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ABSTRACT

The synthesis of kaclinite mineral from domestic diatomite for silica resource, commercial available gibbsite
or alumina for alumina resource were made under various hydrothermal treatment, and the sythetic effect
of acidic mineralizers, temperature treatment with time duration, particle size of alumina on formation of kaoh-
nite mineral and the plastic properties of synthesized kaolinite were mvestigated. The various acidic mineralizers
which are HCl, HNO,, H:50, and Oxalic acid were employed for hydrothermal reaction in the range of 0.01 mol/!
to 2 mol/f concentration of each mineralizers. It was found that HCI in the level of 1 mol/f solution produced
highly vields of well-crystallized and platy form kaolinite mineral and gave the most effective extraction of
iron oxide, compared to that of others, that HNQ, produced highly vield of kaolinite but lower extraction
of tron oxide, that H.S0, produced low yield of kaclinite and formed alunite mineral, and that oxalic acid
formed spherical crystalline kaolinite and gave low extraction of iron oxide. Moreover, it showed that kaolinite
minerals were well synthesized in a wide range of less than 2 mal/ acids, but were poorly synthesized at
more than 2 mol// acids. However, boehmite and kaolinite were coexislently formed in the temperature range
of 180°C and 200T when the calcined diatomite and gibbsite were involved. The well-ordered kaolimte mineral
as a platy form was highly synthesized in the temperature range of 220 and 2407, when the same marterials
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as above were used with treatment of 1 mol/ HCI solution. The results also revealed that the size of crystalline
platy form kaolinite, synthesized from alumina and calcined diatomite with treatment in 1 mol/f HCl solution
at 2407, was much larger than that of gibbsite and caloned distomite shown previgusly, and that kaolinite
and corundum minerals were coexistently formed under any hydrothermal treaiment conditions. The plasticity
of synthesized kaolinite from under 2 um atumina and calcined diatomite was very poor, and that of the synthesi-
zed kaolinite from raw diatomite and gibbsite gave higher than that of calcined diatomite and gibbsite.
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Table 1. The Chemical Composition of Starting Materials

¥ %

Diatomite{calcined)
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5 ;0 ZIO 3IO 410 5IO f;O 70
28 {Cuka)
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Diatomite(raw)

Fig. 1. XRD patterns of stating raw materials.
G: gibsite, C: corundum, Q: quartz
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Matorils Components |1 joes| Si0; | ALOs | Fels | CaO | MgO | KO | NaO | Ti0, | H:O
Diatomite{raw)% 6.66 | 85.21 455 | 194 059 047 0.36 0.21 0.10
Diatomite(calcined)% 273 | 88.53 483 | 219 (.62 .52 0.37 0.21 0,10
AIOH )% 0.03 0.003 | 6518 | 0.01 | trace | trace | trace | Q.18 | trace | 34.52
AlOs% 0.31 008 | 995 001 | trace | trace | trace | (.10 | lrace
o7]4 D= AxAL 2[R, A 2d XA s,
Gibbsite e A Hzztze wgEF ye], 8e HHZ
G; G (Bragg’s angle), K= constante|th. 5%} kaolinite] =
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2 ol A, Hepukd TGEHAE 2A3ted kaoli-
pite2] ¢]& AApske 2 3alslo] kaolintes] QAL
A absheic,

2.5. TEM ZHH, a4, M7IHTT 9 pHEH

AR gare] Habs Hrle FaaAe A
(JEM-200CX, JEOL, USA)e2 @aalsul),

2 Es) sEEde 33 X4 ¥47)XRF, Rigakuy,
Model 3070E, Japan)2 FAshqlc). ol i
A" == (Hach, conductivity/TDS meter, US.A), 2+
Zald] &) WA pHel pH.st k2% pH= pH-
meter(Horiba, F-21, Japan)® =3 3teich

&2 Plefferkormn'® #hjell Fale] AW
€ ZAT F 40T oA 28171 100T o] 4 147} 2 x8ke]
k A

g S5k ch A ARl (HYHY) 338
A8 FrHS FLAaF8(PL | Plefleckorn plastivity
index), 40C oA 1007 747] 7|3l SR H4g
(WR . water retentivity), <F2}8] vj2 7424545
(CV I characteristic value of plasticity, CV=WR/PIX
1002 Ea|shdepe,
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Table 2. Results of the Hydrothermal Synthesis of Kaolinite from Caclined IMatomite and Gibbsite 1m Several
Concentration Solutions of Various Mineralizers after 4 days at 220TC

. . . Fes(y pH values

Mineralizer | S | of Kaohate | index (1) | oo ) | from XRD | cgulents of )
2 79.45 100 206.33 K 0.10 010 | 250
1 97.17 0.89 182.69 K 0.1 037 | 073
HCl 0.1 84.80 0.76 184.13 B, K 0.48 126 | 160
001 8117 0.77 18151 B, K 0.90 217 | 316
2 27.39 0.85 166.24 K 0.17 006 | 037
1 05.33 0.80 162.77 K 0.30 013 | 078
HNO, 01 85.62 061 165.49 B, K 0.60 130 | 203
0.01 70.62 053 126.90 B, K 0.89 224 | 320
2 0.00 0.00 0.00 A 041 000 | 078
1 4943 0.60 125.27 A K 056 037 | 144
S04 0.1 6179 0.64 148.47 B, K 0.78 1| 27
001 6335 066 13620 B, K 051 186 | 351
2 75.28 0.66 12310 B, K 0.67 030 | 264

Oxalic
1 80.33 0.89 11692 B, K 0.84 996 | 312
, 01 75,23 0.73 149.34 B, K 091 155 | 3.08
acid 0.01 6797 0.73 14030 B, K 0.92 231 | 294
H0 78,98 0.95 180.60 B, K 0.04 675 | 535

Symbols: B; Boehmite, K; Kaolinite, A; HaO-analog Alunite, pHs: pH of starting solution, pHy final pH of the

product after hydrothermal treatment.
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Fig. 2. Schematic diagram of experimental procedure.
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Fig. 3. TEM phatographs of sythesized kaolinite by
hydrothermal treatment at 220C for 4 days
with various mineralizers: {a) 1 mol/l HCl, {b)
1mal/ HNO, () 1mol/ Ha50, (d) 1mol/
Oxalic acid, (e} H;O, () stating material.

Fig. 3¢ ztzhe] $abAdl g 10 mol/l F=Z sho] 493k
el TEM 2] Asjo|ch el &+ e uhet
7o) HC1®| 74 5- Szbabate] abAde] F& 0[5l 9 kao-
linites 95 = U Fig 3(2)]. ANGsst H:O0= 22

A3 A 11301994

Y4 2B foytie] 9§ Kaolinite™ -3Hxe §H4e) A3 4+

-~

Kl g Oxalic  acid
1.0M
0, iM
LOIM

N Lo days

5 10 20 10 40 5 6l 70
28 (CuKuo)
Fig. 4. XRD patterns of synthesized kaolinite by hyd-
rathermal treatment with various concentration

of several acids and pure water as a mneralizer
at 220T for 4 days.
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3.
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Fig. 5. Schematic diagram of morphological change and
amount ratio of hydrothermal products plotted
with lemperature and duration time.
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Fig. 6. Relationship between vields of synthesized kao-
[inite by hydrclthermal treatmenl versus dura-
tion times and various temperature.
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Fig. 7. The pH changes after hydrothermal treatment
in 1 mal/Z HCl solution at various temperatures
and duration times.
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Fig. 8. XRD patterns of synthesized kaolinite by hyd-

rothermal treatment at various temperature and

for duration times.
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rent patiicle sizes of alumina as a function of
duration times after hydrothermal treatment
at 240C.
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Fig. 16. XRD patterns of products from different parti-
cle sizes of alumina after hydrothermal treat-
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Table 3. Plastic Properties, Thickness of Water Film, Crystallite Size, Hinckley Index (H.I) and Yields of Synthe-

sized Kaolinites

Secpific Pl WR v Water film thickness Crystallite Finckley .
surface (%) (7 o : index (H1 Yields (%)
area {m%/g) ¢ ) (%) He (R Hy (A) size (&) index (H.L)
DAR 479 45.3 0.60 1.33 1729 2.28 185 ‘ 085 a7
DAC 475 448 055 123 170.8 209 218 0.95 99
QCC 158 23.2 0.20 0.86 130.2 1.65 3309 1.0 90

Fig. 18. TEM photographs of synthesized kaolinite
from (a) untreated diatomite and (b) treated
diatomite after hydrothermal treatment under
duration 6 days at 240TC.

GBI FAYT £ e 7 SA2CY), LFE(WR)
Ze] Av, kaolinHE Y9 FHEAHE & F sl=
gute] SAR =k o] %2 kaolingd A} EH el 74]F

Fr71 o] o, Fig 182] TEM #E42) 7] 24

W are W) ghbe 2] wRelshm Azt

|
)
2
¥
R
e
{r

=7}
e}
DACE Jr=ed shhxelgozy xde| =4 §

71%e] A3, TEM® 2% dsjsh o] 22 Fs)

—1412—

Tz, AREr) Fx, A @A AR vy
FA H CV, WRgke] 2 7o 2 fgdv). AluminaZ
alggk DCCell A= ¥ E™ A, PL CV, WRale] =tz
b FAw Fclk o] el alumina=F-E 1
kaolin® Fig, 178] Frabel| 42 o] #Hze] =31 A
Frrl E2 A EAAe] Herg puks] 5H 49 )
4] A3l CV, WRgke] ol shaide] v slem
gets] s gibbsiteel vl 2] FREeF W43 kaoli-

nited W=7k 7hidel $4U B4L vehigdek

thl

4.4 E

op

Silicagle® 34 25 alumina 2 s F4]
gibbsite 2 alwmmaZE IR E 3le] A4 FokAl=
A 7)8led =GubL 2 2 kaolinited 22HAE gAde]

[=]

§ 2ol chi $e WEE Al

il
=
=

g3 ge] 7 =sbtl oxalic acidE T4 kaolniteS
WA E, HoS0E 5= A kaolnter} 445 =] o
alunite 2 A4 2l i}

2. FFzxel gibbsites}s) FrAd-hAE 180T ~-200T
welea] Aa)2] boehmited 571 AHEE H2dT,
220T  olAbd Al whEAlgbe] AMEE FHab4
kaolinite?} =2 &2 A=k =3 T80 =&
422 AARATR FAIE(Hinckley Index)= 27194
th 7REE AAz|g 2udEs v3e] AE P kao-
linite A=A, B FA ° pEo] FFEYcE 2
e} shede rlAe et Frskdeh

3, %3} alumina®hg] FAle)A= aluminay) =71
7P = kaolimte 783k AAxEs dAES)L $obH
), #Hd=st 100 ym o] shel A% kaolinite o] ok
= corundum o E a3k alummnag =71 FlEolx
kaoinite =He]hE B7)7 g2 corundum®} FE}

Qek A 54 ek el

EEETE



10,

11

A 3149 Al 11 51994}

. Poncelet, G. and Brindley, G.M,,

U4l FRE £dulge] 23 KaolinileZl 1FHE2] Ao A3 i+

REFERENCES

. Ewell, R.H. and insley, HV., “Hydrothermal Synthesis

of Kaolinite, Dickeite, Beidellite and Nontromie,” J
Res. Nai. Bur. Sland, 15, 173-186 (1935).

. Glasstone, SK., Laidler, J. and Eyring, H,, The Theory

of Rate Processes: McGraw-Hill hock Co., New York,
1941.

. De Kimpe, C., Gasluche, M.C. and Brindley, G.W.,

“Low Temperature Synthesis of Clay Minerals.” dm.

Mineral, 49, 1-16 (1964).

. M.C. Van Qosterwyck-Gastuche and La Iglesia, A.

“Kaolinite Synthesis. II. A Review and Discussion of
the Factors Influencing the Rate Process,” Clay and
Clay Minerals, 26(6), 409-417 (1978).

. De Kimpe, C. and Fripiat, 1]., “Kaolinite Crystalliza-

tion from H-exchanged Zeolites,”
216-230 {1968).

Am. Mmeral, 53,

“Expermental For-
mation of Kaolinite from Montmonllonite at Low Te-
mperatures,” Am. Mingral, 52, 1161-1173 (1567).

. Dennfeld, F., Siffert, B. and Wey, R., “Eute de l'influe-

nce Des Complexants de Paluminum et du Broyage
sur la Formation Hwdrothermale de la Kaolinite,”
Bull Groupe Fr. Avgiles, 12, 179-180 {1970).

. Tsuvzuki, Yoshiwro, Mizutani, ., Shimizu, H., Hayashi,

H., "Kinetics of K-feldspar and Iis Application to the
Alteration Zoning,” Geochemical Journal, 8, 1-20 (19

74).

. Kim, N.I, Park, KH, Jung, C.J, “The Synthesis of

Kaolinitic Clay Minerals from Amorphous Alumino-Si-
licate,” Jounal of the Korean Ceramuc Society, 31, H148),
1076-1086 (1994).

F.W. Jones, “The Measurement of particle Size by
X-ray Method.” Proc. Phys. Soc. (London), 116, 16-43
(1938)

Hinckley, D.N., “Variability in Crystallmty Values
Among the Kaolin Deposits of the Coastal Plain of
Geogia and South Caroling,” Clay and Clays Menerals,
11, 229-235 (1963,

12.
13.

14.

15

16.

17,

18.

15,

22 7

23,

24,

—1413—

. FEEIE—,

Pfeflerkarn, Sprechsand, 37, 297 {1924).

TIBEOA, DOTHME, EleslE, “T#a U4 MER

TRESBEEA 4 > OKEE” BFRLT I 07 ARG
ZitsE, 101(12), 1395-1399 (1993},

FUSEYE, LR T DRI & £ ORRET" Kt

FIEE, 24(D), 4755 (1984).

De Kimpe, C., Gastuche, and Bridley, GW, “Low-Te-

mperature Syntheses of Kaolin Mmerais,” The Amer-

can Mineralogist, 49. 1-2, 1-16 (1954).

R. Miyawaki, S. Tomura, 3. Samepma, M, Okazaki,

H. Mizuta, 5. Maruyama. Y. Shibasaki, “Effect of Soiu-

tion Chemistry on the Hydrothermal Synthesis of

Kaolinite,” Clays and Clay Minerals, 39%(5). 498-508

(1991).

La Iglesia, A., Martink Vivaldi, J.L., Synthesis of Kaoli-

nite by Homogeneous Precipitation at Room Tempe-

rature, I, Use of Amonic Resins in OH  from, Clay

Miner, 10, 401-407 (1975).

Tomura, 5., Shibasaki, Y., Mizuta. H., Kitamura, M.,

"Hydrothermal Synthesis of Spherical Kaolinite,” Yu-

gyo-Kyokai-Shi, 91(6}, 306-307 (1983).

B. Mason{iikZ A, —BIRE 1559, —HHbaRbe, 5

FERIE, p.203 (1970}

. Kittrick, J.A, "The Free Energy of Formation of Gib-

bsite and AI(OH)~ {rom Sclubility Measurements,”
Soil Science Soctelv Amer. Proc, 30(5), 595-598 (1966).
RS, AT v S i P R R
#Hy, —2t73 2720 ATHLoSHEHEORER
38" TPIEDTE M Rifisimposium BEHFESE, 12-15
(1994)

ENAERRR, EFHES, Rk im—ER CERHET
NIFL)HEES BitE: JBwAasd )4 f/'K,i"&’né“
WOEZEpHE OB $5RTERET BEE,
(12), 330-335 (1989).

Rustum Rcy, and E.F. Osborn, “The System AlLO,
-Si0e-HyQ," The Amertcan Mineralogist, 33(11-12), 856-
885 (1954).

Flepiie, ATHE
R et

MRS, “FAREEF] i OSIR
92(2), 77-82 {1984).



