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Rheological Studies on the Aqueous Suspension of Korean Bentonite

Eun Hee Kim and Gye Ju Rhee

College of Pharmacy Chung Nam National University

Abstract— A study has been made of the Korean bentonite aqueous suspension contrast with
American bentonite by means of XRD IR swelling, gel formation and rheogram at various conditions such
as concentration, temperature and pH. The Korean bentonite was identified as montmorillonite clay con-
tainig a small proprotion of crystoballite and mordenite, and its swelling power were acceptable for re-
quirements of Korean pharmacopeia regulations though its values were not satisfied. Korean bentonite
swelled to 10 times and American one did to 15 times compared to its bulkiness of powder. The rheogram
of Korean bentonite suspension reveals bulged pseudoplatic flow with yield value at higher concentration
and pseudoplastic flow without yield value at lower concentration. The higher the concentration, the
greater were the apparent viscosity and hysteresis loop. Korean bentonite suspension showed insignifi-
cant temperature dependence on both apparent viscosity and hysteresis loop and it was more temperature
dependent on viscosity but less on hysteresis loop than those of American sample. The pH dependence
was so high on viscosity that apparent minimum value was near pH 7 and maximum value at pH 3 or 7.
The hysteresis loop appeared minimum over the pH range 5-7 and maximum near pH 3 or 11. The Korean
bentonite was inferior to the American bentonite in swelling volume, gel formation, thioxotropy, however,
it would be possible to improve the quality of Korean bentonite by developing the method of purification for
bentonite clay.
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Fig. 1—Typical X-ray powder diffraction patterns ob-
tained for solid phases of Korean bentonite.
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Fig. 2—X-ray powder diffraction pattern of American

bentonite.

& w134 AR FAb B8 o 2 deh

o]
F=dol Sigmat Aol FETE % 4 Y3

iy

IR-Fig. 3, 404 ®& ule} 72o] 500 cm™ 52
o4 silicate ¥ Si-O bending ©], 1000 cm— 5
ofl 4] Si-O stretching ©] Yelsta, 3600 cm -
o4 43129] stretching ¢ Webstth, ole} L
pattern-& w|FAl Agoks $AEA JERA F
Al 5l v]Z4} bentonite 25 montmorillonite &
3qlo] Fglor o] elEdAAE & I3t

a2 -4 A8 HEFH 97 213ml o]
o, =] F4} A 8E 31.5ml 24 FA7Fl AEF
Ho} vlFAkol wlsleiAlE HgRo] As Hoj
AL & F U

Al bentonite & & §-97} v[x4l A 8o ¥]
dlod. 2 Z& wlx4be]l SigmaAte] AJeFg]ldl
v]sle] FARS UGS AT Al5olH o] X-A
sl ™ol A vpehd wlel Zro] FAl A]E9 montmor-
illonite 3] Hx, #4482 g3to] & Ao}
% Ax]3led, bentonite & ol 7IQ1F k. A7t
=k,

100
80
60

40

Transmission (%)

20

2000 1600 1200 800
Wave number (cm-1)
Fig. 3—IR spectrum of the Korean bentonite.
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Fig. 4—IR spectrum of the American bentonite.
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Table I — Apparent volume obtained by swelling power
test. 170p
Apparent volume (ml)
Korean bentonite 21.3+1.40* 36t
American bentonite 31.5+1.10*

* Values are mean + SD for ten experiments.

Table IT— Volume of supernatant liquid appeared on the
interface after gel formation.

Korean bentonite 1.13+0.22*

American bentonite 0.03 +0.04*

* Values are mean+ SD for ten experiments.
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Fig. 5 —Flow curve for a 10.0% Korean bentonite suspen-
sion at 20°C.
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Table III— Viscosity and Hysteresis loop area in the rheogram for bentonite aqueous suspensions withvarious

concentrations.
Korean bentonite American bentonite
Conc. (%) Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
5.0 2.74 13.76 5.87 1.45 13.32 55.05 19.33 3.83
6.6 7.86 24.79 10.89 1.95 21.41 118.38 35.65 7.58
8.3 11.62 49.57 17.39 3.62 48.93 8567.78 87.46 15.49
10.0 18.35 110.09 31.10 6.61 90.82 715.56 175.73 26.18
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Fig. 6 — Apparent viscosity vs. shear rate at various con-

centrations at 20°C for Korean bentonite sus-
pension.
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Fig. 7— Apparent viscosity vs. shear rate at various con-
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Table IV—N values of Korean and American bentonite.

Conc. (%) Korean bentonite American bentonite
5.0 1.047 1.065
6.6 1.068 1.072
8.3 1.078 1.075
10.0 1.091 1.077

At F4F bentonite 5%HENE] hysteresis
loop ©] 1.45%A 10% & EtH2 6.61 2 713519
I, ©u]F4b bentonite £ 5% ErYe]  3.83 oA
10% #etel-2 26,18 & Z7}515ic),
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Table V-— Viscosity and Hysteresis loop area in the rheogram of Korean bentonite suspensions with various

concentrations at various temperature.

6.6% 8.3%
Temp (°C) Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
20 7.86 24.79 10.89 1.95 11.62 49.57 17.39 3.62
30 7.79 24.79 10.88 1.96 10.23 44.02 15.57 3.17
40 6.29 19.23 8.89 1.85 9.17 41.28 14.30 3.13
50 5.01 16.50 7.48 1.77 8.57 38.55 13.80 3.07
10% 20%
Temp (°C) Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
20 18.35 110.09 31.10 6.61 82.56 935.73 212.32 39.92
30 16.75 101.80 28.68 6.20 82.56 825.64 211.25 24.85
40 14.37 93.59 25.01 5.80 74.31 825.64 200.08 24.57
50 13.46 88.03 23.89 5.27 71.56 743.08 183.66 22.03

Table VI--Viscosity and Hysteresis loop in the rheogram of American bentonite suspensions with various

concentrations at various temperature.

Conc. (%) 5 6.6

Temp (°C) Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
20 13.32 55.05 19.33 3.83 21.51 118.38 36.65 7.58
30 12.54 49.57 17.90 3.20 22.29 118.38 34.83 7.08
40 10.72 41.28 15.70 2.54 19.54 112.11 32.03 6.86
50 9.24 35.96 13.89 2.33 18.35 112.82 29.94 6.59

Cone. (%) 8.3 10

Temp (°C) Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
20 48.93 357.78 87.46 15.49 90.82 715.56 175.73 26.18
30 41.89 344.02 87.08 15.32 76.01 660.51 154.76 25.74
40 41.28 31.50 74.92 12.51 72.10 575.21 134.47 24.70
50 36.70 311.08 70.50 11.53 64.82 528.29 123.74 19.63

A& 001225 A 2 AolE vehllolA oA
A9 BFelE %A Martin 59 2o nkE2e A
ol A 458 2R ey YT A=
oA ¢] A=wsle}l hysteresis loop £+ A1 S A
Hiwd Fig. 9ol 2} 3ol 4k Algu} wiF4l A&
7ol A= ZF7to] wh2 hysteresis loop 57+ Aol
ofl& #Hatol7k gigict,

75315 4ol ojxi= 2zo| F&—Table V,
VI % Fig.9, 10eflx8} 7ol 2t pxofjre] Ao}

hysteresis loop & £ %E AiHL& 259
Aol wel Axs} 7h4sla, hysteresis loop &
FopRle F 4 Yo, A=o TxofEAL ulF4t
o w]sled F=rale] & wbw, hysteresis loop £
o|Zale] FA7F FogA o xeolx 2A vehlA
FAbel] wlsle] mlFAle] awiAde] &AL & 4 9
o}, ol 257} EopA volume o] A= At
7k Azt HolxluZ zdsEe] 49X Ao
2 A7,

J. Pharm. Soc. Kored
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Fig. 9— Average viscosity change with temperature for T 1 s L 4
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tonite aqueous suspension.
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Fig. 10— Hysteresis loop area change with temperature
for 8.3% Korean and 5% American bentonite
suspension.

@ : Korean bentonite, O: American bentonite.
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=3 2 Al dxgre], T4k A&t = T4l A8t
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Fig. 11— Viscosity (mean) vs. pH at 20°C for bentonite
aqueous suspensions.
@ : Korean bentonite (10%), O: American ben-
tonite (6.6%).
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w B o O =3 00 ©

—

pH
Hysteresis loop area vs. pH for bentonite aque-
ous suspensions at 20°C.

®: American bentonite. (6.6%), O : Korean ben-
tonite (10%).

Fig. 12

A AergEe] Akt pH 7b Aol webad At
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Table VII— Viscosity and Hysteresis loop at various pH for bentonite aqueous suspensions.

Korean bentonite (10.0%)

American benotonite (6.6%)

pH Vmin Vmax Vmean HLA Vmin Vmax Vmean HLA
3 27.80 22291 61.54 6.59 24.50 181.62 49.41 7.35
5 20.92 143.08 41.33 3.23 21.41 118.38 35.58 5.78
7 19.54 118.38 36.26 3.09 20.48 74.27 29.49 6.02
9 27.25 192.65 43.20 6.21 20.80 118.38 35.61 6.72
11 31.38 250.43 65.43 6.92 27.83 151.37 47.59 9.46
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