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ABSTRACT

The microstructure and optical properties of clinker minerals are strongly influenced
by the thermal history during kiln firing, which affects their hydration reactivity.
Therefore, microscopic observation of clinker microstructure provides essential information
for both process optimization and quality control. However, conventional microscopic
evaluation relies on visual inspection by skilled technicians, requiring significant expertise
and limiting the amount of observation per unit time. This makes online analysis in
industrial production difficult. To address these issues, an automated microscopy system
using Artificial Intelligence (AI) and image processing techniques has been developed.
This paper presents a comparison between evaluations conducted by a microscopy

technician and the automated system for clinker samples produced under different firing

conditions.

The results demonstrate that the system is capable of evaluating belite grain

size and color with a level of accuracy comparable to that of a microscopy technician.

Keywords : Clinker, Microscopy, Thermal history, DX
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Table 1

Filtering parameter and setting value for pre-sorting
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Filtering Setting value Filtering Purpose
parameter
Particle diameter | 10-100 (um) Remove fine particle
fragments
Circularity 0.92-1.00 (-) Remove angular particles
Edge gradient 110.00-200.00 Remove out-of-focus images
(Intensity/pixel)
Intensity 80.00-200.00 () Remove particle fragments
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Table 2 Four observation terms of Ono’s method

UNEREICHE T HEHEIER)

Observation result

Burning condition related to the term (Grade)
Terms of observation Excellent Good Average Poor

) 3) (2) )
Heating rate Rapid < > Slow
Size of Alite 15-20 29-30 (25)30-40 40-60(120)
Maximum temperature High < > Low
Birefringence of Alite 0.010-0.008 | 0.007-0.006 | 0.006-0.005 | 0.005-0.002
Keeping time at the maximum temperature Long < > Short
Size of Belite (20)25-40(60) (15)20-40 (10)15-20 5-
Cooling rate Rapid < > Slow
Color of Belite Clear Feint yellow Yellow Amber

Table 3 Evaluation result of clinker sample for learning of Al model
Al ETILOFEICAW:=Y Y o h—EHHOFHERESR)

Sample Evaluation by Ono’s method (Grade / Evaluation results)
Size of Alite Birefringence of Alite Size of Belite Color of Belite
A 2:25 3.00 4.00 1.50
(30)40-60 0.007-0.006 20-30(40) Umber-Yellow
B 3.75 2.50 2.50 2.00
20-30(40) 0.006 (10)15-30 Yellow
C 2.25 3.75 4.00 2.00
30-40(60) 0.007(8) (25)30-40(60) Yellow
D 35 3.25 2.25 2:75
20-30(40) 0.007(8) 15-20(25) Yellow-Feint Yellow
E 3.7 3.25 2.50 3.00
20-30(40) 0.007(8) 10-25 Feint Yellow
F 3.00 4.00 3.00 3.50
30-40 0.008 (15)20-30 Feint Yellow-Clear
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Table 4 Target composition for test clinker
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Modulus Chemical composition Mineral composition (Bogue)
HM SM M SO3 MgO GS GS GA C4AF
1.97 2.82 0.80 0.51 0.87 46.8 34.6 2.1 14.5
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Fig.4 Firing conditions of test clinkers in an electric furnace
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