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Abstract. A raw mixture from the Kujawy cement plants was fused at 1810°C
in an induction generator. The resulting fused portland clinker was investigated by
chemical, X-ray and microscopic methods. It was found that the mineralogical com-
position of fused clinker does not differ essentially from that of clinker sintered un-
der ordinary conditions, i.e. at about 1500°C. Microscopic studies revealed that the
habit of alite crystals changes in fused clinkers. Instead of pseudohexagonal alite
crystals, typical of sintered clinker, crystals, exhibiting a rodlike habit crystallize
in fused clinker. The attack of the liquid phase on alite crystals was also noted.

INTRODUCTION

Portland clinker is an intermediate material from which a product re-
ferred to as portland cement is obtained upon the addition of gypsum (5%
and grinding to a specific surface area of 3000—3500 cm?/g. The principal
raw materials used in the manufacture of cement are limestone, chalk,
marl and clay. From these material a raw mixture is stoichiometrically
set up and burned at 1500—1550°C using wet or dry method.

The ever increasing demand for portland cement requires constant in-
tensification of the process of manufacture of portland clinker. This can
be accomplished by introducing new designs or by developing new tech-
nologies. It is also possible to expedite certain stages of clinkering in he-
terogeneous systems by highly intensive burning of raw flour.

This paper presents a laboratory experiment involving fusion of the
raw mixture used in the manufacture of portland clinker. Its aims were
to reduce the clinkering time of the raw mixture, and to determine the
mineralogical composition and microstructure of the resulting portland

clinker.
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ALITE PHASE IN PORTLAND CLINKER
SINTERED AT 1500—1550°C

The principal mineral constituents of sintered portland clinker are two
calcium silicates, alite and belite. They form in the solid phase, with the
liquid phase containing tricalcium aluminate and tetracalcium alumino-
ferrite present in an insignificant amount. In sintered portland clinker
there is, as rule, a small amount of free calcium oxide, which failed to re-
act with the other constituents of the raw mixture due to the shortco-
mings of the technological process. The average microstructure of sinte-
red portland clinker is shown on Phot. 1, and its X-ray powder pattern
is presented in Figure 1.

The principal mineral constituent of portland clinker is tricalcium Si—
licate, referred to as alite. Its content averages 55 to 65%. Owing to its
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Fig. 1. X-ray diffractogram of portland clinker sintered at about 1500°C
Crystalline phases are marked by symbols used in the chemistry of cement: C,S — alite, C;S —
belite, C;A — ftricalcium aluminate, C,AF — {etracalcium aluminoferrite, C — free calcium

oxide. X-ray diffractogram made by E. Skomorowski

hydraulic properties, alite plays a significant role in the process of setting
and hardening of portland cement after it has been kneaded with water,
imparting binding properties to the product.

The structural formula for tricalcium silicate (Jeffery 1952) is Cas
[SiO4]O. In the cement technology and chemistry, the oxide formula
3Ca0-Si0; is commonly used, frequently abbreviated to C;S. Tricalcium
silicate forms several polymorphic modifications. Initially, on the basis
of Xfray' and thermal studies (Triumel, Moller 1952; Nurse 1960; Yama-
guchi, Miyabe 1960), tricalcium silicate was assumed to form three poly-
morphs, two of which were stable only at high temperatures:
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Rgcent studigs (Guinier, R_egourd 1969) provided evidence that tricalcium
silicate has six polymorphic forms: one polymorph of trigonal symmetry
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— R, two monoclinic polymorphs — J; and Jy;, and three modifications
showing triclinic symmetry — Ty, Ty and Tyy:

600°C 920°C 980°C ° o
T 2 eSintlni= 4k T wadrd ”‘;c Ju m::_gc R

The tricalcium silicate phase occurring in portland clinker (alite) con-
tains small amounts of some oxides in the form of isomorphous admixtu-
res. As shown by Jander and Wuchrer (1938), Koyanagi (1938) and Jef-
fery (1952), isomorphous admixtures of MgO and Al,O; are present in
alite. According to Jeffery, who investigated alite monocrystals by X-ray
method, Al3* and Mg2?* substitute for Si** ions in the crystal lattice of
alite according to the pattern:

2Sit+ — 2A13+ + Mg?*

Moreover, Jeffery’s hypothesis assumes that the above substitution is re-
gular, taking place once for 18 molecules of 3Ca0-Si0,, so it has, in a way,
the character of a compound with the formula 54Ca0O-16SiO,- Al,0;- MgO.

Ordway (1960) arrived at the conclusion that not only isomorphous
admixtures of MgO and Al,O; but of Fe,O; and FeO as well can occur
in alite. In his opinion, the solid solution in tricalcium silicate can be

defined by the following formula:
108Ca0 - 32Si0, - 2[(Al,03)y (Fe,03)1—z] - 2[(MgOCs)y, (FeO);—y]

In alite, solid solutions can also be formed by the following oxides: ZnO,
Mn,0;, Cr,0;, K,0, and Na,O (Guinier, Regourd 1969; Gorshkov, Timas-
hev 1963). Limit contents of respective oxides in solid solution in alite are
not well known yet. Recent studies of Guinier and Regourd (1969) con-
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Fig. 2. Alite crystals after:

1 — Guttman and Gille (1933), 2 — Andersen and
Lea (vide Kunl 199 2D o 3,
St T Her )
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cerning the solubility limit of individual oxides in tricalcium silicate show
that alite is not compound of constant and defined composition, as sugges-
ted by the stoichiometric formula of Jeffery (1952).

Thermal curves (Yamaguchi, Miyabe 1960) and high-temperature
X-ray investigations provide evidence that alite forms two polymorphic
modifications. The monoclinic modification is stable at low temperatures
and at about 830°C it converts into the trigonal form.

105



In portland clinkers sintered at 1500—1550°C alite phase occurs com-
monly in the form of crystals with a pseudohexagonal habit, which are
pseudomorphous after the high-temperature trigonal modification (Fig. 2).
The habit of alite crystals in sintered portland clinkers is affected by se-
veral factors, the major ones being: burning temperature, amount of li-
quid phase, cooling rate, and the character (reducing or oxidizing) of the
gas atmosphere in the kiln.

Under the conditions close to equilibrium (e.g. slow cooling of blast
furnace slags), crystallization of alite gives rise to platy and tabular crys-
tals with well-developed 0001, 1102 and 1201 faces. In sintered portland
clinkers diversified forms of alite crystals can be found. Due to a relati-
vely low content of the liquid phase, the growth of alite crystals is limi-
ted and the crystallization conditions are varying. In spite of this, the
most common form of occurrence of alite crystals in sintered portland
clinkers is well-developed hexagonal crystals (Phots 2, 3). It is interesting
to note, however, that in industrial clinkers the typical pseudohexagonal
habit of alite crystals is, as a rule, partly obliterated due to the formation
of random, polygonal crystal intergrowths (Phot. 1). Upon etching of the
surface of alite crystals with 1% HNO; alcohol solution, a characteristic
zonal structure can be observed (Phot. 4). This phenomenon is most likely
due to the varying content of isomorphous admixtures in alite.

EXPERIMENTAL

Investigations were carried out on a raw mixture from the Kujawy
cement plant, consisting of Jurassic limestones and marls, of the following
chemical composition: heating loss — 35.8%, SiO; — 13.5%, Fe,0; — 2.3%,
ALO; — 3.5%, CaO — 43.0%, MgO — 1.0%, SO; — 0.3%, K,0 — 0.4%,
Na,O — 0.1%. The mineralogical composition of the mixture calculated
from its chemical composition was: alite (3CaO-SiO,) — 70.07%, belite
(2Ca0-Si0,) — 7.41%, tricalcium aluminate (3CaO-Al,0;) — 7.86%, tetra-
calcium aluminoferrite (4CaO - AlL,Oz-Fe,05) — 11.79%.

The raw mixture studied showed good fineness. Standard screen ana-
lysis showed 1.4% on a 900 mesh sieve (>>200 um) and 7.2% on a 4900
mesh sieve (> 90 pm). To obtain better characterization of the grain size
distribution, the raw mixture was analyzed on a Sartorius sedimentation
balance (Table 1). X-ray investigations revealed that the dominant mine-
ral constituents of the mixture are calcite and quartz. Also diffraction
peaks typical of kaolinite, illite and muscovite were noted. Dolomite, mar-
casite, potash feldspar and plagioclases were found to be present as ac-
cessory admixtures.

Samplgs to be fused in the induction generator were prepared in pel-
lets adopting the following procedure: The raw mixture containing 38.5%
water was dried in a laboratory dryer at 105°C until the water was com-
plgteljy'. evaporated. Then it was dry-homogenized in a laboratory porce-
lain mill, and pellets were formed from the flour obtained in this way.
To ensure uniform contraction of samples, the pellets were formed under
1dentical conditions. Weighed portions of 2.5 g each were prepared from
the raw flour, and after adding ca 5 drops of absolute ethyl alcohol, they
were pressed at a pressure of 720 kg/cm? for 15 s. The resulting pellets
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were dried in a laboratory dryer to evaporate ethyl alcohol. Then the
pellets were subjected to decarbonization in a sillite furnace, where they
were kept at 950°C for 11 min. ;

.Samples in the form of pellets were fused in a Warel T12 GIS-50B
induction generator. The high-frequency GIS — 50B generator is designed
for induction heating of samples placed in the heating coil field. In the
present experiment, samples were set in the heating coil field in graphite
crucibles lined with sheet tungsten. The charge temperature in the gene-

Table 1

Granulometric composition of the mixture from cement plant
Kujawy estimated with sedimentation analysis

Grain size, Content, Grain size, Content,
um % um | %
200 1.4 20—15 5.6
200—90 5.8 15—10 6.3
90—60 6.2 10— 5 12.7
60—40 4.4 5— 3 8.6
40—30 5.4 3— 2 5.2
30—25 3.3 2 o
25—20 43

rator depends on the crucible gecmetry, heating coil geometry, as well as
on controlled current parameters of the heating coil. The crucibles were
made of graphite electrodes, and their geometry was selected so as to at-
tain the present temperature within a period of 10 s. The charge tempe-
rature was measured with an optical pyrometer. To increase the accu-
racy of temperature measurements, the optical pyrometer readlpgs were
graduated with pyrocones. The process of fusion was conducted in a neu-
tral atmosphere, which was accomplished by supplying argon to thelres
action chamber.

Samples fused in the induction generator were investigated using che-
mical, microscopic and X-ray methods. ;

Chemical analysis was used to determine the content of free calcium
oxides in the samples, which defines the degree of reaction taking place
between the raw mixture constituents. To this end, glycol method, com-
monly used in the chemistry of cement, was adopted. :

Microscopic observations in reflected light were made on ppl}shed sec-
tions prepared in the following way: Samples were placed in ledur rings
and impregnated with Epidian V epoxy resin. After induration of the re-
sin, polished sections were made. Rough and intermediate grinding was
done with electrocorundum powders whereas diamond paste was used
for final grinding and polishing. Anhydrous ethyl alcohol was used to wet
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the abrasives and rinse the polished sections. Mineral components present
on the surface of polished sections were etched with 1% HNO; alcohol
solutions and HF vapours.

X-ray powder patterns were recorded with a Philips PW 1040 dif-
fractometer, using Co-K, radiation. Basing on the d values and the inten-
sities I, the mineral constituents were identified using Taylor’s catalogue
(1964).

RESULTS

Observation of samples set in crucibles in the induction generator re-
vealed that over a temperature range up to 1710°C, the pellets preserve
their original form, showing only cracks and fractures on the surface.
Samples fired at 1710°C for 5 min. and longer, as well as all samples bur-
ned at 1760°C, became softened. Samples burned at 1810°C were fused
within a period of 1 minute.

Chemical analysis made on clinker samples fused at 1810°C and he-
ated at the same temperature for 1.2 and 3 min. revealed that the content
of free calcium oxide was 1.99% after 1 min., 1.79% after 2 min., and 1.23%
after 3 min. This shows that the reactions taking place in the raw mixture
fused at 1810°C and heated at this temperature for 3 minutes have pro-
ceeded virtually to completion, and that the content of free calcium oxide
does not exceed the amount limited by the specifications.

Both X-ray and microscopic studies provided evidence that the mine-
ralogical composition of fused clinker does not differ from that of sinte-
red clinker. The X-ray diffraction pattern of clinker fused in the induc-
tion generator (Fig. 3) displays diffraction peaks attributed to all the
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Crystamf:géhz.se}s(-ray diffractogram of portland clinker fused at about 1810°C
o 5 are' marked l?y symbols used in the chemistry of cement: C,S — alite, C,S —
ey tricalcium aluminate, C,AF — tetracalcium aluminoferrite, C — free ;:aléium
oxide, X-ray diffractogram made by E. Skomorowski :
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basic mineral constituents typical of portland clinker, i.e. to alite, belite,
tricalcium aluminate, and tetracalcium aluminoferrite. The intensity of
reflections of the individual minerals phases indicates that both sintered
and fused clinkers have similiar contents of alite, belite, tricalcium alu-
minate and tetracalcium aluminoferrite.

Microscopic observation in reflected light showed that, compared with
clinkers sintered at 1500—1550°C, the habit of alite crystals changed in
fused clinkers. In clinkers fused in the induction generator at 1810°C,
pseudohexagonal alite crystals typical of sintered clinkers do not appear
at all. As a result of rapid cooling, elongate crystals with a rodlike habit
crystallize most commonly from the melt (Phot. 9).

Rapid cooling of the melt at 1810°C results in the formation of nu-
merous cracks on the surface of alite crystals (Phot. 6). A similar pheno-
menon can be observed, e.g. in melilite crystals crystallizing from blast
furnace slag. In fused portiand clinkers, the attack of the liquid phase
composed of fused aluminates and aluminoferrites on alite crystals often
takes place. This attack is usually attended by the rise of very fine-crys-
talline secondary belite, which forms characteristic occlusions on the cor-
roded alite crystals (Phot. 7). Fused portland clinkers also show micro-
areas in which alite crystals surficially corroded by the liquid phase
concentrate. Such microareas contain numerous inclusions of free calcium
oxide and metallic iron (Phot. 8). The presence of the latter suggests that
in fused clinkers, despite a neutral atmosphere in the reaction chamber
(fusion in an atmosphere of argon), ferric iron oxide is partially reduced
to metallic iron.

Microscopic studies showed that the size of alite crystals depends
largely on the burning temperature. In clinkers fired at about 1500°C,
the size of alite crystals averages 20—80 um, while in fused clinkers rapid
growth of alite crystals was noted, which at 1800°C attain a size of

700 pm.

DISCUSSION

Raw mixture samples from the Kujawy cement plant prepared in
pellets were fused under laboratory conditions in an induction generator
at 1810°C. The resulting fused portland clinker was subjeqted to chemlgal,
X-ray and microscopic investigations which showed that its mmeraloglé:a]
composition was very similar to that of clinker sintered at about 1500°C.
Both in fused and sintered clinkers the principal constituents are two
calcium silicates, alite and belite, tricalcium aluminate and tetr.acalcmr_n
aluminoferrite. Microscopic observation in reflected light provided evi-
dence that there are marked differences in the habit of alite crystals. It
has been found that fused clinkers do not contain alite .crystal.s with
a pseudohexagonal habit, which are typical of portland.clmker smtergd
under normal conditions. In fused clinkers alite crystallizes as a rule in
the form of elongate crystals exhibiting a rodlike habit. The length of
alite crystals averages 500—700 pum, being fifteen times greater than in
sintered clinker. It has also been found that the liquid phase of aluminate
and aluminoferrite composition attacks the alite crystals. This attack is
attended by partial decomposition of alite to belite and free calcium
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oxide. The resulting secondary belite forms microcrystalline occlusions
on the alite crystals. Moreover, microscopic studies revealed that in fused
portland clinkers there occur alite crystals containing inclusions of free
calcium oxide and metallic iron. This fact suggests that during fusion of
the clinker in the induction generator in a neutral atmosphere of argon,
ferric iron oxide is partially reduced to metallic iron. This problem, how-
ever, requires more detailed studies that are beyond the scope of the pre-
sent paper.

From the technological point of view, it would be advisable to inves=
tigate the hydraulic properties of fused clinkers. Such studies would solve
the question whether the change of the habit of alite crystals and the in-
crease in their size affect the binding properties of portland cement.
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Cezary WIEJA, Krystyna WIEJA

FAZA ALITU W TOPIONYCH KLINKIERACH
PORTLANDZKICH

Streszczenie

W generatorze indukcyjnym stopiono w temperaturze 1810°C szlam
surowcowy z Cementowni Kujawy. Otrzymany topiony klinkier port-
landzklvbadano chemicznie, mikroskopewo i rentgenograficznie. Stwier-
dzono, ze sktad fazowy klinkieru topionego nie rézni sie w sposob zasad-
niczy od klinkieru spiekanego w temperaturze okolo 1500°C. W klinkierze
splekany'm faza alitu wyksztalcona jest w postaci pseudoheksagonalnych
krysztah_)w 0 wymiarach od 20 do 80 um. Obserwacje mikroskopowe wy-~
kazaly, ze w klinkierze topionym krystalizujg wydtuzone krysztaty alita
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o pokroju precikowatym o wymiarach podituznych zawartych przecietnie
w granicach od 500 do 700 pm.

Czesto obserwuje sie agresywne dzialanie fazy cieklej o sktadzie gli-
nianowo-zelazianowym na krysztaty alitu. Z agresjq fazy ciekltej zwiazany
jest powierzchniowy rozktad krysztalow alitu potaczony z krystalizacja
bardzo drobnokrystalicznego wtérnego belitu. W krysztatach alitu wyste-
pujacych w klinkierach topionych stwierdzono wystepowanie wrostkow
niezwigzanego tlenku wapniowego oraz inkluzje metalicznego zelaza.

OBJASNIENIA FIGUR

Fig. 1. Dyfraktogram rentgenowski klinkieru portlandzkiego spiekanego w tempera-
turze okoto 1500°C
Fazy krystaliczne zaznaczono symbolami stosowanymi w chemii cementu C;S — alit,
C.S — belit, C;A — glinian tréjwapniowy, C,AF — glinozelazian czterowapniowy, C —
niezwigzany tlenek wapniowy. Dyfraktogram wykonany przez E. Skomorowskiego

i i tug:
e :El{gsé;zl}t:atgailaltiuG‘iYﬁed(E%), 2 — Andersena i Lea (vide Kiihl 1951)
Fig. 3. Dyfraktogram rentgenowski klinkieru portlandzkiego topionego w tempera-
turze okoto 1810°C
Fazy krystaliczne zaznaczono symbolami stosowanymi w chemii cementu c_,s — alit,
C,S — belit, CsA — glinian tréjwapniowy, C/AF — glinozelazian czterowapmoyvy, Cc —
niezwigzany tlenek wapniowy. Dyfraktogram wykonany przez E. Skomorowskiego

OBJASNIENIA FOTOGRAFII

Fot. 1. Przecietna mikrostruktura spiekanego klinkieru portlandzl.nego :
Alit — Kkrysztaty poligonalne i pseudoheksagonalne, belit — zblizniaczone kryszfa!y 1;o~
metryczne, glinozelazian czterowapniowy — biata substancja wypelmelquca, glinian troj-
wapniowy — szara substancja wypetniajaca. Swiatto odbite, zglad trawiony 1% HNO;.
Pow. X 500
Fot. 2. Spiekany klinkier portlandzki :
Typowy pseudoheksagonalny krysztat alitu. Swiatio odbite,
Pow. X 800
Fot. 3. Spiekany klinkier portlandzki i
Typowy pseudoheksagonalny krysztat alitu. Swia
Pow. X 800
Fot. 4. Spiekany klinkier portlandzki
Krysztat alitu charakteryzujacy sie budowa zon&lng
1% HNO,. Pow. X 800

. Topiony klinkier portlandzki ' T
Wydluzone krysztaly alitu o pokroju precikowatyr. Swiatto odbite,
1% HNOj;. Pow. X 800

Fot. 6. Topiony klinkier portlandzki : i s i y
Wydluzone krysztaly alitu o pokroju precikowatym z widocznymi na powierzchni spe
kaniami. Swiatlo odbite, zgtad trawiony 1% HNO;. Pow. X 300

Fot. 7. Topiony klinkier portlandzki (
Krysztalty alitu skorodowane przez faze ciek
Pow. X 300

Fot. 8. Topiony klinkier portlandzki

Krysztaty alitu o pokroju nieregularnym zawi ) L
wapniowego oraz inkluzje metalicznego zelaza. Swiatlo odbit

Pow. X 300

zglad trawiony 1% HNO;

tlo odbite, zglad trawiony 1% HNO,.

Swiatlo odbite, zglad trawiony

Fot.

o

zglad trawiony

1a. Swiatlo odbite, zglad trawiony 1% HNO;.

erajace wrostki niezwigzanego tlenku
e, zglad trawiony 1% HNO;.
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Ilesapsr BESI, Kpowctoina BES

®A3A AJIUTA B MJIABJEHDBIX
MOPTJAHOUEMEHTHBIX KJIHMHKEPAX

PesoMe

B HHAYKTHBHOM reHepatope craasisuin B Temneparype 1810°C coipbeBoit
nuam LlementHoro 3asoaa Kysibl, [TosydeHHbIH NJ1aB/IeHbIH MOPTJIAH/LEMEHT-
HBI KJIHHKED HCCJeN0BAJICS XHMHUECKH, MHKPOCKONHUECKH H peHTreHorpadwu-
GCCKI. YCTAHOBJEHO, uTO (ha30BOH COCTAB MJIABJIEHONO KJIHHKEpa — B MPHH-
nune — He OTJHMYaercs OT KJIHHKepa CIIEKaeMOro B TeMIepaType OKOJO
1500°C. B cmekaemMoM KJHHKepe aJjuToBasi (pasa INPHHHMAeT BHJ TMCEBJO-
reKcaroHasbHbIX KpHcTaaaos paamepaMu ot 20 10 80 um. MHKPOCKONHYECKHMH
JICCJICOBAHMIAMH 0Ka3aHO, UTO B TJIABJIEHOM KJIHHKepe KDPHCTAJJIH3HPYIOTCs
BLITSHYTblE KPHCTAJIbI aJIHTa MaJOYKOBOrO raGUTyca CPeHMMHU MPOAOIbHBIMH
pasmepamu o1 500 1o 700 pm.

OueHb yacTo HAGJIOAAETCsl arpecCHBHOE JEHCTBHE XKHAKOH (hasbl aJIOMH-
HATHO-(hePPHTOBOrO COCTAaBa HA KpHCTabl annta. C arpeccHed XHIKOH (asbl
CBA3aHO MOBEPXHOCTHOE PAa3JIoZKeHHEe KPHCTAJJIOB aJluTa, KOTOPOMY COMyT-
CTBYET KPHCTAJJIM3allHsl OYeHb MEeJKOKpHCTaJuIHueckoro Gennra. B anutoBbix
KpHCTaJjlax, HaXOAsLIUXCs B IJIaBJEHBIX KJIHHKEpax, HaOJIONAJHCh HHKJIO-
AWM HECBSI3aHHOW OKHCH KaJbllHs H MeTaJUIHUeCKOro »KeJje3a.

OBBJACHEHHUSA K PUTYPAM

<Dyr. |. PentreHoBckasi AudpakrorpaMma MOPTIAHICKOrO KJIHHKEepPA arJOMepHpOBAHHOTO MpH
Temnepatype okoao 1500°C
Kpucraaauueckne ¢aspl 0603Ha4YeHBI CHMBO.AMH MPHMEHSICMBIMI B XHMHH LeMeHTa: C3S —
aaut, C,S — Geaur, C3A - TpéxkaabuHesblii amomMuuar, C,AF — ueTblpéXKanbUHeBbIA aJIOMHU-
HogeppHT, C cBOGOAHBIA OKHcen Kazablinta. Jdudpakrorpamma BbimosHeHa E. CKOMOPOBCKHM

Gur. 2. Kpucranaapl anura no
1 — Tyrmany u Tuane (1933), 2 — Anaepceny u Jlea (cmorpu Kioap 1951)

Dyr. 3. PentrenoBckas AHGpaKTOrpaMMa MOPTAAH/ICKOTO K/IHHKEPa MJIABJEHHOTO MpH TeMiie-
patype okoso 1810°C
Kp}ll"l'aﬂ.’l“‘lc(‘l("e d)a:ibl 0003HaueHbl CHMBOJAMH NPHMEHAEGMDLIMH B XHMHH LeMeHTa: C,S 7

anur, C.S — Oeant, Cy3A — TpéxkKajapiueBbii aniomuuar, C(AAF — ueTbipEéxKaJjblMEBbIK anio-
munogeppur, C cBoOOANBIT OKHcesa Kajapuura. [udpakrorpamma BoimosiHeHa E. CkoMopos-
CKHM

OBb'bACHEHHSA K CHUMKAM

<Poro 1. n()CiK‘,lL"I'BCIIIHIH MHKPOCTPYKTYPdA 4aIrVIOMEPHPOBAHHOIO MOPTJ/AAHACKOTO KJIHHKepa

Aaut NOJAUTONAALHLIC W [ICeBAOTEKCArOHANbLHBIC KPHCTAAALI, GeanT — ABOAHHKOBBIE H30Me-
TPHUCCKHE KPHCTAMIBL, UYeTLIPEXaKaALUHeBLI aJloMHHOGEPPHT — 3anoaHsouee Gesjoe Beuiec-
T80, OTpakCHHLI cBer, nLing TpasieHnwil b 1% HNO,; Ysenunuenue X 500

“boto 2. Ar0MepHPOBAHHBIA NOPTAAHACKHI KJAHHKEp
THuMYHBIH TICeBOreKCaroHanbHblil KpHCTana anuta. OTPakKEHHBI cBer, UUIHG TpaBACHHBIK
B 1% HNO; Vsenuuenue X 800

®o1o 3. ArsoMepHpOBaHHBI NOPTAAHACKHIA KIHHKep
THNHUHBIA NCEBIOreKCAroHaNLHBI KpHCTaaa anuta. OTpaKEéHHuI cver, WK TpaBieHHbIR
B 1% HNO;. Yseauuenne X 800
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Doto 4. ArOMepHPOBAHHBIH NMOPTIAHACKHI KJIHHKED

Kpnerana anura, XapakTepHyioUHACH 30HAJBHBIM CTPOCHHEM. Orpaxénupift cser, mwand tpa
BjcHHBI B 1% HNO;. YBeaudenue X 800

Doto 5. TliaBaeHHbi TOPTAAHICKHN KIHHKEp
YIJIHHEHHbIC KPHCTAJJIbl aJHTa ¢ MaNOYHLIM raGHTYCOM. OTpaKEéHHBIH cBeT, waHd TpaBACHHBIK
e 1% HNO; YBeandenne X 300

®oto 6. ITnaBieHHbIH MOPTIAHACKHH KIHHKEp
YnuHEHHDBIE KPHCTAJMJbl ajaHTa C I1aJJOMHLIM I‘aGHT)’COM H TPEUHHAMH Ha MOBEPXHOCTH. OT]’)Z-
JKEHHBIH cBeT, uiHd TpaBiaeHHbIH B 1% HNO; YBeauuenue X 300

doro 7. [lnaBieHHbIH NOPTIAHACKHA KJIHHKEp
KpHcTaaapl ajuta KOPPOAHPOBaHHBIE Tekydeh dasoit. OTpakEéHHbI cBer, uuind TpaBieHHBI
B 1% HNO;. YBeauuenue X 300

doro 8. TlnaBneHHbIH NOPTIAHACKHH KIHHKEp
KpHcTanabl anuTa ¢ HeperyJisipHbIM TraGHTYCOM, COAepXKaHHE BKJIOYEHHS CBOGOAHOrO OKHCIa
KaJblHsi M MeTaJJHYeckoro xenesa. OrpaxéHHbIt cBer, wand TpasieHus B 1% HNO;. Yse-
aueurue X 300
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Phot. 1. Average microstructure of sintered portland clinker
Alite — polygonal and pseudohexagonal crystals; belite — twin isometric crystals; tetracalcium
aluminoferrite — white filling substance; triacalcium aluminate — grey filling substance. Re-
flected light, polished section etched with 1% ENO;. Magn. X 500
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Phot. 2. Sintered portland clinker
A typical pseudohexagonal alite crystals. Reflected light, polished section etched with 1% HNO;.
Magn. X 800

Cezary WIEJA, Krystyna WIEJA — Alite phase in fused portland clinkers
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Phot. 3. Sintered portland clinker

A typical pseudohexagonal alite crystal. Reflected light, polished section etched with 1% HNO,.
Magn. X 800

] Phot. 4. Sintered portland clinker
An alite crystal exhibiting zonal structure. Reflected light, polished section etched with 1%
HNO;. Magn. X 800

Cezary WIEJA, Krystyna WIEJA — Alite phase in fused portland clinkers
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Phot. 5. Fused portland clinker
Flongate alite crystals with a rodlike habit. Reflected light, polished etched with 1% HNO;.
Magn. X 300

Phot, 6. Fused portland clinker
Elongate alite crystals showing a rodlike habit, with cracks visible on the surface. Reflected
light, polished section etched with 1% HNO;. Magn. X 300

Cezary WIEJA, Krystyna WIEJA — Alite phase in fused portland clinkers
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Phot. 7. Fused portland clinker
Alite crystals corroded by the liquid phase. Reflected light,

polished section etched with 1%
HNO;. Magn. X 300

Phot. 8. Fused portland clinker
Alite crystals with a irregular habit, containin

iron. Reflected light, polished sectio:

g inclusions of free calcium oxide and metallie
n etched with 1% HNO;. Magn. X 300

Cezary WIEJA, Krystyna WIEJA — Alite phase in fused portland clinkers



