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Thermal and Mineralogical Characterization of
Ca-montmorillonite from Gampo area:
Comparison between Jugjeon and Yongdongri deposit

Hi-Soo Moon*, Jae Yeong Ahn*, Sun Kyung Choi*,
Moon Young Kim** and D. J. Morgan***

Abstract : Eight under 2 micron size fractions of the montmorillonite from Jugjeonri area, Gyeongsanbug—do,
were studied and then this result has been compared with data from Yongdongri area.

Montmorillonites occurring at the same stratigraphic horizon in each area show limited variation in chemical
composition, but shows some degree of differences in exchangeable cation compositions and total layer charges
of montmorillonites from Jugjeonri to Yongdongri area. In general, samples from Jugjeonri show higher
amount of exchangeable Na and layer charge due to relatively higher substitution of Mg for Al in octahedral
sites than those from Yongdongri area. But Their dehydroxylation endothermic peaks of the samples from both
areas are abnormal type with a small range of variation of peak temperature. This variation seems to reflect
tetrahedral substitution of Al for Si for samples from Yongdongri whereas samples from Jugjeonri do not show
shuch a tendency. However, samples from Jugjeonri proved to be relatively higher dehydroxylation peak
temperatures than those of the other. DSC data for sample from Jugjeonri also show that divalent—cation
saturated montmorillonite have relatively a higher endothermic heat capacities than monovalent—cation satu-
rated one as shown in previous work.

Two different morphologies of montmorillonites, honeycomb structure and closely packed intergrowth, by
SEM were observed in samples from both areas but the later one is common. The scalloped type is relatively
abundant in the sample from Yongdongri than the other. The dominant habit by TEM are irregularly shaped
foliated aggregates and platy shaped particles. In general, foliated aggregates which are easy to disperse are
relatively abundant in the samples from Jugjeon compared with those from Yongdongri area.
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Fig. 1. Columnar sections of bentonite deposits showing sampling sites in Jugjeon area : A) Jabut,

B) Jang-a-gol, C) Jugjeon and D) Daesu deposit.
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Table 1. Mineralogical compositions of bulk bentonites from Jugjeon area.

Sample Predominant Other clay Nonclay Montmorillonite Surface Mont.
No. Mineral minerals minerals d(001)spacing(A) Area(m?%g) content.(%)
G56-3 Mont. Ha. Cl,Fd,Cr,Qz 15.3 625 77
G56-P Mont. - Cl1,Qz,Fd 15.3 742 92
G46-1 Mont. - Cri,Fd,Qz 15.8 615 76
G46-2 Mont. - Qz,Fd,Cri 16.1 582 72
G46-3 Mont. Ha Qz,Fd,Cri 15.8 480 59
G464 Mont. Ha Fd,Qz,Cri 15.8 604 75
G65-1 Mont. - Cri,Qz,Fd,Cl 16.1 395 49
G65-2 Mont. Ha Fd,Qz,Cl 15.8 439 54
G65-3 Mont. Ha Qz,Fd,Cri 15.9 289 36
G66-1 Mont. Ha Qz,Fd,Cri 15.9 603 74
G66-2 Mont. - Fd,Cri,Qz 15.8 672 83

Keys : Mont ; montmorillonites, Mi ; Mica, Ha ; Halloysite

Md ; Mordenite

» Fd; Feldspar, Cri; Cristobalite, Cl ; Clinoptillorite,
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Table 2. Chemical analyses of the under 2 micron size fractions of the montmorillonites from

Jugjeon area.

Si0, ALO; Fe;O3 FeO MnO MgO CaO Na,O K, 0 H,0* H,O- Total
G46-1 53.74 16.75 2.81 0.28 - 402 344 052 025 1000 820 99.52
G46-2 50.20 17.10 1.90 0.27 - 3.79 338 031 0.15 10.00 12.40 99.50
G46-3 53.50 17.10 3.30 0.31 - 340 391 1.41 0.47 5.60  9.70 99.81
G65-1 57.68 15.56 2.00 034 007 249 267 040 0.59 7.33  10.37 99.68
G65-2 51.84 16.71 3.59 027 007 293 - 046 0.46 8.34 11.57 99.57
G66-1 52.57 18.58 2.82 0.38 - 2.83 3.23 - 0.34 6.12 12.30 99.17
G66-2 55.84 17.22 3.02 037 0.03 45  3.83 - 0.04 7.20  7.20 99.31
G66-3 5290 14.60 4.07 034 002 408 336 0.05 - 8.30 1.30  100.01

Table 3. Structural formulae of the montmorillonites from Jugjeon and Yongdongri area.

Sample Tetrahedral Octahedral Total Cations Layer Charge

Sit+ AP+ AP+ Fe’t Fe?+ Mg?* Octahedral Oct.(%) Total
G46-1 7.84 0.16 2.65 0.36 0.04 1.04 4.09 82.29 0.91
G46-2 7.83 0.17 2.83 0.24 0.03 0.96 4.06 82.45 0.94
G46-3 7.84 0.16 2.711 0.43 0.04 0.89 4.07 80.80 0.83
G65-1 7.85 0.15 2.92 0.29 0.05 0.72 3.98 83.84 0.92
G65-2 7.83 0.17 271 0.49 0.04 0.80 4.04 81.87 0.87
G66-1 7.84 0.16 2.96 0.33 0.05 0.67 4.01 80.69 0.83
G66-2 7.86 0.14 2.64 0.35 0.05 1.06 4.10 85.50 0.91
G66-3 7.88 0.12 2.47 0.53 0.04 1.06 4.10 87.20 0.87
B -1 7.89 0.11 2.80 0.50 0.03 0.67 4.00 86.42 0.81
B -2 7.82 0.18 2.94 0.41 0.03 0.62 4.00 78.31 0.83
B -3 7.87 0.13 2.91 0.42 0.02 0.65 4.00 83.75 0.80
B 4 7.85 0.15 2.90 0.42 0.04 0.69 4.05 79.45 0.73
B -5 7.88 0.12 2.60 0.54 0.14 0.81 4.09 85.00 0.80
B -6 7.83 0.17 2.85 0.55 0.03 0.51 3.94 80.90 0.89
2B-1 7.86 0.14 2.72 0.47 0.07 0.80 4.06 83.13 0.83
2B-2 7.86 0.14 2.56 0.47 0.12 0.94 4.09 84.95 0.93
2B-3 7.92 0.08 2.96 0.37 0.09 0.54 3.96 90.36 0.83
2B+4 7.90 0.10 2.98 0.39 0.06 0.58 3.99 86.67 0.75

Data for B-series samples were taken from Moon et al.(1988)
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Table 4. Cation exchange capacities and extractable cation data for Montmorllonites from Jugueon

and Yondongri area.

Sample CEC(meq/100g) Extractable Cation (meq/100g) Total

No. Calculated Measured Corrected Ca Mg Na K

G46-1 123.68 86.5 96.00 65.43 16.60 321 1.30 85.25
G46-2 129.53 92.2 99.60 73.91 15.96 10.37 1.23 100.25
G46-3 113.24 78.9 94.17 75.85 14.00 3.97 1.28 93.83
G65-1 126.22 78.5 99.64 67.03 18.49 5.51 1.93 91.05
G65-2 117.83 79.2 92.16 66.31 15.40 7.34 1.94 89.07
G66-1 113.69 87.4 92.90 43.22 17.56 30.93 1.31 91.72
G66-2 124.78 97.5 106.23 70.52 17.55 4.98 2.01 93.07
G66-3 118.13 83.4 93.17 68.73 18.84 5.38 2.54 92.98
B-1 108.99 72.2 83.30 38.39 22.59 3.97 5.77 70.72
B-2 113.47 76.4 93.40 38.82 20.00 4.29 5.92 69.03
B-3 109.38 71.8 87.20 35.61 24.51 4.56 6.18 70.86
B4 99.56 75.1 91.10 36.29 26.89 2.93 4.28 70.39
B-5 108.05 68.0 79.10 38.30 18.00 4.64 6.63 67.57
B-6 104.76 61.9 78.00 37.37 13.30 3.96 5.72 *60.35
2B-1 112.84 66.6 74.20 41.35 15.25 2.65 1.85 61.10
2B-2 126.12 68.7 82.80 47.00 26.20 3.26 5.09 81.55
2B-3 80.21 60.0 72.10 36.19 19.33 2.05 1.76 59.33
2B+4 88.66 67.9 74.30 41.43 20.23 2.32 2.21 66.19

Data for B-series samples were taken from Moon et al.(1988).
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Fig. 3. Infrared spectra in the 4000-400cm™ re-
gion of some representative purified mont-
morillonites from Jugjeon area.
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Fig. 4. Infrared spectra for Ba, Mg, Ca, K, Na
and Li-saturated montmorllonite(sample G46-1)
from Jugjeon area.
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Table 59 Ae)stgict. ANQEHIAL FA AgYe
thre], F2E 83 439 30T o3t ALY, &
RKEER T AlE PREERY 400-80T 993 £5d
2YolE9] B} BAE 0T oFd EEFEEHeE
TEI}EH, A7lHNE g F ourgw nEIgY.

ERREAN Uehbe BElZE 71-93Ce W9
Foln 158—166C F2olA 22 shoulderg BojtH| o]
© BHA EAsdE Fol&e] 271d& ANEYG
(MacKenzie, 1950; MacKenzie and Bishui, 1958). sloj&

Table 5. Endothermic peak temperatures of the
two regions of montmorillonites from Jugjeon
and Yongdongri area.

Sample Low temp. Dehydroxy—
Endothermic lation
peak T(TC) temp.(C)
G46-1 82 683
G46-2 89 659
G46-3 84 654
G464 88 642
G56-P 80 669
G56-3 77 640
G65-1 82 671
G65-2 79 669
G65-3 71 658
G66-1 87 674
G66-2 91 636
G66-3 84 659
B-1 83 633
B-2 80 612
B-3 92 623
B—4 85 618
B-5 92 622
B-6 90 625
2B-1 90 627
2B-2 86 622
2B-3 87 674
2B4 93 651

Data for B-series salapies were taken from Moon et
al.(1988).
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Fig. 6. Relationship between major dehydroxy-
lation peak-temperatures and Al in tetrahedral
positions. Symbols are the same as used in Fig.
2.
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Table 6. DSC results for Ba, Mg, Ca, K, Na
and Li-saturated montmorillonites.

Saturate o0 3 G6s 5 G46-1 B-6 2B-2 2B-2
Cations
Ba 3269 264.6 328.1 4090 433.7 4015
Mg — 3314 430.1 482.4 484.0 478.0
Ca 4103 307.0 462.5 258.4 465.4 482.9
K 183.8 1487 2053 3712 299.5 4339
Na 3052 5137 4322 2674
Li 3005 - 3481 4229 440.5 422.6

—: not determined. unit : mj/mg.
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Fig. 7. DSC curves for the various cation satu-
rated montmorillonite.
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Table 7. Endothermic heat capacities and
charge densities of montmorillonites from Yong-
dongri area.

Sample H Charge Denisty
No. (mjmg) (eq/umit cell)
B-1 372.2 0.15

B-2 371.7 0.15

B-3 421.4 0.15

B4 321.4 0.13

B-5 311.0 0.14

B-6 336.5 0.14
2B-2 447.5 0.17
2B-3 357.0 0.11
2B—4 461.9 0.12
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Fig. 9. Plot endothermic heat capacities against
layer change densities of samples from Yong-
dongri area.
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