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Mineralogical Characterization and Thermal Behaviours
of Kaolins from the Southern Parts of Korea

Su-Jeong Lee* and Hi-Soo Moon*

ABSTRACT : Dehydroxylation and mullitization of primary and secondary kaolins were investigated in
order to compare and understand the differences in thermal behaviours by DTA and TG up to 1,100°C.
Chemical analyses and EPMA of the samples revealed nearly ideal unit-cell formulae of kaolins. The
weight losses of dickite and halloysite are 14% and 12.5% on the average, respectively. The activation
energies of dehydroxylation of kaolin minerals were calculated according to Kissinger's approach
which uses various heating rates in DTA to estimate the activation energy of thermal reactions. The
activation energies of dehydroxylation of halloysites from Daemoung and Buksam mines are about 163
kJmol™ (white), 168 kJmol" (pink), and 176 kJmol”, respectively. The activation energies of dickites
collected from Sungsan and Ogmae mines are about 166 kJmol” and 387 kJmol". The asymmetric shape
of endothermic peak in DTA, the relative intensities of OH-stretching bands in FTIR spectroscopy and
the existence of residual XRD peaks of the samples which were heated at 550°C for 2 hours indicate
that Sungsan dickite may be more disordered than Ogmae dickite. The new phase formed in thermally
treated samples in the range of 900°C to 1,100°C was identified as mullite by XRD on the basis of dis-
appearing of the characteristic peaks of kaolins and increasing of amorphous background upon heat
treatment. On further heating, loss of more water from dehydroxylate resulted in the formation of
mullite and the characteristic X-ray diffraction patterns of mullite began to appear at about 900~
1,000°C in kaolins.
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Fig. 1. X-ray diffraction patterns of clay minerals at
room temperature : (a) Daemoung white halloysite, (b)
Daemoung pink halloysite, (c) Buksam halloysite, (d)
Sungsan dickite and (e) Ogmae dickite. Q denotes a
quartz.
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Table 1. Diagnostic reflections for the determination of kaolin polytypes by random powder methods.

Kaolinite® Dickite? Sungsan Ogmae

d(d) 1, ki dd) L hkl dd) /L, dd) /1,
7.17 100 001 7.15 100+ 002 7.143 94 7.109 90
4.470 40 020 4.46 40 020 4.445 12 444 20

4.438 40 110 4.438 20 4.423 21
4.366 60 170 4.367 40 1ui 4.360 14 4.358 10
4.186 50 1l 4.267 30 021 4.239 10
4139 40 111 4124 70 11 4122 10 4103 20
3.847 40 02T 3.961 20 12
3.745 30 021 3.799 60 022 3.787 3.776
3.579 80 002 3.580 100+ 004 3.577 100 3.570 100
3.420 m 3.430 30 113 3.417 10
3.376 40 111 3.262 20 023

3.099 20 113 3.095

2.938 20 112 2.930

2.796 20 024 2.786
2.566 40 130, 201  2.562 20 131 2.325 30 2.321 60
2.553 30 130 2.556 20 200 2.231
2.535 40 131 2.528 115 1.973 1.971 20
2.495 50 131, 200 2,510 50 131 1.862 1.857

2.411 025
2.385 30 003 2.386 10 006 1.793 1.789
2.347 40 202 2.326 90 133

2.212 20 133

2.106 10 026 1.684
1.997 40 203 1.975 50 135, 204  1.653

1.937 10 223, 117

1.898 20 044
1.838 40 202, 223  1.859 30 135, 203 1.559 1.556
1.620 70 151, 133 1.652 50 137, 206
1.586 60 134 1.555 40 137, 208 1.490 1.487

Y PDF 14-164, ® PDF 10-446

Table 2. Chemical analysis of the purified kaolin min-
erals.

Sample
No. 1 2 3 4 5
SiO; 4409 4461 4377 4468 4845
TiO. 0.04 0.14 0.07 0.02 0.04
Al:Os 3845 3745 9556  40.09 37.55
*Fe0 0.13 0.91 0.30 0.02 0.19
MnO 0.00 0.01 0.01 0.00 0.00
MgO 0.21 0.21 0.10 0.00 0.00
Ca0 0.36 0.16 0.23 0.02 0.01
Na,0 0.69 0.24 0.32 0.01 0.02
K:0 0.77 0.70 0.40 0.00 0.01
Total 84.74 8443 84.76 84.84  86.27

*Total Fe, 1:Daemoung white halloysite, 2 : Dae-
moung pink halloysite. 3:Buksam halloysite, 4 :
Seongsan dickite, 5 : Ogmae dickite
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Table 3. Electron microprobe analyses and structural formulae for the purified kaolin minerals.

Sample
No. 1 2 3 4 5
Si0, 48.64 46.65 45.82 46.30 45.50 45.92 45.39
TiO, 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ALOs 37.05 37.00 38.37 37.20 35.64 36.99 36.90
*FeO 0.05 0.68 0.00 0.11 1.17 0.00 0.00
MnO 0.04 0.00 0.00 0.00 0.00 0.00 0.00
MgO 0.00 0.43 0.00 0.00 0.76 0.00 0.00
Ca0 0.22 0.00 0.00 0.03 0.50 0.00 0.00
Na.0 0.85 0.00 0.00 0.00 0.50 0.00 0.00
K:0 0.97 1.02 1.07 0.04 0.00 0.00 0.00
Total 87.82 85.78 85.26 83.68 84.07 82.91 82.29
Si 4.139 4.068 4.006 4.089 4.066 4.089 4.073
Al(IV) 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Al(VD) 3.715 3.802 3.953 3.872 3.754 3.882 3.903
Ti 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Fe(+2) 0.003 0.049 0.000 0.008 0.088 0.000 0.000
Mn 0.003 0.000 0.000 0.000 0.000 0.000 0.000
Mg 0.000 0.056 0.000 0.000 0.101 0.000 0.000
Zoct. 3.722 3.907 3.950 3.880 3.943 3.882 3.903
Ca 0.020 0.000 0.000 0.003 0.048 0.000 0.000
Na 0.140 0.000 0.000 0.000 0.000 0.000 0.000
K 0.106 0.114 0.119 0.008 0.000 0.000 0.000

* Total Fe, 1: Daemoung white halloysite, 2 : Daemoung pink halloysite, 3 : Buksam halloysite, 4 : Sungsan dickite, 5 :

Ogmae dickite
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Fig. 2. Fourier transform infrared spectra of dickites :
(a) Sungsan dickite and (b) Ogmae dickite.

berg et al., 1993).
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Fig. 3. DTA curves for kaolin minerals: (a) Dae-
moung white halloysite, (b) Daemoung pink halloysite,
(c) Buksam halloysite, (d) Sungsan dickite and (e) Og-
mae dickite (heating rate=12°C min™).
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Table 4. Calculated weight losses (%) of kaolin minerals at different temperatures from TG diagram (heating rate=

12°C min').

Kaolins 400~500°C  500~600°C  600~700°C - 700~800°C  800~900°C  900~1,000°C 1,000~1,100°C
DH (white) 35.1% 54.3% 6.7% 2.3% 1.0% 0.5% 0.1%

DH (pink) 33.8% 56.0% 6.7% 2.4% 0.8% 0.3% 0.0%

BH 29.8% 59.8% 6.5% 2.3% 0.8% 0.5% 0.2%
Sungsan 10.2% 47.3% 35.9% 4.8% 1.5% 0.2% 0.4%
Dickite

Ogmae 5.7% 27.9% 57.4% 6.4% 2.1% 0.2% 0.3%
Dickite

Total weight losses are 12.5% (halloysite) and 14% (dickite) on the average.
DH (white), DH (pink) and BH denote a white and pink Daemoung halloysites and Buksam halloysite, respectively.
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Fig. 4. X-ray diffraction patterns of (a) Sungsan dick-
ite and (b) Ogmae dickite heated for 2 hours at 550°C.
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Table 5. Kinetics parameters.

Heating rate,

Sample 0 (nCmin-l) Tend (K) -ln(‘)/Tmz
20 806.3 -10.34
Daemm}ng 12 789.8 -10.86
halloysite 8 778.0 -11.23
(white) 5 766.1 -11.67
20 880.3 -10.39
Daemoung 12 793.3 -10.87
ha!loymte 8 781.7 -11.24
(pink) 5 768.6 -11.68
20 811.5 -10.40
Buksam 12 799.4 -10.88
hallyosite 8 784.4 -11.25
5 776.2 -11.70
20 845.5 -10.48
. 12 824.8 -10.95
Sungsan dickite 8 816.2 -11.33
5 801.3 -11.76
20 953.3 -10.72
. 12 942.5 -11.21
Ogmae dickite 8 935.3 -11.64
5 927.6 -12.06
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Fig. 5. In (6/T.)=f (1/T..) dependency of (a) Daemoung white halloysite, (b) Daemoung pink halloysite, (c) Buk-

sam halloysite, (d) Sungsan dickite and (e) Ogmae dickite.

Table 6. Kinetics parameters of the dehydroxylation reactions.

X-ray cryst.

. . . o, -1
Minerals Deposit Fraction, um index Toar, °C E., kJoml
Daemoung (white) <2 - 516.6°C 163.4
Halloysite =~ Daemoung (pink) <2 - 520.1°C 167.8
Buksam <2 - 526.2°C 175.9
. Sungsan <50 1.05 551.6°C 166.4
Dickite Ogmae <50 0.95 669.3°C 387.6
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Fig. 6. X-ray diffraction patterns of the clay minerals heated at various temperatures for 3 hours : (a) Daemoung
white halloysite, (b) Daemoung pink halloysite, (c) Sungsan dickite and (d) Ogmae dickite. Mu and Q denote mull-

ite and quartz, respectively.
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ojekali}al 5.314, 3.394 2 2.114 5 o2 749] Eao|
E 338 AHRon 42149 IJFME FolsIA
th. 4.21A9) AN e Fe) AEwEio| Eg) vEl}EAe)
3 AN o] FEH7 ol FEI] oje 71E9] o
2 dFAA Al ArEweEle|ES] AAJe] 1,200°Ce]
2ge]l LxHgoA HuFo]le Hog w|RojRol e}
719 AFHN oz Azbd.

E 9

FHEUE FEL HFHA 9 Aol wma} FHEEvto]
E, gylo|lE 183 JYAge|ER YH e, o5 X-
A3A djEle] Ao|2A Fo| 7Hsdct 12y o]
AHgEE JAAES FAENY o dojF IAAE0]
ojofgt gt} (Wilson, 1987). 71&elUo|ES} AR F
data 53 HU & zte GRoAo|Ex YW ¥ 7
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7A BRoA|ER, XA HEA AT ARERY,
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E5 VR Sl data Jagite A AEEE 7t
£ FELS XM AEN O E glo|EYS 3R
U A2 QS X glon Mo E e ZFY
o wWel=o] e HE BTl o)E F BN S
HE g EE A2 2RHE 553 S45S /R
550°Col A 2A12E 713 A4t GFlo|Ex &u) HilolBE
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