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Effect of Cooling Methods on Clinkering and Periclase Formation of High—Magnesium
Portland Clinker with Different Alumina Modulus

ZHANG Wensheng, LUAN Zhengbin, REN Xuehong, ZHANG Hongtao, YE Jiayuan, AN Nan
(State Key Laboratory of Green Building Materials, China Building Materials Academy, Beijing 100024, China)

Abstract: High—magnesium Portland cement clinker with MgO content of 6% was synthesized with chemical reagent. The effect of
cooling method (i.e., furnace cooling, air cooling and liquid—nitrogen quenching) on the mineral composition, C;S crystal type, solid
solubility of MgO, and formation of periclase of high-magnesium Portland clinkers with different alumina modulus (IM) (i.e., 0.64,
1.10 and 3.00) was investigated. The samples were characterized by X-ray powder diffraction with Rietveld method, petrographic
method and scanning electron microscopy. The results show that a rapid cooling can stabilize C;S crystal into M3 type, and prevent
the transformation of C;S crystal from M3 to T3 type. And this has a little effect on the change of IM. The content of CsS is relatively
high in the clinker with a low IM and by furnace cooling, and the clinker with a high IM and by liquid-nitrogen quenching. Rapid
cooling rate inhibits the crystallization of periclase, and the inhibition effect is more dominant in a low IM clinker. Clinker quenching
can keep the morphology of C;S intact, and promote periclase to turn into a fine round granule.
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Table 1 Chemical composition, alumina modulus and cooling methods of clinkers

Chemical composition w/%

Sample No. - M Cooling methods
CaO SiO, ALO3 Fe,0; MgO SO3 K>,0 Na,O

S_0.64 62.63 21.91 3.35 5.25 6.00 0.28 0.29 0.30 0.64 Furnace cooling
S_1.10 63.11 21.55 4.43 4.04 6.00 0.28 0.29 0.30 1.10 Furnace cooling
S_3.00 63.88 21.00 6.18 2.06 6.00 0.28 0.29 0.30 3.00 Furnace cooling
F_0.64 62.63 21.91 3.35 5.25 6.00 0.28 0.29 0.30 0.64 Air cooling
F_1.10 63.11 21.55 4.43 4.04 6.00 0.28 0.29 0.30 1.10 Air cooling
F_3.00 63.88 21.00 6.18 2.06 6.00 0.28 0.29 0.30 3.00 Air cooling
Y_0.64 62.63 21.91 3.35 5.25 6.00 0.28 0.29 0.30 0.64 Liquid-nitrogen quenching
Y_1.10 63.11 21.55 4.43 4.04 6.00 0.28 0.29 0.30 1.10 Liquid-nitrogen quenching
Y 3.00 63.88 21.00 6.18 2.06 6.00 0.28 0.29 0.30 3.00 Liquid-nitrogen quenching

w—Mass fraction; IM—Rate of clinker aluminum.
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Table 2 Free lime content in the samples w%
Sample No. S 0.64 S 1.1 S 3.0 F 0.64 F 1.1 F 3.0 Y 0.64 Y 1.1 Y 3.0
f-CaO 0.24 0.35 0.43 0.28 0.42 0.96 0.31 0.49 1.02
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