typical of the
dehydration of aluminium hydrates of a different
composition drops. However, a drop in the cement
stone strength due to the crystallization of cubic
hydroaluminates is not observed; it complies with
the data of X-phase analysis.

The research performed by using the X-ray
analysis data (Figs. 2—6) shows that the main crystal
phases of hydrated nickel-containing alumina cement
are the calcium aluminates that failed to react, in
particular CaAl,O, (d-1071°=2.4; 2.519; 2.973; 3.719;
4.68 m), NiALO, (d-107'9=4.68; 2.856; 2.438 m),
CaAl,O, (d-1071°=2.597; 3.089; 3.509 m), gelenite
Ca,ALSiO, (d-107°=1.761; 2.4; 2.438; 2.856 m),
calcium hydroaluminate CaAl,0,-10H,0
(d-10719=4.446; 7.21; 14.19 m), and also
(Ca0, MgO0)-Al,0,-CO;-11H,0 (d-1071°=2.519;
2.856; 3.719 m).

The obtained data match well with the data of
differential thermal analysis and show the absence
of cubic calcium hydroaluminates that facilitate the
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Fig. 3. Bar roentgenogram of hydrated alumina cement (3 days old)
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strength drop.

Microscopic investigations showed that the
cleavage structure of hydrated nickel-containing
alumina cement is mainly represented by uniformly
distributed colorless needle crystals and grayish-brown
crystals with hexagonal outlines and a weak double-
refraction (Fig. 7). The grains are identified as calcium
hydroaluminate, apparently containing Ca (to 35 vol. %)
[8,9]. Some pores are fine, they are of a closed type

and are not communicating with each other. Fig. 7. Microscopic structure of the cleavage of hydrated
The SEM microphotograph (Fig. 8) shows the nickel-containing alumina cement: a — magnification x40;
pore in the nonisotropic heterophase material at a b — magnification x64
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magnification of x6000. The pore structure is
represented by disperse particles with an almost
spherical shape (a diameter of ca. 10 mm), short
prismatic and cubic crystallites (with the ribs of
Ix2 mm and 1 mm, respectivly) and also multiple
finer microcrystals with fuzzy outlines that cover the
entire internal pore surface [9].
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Fig. 8. Microscopic structure of the cleavage of hydrated
nickel-containing alumina cement (magnification: x6000)

The surface of specimen (Fig. 9) shows the
matrix fine-disperse phase. The media were not
identified morphologically due to fine particles;
however, long prismatic crystals (up to 0.5 mm) and
thin-needle crystals of up to 7 mm long were
identified.
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Fig. 9. Microscopic structure of the cleavage of hydrated
nickel-containing alumina cement (magnification: x3000)

Prismatic crystals are interlaced and give double
concretions (below and to the left of the center of
the photo) that cause the effect of mechanical
meshing. Needle crystals penetrate into the fine-
disperse matrix phase and sometimes their sharp
portion protrudes into the pore space that provides
the effect of self-reinforcement and disperse

reinforcement [1].

The synthesized cements were subjected to
physical and mechanical tests. The specimens were
made of the paste of a normal density and were
tested using the methods of small-size specimens.
The specimens have been hardened for 1, 3, 7, 14
and 28 days in air-moist conditions. The results of
the test are given in Table.

Physical and mechanical test data for the alumina nickel-
containing cement obtained using substandard raw

materials*
Age, days Compression strength margin, MPa
1 19
3 56
7 63
14 68
28 74

Note: * — Initial material: alumina nickel-containing cement
(50—50); water/cement=0.27; hardening conditions: air-moist.

The obtained data show that the developed
composition of alumina nickel-containing cement
refers to hydraulic binding materials with a normal
water-to-cement ratio and it is fast-setting (it starts
to set after 60 min to 1 hour 30 min and the setting
process ends after 1 hour 50 min to 2 hours 30 min),
fast hardening (the compression strength margin is
56 MPa at the age of 3 days of the hardening) and it
is a high strength material (the compression strength
margin is 74 MPa at the age of 28 days of the
hardening).

Conclusions

Using a variety of the physical and chemical
methods of analysis, we studied the hydration
products of nickel-containing alumina cement. It
was established that high cement strength is provided
by the presence of calcium hydroaluminates of
Ca0O-Al,O; 10H,0 type, aluminium hydroxide and
the unhydrated grains of calcium aluminates that
contribute to a further durable gain in strength. The
coexistence of the phases both in crystal and colloidal
states provides a high strength of the cement stone.
It was established that the cleavage structure of
hydrated alumina cement is mainly represented by
uniformly distributed colorless needle crystals that
facilitate the reinforcement of the cement stone and
also by the grayish-brown crystals with hexagonal
outlines and weak double refraction that are identified
as calcium hydroaluminate, apparently of a
CaAl,0,-10H,0 (up to 35 vol.%) composition.
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JTOCIIIXKXEHHS OCOBJINBOCTEM ITPOIIECIB
TTIPOTAIIT TNTUHO3EMUCTUX LIEMEHTIB HA
OCHOBI CITIOJIYK CUCTEMM CaO—NiO—A1,0,

I'M. Illa6anosa, A.M. Kopozodcveka, P.M. BoposcbisH,
H.C. Ilanko, O.B. Xpucmuu, O.I. Illymuncoxui

B oaniii cmammi naeedeni pezyaomamu docaioxncenus npo-
yecig eidpamauii, wo i00Oyearomscs Npu CUHmMe3i yeMeHmy Ha oc-
Ho8I 8idx00i6 ximiuHoi npomucaoeocmi. Jlns 30ilichents 0ocaionceHb
CUHME308AHO UeMEeHMHUL KAIHKeD 3 CNiBGIOHOUIEHHAM BUXIOHUX
cuposunnux mamepianie 50/50: kaavyicemicHi 8ioxodu 60donideo-
moeku i éidbpakosani (8i0npaubo8aHuil) Hikeab-eMIiCHUU Kamani-
samop TIpAT «Azom» m. Cesepodoneyvka (Jlyeanceka obaacme,
Ykpaina). Bueomoeneri 3pazku docaiodcysanucs 3 3a1yMeHHIM Maoi
memoouku Cmpeakoea: HOPMAAbHA 2YCMOMA, MEPMIHU CXONAI-
6aHHs | mexauiyHa miynicmo y iyi 1, 3, 7i 28 0i6. Hadawni pe3yno-
mamu npodykmie meepoiHHs aHanizyeanucs 3a 0onomoeorw ouge-
PEHUILIHO-MepMIUH020, PeHMeeHOPaA308020, MIKPOCKONIYHO20 Me-
modie ananizy, a MaKodlc eneKmpoHHoI MIKpOCKOnii, o oae modxc-
AUBICMb MEXHON0IYHO20 Pecyr8aHHs CNiGIOHOWeHH Ga3 npu
CUHMe3i H08020 KAACY AAOMIHAMHUX YeMeHmi6 3 UKOPUCIAHHAM
6i0x00i6 XximiuyHoi npomucnogocmi. Ompumari Oaui NOKA3YHOMb
gidcymuicmo KyOiMHUX 2i0poartomMiHamie Kaavyito, CRpUsiioms cKu-
danns miynocmi. DizuKo-XiMIMHUMU MEMOOAMU AHANIZY 6CIMAHOG-
AEHO, Wo (azosull ckaad 2iopamogano2o eAUHO3eMUCIO0 YeMeH-
my HadaHuil eidpoartoMiHamamu Kaavyiro pi3HOi 0cHOGHOCMI, a
CcmpyKmypa 8i0Kony — NPUMAMuYHUMU KPUCMAAamu, ki 0aromo
NOO0BIUHI 3DOUjeHHS, W0 CRPUSIE camoapmysantio mampuyi. Pospo6-
ACHUU CKAQO 2AUHO3EMUCIO20 HIKeAb UeMeHm)y GIOHOCUMbCs 00
eidpaeniunux 6’a3kux mamepianie, 30ilicHeHi Qi3uKo-mexaHiuHi
8UNPOOYBAHHs CUHME308AHUX UeMeHmig ceiduamb npo me, w0 odep-
HCAHI YeMeHMU € WUOKOMYNCABHUMU, UBUOKOMBEPOHUMU | BUCO-
KOMIYHUMU Mamepiaramu.

KirouoBi ciioBa: okcu HiKeJTto, TITMHO3EMUCTUI 1IEMEHT,
ripaTaitisi, peHTreHo(ha30B1 A aHai3, TiAPOATIOMIiHATH KaJIbIIil0,
CTPYKTYypa.
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The article gives the results of studying hydration processes
occurring in cement synthesis using waste products of chemical
industry. Cement clinker was synthesized with the relation of initial
raw components, calcium-containing water treatment waste and
rejected nickel-containing catalyst of AZOT Private Joint Stock
Company (Severodonetsk, Luhansk Region, Ukraine), equal to
50/50. The obtained samples were studied by Strelkov minor method:
normal density, setting time and mechanical strength were determined
within 1, 3, 7 and 28 days. The results regarding the setting product
were analyzed by differential thermal, X-ray phase analysis,
microscopic analysis and electron microscopy;, this enables to control
the phase relation in the synthesis of a new class of aluminate cements
using waste products of chemical industry. The obtained data showed
the absence of cubic hydroaluminates which deteriorate the strength.
The methods of physicochemical analysis revealed that the phase
composition of hydrated alumina cement is represented by calcium
hydroaluminate of different basicity, whereas cleavage structure
consists of prismatic crystals which give dual coalescence, and this is
favorable form to provide matrix self-reinforcement. The developed
composition of aluminous nickel-containing cement referred to
hydraulic binders. The results of physical-mechanical tests of the
synthesized cements indicated that the obtained cements are quick-
setting, fast-hardening and high-strength materials.

Keywords: nickel oxide; alumina cement; hydration;
X-ray analysis; calcium hydroaluminates; structure.
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