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Abstract

In this study, hydration heat and speed of Bavbwdified Active Belite (BAB) cement
concretes were determined using by semi-adiabagithod. After the development of
the theory and analysis of the BAB cement conqpebeluction, the current work
includes analyzes of hydration heat in BAB cementciete. The same experiments
were repeated in 6 different cement types includAdd cement, and their hydration
properties were determined. For samples hydraheat-time and hydration velocity-
time graphs for all types of cement were prepam@tgaratively. Additionally in order
to determine the strength properties of hydrati@tations, Schmidt hammer, unit
weight, compressive strength tests are appliedaimptes and the test results are
interpreted with the help of graphs. As a resujjration properties of steam cured and
non-steam cured boron modified active belite cenuamicrete were comparatively
analyzed and heat of hydration of BAB cementitioustar samples were found
significantly lower than other types of cement.tihes cause of this situation is the lack
of Alite (GS) phase and low#8 (Belit) content of boron modified active belieament.

Keywords:Boron, belite, hydration, curing, cement, concrete.

" Abdulkadir Ciineyt AYDIN, acaydin@atauni.eduttttp://orcid.org/0000-0002-6696-4297
Abdulkadir KAN, akan@atauni.edu.http://orcid.org/0000-0003-2270-4589
Ilker FAYETORBAY, ilkerorbay@gmail.conhttp://orcid.org/0000-0002-3287-6395
Ali Oz, alioz@atauni.edu.thttp://orcid.org/0000-0002-6590-3775

282



AYDIN A.C., KAN A., FAYETORBAYJ., OZ A.
Borlu aktif belit cimentolu betonun hidratasyon likeeri

Ozet

Bu calsmada, Borlu Aktif Belit (BAB) c¢imentolu betonlardratasyon isilari ve
hizlari yari adyabatik yontem kullanilarak belirtagtir. BAB ¢imentolu beton tretimi
teori ve analizinin gejtiriimesinden sonra, BAB cimentolu betonun hidrasysisi
analiz edilmjtir. BAB cimentosuyla beraber 6 farkli ¢imento timerinde de ayni
deneyler tekrarlanmive hidratasyon o6zellikleri belirlengtir. Cimento tiplerine ait
hidratasyon 1si-zaman, hidratasyon hizi-zaman giexi bitiin ¢imento tipleri igin
karsilastirmali olarak hazirlanngtir. Ayrica hidratasyon 6zellikleriyle dayanim
ili gkilerini belirleyebilmek amaciyla isilslem gormig ve gérmemi 3 farkl ¢imento
tipindeki betonlara; basin¢g dayanimi, Schmidt gekizcim agirhk gibi cesitli deneyler
uygulanmg ve deney sonuclari grafikler yardimiyla yorumlagtmi Sonug olarak BAB
cimentolu 1sil glem gormyg ve go6rmemi betonlarin hidratasyon ozellikleri
karsilastirmali olarak analiz edilmi olup BAB c¢imentolu har¢ numunelerinin
hidratasyon isilarinin gier cimento tiplerinden oldukca glik oldyu tespit edilmitir.
Bu durumun nedeni olarak, borlu aktif belit cimesundaki Alit (GS) fazinin olmayi
ve (GA) Belit icerginin distk oldwu dezerlendirilmistir.

Anahtar kelimeler:Bor, belit, hidratasyon, kir, cimento, beton.

1. Introduction

A new type of cement was produced in Turkey, ancheth as Boron Active Belite
(BAB) cement. BAB cement is a byproduct of Boroe,aand it's some trial properties
indicated very encouraging technical charactegstithe main purpose of this cement
production process was to minimize heat of hydratidile cement mixed with water.
As a result of hydration process, many times dlitgselated problems may occur.
Especially, the concrete industry tries to contt@ heat evaluation of cement while
mixing, placing and also at the curing period. Tharsyone in concrete and/or cement
industry has to take into consideration not onky tement hydration process, but also
the curing process and period. Due to potentiatehent based composites wide
usage, all over the world, concrete manufactureesvary interested in that type of
cement and its effect on the concrete propertieisl|1

Concrete consists of natural sand, gravel and etusbck or other artificial aggregates,
bound together by a hardened paste of cement ated.vitahas been seen that concrete
has been shrinkage as it is in many constructiotemas with increasing temperature.
This has the greatest prospect for massive congetetures where the initial
temperature of the hydration can cause high tertyrergradients and cracks in the
restraint zones that cause thermal stregses result of the chemical reaction between
the cement and the water, hydration of the cementirs. Hydration is a chemical
reaction in which the main compounds in the cenfambh chemical bonds (@F, CsA,
CsS and GS) with water molecules, resulting in hydrates wdriation products. When
the PC reacts with water, the heat becomes cldas. Qeat is known as the hydration
heat as a result of the exothermic chemical readteiween the cement and water. As a
result, the heat released increases the temperaftuhe concrete. Hydration heat has
been observed to increase up to temperatures 6f G5n mixtures containing high
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cement. In other words, concrete and cement pdsie shrinkage and settlement
during the hydration process. Speed of gaining bmnhdature and amount of cement
paste depend on how much hydration is formed betwement and water [1-8].

Collepardi et al. [6], have performed the work tedawith determining the effect of the
main component in the control of cement hydratibig, found that substitution of natural
pozzolan reduces hydration rate gAGnain component. £ is about 10.5% of cement
under normal conditions.s& causes the first set to release high hydratiaat, rend is
more prone to volume changes causing crackingddfitian, with the increase insS
content, the permitted limits increase the hydratiemperature of the water and the
solubility of the cement in the water [1].

In this study, Plowman [7], has detected that @édpozzolan reduces hydration rate of
CsA. Moreover Demirbpa et al [8], revealed that fly ash (FA) and blashéce slag
(BFS), which are used as mineral additives andaceal with cement, improve the
mechanical properties of concrete, decrease theatigd heat, and the alkali aggregate
reactivity and permeability of concrete. Examinataf setting and hardening processes
of cement is determined by various methods. Twegean standards are present within
many different methods that heat of hydration ahert could be determined. The first
method is solution method. According to EN 196-8, fithis European Standard is
defined as the method of determining the hydratemperature of cement through
solution calorimetry. The heat of hydration is eegsed in joules per gram of cement
anhydrous and definite time hydrated samples ofecerare dissolved in acid mixture
and the heat of hydration of cement is determingthb difference between the heats
they release. The second is semi-adiabatic mefftud.method is applied according to
EN 196-9, the paste prepared with cement samg@edatd sand and water is placed in
semi- adiabatic calorimeter and heat of hydrat®started to be measured from that
moment on. Temperature versus time and correspgiydieat of hydration profile are
obtained with the data collected in calorimeteq[10

According to the Ygilmen and Gunduz [11]., BAB cement offers the adaga of high
durability, low heat of hydration, and improved ¢pterm strength along with reduced
energy and emissions during its production processpared to conventional cement.
The production of BAB cement is yet to be continuethdustrial scale. Present paper,
also compares some of the hydration propertiesooiventional and BAB cements,
including their effect on the compressive strengtitording to curing types and
Schmidt hardness.

2. Materials and methods

Crushed aggregate is used in preparation of cangrextures. Aggregate sizes are
taken as 0-2, 2-8 and 8-16 mm. Specific gravitgggregates are 2.71, 2.59 and 2.65
respectively. The quality of the concrete depenuishe aggregate used, expressed in
terms of aggregate specific gravity (SG) or spedfiavity factor (SGF). The SGF, the
ratio of the weight of aggregates, including allistare, as introduced into the mixer to
the effective volume displaced by the aggregatey. [Aggregate is washed before
using. Then, water-saturated aggregate in a vesdilaven at 108C for not less than
24 h and two successive weightings at interval® bburs show an increase of loss not
greater than 0.2% of the last previously determineayht of the aggregate size.
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Besides, standard sand with a size of 0.8-2.00 m1.350+5) g plastic bags, having
the characteristics determined in TS EN-196-1 stedwl[13] is used in formation of
reference concrete sample and for Strength Testraént. Many adiabatic calorimeters
use water, air and oil circulation around the sanipl maintain the temperature of the
sample [14]. For this purpose, thin machine oilsed in this research. Oil is filled into
the thermometer pocket by the help of syringe. By oil placed in the thermometer
pocket experiment, thermal touch is fully providedtween the sample and the
thermometer.

Standard calorimeter, which a section of it is destated in Figure 1, is used in the
experiments. In Figure 2, network system wheee rtteasurements are recorded is
shown. While one of the calorimeters displayed iguFe 2 records heat changes of
concrete sample, the second one performed the nesasuts of the reference concrete
sample.
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Figure 1. Longitudinal section of the standard gailetry.

Figure 2.Calorimeters and the networking system.

In this study, hydration temperature of cementdetermined by using semi-adiabatic
calorimetry methods. As described, TS 196-9 [1&hdard, which is also known as the
Langavant method, which is a method of measurirgy liidration temperature of
cements by means of semi-adiabatic calorimetry. gurpose of the test is to measure
the continuous cement hydration heat during tte few days. The measured hydration
temperature is defined in terms of joules per gohicement.
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Besides, the hydration temperature of the cemegengrally determined according to the
ASTM C 186 [16] standard test method for the hydratemperature of the hydraulic

cement. For both European standards about hegdadition, one standard have citation
to other and it is declared that 41 hour heat afréyon determined by TS EN 196-9

[15] is well correlated with 7 day heat of hydratidetermined by TS EN 196-8 [9].

When results obtained in 41 hours by semi adialbagthod is compared with results
obtained in 7 days by solution method, a very wettelation is seen between these two
methods [15]. Accordingly, 41 hour data is takethasbasis in our experiments.

In Figure 3, atmospheric steam cure machine wraterete samples are cured is seen.

Figure 3. Atmospheric steam curing machine (stelaamber).

In this study, five different cement types are ugkxhg with BAB cement to compare the
heat of hydration of BAB cement with the heat ofitagion of other cements. These
cements are as the following:

1-CEM Il B-M (P-LL) 32.5 R,

2-CEM | 42.5-R,

3-CEM Il A-M (P-LL) 425 R,

4-CEM Il B-M (P-LL) 42.5 N,

5-CEM 152.5 R (Super White Portland Cement)

Besides, for determining hydration — strength i@atcompressive strength, Schmidt
hammer strength and unit weight values of concneiade of CEM Il B-M (P-LL)32.5 R,
CEM 1 42.5-R and BAB cement, and which atmosphsté@am cure and water cure are
applied are examined. Chemical properties ofetleesnents are given in Table 1. The
mechanical, physical and chemical properties olBA8 Cement used in this study are
summarized in Table 2.
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Table 1. Chemical properties of the cement type.

Chemical compound (%)

Type of SiO, AlLO; FeO; CaO MgO SO; Na,O K,O Finenes Specific
cement X
(%) gravity

CEM Il B-M
(P-LL) 32,5 R 18.73 4.84 3.12 55.28 2.10 248 0.15 0.70 10.34 329
CEM Il B-M
(P-LL) 42,5 N 18.08 4.68 3.05 59.05 2.09 269 0.11 0.67 941 2.98
CEM Il A-M
(P-LL) 42.5 R 18.09 4.69 3.07 60.85 226 266 020 0.68 7.76 3.04
CEMI1425R 18.11 4.60 2.96 64.49 234 295 0.13 0.66 8.03 3.13
CEMI525R 21.60 4.05 0.26 66.70 1.30 3.30 030 0.35

PCC= Portland Compose Cement

NPC=Normal Portland Cement

LL : Lime
P= Natural Pozzolan

R= Rapid ,N= Normal, L=Low Hardening Cement

Table 2.Properties of BAB cement.

Elements Amount of %
(< requirement by mass %)
Silicon dioxide (SiQ) 19.1
Aluminum dioxide (AbOs3) 4.68
Ferric oxide (Fg03) 3.42
Calcium oxide (CaO) 57.1
Magnesium oxide (MgO) 1.32<5
Chloride (CI-) % 0.001<0.1
Sulfur trioxide (SQ) 2.68<3.5
Loss on ignition 3.82<5
Insoluble residue 0.70<5
Equivalent alkanies 0.86
Boric oxide (BOs) 3.00
Clinker 86.1
Gypsum 4.85

For determining heat of hydration —strength relatd the samples, 10x20 cm cylinder
concrete samples with properties shown in Tablee3paepared for steam and water
cure. For water cure, they are filled with wategda lime saturated and the temperature
of it is provided to be 23£Z before samples are placed in curing pool. Saniples
water cure are removed from the curing pool atehd of the 28 day. Required
experiments are performed after waiting for 24 Baitrnormal room temperature.

Table 3. Specification of hydration heat-compressitrength relationship concretes.

Fresh
Curing type Type of cement Slump (mm) W/C AdjustgtC Unit Weight
(kg/dnT)
CEM 1425 R 0.52 2.393
For Steam Cure CEM Il B-M (P-LL) 325 R 0.51 2.388
BAB 0.49 2.360
CEM1425R 15 0.57 0.52 2.396
For Water Cure"cevBM (P-LL) 32.5 R 0.57 2.364
BAB 0.50 2.365
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Samples prepared to explore effect of steam curstrength are exposed to totally
2190-minute steam cure. Weight, length and diamatasuring of samples are made
after resting for 24 hours following steam cure-d2§ samples are subjected to axial
pressure test following Schmidt hammer test. uRef the obtained strength are
given in Table 4.

Table 4. Schmidt hardness and compressive stresagjibs of different types of cement
concrete exposed to atmospheric steam curing atef waring.

. Mean Schmidt Mean compressive strength
Type of curing Type cement hardness (MPa)

. CEM1425R 22.13 32.48
Atmoscpuhrfn”c St€aMcEM 11 B-M (P-LL) 32.5 R 20.60 17.42
g BAB 17.83 16.73
_ CEMI1425R 21.80 36.90
W"(“;e(;;;‘sr)'”g CEM Il B-M (P-LL) 32.5 R 14.80 27.13
BAB 15.47 25.63
, CEM1425R 29.07 49.17
ngr dc;;;r)lg CEM Il B-M (P-LL) 32.5R 19.97 36.68
BAB 21.50 35.64

Semi adiabatic method is based on determining theuat of heat propagation
according to temperature rise starting with replgcfresh concrete sample to one
calorimeter. At the given time point, heat of hyana of cement in the sample is equal to
the total amount of heat accumulated in calorimaliethrough the experiment process
and the heat loss spread in the atmosphere in dtBum. Temperature increase of
mortar is compared with the temperature of an is@mple at one reference calorimeter.
Temperature increase primarily depends on the ctarstics of cement and is
normally between 10 K and 50 K. The homogenousiyechiconcrete sample is placed
into the adiabatic calorimetry after about 30 masubf water being added to the
cement. Although the semi-adiabatic calorimetryhudtis a widely used test method,
there is no standard test method for semi-adiabatarimetry. [14].

According to TS EN 196-8, total heat of hydratidriB&B cement should not be over the
value of 70 callg at the end of the™8ay or when determined by isothermal
conduction calorimeter method at the end of tHe @8y [9,18-21].

3. Results and discussion

In Table 3, wet unit weight values of concreteseduin atmospheric steam and water,
and made of different cements to examine heat dfdtipn- compressive strength
relation are given. Slump values and W/C ratethe$e concretes are fixed at 15 mm
and 0.57 respectively. It is seen that there argighificant differences between unit
weights.

The following results are obtained in the reseancteffects of concretes made of CEM
142.5 R, CEM Il B-M (P-LL) 32.5 R, BAB cement toater and steam cure strength: In
Table 4 and Figure 4, Schmidt hardness and compeessength values of concretes
with different cements exposed to atmospheric steara and water cure are given.
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Compressive strengths of concretes cured in wate2§ day is found higher compared
to concretes cured with steam. However, strengttontrete samples cured with steam
reaches to 47% to 66% of 28-day strength in sushaat period of 36.5 hours. This

strength rate provided by steam cure cannot baéghio constructions in which time is

very valuable.

Compressive Strength Values of Water and Steam Cured Samples
(MPa)

CEM142,5CEMIIB-M  BAB CEMI142,5CEMIIB-M  BAB CEM142,5CEM Il B-M

Compressive Strength (MPa)
= N w S
o o o o

o

R (P-LL) 32,5 R (P-LL) 32,5 R (P-LL) 32,5
R R R
Atmospheric steam curing Water curing (7 days) Water curing (28 days)
B Mean Schmidt hardness B Mean compressive strength (MPa)

Figure 4. Compressive strength values of watersé@am cured samples (mpa).

As is seen in Figure 4, the highest compressivength is performed in concrete

samples poured with CEM | 42.5 R cement. The le#&trence is seen in samples
poured with CEM 1l 32,5 R cement. Compressive sjties) of BAB cement concretes

were lower compared to concretes with other typmergs, and a linear correlation

could not be found.

The structure and fineness of the cement are commethods in which the hydration

temperature of any concrete mixture is estimatethlTheat energies released in time in
hydration process are compared at the end of tHeatign tests of five different cement

types along with BAB cement. Besides, rate and lopweent process of hydration are
analyzed according to time factor over Heat Amoerfzganded in Unit of Time.

In Figure 5, hourly hydration readings taken froatocimeter for six types of cement

are given. Hydration readings are taken at evemyiriute by Sirius Program. Graphics
are drawn by the help of these data. CEM | 52.&iRent is known to have an adiabatic
temperature increase of about 39.4 ° C.
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Figure 5. Effects of cement type on semi adialdatigperature.

The semi-adiabatic curve of a material tested =l lower than the curve obtained
from an adiabatic test. This heat loss is measurdtie calculation of the heat flow
under adiabatic conditions, and the calculatioresalace. Semi-adiabatic calorimetry
test methods are generally suitable for mortarcesie and paste samples [17].

It is determined that heat of hydration of BAB ceie much lower than other cements.
(Figure 5) Findings obtained show that BAB cemenam ideal material in buildings
which low hydration temperature cements as speadificnass concrete are required to be
used.

4. Conclusions

As a result of the experiments conducted, it is1dbat there is a parallelism between
36.5 hour atmospheric cure values and hydrationegahnd in cement types with high
heat of hydration, compressive strength valuesase found high. Although it is
thought that this situation is depending on therigss, oxide composition in chemical
composition of cement, it should also be considénedl it might change depending on
many other variables.

BAB cement’s feature of having very low heat of fatn shall create advantages in
controlling more easily the cracks which may ocbyrtemperatures, producing high
fluidity concrete with high strength and contnoflitemperature increase.

A significant decline is seen in total temperatame speed of hydration due to failure in
formation of alite (GS) phase which has a great importance in hydration to the
existence of BO3; in BAB cement and having a low rate of 3;ACphase, and this
situation brings great advantages in total hydmatiemperature and processes as
mentioned above.

Low heat of hydration helps the occurrence of cleainieactions in warm weathers as
well as having contribution in formation of settingardening and strength gaining
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stages in normal periods. On the other hand, ircretimg works made with low
hydration temperature BAB cement in cold weathiérsiay be necessary to use setting
accelerator and water reducer chemical additivasgalvith it.

It is an advantage in BAB cement that as it regquiess water for hydration than
Portland cement, it is easier to adjust the lowewaément ratio. Moreover, thanks to
low hydration temperature, shrinkage cracks areimired and therefore, increase of
permeability by shrinkage cracks is prevented.
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