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Quantitative Analysis of Rietveld Method Minerals by Sintering
Temperature of Cement Clinkers with Fly Ash
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In this study, cement clinkers were sintered at each temperature by replacing some of the clay components of cement
clinkers with coal materials. The mineral phase change of sintered cement clinker was quantitatively analyzed by
XRD-Rietveld method. As the sintering temperature of cement clinker increased, the amount of belite decreased, the
amount of alite increased, and the amount of free-CaO decreased. The form of alite and belite could be distinguished at
sintering temperature of 1450°C or higher. The crystal size was greatly increased at 1500°C sintering. It was confirmed that
the excessive sintering was progressed. Free-CaO decreased with the increase of sintering temperature. At 1450 °C or
higher, it was less than 0.5% In 1450°C or greater, it is determined that enough sintering is included. Therefore, the
application of fly ash as a raw material of cement clinker was judged to be usable as a source of chemical components of
alumina and iron raw materials.

JIRE : NBIE 283, S8, A4, Rietveldd

Keywords : Cement clinker, Fly ash, Sintering, Rietveld method

1. M B 0[7| Yot MEHE MESH AHE S AH2E HS 0|
mE S THYSQ HSIE mffotuxt ofict

AHIE AIAS Ated Dslof| M2 244 Al O] BERof| Q5 ANHIES| =0 27| E42 2LUS20 AR 714
ASIS 2GRS = ST X1 A H0|| thsl 2AH HE 0|59 Y AdR 59 JYgs Eh=CHAlsop and
o= QAEl= Z30| QUL 0[2{3h SHEXQt ZEot0] AR Smith 1998a). §5| AGEM2 AHE 29| Z2| 31518 £
AE0] 2E ZHOAM Aol thet AIME RSl XM= %0l HE ZRok= Q28 RAZFQ| ofL0|CHJapan Cement
ZEQ a0 MY BMES NHE HE22 Algot= Aol thst Association 1999),
A0 SOFK| T Q= AIMO|CH Kwak(1995)= XHRO| HANY, 4 ANTIE 79| EMg THaEY| YlettiM= K 71X 24
&9 He|, A HESO| HES SH6H| 2lot0d, AIHE 8HH0| QI2M, =2 XRD, XRF, SEM, TG-DTA, &3t30| 4, &4l
227{0| B2 M A= FMO XFAQ MEA! Y2 0| ChF|XH 24 50| 0|22 QUCt 0|5 A e & AHE 22719 4=
2 M MEXHO| AF2S TEABINICH MEIHS SI2{EEA| A BHA AS MBS dHoRE XRF = SAIEA0| oJ5H0] AR
f= BUEEM ANHE #2 5 L20|Le HE =2 X E 29| stetdES SFot, 01E Bogue A0i| 2l5H0 A4t
AE0| 7hsalth AIHIE 279 A== M MEX|o 282 = otz L0l AH, BAMEH|IE 0|&dte 2= XRD-Reitveld

* Corresponding author E-mail: rdw0112@naver.com

'AAHSD AMARESIE ALY (Department of Materials Science & Engieering, Kunsan National University, Kunsan, 54150, Korea)
2HMARY 2UOHC|(Z) CHEO|A} (Construction Materials R&D Corporation, Kunsan, 54156, Korea)

SKHThHOl HRAMARIER EEE (Yeongwol Industial Promotion Agency, Yeongwol, 26240, Korea)

YARAMHEAHE AMAT = T2 (Manufacturing Technology, Sampyo Cement, Gangwon—do, 25930, Korea)

Copyright (© 2020 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

514



2Eot0] AHE 2279 7

oH

[== N} =L
== Jg_'_‘clfoft

EE\ %ELHOHH 1450C o|45 |

I8fOE| MalM, #ME HEERS

_|><

fO:I

ol
<
B

rr e

o\J ”J
F—III 40
rn mo rr oo

>
E
H

I= IHE | Stefs
E ZgA °4§°| Slifieesel *l__ =3
7|¢% Table 201| LIEHLHRACE Table 29| 2 A4 & LSF=
Lime Saturation Factor(Lea 1970) (1), SME Silica Moduls (2),

—
QO
o
[©]

101

lu
o
vl
1

IM2 Iron Modulus (3), HM2 Hydraulic Modulus (4)& 2|0|3tCt
(Jang et al, 1998b).
ISF = 100 X GzO (1)

2.8% Si0, +1.18 X AL, 0, +0.65 X Fe,0,

Table 1. Chemical composition of raw materials

1z

A4L,0,
- Fe, O,

G10—0.7 SO,

AM= 50, 41,0, + 2,0,

e

2.2 Al

=20 El'x

o

—E—iHSfO# 90uUm X._Mf% 12%7}

Mixing, Grinding
!
Pelletizing
!

( )
( )
( )
( )

!
Quenching

[ Characterization ]

Fig. 1. Experimental procedure

) Chemical composition(wt.%)
Raw materials
SiOz A1203 F 6203 CaO MgO SO3 Kzo Na20 Sum
Limestone 10.28 2.69 1.48 43.84 227 0.44 091 0.01 61.92
Quartzite 93.90 1.50 0.94 3.00 0.00 0.12 0.20 0.11 99.77
Iron ore 5.84 5.40 49.50 12.25 0.00 0.18 2.30 0.27 75.74
Plaster 1.55 1.08 0.38 36.02 0.00 42.50 0.00 0.51 82.04
Fly ash 54.50 23.80 6.80 9.50 1.95 0.68 0.56 1.06 98.85
Table 2. Mixing ratio and modulus of raw materials
Mixing ratio(wt.%) Modulus
Limestone Quartzite Tron ore Plaster Ash LSF SM ™M HM
Raw material 94.45 345 1.00 0.10 1.00 95.08 2.50 1.38 2.16
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Fig. 2. Sintering schedule of cement clinker
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Fig. 3. Flow chart of the rietveld analysis

Table 3. XRD- Rietveld instrument setting

Instrument Settings

Diffractometer PANalytical empyrean
Goniometer 6-6, radius 240mm
Source Cu-Ka (A\=1.54), line focus
Generator 30mA, 40kV
Sample
Surface diameter (mm) 26
Spinning rate (Hz) 1
Preparation Auto loading
Indicident optics
Monochromator None
Programmable divergence slit 0.5° (fixed)
Incident anti-scatter slit 1°
Receiving optics
Programmable anti-scatter slit 1° (fixed)
Solar slit 0.04 radians
Detector Fixcell 3D
Scan info
Angular range (26) 5-75°
Step (26) 0.026
Length linear detector (26) 3.3473
Time per step (s) 310
Measurement time (min) 60
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Table 4. Chemical composition and mineral quantity calculation of cement clinker
Temp(C) Chemical composition(wt.%) Bogue equation
em]
g SIOZ A1203 Fe2O3 CaO MgO 503 Kzo NaZO C3S CzS C3A C4AF
1350 21.46 4.79 3.42 65.33 3.25 0.04 0.35 0.18 65.60 12.13 6.91 10.40
1400 21.70 4.71 3.42 65.44 324 0.00 0.23 0.17 64.88 13.36 6.70 10.40
1450 22.01 4.56 3.42 65.48 3.20 0.00 0.17 0.16 63.69 15.14 6.30 10.40
1500 2228 4.40 3.42 65.50 3.13 0.00 0.14 0.14 62.30 16.59 5.88 10.40
Table 5. Rietveld analysis of cement clinker (Unit : %)
Temp(C) GS(R) GS(M) GS(M) C;A(Cubic) C;A(Ortho) C4AF(Ortho) Lime
1350 9.30 47.90 26.40 1.10 2.00 11.30 2.00
1400 9.00 54.10 21.30 1.10 0.80 12.50 1.20
1450 7.20 64.10 14.00 0.80 0.70 12.70 0.50
1500 6.20 71.40 7.10 1.00 0.90 13.00 0.40
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