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THE CONDITION SYNTHESIS OF C,S MODIFICATIONS AND THE INFLUENCE
OF THE IMPURITIES ON THE STRENGTH OF CEMENT

KAZUTAKA SUZUKI, YOSHIO SUGIMARU, HIROTSUGU ITO

The high temperature modifications of C»S may be obtained by quenching from the temperature higher
than the @-o’ transformation when the batch contain the impurities, And the stabilizing action of each
'CsS modification is influenced by the nature and amount of impurities.

Cr, V, and P showed the marked effect for stabilizing @ and 8, even by slow cooling, while B stabilized
«' and 8.

Al, Fe could stabilize 8 by water quenching but they were not able to produce @ or «' crystal.

Ti, Mn have no effect and even the quenched samples were contaminated by y modification.

The mechanism of substitution of these impurities was investigated by X-ray eXxamination and thermal
analysis, And next, the heat of hardening was measured. (5-CoS synthesized by strong stabilization
agent give the lower heat of hardening and those by weak stabilizing agent give the higher value. Cr,
V, P, B and Sr, Ba are the former, and Al, Fe are the latter,

The compressive strength of C:S and cement clinker containing impurities were shown in Table, and
the effect of eaech impurity affected the strength was examined. The preparations stabilized with Al, Fe,
Sr and Ba give appreciably higher strengths than those stabilized by Cr, A, P and B. Such a result
may be explained by the stabilizing action and the heat of hardening of these preparations.

Thus, these of lower stabilizing and higher heat of hardening give the higher strengths.
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Tablel. Reagent uscd for the experimcnt as stabi-
lizer

Form substituted

Component Form for SiO, or CaO
Cr,03 Cr;03 CrOq
Al;03 AlyOs AlOy
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Change in synthetic temperature of a.a’ or 8-CsS

with increasing impurities
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Table 2, Chemical analysis of raw materials
Material Ig. loss SiOg Al30; Fey0O3 Ca0 MgO Total
Limestone 36.3210.75 1.72 0.9148,91 0.72 99. 33
Clay 10.3956.7118.18 5.02 7.01 2.73100.04
Ganister 2.6387.09 6.71 1.08 0.23 1.62 99.36
Pyrite cinder — 12,15 9.3173.75 1.72 2.65 99.58
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Tablc 3 —]. Strength of 1:3 mortars made from C;S

Impurity Weight percent
Sample  ,ided to C.S  of impurity
Cr—1 Cr,03 0.5
Cr—2 - 1.5
Cr—3 7 3.0
v—1 V.05 0.5

vV—2 2 1.5

Compressive strength (kg per sq.cm. )

7days 14days 28days
48,2 60. 4 .1
4.1 56,7 82.4
31.6 33.8 51.0
36. 8 52.4 68. 4
32.4 49.6 66.7
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V-3 7 3.0 26.0 38.7 44,5
P—1 P20 0.5 39.5 50.5 59.7
P—2 2 1.5 35.4 42.0 46. 2
P—3 7 3.0 3L.7 38.1 44,2
B—1 B.03 0.5 36.8 44,7 48.1
B—2 7 1.5 30.6 34.2 36.5
B—3 2 3.0 28.1 36.9 41.4
Al—1 Al;0s 0.5 56.5 70. 4 89.7
Al—2 » 1.5 57.0 67.5 81.6
Al—3 Vs 3.0 49.5 56. 2 72.6
Fe—1 Fe O3 0.5 54,3 65.7 80.3
Fe—2 7 1.5 52.3 66.3 72,1
Fe—3 7 3.0 44.9 64.5 70.5
Ba—1 BaO 0.5 35.4 56. 6 93.5
Ba—2 7 1.5 35.3 52.2 81.6
Ba—3 7 3.0 30.9 46.0 66.0
Sr—1 SrO 0.5 42,4 54.6 87.0
Sr—2 7 1.5 39.1 50. 8 71.1
Sr—3 7 3.0 27.6 40.3 59.7

Table 3— . Strength of Portland cement involved each impulity.

Sample Impurity Weight percent Compressive  strength (kg per sq.cm.)
added of impurity 7days l4days 28days 6months

Cr—1 Cry03 0.5 167 245 360 430

Cr—2 7 1.5 140 220 343 388

Cr—3 2 3.0 90 218 337 370

v—1 V205 0.5 150 210 299 443

V-2 2 1.5 148 197 275 440

vV—3 7 3.0 120 147 210 —

P—-1 P»0s 0.5 80 140 170 —

P2 Y 1.5 82 136 158 —

P—3 V] 3.0 60 95 120 —

B—1 B,0; 0.5 83 137 165 —

B—2 7 1.5 72 140 150 —

B—3 7 3.0 73 118 121 —

Al—1 Al,O3 0.5 178 271 394 420

Al—2 7z 1.5 173 286 323 370

Al—3 7 3.0 182 215 206 220

Fe—1 FesOs 0.5 160 241 320 360

Fe—2 7 1.5 154 236 290 320

Fe—3 i 3.0 121 237 287 319

Ba—1 BaO 0.5 152 228 342 400

Ba—2 Vs 1.5 136 201 350 372

Ba—3 7 3.0 82 118 240 265

Sr—1 SrO 0.5 130 225 405 440

Sr—2 Ke 1.5 106 212 381 390

Sr—3 ” 3.0 112 198 345 363
Cr20;, V20750187 3 Z IS DWW TEREE S A X024, PaOs R G FERAFEZERXTNTHEARTH Y, B
BMZId T HRE 20, BHRAGIENVITYFRAY 7 VY H—ORNTE D
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Structural data of a,a’, 8 and C,S
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ell dimensions

6. 8875
6. 9012
6.9175

6. 8638
6. 8761
6. 8862

6. 8438
6. 8440
6. 8444

c

b
9. 1876 6. 7562
9. 3482 6. 8060
9. 3503 6. 8289
9. 3498 6. 8235

Unit cell dimensions

Table 4.
a) a—C.S
Impurity Unit ¢
Impurity substitution -
(Mole%) a
16 5.4719
CrzO;; 20 5.4720
24 5. 4723
16 5. 4557
V20; 20 5.4612
24 5. 4702
© 16 5. 4393
P05 20 5, 4390
L 24 5. 4389
b) at'—CzS
Impurity
Impurity substitution -
(Mole%) a
B,03 30 5., 4805
7 5. 5291
BaO 10 5, 5554
15 5. 5647
C) B—C,S
Impurity
Impurity substitution 5
(Mole%) (A)
Cry03 6 5, 4998
V205 7 5. 5013
P05 7 5.5129
B30; K4 5.4815
Al;O3 7 5.5072

bAoA

angle
9.3671 6. 7717 94°38'
9. 2950 6. 7606 93°54"
9. 2594 6. 7589 94°23'
9. 2492 6. 7432 94°32’
9, 3977 6.7584 92°20’



Unit cell dlmensxonb (A)

9. 5401 6. 7532
9. 5877 6. 7584
9. 5840 6.7419
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Fe;0s P 5.5357
BaO Y 5. 5291
SrO Y 5. 5204
d) r—GC.S
Impurity
Impurity substitution .
(Mole%) a
Al,O3 6 5.0796
Feq0s Y 5. 4818
TiO, p 5. 0804
MnO, 7 5.0776
none Y 5. 0762
Cro+ 0.46A° Vo 0.40A

Ps+ 0. 35A° Sitt 0.41A
(Wyckoff 1948)
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Fig.4. X-ray diffraction patterns of both com-
pound in comparison wth the patterns

of “New compound” prepared by E.F.

Osborn.
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