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ADSTRACT

To clarily influences of silicious raw materials on mineralogical and petrological properties in clinkering process..
clay, shale, quarlzite, sand and coal ash have been used as silicious raw materials.

The tests on thermal properties, reactivity and burnability of raw mixtures which have different silicious raw
materials respectively have been made by means of X-ray diffractometry, differential thermal analysis, optical’
microscopy and transmission electron microscopy.

Limestone contains coatse crystalline grains which show 0.1-1.0mm and its decarbonation temperature is 860°C,
Reaction temperatures among raw mixtures have been determined by X-ray diffractometry and their results are as.
follows; clay minerals under 1,000°C, mica group 1,000°C-1,100°C, feldspar group 1,100°C-1,200°C and quartz
1,200°C-1,300°C.

Burnabilities of raw mixtures of ditferent temperatures have been found that they mainly depend upon their mineral .
conlents in silicious raw materials and their order is as follows; clay>shale-quartzite >sand.
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Table 1.

Chemical composition of raw materials

I\Chemical comp ] ’ : o ’ r )
(%) Si0y AlOy | Feys Calr MeO | Nal K0 ‘ Tg. loss
Raw materials ™ ! |
lumestone 3.7 L2 0.6 | s0.2 ) 32| o003 | o3 h 39.8
clay 63.7 14, 4 4.5 5.0 i 1.6 017 17 7.1
shale 60,5 22.3 7.4 1.4 0.9 015 1.3 a1
quarlzite 96.2 2.6 0.2 ! 0.02 a.12 Q.3
sand 74.8 10.1 1.8 5.a 0.2 [ 1.1 2.6 ) 3.9
| iron ore 19.8 4.4 77.9 0.7 | 0.14 0.28 —5.3
* coal ash 57.5 3.2 4,3 0.6 \ i .12 i 28 J 58.3
Table 2. Proximate analysis of coal sand (sea sand) £ ~AAA4st9 e, = coal & HE2 A
1 e [ conl ‘ B8l A5 Aulate] S00°C Al 143 7]-%3‘?”]-@
! ash & oheEd e AP 4445 42 2334
‘ Calorific value (keal/ke) 2520 o Aes f59 stz Table 13 2o coal
Moisture content (% 1.1 9 z/e Table 28 7ok
Volatile matter (% 5.9 2.2, 5152 W5
‘ Fixed carbon (7%) 2.9 2359 29 4] 2= module-S LSF: 93, SM:2.3,
1 Sulfur content () 0.5 i =
Ash content (%) 59.8 IM: 1.5 o 2 d]gsld e, = A¥E Table 3¢ 1}
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Table 3. Proportions of raw materials and chemical composilion of raw mixtures,

I;g;r propo ;:;nfn g&rials I Chemical composition modulus
o. \slo2 Al:O4 Fe,0d Ca0 | MgO Nago\ T Ioss LSF| sM| 1M
| 1lst7s+iz0ct+1.310] 40| 3.6] 230420 5.0]0.10]0.81 [33.4]00.1{03.8[240] 156
o SLELSTIRTCIEAOCA 139 | 5.8 2.6 47| 1.7 0.07 [ 0.7 (33.6 | 99.2(92.6 | 2.17 | 1.49
3| SLOLSHILACIHL 200 140 5.8 2.5|41.9) 28] 0.05 | 0.63 329|986 9258|222 1.5
4| BLOLSHILICIOSI0 140 ] 361 2.6 4.7 2.8]0.07) 0.7 |33.5 ] 99.1 925 | 2.25 | L4t
5 B2 OLSTI0.08h F6.20 ) 14 3| 38y 2.3 |49 | 2.8 | 035 | 0.58 33,3 | 001|914 | 2.3 | 165
g | PILSTL AN ITSI T ea ] 26| 22)419) 28] 0130600335 | 989|926 245 L6
7 83-““1133&@&_71% W2) 37| 23421 280008 044305901 |027! 237! Let
g BRALSHILZHOEA 45| a2| 21(423) 27 019 |ass|332]00.0|928 2.7 152
| o) 85 3L8FR WA A 154 | 23| 15430 2.8(0.06(0.39 (339 {094 (921 405 1.3

note) LS; limestone, Cl;

clay, Sh; shale, Qu; quartzite, Sa; sand, Ca; ceal ash, 10; Jron ore.
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A o2 2359 244 (Burnability) £
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Fig. 1 Typical microstructure of limestone under
polarized microscopic observation{ X 40)

Table 4. Grain size distribution of limestone

gram size of limestone distribution

VEery coarse grain Imm —

coarse grain 1-0.50mm ++

medium. grain 0.50-0.25mm e

fine grain 0.25-0,10mm -+

very fine grain 0.10-0.01mm -+

micro crystalline (.01 mm
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Fig. 3-a  Morphology of minor minerals in

1 k suala limastone (»40)
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Fig. 3-b Identification of phlogopite with second

order red plate, 1.57 RY in limestone
(»100)
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Fig.2 X-ray differaction patterns of raw materials. e T e T e T e e
note) A: amphibole, Al:albite, C:chlorite, Ca:- tempezazire € C ) !
calcite, D: diopside, Do: dolomite, F: . . . . .
feldspar, G: goethite, Gr: greenalite, Fie. 4 Differential thermal analysis of limestone.

M: microcline.
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Fig. 5 X.ray diffraction patterns of clay and shale
before and after eothylene glycol and heat
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Fig.6 ATA curves of silicious raw malerials and
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Fig.7 Transmission electron micrograph of
kzolinite and halloysite in clay.

Fig.8 Microstructure of guaitziie under polar-
zed microscopic observation {3 100).
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Fig. 10 Mineral phases occuring in raw mixtures
al varicus temperatures by x-ray diffra-

105 clion analysis
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Table 5. Free Cal confent of raw mixtures burned’
at 1,500°C

Scaking tume (mn)
- 10 20 30

Sample No. ~——__

1 2.6 0.7 0.4

2 2.7 0.3 0.5

3 2.8 0.8 0.5

4 2.5 0.8 0.5

3 ; 2.7 0.9 0.4

6 30 0.9 0.5

7 2.9 0.8 0.5

3 4.1 1.3 0.8

9 5.0 2.4 0.9

«Fig. 11 Fupctions CaOf =e* ™ in semilogarithmic.

co-ardinalcs

Jaco 1leo 1250 1370 1400
tepperature (Y0) -
Table 6. Burnability of raw mix at various temperature
| Free—CaO (%)
Sample B. VY B 1 Consideration
eC °oC °C eC
1 5.8 5.2 4,2 2.2 21.2 79 Easy
2 6.8 5.3 4.3 2.4 24.1 90 Normal
3 6.5 5.3 4.4 2.5 24.3 91 Mormal
4 9.0 7.0 4.5 2.5 24.7 92 Mormal
5 2.6 7.3 4.9 2.5 25.6 102 Little difficult
6 10.4 3.1 5.0 3.4 27.7 103 Liitle difficult
7 10.2 7.4 4.5 2.7 248 93 MNormal
8 2.2 3.9 6.7 4.6 3.8 130 Difficult
9 13.4 10.8 7.6 5.5 8.4 143 Vary dilficult
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Table 6] viep 3lel, Fele ALO; % vtz AdE z3e ey
&7 Aztel Halw] A rEs FEE AMST sand, quartzite G4 F47A 93 Abg-sk] £k

At BT ge] T2 7la =4 4¢) ofxslg 2r] shale wiiell coal ash =& wlmF 24-Jo] skislA

& A2 Aol A o] sand v quartzile Z AGBE Z272 o8 dadq L ey sdaz

AREE AgE A 4EYe & 4 gtk o T 42 oladge

A 2o & dg-de] ££ montmorillonite, halloysite 5 7 2 >shalel» F-4 z=sand

o ZAIE sand 8 quartzite &= Fad A9 AG}E oW )58 TS Table 73} Aok

o F9Fe)7] Al m conl ashE AET 4

Table 7. Classification of silicious raw materials

Raw mix silicions raw materials classification
| MNo. | clay easy burning
! No, 2 clay+coal ash narmal
y No. 3 clay-shale--coal ash normal
: MNo. 4 clay-+quarizite+coal ash normal
No. 5 shale+zand a little hard burning
MNo. 6 shale+sand--coal ash a little hard burning
No. 7 shale-quartzite--coal ash normal
Mo, 8 sand+coal ash hard burning
Ne. 9 quarlzite--coal ash hard burning
. g = 1,310°C e},
ey AANEelA A YedEd vE g » =2%4E5% 742 fue @3AE G5 e
2 Axskr] A3 FH G Al AF e T4 Al )Tk
5% A o) By A, FE¢y 2L Clay =shale»quartzile >sand
A ov HFHE] FEE dine AdE =2g9s
#F 10 &
(LSF: 93, SM:2.3, IM:l 6) & =15 255 FH24
,zy,em}_ A= FFard 92} we e wAE o g ) EfE—, “wAv PEUERRS U —Gihod
L Fuds] ¥dd 2482 248 AR L REds L O & AR b ks BRI LT,
n',i-_ = AV FERRFTESR 220 37-61 (1968)
) 454 ZA9AE 0l~imme] =43 435 9k 2) A. K. Chatterjes, cement raw materials & raw
o]z FEl 25 860°C o] v mixes”, Pir & Quarry, 9, 103-111 (1579
2) 4349 w] k722 diopside & phlogopite ¢ = 3) I P. Sulikowskl, “Burnability of raw nmxes™, Proc.
% Eof = montmorillonite, kaolinite, halloysite, shale oth Int. Symp. Chem. Cement, Tokyo, 106-110
o= kaolinite 5, sand o= microcline, albite %-2] (1968).
# gt Bo] =5, 4) R. Blaise, N. Musikas, el Tiedrez, “Nouvelle
3) 7 sthea 59 lime =he) ylgax WH= o methode de determination cinetique de I'apiitude
g5 i AESHE 1,000°C o) 5, £EE 1,000°C~ a la cuisson d’un cru de cimenterie”™, Rev. Mater,
1,100°C, 745 1,100°C~1200°C, A<d-& 1,200°C Constr, 287, 674-675 (1971)
1,300°C Apole) vk, oFlmE 34 2 FeAle qheal 5) U, Ludwig, G. Ruckensteiner, “Uber die
= AEFESEERESAY TG} g s brennbarkeit von zementrohmehlen™, Cem. Coner.
DHPEENE AdE 139 =29 LS9, SM. Res., 4, 239 {1974)
23, IM: 1.6 9] 438 Y52 Hil o2 S 9 6) H. Kock, G. Rey, F. Becker, "°A statistical model
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