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1. Wprowadzenie

Wiasciwosci pucolanowe rozdrobnionych materiatéw ceramicz-
nych sg znane od lat (1, 2), co jest przestankg do ich potencjalnego
zastosowania w charakterze zamiennikéw cementu w kompo-
zytach betonowych (3, 4). Pomimo tego, w ostatnich dekadach
badano je znacznie rzadziej niz metakaolin, nalezgcy do tej samej
grupy kalcynowanych mineratow ilastych.

Przewaga metakaolinu nad innymi rodzajami prazonych mineratéw
ilastych badanymi w ostatnich latach byta uzasadniona najwyzszg
aktywnoscig pucolanowg materiatéw otrzymanych w wyniku kal-
cynacji mineratéw z grupy kaolinitu, w poréwnaniu do pochodnych
na przyktad illitu czy montmorilonitu (5, 6). Jednakze, w produkcji
betonéw metakaolinit nigdy nie stat sie alternatywa dla innych za-
miennikdow cementu, takich jak granulowany zuzel wielkopiecowy
czy popiot lotny, pomimo jego korzystnych wiasciwosci. Jedng z
przyczyn byta wysoka cena tego materiatu, ktéry jest drozszy od
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1. Introduction

Pozzolanic properties of fine-ground ceramics have been known
for years (1, 2) which made them prospective candidates for
supplementary cementing materials (SCM) in cement-based
composites (3, 4). Nevertheless, during the last several decades
they were studied much less frequently than metakaolin belonging
to the same group of calcined clays, by the scientific community.

The preference of metakaolin to other types of calcined clays
adopted by many investigators in the past years had the apparent
reason that clays from the kaolinite group presented after calci-
nation the highest pozzolanic activity, as compared for instance
with the illite or montmorillonite clay groups (5, 6). However, in the
concrete industry metakaolin never became a real alternative to
some other SCMs such as ground granulated blast furnace slag
or fly ash, despite its favorable properties. One of the reasons was
that metakaolin was more expensive than Portland cement altho-
ugh its processing involves lower temperatures and its production
cost is significantly lower. This was already pointed out years ago
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cementu portlandzkiego, chociaz jego wytwarzanie odbywa sie w
nizszej temperaturze i koszty jego produkcji sg znacznie nizsze,
na co wskazywano juz lata temu (7) i niewiele sie w tym wzgledzie
zmienito do dzisiaj. Produkcja metakaolinu jest nadal bardzo mata
w poréwnaniu z produkcjg cementu portlandzkiego, co winduje w
gore cene metakaolinu (8). Dlatego zwrot w strone rozdrobnione-
go materiatu ceramicznego w ostatnich latach wynika gtéwnie ze
wzgledoéw ekonomicznych i proekologicznych.

Przemyst ceramiczny generuje na catym $wiecie ogromne ilosci
materiatéw odpadowych. Wynika to przewaznie z koniecznosci
odrzucania wyrobow uszkodzonych. Znaczna ich ilo$¢ kierowana
jest na sktadowiska, poniewaz nie moze by¢ uzyta powtoérnie. Jest
ich tak duzo (9-11), ze mogg by¢ stosowane jako kruszywo do
betonu (12-14), po rozdrobnieniu w kruszarkach szczekowych do
zgdanej granulacji. Rozdrobnienie do wielkosci ziaren poréwny-
walnej z cementem, co jest konieczne w przypadku zastosowania
w charakterze zamiennika cementu, jest sposobem bardziej kosz-
townym niz kruszenie, ale cena takiego produktu (z uwzglednie-
niem mielenia) jest okofo dwa razy mniejsza niz cena rynkowa
metakaolinu (15) i moze jeszcze obnizyC sie ze wzrostem podazy.
Zmielone odpady ceramiczne sg z tego wzgledu coraz czesciej
poddawane w ostatnich latach badaniom (16-19).

Szybkos¢ hydratacji cementéw wielosktadnikowych zawierajgcych
pyt ceglany jako dodatek pucolanowy nie byta w przesztosci czesto
badana. Praca Tydlitata i in. (20) nalezy do niewielu wyjatkow w
tym wzgledzie. Wptyw domieszek chemicznych na proces hydra-
tacji tego typu cementoéw nie byt opisywany, jak dotychczas, w
dostepnych Zrédtach.

W prezentowanej pracy autorzy przedstawiajg wydzielanie ciepta
w kalorymetrze izotermicznym podczas hydratacji spoiw ztozonych
z cementu portlandzkiego i zmielonej cegty dziurawki wytwarzanej
wspotczesnie. Proces hydratacji badano dla mieszanek spoiwo-
wych zawierajgcych pyt ceglany w ilosci do 60% masy cementu.
Majac na uwadze, ze stosowane obecnie kompozyty cementowe
zawierajg roznego typu domieszki chemiczne ktére, chociaz
w zatozeniu majg modyfikowaé pewne specyficzne wiasciwosci
materiatu, wplywajg rowniez w pewien sposéb na hydratacje,
zbadano wptyw plastyfikatora, Srodka napowietrzajgcego oraz ich
mieszaniny na przebieg hydratacji.

2. Materiaty

Cementy wielosktadnikowe przygotowano w oparciu o cement
portlandzki CEM | 42,5 R. Sktad chemiczny cementu oznaczony
metodg XRF przedstawiono w tablicy 1. Powierzchnia wiasciwa
cementu mierzona metodg Blaine’a wynosita 336 m?/kg. Pyt
ceglany pochodzit z produkcji cegty dziurawki. Poniewaz cegty
produkowane wspétcze$nie nie majg dostatecznie gtadkich
powierzchni, poddaje sie je szlifowaniu po zejsciu z tasmy pro-
dukcyjnej. Powstajg przy tym znaczne ilosci odpadu, ktory jest
gromadzony na skfadowiskach, chociaz jego sktad chemiczny
(tablica 1) i sktad ziarnowy (ds, = 7,5 ym, powierzchnia wtasciwa
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(7) but only a little has been changed until now. The production
of metakaolin is still much lower as compared to Portland cement
which drives the price up (8). Therefore, the attitude to powdered
ceramics began to change within the last years, driven mostly by
economical and environmental reasons.

The current ceramic industry produces large quantities of waste
worldwide. Mostly it originates in discarded materials which are
refused for commercial reasons. A substantial part of this scrap is
landfilled because it cannot be reused in the plants. This industrial
waste is produced continuously in such great amounts (9-11) that it
has a good potential for using in the form of aggregates in concrete
(12-14) which requires just jaw crushing to a desired granulometry.
Grinding to fineness comparable to cement, which is necessary
for the application of waste ceramics as a partial replacement of
cement in concrete, is a more expensive procedure than crushing
but the price of waste ceramics (including its milling) is still about
two times lower than the price of metakaolin on common markets
(15) and it may still decrease with increasing production amounts.
Powdered waste ceramics thus have been investigated with an
increasing frequency within the last couple of years (16-19).

The hydration kinetics of blended cements containing brick powder
as a pozzolanic addition was studied rarely in the past; the work
by Tydlitat et al. (20) belongs to the very few exceptions in that
respect. The effect of chemical additives on the hydration pro-
cesses in this type of blended binders was never reported before
in common literature sources.

In this paper, we present an isothermal-calorimetry study of the
hydration heat evolution in blended binders composed of Portland
cement and waste ceramic powder originating in the contemporary
hollow brick production. The hydration processes in the Portland
cement-ceramic-water system are analyzed within a wide range
of brick powder dosage, up to 60% by mass of Portland cement.
Taking into consideration that many currently used cement-based
composites contain chemical admixtures of various types which,
though supposed to improve their specific properties, may affect the
hydration processes in not quite an apparent way, the influence of
plasticizer, air-entraining agent and their combination on the hydra-
tion kinetics of the cement-ceramic blends is investigated as well.

2. Materials and samples

Blended cements were prepared using Portland cement CEM |
42.5R. The chemical composition of cement as determined by the
XRF analysis is shown in Table 1. The specific surface area of ce-
ment measured by the Blaine method was 336 m?/kg. The applied
brick powder was a waste material originating in the hollow brick
production. As the current technologies do not make it possible
to provide sufficiently smooth and even surfaces, the brick blocks
have to be ground after leaving the production line. This grinding
generates a significant amount of waste which is mostly landfilled
although its composition (Table 1) and granulometry (ds, = 7.5 pm,
Blaine specific surface 665 m?/kg) makes it a good candidate



Tablica 1 / Table 1
SKLAD CHEMICZNY PYLU CEGLANEGO | CEMENTU
COMPOSITION OF BRICK POWDER AND CEMENT

Pyt ceglany CEM1425R

Brick powder
Sio, 51.3 18.9
ALO, 20.0 42
Fe,0, 6.0 3.8
Cca0 1.5 62.4
MgO 45 1.0
K,0 3.2 0.76'
Na,O 13 0.14°
TIO, 0.8 0.8
S0, 1.0 23

‘warto$¢ srednia w/g danych producenta
‘average content from the cement plant

Tablica 2 / Table 2

SKLAD ZACZYNOW CEMENTOWYCH BADANYCH W PIERWSZYM
ETAPIE PRACY

COMPOSITION OF CEMENT PASTES STUDIED IN THE FIRST PHASE

Skfadnik Sktad/Composition, kg/m?
Component AR AC10 | AC20 | AC40 | AC®60
CEM1425R 385 347 308 231 154
Pyt [
v ceglany 0 38 77 154 | 231
Brick powder
Dynamon SX 14 3.4 3.4 3.4 3.4 34
Mapeplast PT 1 0.42 0.42 0.42 0.42 0.42
Woda/Water 124 124 124 124 124

w/g Blaine’a 665 m?/kg) wskazujg na pucolanowy charakter tego
materiatu, jako gotowego dodatku do cementu. Domieszkami
chemicznymi zastosowanymi w pracy byty dostepne w handlu
produkty — superplastyfikator Dynamon SX 14 (niesulfonowany
polimer akrylowy) i powierzchniowo aktywny srodek napowietrza-
jacy Mapeplast PT 1.

W pierwszym etapie badan (tablica 2) zaczyny cementowe przy-
gotowano w sposob podany w pracy wczesniejszej (19), zgodnie

Tablica 3 / Table 3

for a ready-to-use pozzolanic addition to Portland cement. The
chemical admixtures used at the preparation of cement pastes
were commercial products, Dynamon SX 14 liquid superplasticizer
based on non-sulfonated acrylic polymer and Mapeplast PT 1 air-
entraining agent based on tensioactive substances.

In the first phase (Table 2) the cement pastes were prepared in
accordance with the composition of air-entrained concrete de-
signed in our previous work (19) and the effect of brick powder
dosage up to 60% of mass of Portland cement on the hydration
process was studied.

In the second phase (Table 3), the influence of plasticizer, air-
-entraining agent and their combination was analyzed in detail for
two characteristic cements, the reference Portland cement and the
blended binder containing 20% brick powder by mass.

3. Experimental method

The isothermal heat flow calorimeter KC 01 (21) was applied for
the measurement of hydration heat development in the analyzed
blended cements. The device is based on the differential measu-
rement of heat flow. Detectors for the heat flow measurement
are constructed in the form of copper-constantan thermocouple
columns, which are wound up on an insulator plate. The thermo-
couple joints are placed on the edges of the plate and glued to
a copper tube which a cylinder copper reaction vessel with the
specimen of about 1-2 g is inserted into. The detectors on the
tube, where the hydration process takes place, are connected
differentially with the detectors for determination of heat flow at
the reference vessel where no hydration processes occur. The
vessels and detectors are arranged in an axial symmetric way. Data
collection is performed using the datalogger MS 2 (Comet) with
the signal detection range of 0-100 V and sensitivity of 0.01 mV.
The collected data is then transferred from the datalogger to PC
and processed. In the measurement of temperature inside the
calorimeter a resistance thermometer Alimemo (Ahlborn) with the
sensitivity of 0.01°C is used.

The calibration of the KC 01 calorimeter was carried out on the
Joule heat principle, using a resistor with the precisely known re-
sistance of 9.99 kQ placed into the reaction vessel and powered
by regulated DC power supply. The voltage was measured by

SKLAD ZACZYNOW CEMENTOWYCH BADANYCH W DRUGIM ETAPIE PRACY

COMPOSITION OF CEMENT PASTES STUDIED IN THE SECOND PHASE

) . Sktad/Composition, kg/m
Sktadnik / Composition
AR AR1 AR2 AR3 AC20 AC20-1 AC20-2 AC20-3
CEM1425R 385 385 385 385 308 308 308 308
Pyt ceglany / Brick powder - - - - 77 77 77 77
Dynamon SX 14 3.4 3.4 - - 3.4 3.4 - -
Mapeplast PT 1 0.42 - 0.42 - 0.42 - 0.42 -
Woda / Water 124 124 192.1 192.5 124 124 192.1 192.5
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z recepturg opracowang dla betonu napowietrzonego, zastepujac
do 60% masy cementu przez pyt ceglany.

W drugim etapie (Tablica 3) badano wptyw plastyfikatora, srodka
napowietrzajgcego oraz ich mieszaniny na hydratacje spoiw za-
wierajgcych 20% pytu ceglanego w stosunku do masy cementu.

3. Metody badan

Pomiary ciepta wydzielajgcego sie podczas hydratacji mieszanek
spoiw przeprowadzono w réznicowym kalorymetrze izotermicz-
nym KC 01 (21). Detektorami wydzielanego ciepta sg w tym
kalorymetrze termostosy miedz - konstantan. Korcoéwki termopar
umieszczone sg na krawedzi ptytki izolacyjnej przyklejonej do
rurki miedzianej, ktéra stanowi naczynie pomiarowe kalorymetru
mieszczgce okoto 1 —2 g probki. Detektory mierzgce efekt cieplny
W naczyniu pomiarowym potgczone sg réznicowo z detektorami
komory odniesienia, w ktérej znajduje sie prébka termicznie bier-
na. Rozmieszczenie detektorow jest symetryczne wzgledem osi
naczyniek kalorymetrycznych. Dane gromadzone sg w rejestrato-
rze MS 2 (Comet) o zakresie 0-100 mV i czutosci 0,01 mV. Dane
z rejestratora przenoszone sg nastepnie do komputera. Tempe-
rature wewnatrz kalorymetru mierzy sie za pomocag termometru
oporowego Almemo (Ahlborn) o czutosci 0,01°C.

Kalibracje kalorymetru KC 01 przeprowadzono wykorzystujgc efekt
Joule’a — mierzono odpowiedz uktadu termopar na ciepto wydzie-
lone przez rezystor o opornosci 9,99 kQ umieszczony w naczyniu
pomiarowym kalorymetru, zasilany pradem o precyzyjnie zmierzo-
nym napieciu zmienianym w zakresie od 0 do 100 mV. Stata kali-
bracyjna kalorymetru wynosita 16 mW/mV w temperaturze 25°C.

Pomiarom poddawano jednogramowe probki zaczynu, ktére
wprowadzano do miedzianych cylindréw pomiarowych o $rednicy
wewnetrznej 8,25 mm i wysokosci 70 mm, zamknietych szczelnie
korkami gumowymi. Preparatyke zaczynéw poprzedzato przygoto-
wanie mieszanek cementu i pytu ceglanego, ktére po odwazeniu
homogenizowano recznie w woreczkach polietylenowych, a na-
stepnie umieszczano w kalorymetrze. Osobno przygotowywano
strzykawki z odpowiednia iloscig wody i domieszki. Skfadniki
zaczynu oraz mieszadetko (topatka plastikowa) poddawano termo-
statowaniu w czasie okoto 1h w kalorymetrze, po czym otwierano
kalorymetr i wprowadzano wode do naczynia z probka spoiwa.
Zaczyn mieszano przez 30 s plastikowg topatka i naczynie zatyka-
no. Przestrzen kalorymetru oddzielano od otoczenia aluminiowymi
pokrywami. Kazdy pomiar trwat 140 h.

Przebieg mocy cieplnej (w mW) w funkcji czasu, otrzymany w wyni-
ku pomiaréw, stat sie podstawg do obliczen szybkosci wydzielania
ciepta hydratacji N (w m\W/g) oraz ciepta hydratacji Q (w J/g).

4. Wyniki i dyskusja

Przebieg mocy cieplnej (zmiany szybkosci wydzielania ciepta
w funkcji czasu) podczas hydratacji spoiw ztozonych z cementu
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a high-accuracy digital voltmeter. In the range of 0 to 100 mV, the
applied power was found to be proportional to output voltage of the
differentially arranged thermocouple columns, with the calibration
constant of 16 mW/mV at 25°C.

The measurement was performed with a 1 g sample of blended
cement paste in a cylindrical copper vessel of inner diameter
8.25 mm and height 70 mm, with a tight rubber plug. In the process
of sample preparation, Portland cement and brick powder were
mixed at first. The weighted amounts of the two components were
mixed together in a little polyethylene bag by hand. After inserting
the copper vessel with the solid sample into the stabilized calori-
meter, a weighted syringe with a mix of water and liquid chemical
admixtures has been placed near the reaction vessel, and so was
a plastic tubule intended for paste mixing. The calorimeter with the
solid sample and liquid components was left to stabilize the tem-
perature. After about 1 h stabilization, the calorimeter was opened
and liquid components were inserted into the vessel. The paste
was mixed for 30 s by rotation of the plastic tubule mixer, then the
vessel was closed by a rubber plug. The calorimeter was closed
by two aluminum lids. Each experiment was performed for 140 h.

The time dependence of the heat power (in mW) obtained as the
measurement output was used to calculate the specific hydration
heat power N (in mW/g) and the specific hydration heat Q (in J/g)
as the main investigated parameters.

4. Experimental results and discussion

The specific hydration heat power of blended-cement pastes con-
taining both superplasticizer and air-entraining agent is shown in
Figure 1. The first maximum corresponding to the first phase of
C;A hydration occurred 4 minutes after mixing the solid and liquid
components. The magnitude of this peak could also be influenced
by the wetting heat. The time of occurrence of the second maximum
reflecting the C,S hydration was for the blends containing up to
20% brick powder the same, 12 h, for higher dosage it increased
up to 14 h. The magnitude of the second maximum decreased fast
with the increasing dosage of brick powder; for the AC 60 blend it
was only 46% of the N value measured for Portland cement. The
third hydration maximum corresponding to the second phase of C;A
hydration, i.e., the transformation of the AFt to the AFm phase ap-
peared at 30-35 h in a not very distinct form, only as a shoulder on
the decreasing part of the N(t) curves after the second maximum.

The specific hydration heat is shown in Figure 2. The Q value after
140 h decreased with the increasing amount of brick powder in
the blend. The highest Q achieved the reference Portland cement,
308 Jg, for the AC 60 blend it was only 156 Jg'- However, the
decrease in Q was, apparently, slower than it would correspond to
the decreasing share of Portland cement in the blends. Therefore,
the effect of the pozzolanic reaction induced by the presence of
brick powder in the blends was notable already within the early
time period up to 140 h.
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Rys. 2. Przebieg zmian ilosci ciepta wydzielonego w funkcji czasu

W celu bardziej precyzyjnego okreslenia
wptywu pytu ceglanego na wydzielanie cie-
pta podczas hydratacji obliczono szybko$¢
wydzielania ciepta N, i ciepto uwadniania Q,
przypadajgce na 1g pytu w probkach:

X *
_ [MACX)-(1- m) MAR)

Np() - [1]
100
[QACX)-(1- - )* QAR)
Qy(X) = X1 00 [2]
100

gdzie x oznacza zawartos¢ pytu ceglanego w mieszankach ACx
W %.

Na rysunku 3 pokazano, ze w czasie do 45 h wptyw pytu ceglane-
go na wydzielanie ciepta byt ujemny, ale nastepnie, w czasie do

Fig. 2. Specific hydration heat per 1 g of blended cement

In order to express the influence of brick powder on the hydration

heat evolution in the blended cements in more detail, the difference

specific hydration heat power, N,, and difference specific hydration
heat, Qp, per 1 g of the brick powder were calculated,

X *

[MACXx)-(1-—=)* MAR)

Np(x) = 0 [1]

100

X *
[QACX)-(1 _ﬁ) QAR)
X
100

Qp(x) =

where x is the content of brick powder in the ACx blend in %.

Figure 3 shows that up to 45 h the effect of brick powder on the
hydration heat development was negative but then the specific
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Fig. 3. Difference specific hydration heat per 1 g of brick powder
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trzajgcego oraz ich mieszaniny na ilos¢
wydzielonego ciepta podczas hydratacji
cementu portlandzkiego jest prawie
niezauwazalny w czasie 50 h procesu
(rysunek 6), ale pézniej stopniowo wzra-
sta. Po 140 h warto$¢ Q maleje w przy-
padku zaczynu z superplastyfikatorem o 16%, o 6% w obecnosci
Srodka napowietrzajgcego i 0 12% dla kombinacji wymienionych
domieszek.

Wptyw domieszek chemicznych na szybko$¢ wydzielania ciepta
podczas hydratacji spoiwa zawierajgcego 20% pytu ceglanego
jest podobny jak w przypadku hydratacji cementu portlandzkiego
(rysunek 7); zaobserwowano opdznienie t, i zmniejszenie N,. skala
zmian byta nawet mniejsza niz w przypadku zaczynu cemento-
wego. Efekt opdzniajgcy plastyfikatora, srodka napowietrzajgcego
oraz ich mieszaniny okreslajg wartosci wskaznikéw wynoszgce
odpowiednio przesuniecie o 1 h dla t,, zmniejszenie N,0 2-7%.
Ciepto wydzielone podczas hydratacji mieszanki AC 20 zmienia sie
podobnie jak w przypadku zaczynu cementowego. Réznica ilosci
wydzielonego ciepta Q jest prawie niezauwazalna w czasie 25 h
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Rys. 4. Roznice ilosci wydzielonego ciepta hydratacji w przeliczeniu na 1 g pytu ceglanego

Fig. 4. Difference specific hydration heat per 1 g of brick powder

hydration heat power increased rapidly up to 60 h. In the later
time period up to 140 h the Ny(t) functions of all blended cements
were slowly decreasing and positive. These findings gave the
evidence that the pozzolanic reaction was started already at 45 h
and continued during the whole analyzed time period of 140 h.
The highest effectiveness of the application of brick powder in
the blended binders achieved AC 10 and AC 20, the lowest had
the AC 60 blend where 60% of cement was replaced (Fig. 4). The
limit for the effective use of the analyzed brick powder as a poz-
zolana in blended binders could thus be set to 20% of the mass
of Portland cement.

The influence of chemical admixtures on the specific hydration
heat power of Portland cement is presented in Figure 5. In all
three cases their application resulted in an increase of the time
of occurrence of the second maximum, t,, and a decrease of its



procesu. Po 140 h warto$¢ Q maleje
w przypadku zaczynu z superplasty- 4

fikatorem o 15%, o 5% w obecnosci éo 35
Srodka napowietrzajgcego i 0 18% dla E
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3 25
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<
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nigdy dotychczas nie publikowano 'L;: 1
danych odnoszgcych sie do spoiw z py- ﬁ 0.5
tem ceglanym jako dodatkiem pucola- :5)
nowym, hydratyzujgcych z udziatem & 0 0 s

domieszek. Nocun-Wczelik i wsp. (22)
stwierdzili, ze w przypadku cementu
CEM | 42,5R, a wiec takiego, jaki
zastosowano w prezentowanej pracy,
obserwuje sie znaczne opdznienie
po zastosowaniu reduktoréw wody
typu sulfonianéw, melaminy i karbok-

sylanéw. Wprowadzenie domieszek 400
w ilosci 1% masy cementu powodowato _
przesuniecie drugiego maksimum (hy- H'E,D 350
dratacja C,S); wydtuzeniu ulegat tez 3 300
etap indukgiji. Sileri wsp. (23) stwierdzili 2 250
dla cementu CEM | 52.5N opdznienie E
jednodniowe efektow obserwowanych 5 200
w badaniach kalorymetrycznych przy :; 150
dodatku 1% superplastyfikatora kar- ::_’ 100
boksylanowego. Silnie opdzniajagce g
dziatanie tego superplastyfikatora na ¢ 50
hydratacje cementu CEM | 52,5R zo- 0
stato réwniez opisane przez Pfeifera 0

iin. (24). Akrylanowy superplastyfikator
zastosowany w prezentowanej pracy
nie hamowat hydratacji tak znacznie,
a jego wptyw na wydtuzenie okresu
indukcji byt stabszy niz przesuniecie
maksimum podstawowego piku na
krzywej kalorymetrycznej (rysunek 5).

5. Wnioski

Wydzielanie ciepta podczas hydratacji spoiw ztozonych z cementu
portlandzkiego i zmielonej cegty dziurawki badano w kalorymetrze
izotermicznym z uwzglednieniem wplywu plastyfikatora, srodka
napowietrzajgcego oraz ich mieszaniny na kinetyke hydratacji.

Wyniki badan wykazujg, ze pyt ceglany zastosowany jako za-
miennik cementu w ilosci 20% jego masy nie zmienia szybko$ci
hydratacji cementu. Przy wiekszym udziale pytu hydratacja C,S
jestopdzniona o okoto 2h. Ciepto wydzielone w procesie hydrataciji
trwajgcej 140 h zmniejsza sie ze zwigkszeniem zawartosci pytu
w spoiwie, ale roznica ta jest mniejsza niz zmniejszenie udziatu
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Rys. 5. Szybkosci wydzielania ciepta hydratacji w przeliczeniu na 1 g cementu

Fig. 5. Specific hydration heat power per 1 g of Portland cement
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Rys. 6. Przebieg zmian ilosci ciepta wydzielonego w funkcji czasu w przeliczeniu na 1g cementu

Fig. 6. Specific hydration heat per 1 g of Portland cement

magnitude, N,, but the changes were relatively low., The superpla-
sticizer exhibited the most pronounced effect, 2 h for t,and 7% for
N,, the influence of air-entraining agent was the lowest, only 0.5 h
and 3%. The combination of both admixtures led to 1.5 h and 4%
differences in t,and N,, respectively, so that the air entraining agent
probably moderated the retardation effect of the superplasticizer.

The effect of superplasticizer, air-entraining agent and their com-
bination on the specific hydration heat of Portland cement was
negligible up to 50 h (Fig. 6) but it increased with time. After 140
h the application of superplasticizer led to a decrease of the Q
value by 16%, for the entraining agent it was 6%, and for their
combination 12%.

The specific hydration heat power of the blended binder containing
20% brick powder by mass was affected by the applied chemical

cwB-1/2016 1
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Q were negligible up to 25 h, after 140 h the use of superplasticizer
caused a 15% decrease in Q, for the entraining agent it was 5%,
and for their combination 18%.

The comparison of results obtained in this paper with those me-
asured by other investigators could be done in a limited extent
only because the effect of chemical additives on the hydration
processes in blended cements containing brick powder as a poz-
zolanic addition was never reported before in common literature
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sources. Nocun-Wczelik et al. (22) found for CEM | 42.5R, which
was used as reference in this paper, a significant retardation effect
of commonly used polynaphtalene sulfonates, polymelamine sul-
fonates and polycarboxylates; for the plasticizer dosage of 1% by
mass it was up to 10 h for the second maximum (C;S hydration)
and the induction period was prolonged in a corresponding way.
Siler et al. (23) found for CEM | 52.5N and 1% polycarboxylate
plasticizer a delay in the second peak as long as one day. A strong
retardation effect of the hydration process of CEM | 52.5R caused
by a polycarboxylate superplasticizer was observed also by Pfeifer
et al. (24). The acrylic superplasticizer applied in this paper per-
formed much better with a comparable dosage; its effect on the
induction period was even lower than on the time of occurrence
of the second maximum (Fig. 5).

5. Conclusions

The hydration heat development in blended binders composed
of Portland cement and waste ceramic powder originating in the
contemporary hollow brick production was analyzed by isothermal
calorimetry, including the influence of plasticizer, air-entraining
agent and their combination on hydration kinetics.

Experimental results showed that the brick powder did not affect
the rate of hydration reactions up to 20% Portland cement repla-
cement level, for higher dosage the C,S hydration process was
slowed down by about 2 h. The specific hydration heat after 140
h decreased with the increasing amount of brick powder in the
blend but the decrease was slower than it would correspond to the
decreasing share of Portland cement in the blends. The analysis
of the difference specific hydration heat power and difference
specific hydration heat per 1 g of the brick powder showed that the
pozzolanic reaction in the blended cements was started already at
45 h and continued during the whole remaining time period. The
pozzolanic reaction was most pronounced up to 20% brick powder
dosage in the blends; the limit for the effective use of the analyzed
brick powder as a pozzolan in blended binders could thus be set
to 20% of the mass of Portland cement.

The influence of applied chemical admixtures on the hydration heat
development was for both Portland cement and the characteristic
blended binder containing 20% brick powder relatively low. The
retardation effects of superplasticizer, air-entraining agent and
their combination on the C;S hydration were lower than 2 h in all
analyzed cases. This finding was very positive; the chemical admi-
xtures to cement are supposed to affect the hydration processes
in the least possible extent.
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