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Study on Burnability and Reactivity of High Al,O; Content OPC Clinker
for the Use of Industrial Waste
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This study evaluated the burnability and hydration reaction of clinker burned with high Al,O; content OPC to apply large amounts of
industrial by-products in the cement manufacturing process. Specifically, after preparing a clinker with a high GA content by burning
the OPC raw material with a high content of Al,O; in a laboratory electric furnace, the burnability of the clinker was evaluated through
XRD Rietveld analysis and polarization microscopy, and clinker hydration reactivity was reviewed through the Isothermal conduction
calorimetry analysis and the cement compressive strength. As a result, the kiln burning temperature for the production of high Al,O,
content clinker lower, and the compressive strength was equal to or higher than OPC. Therefore it was confirmed the possibility to
manufacturing energy-saving high Al,O; content clinker using a large amount of industrial by-products.
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Table 1. Chemical composition and mineral composition of Portland cement and Eco-cement produced in Japan
. A Chemical composition Mineral composition
Eco-cement(Japan) Blaine(cm/g) -
SiO, ALO; Fe, 05 CaO GsS GS GA C4,AF
OPC 3,240 21.6 4.73 3.75 63.8 58.9 16.0 32 13.5
North Hokkaido Uni. 4,310 18.0 7.42 3.72 61.6 54.7 7.56 134 11.3
Tokyo University-1 4,220 17.1 6.98 3.79 62.0 59.0 4.5 12.1 11.5
Taiheiyo Cement 4,500 17.0 8.10 3.90 61.0 49 12 15 12
Tokyo University-2 4,380 17.9 7.60 4.10 61.7 473 15.7 13.2 12.5
UBE Cement 3,520 - - - - 49.2 24.8 11.7 8.4
2, =7 MAME0I CS(belite) 59| HS2 CIEE KinQ| 712 =N 228 AFUEE HE 4 QTHMisumi 2012; Hirao 2001;
L Ol AMTHOME 2HMF| =X 40 TH| AE 2 L0l Hagino 2012; Hiroshi 2003)11 O|==|11 QlCt
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Fig. 1. Temperature history program of electric furnace
experiment

Table 3. Chemical composition of clinker sintered at 1,450C

Chemical composition(%)
LOI | SiO; | ALO;s | Fe;Os | CaO | MgO | SO; | KyO
Plain | 39 |21.0 | 52 | 3.1 | 613 | 25 | 22 0.7
C0.5 37 | 208 | 55 | 3.1 [609 | 25 | 28 0.7
CL.0 36 | 207 | 58 | 3.1 | 604 | 25 | 3.0 0.7
C2.0 37 | 206 | 64 | 3.0 [593 | 25 | 35 0.8

Clinker

Table 4. Modulus and blaine of cement added SP and LSP

Clinker modulus
Clinker
LSF SM M Blaine(cm?/g)
OPC 94.0 2.52 1.45 3,400
HAO0.5 93.5 242 1.54 3,400
HAI 93.2 2.31 1.68 3,380
HA2 89.8 2.17 1.92 3,290

* LSF = Ca0O/(2.8Si0,+1.2AL,05+0.65Fe,05)
* SM = SiO2/(Al,05+Fe;05)
* M = A1203/F8203
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Table 5. Mixing ratio of cement
Additives(%)
Cement Clinker(%)
Gypsum LSP SP
OoPC OPC 86.9 3.1
HA0.5 C0.5 85.5 4.5
5.0 5.0
HA1.0 C1.0 84.5 5.5
HA2.0 C2.0 82.5 7.5
Table 6. Chemical composition of cement added gypsum and
chemical compsion of LSP and slag power
Chemical composition(%)
Clinker
LOI SlOz Ale; Fe203 CaO MgO SO} Kzo
Plain 39 | 210 | 52 31 | 613 | 25 22 0.7
HA05 | 3.7 | 208 | 55 31 | 609 | 25 2.8 0.7
HA10 | 3.6 | 207 | 5.8 31 | 604 | 25 3.0 0.7
HA2.0 | 3.7 | 206 | 64 30 | 593 | 25 35 0.8
SP -03 | 365 | 144 | 13 | 426 | 39 1.2 0.5
LSP 433 | 23 0.4 03 | 528 | 0.8 - 0.1
Z123KSlag Powder, 0|5} SP), Aa|AE8kLimestone Powder,
0[5t LSP)2 286t AIHES HMAsiiu, S8t Table
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Fig. 3. Clinker mineral change with increasing Al,O; content
(Temp. 14507C)
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Fig. 5. polarization microscope observation of OPC
Clinker(interstitial material)

Fig. 6. polarization microscope observation of HA0.5
Clinker(interstitial material)

Fig. 7. polarization microscope observation of HA1.0
Clinker(interstitial material)
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Fig. 8. polarization microscope observation of HA2.0 Clinker
(interstitial material)



Table 7. Results of clinker’s mineral analysis through XRD Rietveld
method

Temp. Clinker mineral(%o)

(C) | CsS| GS | GA | C4AF | £-CaO | £MgO | K>SOy
OoPC 604|199 | 2.0 | 119 | 26 24 0.8
HAO.5 1450 5921205 | 34 | 11.7 | 22 2.0 0.9
HAL0 573|192 | 7.0 | 113 1.9 2.0 1.3
HA2.0 49.0| 256 | 11.4 | 9.7 0.4 23 1.6
OPC 50.0| 242 | 46 | 105 | 6.5 1.9 24
HAO.5 1,400 4892251 70 | 112 | 59 1.8 217
HAL.0 489]229 | 88 | 106 | 42 1.9 2.8

HA2.0 4311230 | 169 | 88 2.7 1.9 3.7
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Fig. 11. Hydration heat of each clinkers by adiabatic temperature change test method
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