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C, 8,4) and showing calcium atoms (large,
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open circles), silicon atoms (small, open
circles), oxide ions (large, hatched circle) and
oxygen tetrahedra (triangles).
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(Z1¥1-3> Portions of XRD powder patterns of (A) the
T, modification of C,S at 605°C%; (B),
(C) and (D) clinkers containing, respectively,
M,,(M, +M,) and M, alites®

Crystal data for the C, S polymorphsl)

(&E-D
Cell parameters (g, b, ¢ in nm)
Polymorph Space group Z
a b c a B Y
Pseudostructure R3m 0.70 — 2.50 - — 120° 9
R (at 1200°C) R3m 0.7135 — 2.5586 — - 120° 9
R (stabilized with Sr) R3m 0.70567 - 2.4974 — — 120° 9
M, (stabilized with Mg) Cm 3.3083 | 0.7027 1.8499 - 94.12°| — 36
T, P1 1.167 1.424 1.372 105.5° | 94.3° | 90.0° 18
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{Z1¥-4) SEM micrograph of clinker Angu]ar alite and
round belite crystals

Alited] Fe)= BetamAos @@sd gk 6
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Alited]E= MgO, ALO, Fe,0, 5 o] & A
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W 2 gAE 1, 550C0A4 2%, 1,420CeA 1. 5%,
1, 300ColA] 0. 8%olTh. AlLO,8 1&3AE 2o

4.0

30
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Dependence of the polymorphic modification

of alite in production clinkers on the MgO

and SO, cont
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ents of the clinker®

514 1%0]9 Ca?* +Si*d) sl 2A1 =, 3Si*
5 ] P2log ABETHEA G
A wixtglo] 3-89} Fe,0,9] 183

g9

Stabilization of Different Polymorphic Forms of Major Cement Minerals by Foreign Ions2)

(GFE-2

C,s C,S

C,A

Aluminoferrite phase

TI (triclinic) C, S can be
stabilized by Cr, O, (up
to 1.4%); Fe, O, (0.9%);
Ge, 0, (0.9%); AL, O,
(0.45%); MgO (0.55%);
ZnO0 (0.8%); etc. TII
(triclinic) C, S can be
stabilized by Fe, O,
(1.1%); Ge, O, (1.9%);
Al, 0, (1.0%); MgO (1.4%)
and ZnO (1.8%). MI
(monoclinic) C, S can be
stabilized by MgO (2%)
and ZnO (2.2%). My
(monoclinic) can be
stabilized by ZnO (4.5%)
and R by ZnO (5%).

a-phase by Ca, (PO,), or
CaNaPO, and also with
alkali oxides and Al, O, or
Fe,0,. a'-phase by StO
(20%) or BaO (20%) or K, 0
(4%). B-phase is stabilized
by B,0, (<0.5%)and by
P03, VOI, SO7, Cr0),
etc., and also by alkalies,

p-phase is stable at room

addition makes it free from
phase impurity.

Na, O or K, 0 (0.170.27%).

temperature but 0.5% Fe, O,

Cubic C, A is obtained by
the addition of Na, O (up
to 1.9%). Orthorhombic
C, A is obtained by the
addition of (3.7 to 4.6%)
Na, O. Tetragonal C, A is
obtained by the addition
of 5.3% Na, O. Pseudote-
tragonal C; A is obtained
by the addition of K, O.
Orthorhombic C; A can
also be obtained by the
addition of 4.1% SiO, +
29%K,0+2.3MgO+
1.0% Fe, O, . Monoclinic
C, A— by the addition of
Na,0 (4.6-5.7%).

The ferrite phase is represented
by C, (A, F) in which there is
complete miscibility between
C, F and hypothetical “C,A”
up to C, AF.

C,AF and C A, F are the
common compositions
encountered in cement. The
ferrite phase contains a high
percentage of foreign ions as

| impurity.
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Typical compositions of phases in Portland cement clinkers (weight per cent)

(&3
Na,O | MgO | AL O, Sio, P,0, | SO, {K,0 | CaO | TiO, | Mn,0, | Fe,O,
Alite 0.1 11 1.0 25.2 0.2 0.0 01 (716 | 0.0 0.0 0.7
Belite 0.1 0.5 2.1 315 0.2 0.1 09 | 635 0.2 0.0 0.9
Aluminate
(cubic) 1.0 1.4 31.3 37 0.0 0.0 0.7 1566 ] 02 0.0 51
(orthorhombic) 0.6 1.2 28.9 43 0.0 0.0 40 | 539 | 0S5 0.0 6.6
(low Fe) 0.4 1.0 338 4.6 0.0 0.0 0.5 | 58.1 0.6 0.0 1.0
Ferrite 0.1 3.0 21.9 3.6 0.0 0.0 02 | 475 1.6 0.7 214
Ferrite (low Al) 0.1 2.8 15.2 35 0.0 0.0 02 | 46.0 1.7 0.7 29.8
Crystal data for the dicalcium silicate polymorphsl)
(E-D
Cell parameters (lengths in nm)
Polymorph Space group Z
a b c Angle
0.5579 0.7150 ¥ =120° P31c 2
a'yg 0.949 0.559 0.685 Pcmn 4
(3x0.548)
ol 2.0871 0.9496 0.5600 Pna2, 12
(3x0.6957)
0.5502 0.6745 0.9297 8 =94.59° P2, /n 4
0.5081 1.1224 0.6778 Pbnm 4
A 1 1%2 Ca® +Si*ell digle] 2Fe* 7} X8k FATE 2719 A2oA AT Aolnz F

o ALO,SEFe,0,7) 87 18 we 2 3 ah}
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(296> Crystal structures of C,S polymorphs!®,

Large, open circles represent calcium atoms,
small full circles, silicon atoms and triangles,
tetrahedra of oxygen atoms.
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{Z1¥9-7> Portions of XRD powder patterns of (A)
a-C, S at 1500°C, (B) o’L-C, S at 1000°C and
(€) 6C, S

Modifications of the C, A structure, of general formula NaZxCa3 AL O, b

X
E-5
Approximate Na, O (%) Compositional range x Designation Crystal system Space group
0-1.0 0-0.04 G Cubic Pa3
10-24 0.04-0.10 CII Cubic P2,3
2.4-37 0.10--0.16 CII+O - -
3.7-4.6 0.16-0.20 O Orthorhombic Pbca
4.6-5.7 0.20-0.25 M Monoclinic P2,/a
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{2¥-8> Al,0,, ring in the structure of C, A, showing

the situations of the aluminium atoms near

to the corners of a cubelz)
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Crystal data for ferrite phases in the series Ca, (AL Fe, ), 0

{FE6)
Unit cell parameters (nm)
x Space group X-ray density (kg rn'3)
a b c
0 0.55980 1.47687 0.54253 Pcmn 4026
0.285 0.5588 1.461 0.5380 Ibm2 3862
0.36 0.5583 1.458 0.5374 Tbm2 3812
0.50 0.55672 1.4521 0.5349 Ibm?2 3732
1 0.541 | 1445 0.523 Tbm2(7) 3480
AGF A ferrite Ao FALE CAF (CaO
5 46, 1%, ALO, 21%, Fe,0, 32.9%) ¢ v=n <
+
'y 10%e] o2 2aEs gaskx e Feol ¢F
— T Mg¥eh & Sit9} Ti= x)&hs]o] ok (FE-3)
| T & A e el
1
| 1 <
11 i 5
b s 14’ O«
39 )
': 36 251 S
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