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Table 1. Unit cell parameters of calcite

< WA (calcite) ¥ olekai}o] E(aragonite), 1
21 2411 Wlo| Edto] E(vaterite) 7} Ut} ©]
& 7zt AP A (trigonal system), APEA A
(orthorhombic system) 2§43 Al (hexagonal
system)ell &3l FACFECY. Ho|EE]|E
T WMo} olgtaol Ee] m2do R A
HollX = ERbgsld A9 ANEHA] u 4A ¥
Mo} olgtate| ER Aol & gt

i

54| (Calcite, CaCO3)

B30 &((COs)2) L eragdAt & 77} A 7ie)

Al it Aitslel A28 (carbon triangle) S
o], B FES AAYFZE st 7B

X-ray Cleavage Cleavage
smallest cell rhomb pseudocell rhomb true cell
Rhombohedral axes | am (A) 6.37 6.42 12.85
an 46.08° 101.92° 101.92°
Zm 2 4 32
cleavage {211} {100} {100}
Hexagonal axes anex (A) 4.99 ~10 ~20
Chex (A) 17.06 ~8.5 ~17
Zhex 6 12 96
cleavage {10T 4} {1071} {10T1)
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Fig. 1. (@) Structure of calcite, (b) the relation of true, steep unit cell to the cleavage

rhombohedron.

o] ©r} WMol (COs) 480l c&oll 4
o7 F& o|FH ot 2 3 Aleld| Ca
ol &o| o] 11 9, ofzfe] (COsIAAES] o
A 79 Aot Al eulflrE e 2HA
£ @A} (Fig. 1a) (Reeder, 1983). o|2& &
A T2 o WAL SR T By
({101 1) & BoFEd, oy oled sHA
o3t X 7| XA A AT G ¥ 7

2] £2+o] swA7t doh(Fig. 1b). XA A4
o3 I x o} FHA Y ¥l o3 TGHTEE
Table 13} Zt}.

Ze 79 ol7} ol o] WMo Call
A2 A% £ Qo i wEde o
& Fol2o A9 FRHAA ¥& £4% CaCOs

29t Mge Wald Wl At 20mol%
A 18A FAo] 7hsstt ALdAME Y
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Table 2. Physical properties of calcite and aragonite

Calcite Aragonite
optical properties uniaxial (-) biaxial (-)
e = 1.486 a=1.530
v = 1.658 B =1.682
y = 1.686
2V = 18.2°
specific gravity 2.72 2.95
hardness 3 brittle 3.5 brittle
cleavage {10T 1} perfect {010} indistinct
twinning {0171 2} very common {110} common

{0001} common

repeated twin

color colorless, white or grey
vitreous luster

colorless or white
vitreous luster




J=8E (FES)

Aete] WA WA &2 S Ho7|=
gtk Mn2 50mol%7HA] A &2 F 3o FE
U3 2}o] E (kutnahorite, CaMn (CO3)2)7}4]
d&AH n&AE B @Fh(Deer et. al.,
1992). Cacll tig Feol29] X &% ujf- Uxt
Aoz gt HAAZANME 5~10mol%E =9
) geto] Husm ok, @A Yo Ao
Sro] A= dwrd Hus s glot ofgfan}
olEd] Hl3ld U= A1 d Uubzo|t} oY
g 542 waldt ofgtavol ES Catizty
AR T2 ztoldl] 710% Ao = Rl
el el AFY L o g FH=E AE
Yz 2A F4 kK, prismatic), SHA (&
%%, rhombohedral) ¥ HAAZAA (R=MAH
8, scalenchedral)7} F% ©|Eth. &3 o|&
o] thek3lt 23S o|F A Yok AEHY
wa el AEe A4 FHE et ope 2
H UiA= A AL A" A 18
o B T TRAGCERE AEdY. 1 9
WMo Pty 9 Eeld 542 Table 29

ofgtaivto] E¢ Hl watth.
ol2}TLIO|E (Aragonite, CaCOs)

R e S LCEEC e

HollA 7182<] Zol & Bt} 1 AR+ Cadl
WA EA Cast 0 o 2973|171 0.7142A4
ol 6ot 8uj A5l A F(0.732) ¢ H
53 gE Ztett. 2322 Cae 68194y 8
T 99] wi9fE 7R St WAl
6l Y2 olFQ o} olgtmo]|EdA = Ouljg
£ o] &tk (Fig. 2a). 28U Ca Fol&2 27&
EHIAE ol F7lddle ozt AA|T Qi E o] F
7ol dudez ZL Holth, a3z W
o] Aol A g E F2ol| wkete] olghant
olEx 1YtollA EHr} HAAQ Fxolth, T W
A zpol= [COs) A48 vl 2A W3 Aol A
€ ¢ o2 FUF HHE o] F=d ukst
o olgtnfe| EE ThE HHE o7, e
B AAEE thE Wio R FolA Act(Fig.
2b) (Speer, 1983). Cao]&o] S4tad 4=}
(hexagonal closest packing) M|E& o]F2=
$4E7 M} (pseudohexagonal symmetry) ]
o] BAEY (COs) A2Z o] APgAL] A&
YA APBEA R BFE, Pmene] 33H0S 3
=t 9 ¥EE a=4.96A, b=797A, ¢c=5.74

A, Z=40lt}.
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Fig. 2. (a) The CaOs coordination polyhedron in the aragonite and (b) a projection of the

structure of aragonite onto (100).
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Cas}t FAKEH] wlEo2 AZtdn), olgkatol
Ed| & o] 252 UAZ WX & A
3= 94s B} o|2yho] & Pb E& Ba
9] 9aEo]HDeer et. al., 1992).

olgtnvolEx /39 F (%, pyramid), &
& (Fk, tabular), @8k, low prism),
A (BB KL, hexagonal-like prism)
29 FYE XA, oY g 2 AHo] B
WA ARA R F2 AEEY. £ Caol 29
S7Mte] diA ez {110} gl o3k vk
B3 (repeated twin) 2.2 §¥7Mdel o7 (5
fu, mimicy) 2.2 AEH7|= vt 11 9] #
9 &84 542 Table 29 21},

5t

2HE (Kaolin)

1HEE 7 7% (Kauling, Kiangsi
Province) X Gol|A] 114171 %€ ftEo] =z}
719] 952 AHSEE B gig BP0 A
+ AHEERY. 2 & 2R E g FEEE
AT o3 5 TAAFEQ & EL} o]}

3 FHogw ALE
= FEL Ffeeve]
E(kaolinite), 97}o]E(dickite), YA e}o]E
(nacrite) @ @ &o|Ale] E(halloysite)7t 1Ht.
13 E #E(kaolin mineral)e HEZH<
1:1 o] ERAY F3FAAEBERZA (SiO4) AL
HAZE N2 BAHE T3 st 52 3
Asln 1 Y9 (AlO2(0H)4) BRHA AR F
Hohy 2 At of Y (SiO4) AR
BAHE FH3, olg Zo] A
o FEA FFo] oF WHFoE AKH
Z golA HW 1 Aol AL o TAY T
FA18HA Hoh(Fig. 3). A71A (Si04) A}
A&} (AlO+(OH)2) FHA Fo] %ole B
kol Aolo met AZHUClE, HYFOlE B
UIego|ER FRATHFig. 4). TRoJAIE
T 2 FAtolol| BEEAL R EA8 10
A9 d-#& Zed. 28y o] F E'AE
Az JHde 3 GA g4H TA-g=20]
AlolER W3t} o]E 1HE FE T ¥
A7) Table 37 Z2TH(Giese, 1988).
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Fig. 3. A view (a) of the 1:1 layer in the kaolin-group minerals projected onto (001). (b)
A diagrammatic projection down the b-axis.
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Table 3. Unit cell parameters of kaolin minerals

kaolinite " dickite? nacrite® halloysite ¥
triclinic monoclinic monoclinic monoclinic
a=5156 A a=>5138 A a = 8.908 A a=514 A
b = 8.945 A b =8918 A b = 5.146 A b =890 A
c=17405A c=14.389 A c=15.697 A c=207A
a=91.70° B =96.714 B =113.70° B =997
B = 104.86
= 89.85°

1) Bish and Von Dreele (1988)
3) Blount et al. (1969)

I, SiO2 46.54 wt.%, Al20s 39.50 wt.%,
H20 13.96 wt. %9l @23 sHetx/d& zeth
AL el E, Hilo]ES JAFOEE
AleSi205(0OH)48] AL 2t FZo|do|H,
g2o|Alo|Ee AUl E FEUd F3tg
7} o] AlSi20s5(OH)4 - 2H209] 244]& 72
U FAE 949 A i Fe, Ti, K
2 Mgo] 2% FRH7|% AT 1 ol )¢
M}, Mgt} Ferk A1S 21853 Alo] Sig A8
& FE oy 2% A FATE F AL F
Foln, DHE FEo| W nHIE 22T o
oj&1gt YAEo] AHEA (serpentine) ¥ 2& 4
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Kaotinite Dickite

2) Joswig and Drits (1986)
4) Kohyama et al. (1978)

THA ST BE | oEA o 2 B
B 93t AY = AU (Deer, et. al., 1992).
S gubd o 2 - Zejufo] Eof b]3j ERo|Alo
E7} B} getxdde] Wiyt A
U2 34728 FET 2o IHE FE
T {001}9e] Tt AME Bo] 458 B
Agog e o 2R A7 H
F90] book structure® Hol7|% 3t} & AH
dAE 234 S Bt b dRo)A}

EE YA WY, T EE BT

Nacrite

Fig. 4. Projection of the structure of kaolinite, dickite and nacrite onto (001).
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(a)

< W wet o2) 7k 9% (polytype)& 7t
A =", one-layered triclinic(1Tc), two-
layered monoclinic(2M) % two-layered
orthorhombic(20) &< o] Euslrh
(Eveans and Guggenheim, 1988).

A o 7k 271 ol2o] MgE X|$
& 4 glo] Tk slekxAe] Basm et Al
olu Tizt SiE A¥sh71= 8k, Mnolv} Al°]
1\/Ig—EL A 27| BpA[T o] 59 AFhE )%

Yot} Few 3% MgE A&s}r, §3
%-T— M e GHE ol ¢ 1/34] g3=
g}, a2y Mgttt} Ferl B2 njdj4Elolo]E
(minnesotaite) = 32L& (Fe,Mg)sSis
O1(OH)eZ E43} Aol Zoy} ARPprRgoz
437 O & FEojtt. YA|E (willemsite)
Z2| Mg 927} Nit A7 249
Ni @Zolc} (Deer et. al., 1992).
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Holu} Ao 4t&e AY =EA Yehd
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Fig. b. lllustration of structure of talc as viewed along the x axis (a), and portions of the

tetrahedral and octahedral sheets (b).
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Table 4. Crystallographic and physical properties of talc

1Tc type 2M type
unit cell a=1529 A a=529A
b=9.15A4A b=09154
c=945A c= 189 A
a =905 g = 100°
g =99
Yy =99
space group CT:2z=1 C2/c or Cc: Z=2
optical properties a = 1.539~1.550
B = 1.589~1594
y = 1.589~1.600
d=~0.05
2Va = 0~30
specific gravity 2.568~2.83
hardness 1
cleavage {001} perfect
color colorless, white, pale green: colorless in thin section

= ) 2 3% Egwe 459 $L2 udze
2otk Ao duwkAlel FEH £ 9 F  Hold AFFHE Ze dEE ASEH. o
ta E4-2 Table 49 2t} stelebgel 2S¢ Ze M dgsdd FE2
F3A (rutile)ol®, zRHAANAM FHoldor
ol JElA] (anatase) L EF7}o| E(brookite)
7} AAE2EY. F547 ohveEAE FUAA
(tetragonal system)ell &3, HEJlo|Es
AP A (orthorhombic system)ell 43t} =
g FEHL ¢/a7t 150 22 WA oMEAE

ojxt3}elelE

(Titanium dioxides, TiOz2)

oxtslElety & HeEA T 3 F23 ElE

(b)

Fig. 6. Rutile structure of four unit cells (a) and array of chains of edge sharing (TiOs)
octahedra (b).

o

34 A=peiA



(2)
Fig. 7. Anatase structure of two unit cells (a) and array of chains of edge sharing (TiOs)
octahedra (b).

o/a7h 180} 2 kg ZeT)

ogel FzE Tie 679 Aas A
(Ti0s) ZRAE Ao, BaA% st 7
dol Al e} T AAeh Ageka Aok FEA
3} ohtelAle] BYTES Aol HE FEAN
= (TiOs) BHAE (0)B) B 274e] 5
2 A2 F9E oF PHom AgHd Ut
U(Fig. 6) Wslo] ofJEkAlE 409 58 M2
F431 ke AoltHFig. 7). B3 349

(b)

Aa dzte SUEE

172 2t (hexagonal closest
packing) & o] F& WA

ol e & SEHAA
ZHcubic closest packing) & ©]F i Ut}
BEFPIES] 72E 238 ojEAlgE |
g 2o} BRe 125 A3 gl BRIl ES]
AR o5 D A A double-hexagonal
closest packing)ll 7}7h& ¥E-& Zta Qlvk B
FIlolEQ] (Ti0s) TWAl= 2go] 7t ¥y
o] glom Ti YAx A9 A4 zE Bl

Table 5. Crystallographic and physical properties of TiO2 minerals

rutile anatase brookite
space group P42/mnm 141/amd Pbea
unit cell a=4.59 a=3.74 a=918
c =296 c =939 b = 5.45
Z=2 Z =4 ¢ =515
Z =8
optical properties w= 2616 v = 25618 a = 2583
e = 2930 e = 2.4986 g = 2.586
(+) ) Yy = 2.741
2V = 20°
specific gravity 4.2~4.3 3.8~3.9 3.9~42
hardness 6~6.5 55~6 55~6
cleavage {110} good {001} perfect {120} {001}
indistinct
color reddish brown brown, yellow reddish brown
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Fig. 8. Brookite structure. (a) Part of the structure projected on (100). Sh indicates
shared edge. (b) Polyhedral representation.

Qx| ZAeh, M2 M9 T TR 9
tHFig. 8)(Lindsley 1976).

Tie X SH(EEE SR, coupled substitution)
o oJ&ll o 94 X3k 4= glov} of¢- A g
o2 1 ol At AT 3T — 2M” +
NP U BEE 2T o MY + K2 A8 0] F0] X
e Ao M 9422EV, Ta, Nb 2 S/t £
g, N 942 Fe'9 Mn*'o] K9a2e
Fe*', Mn*, Cr 2 Al T°| ¥&=}(Waychunas,
1991). ol& &9 ZAEH 9 =24 54
Table 59} 2t}

W EL}o] E (Bentonite)

atste] WHAYS HolH, F3d golLuds
HE Zte AEZE d3 BHolt}. o]y +
Z2E 7EHoR2E 12 3ATRY HERE
24 424 (pyrophyllite) Ut &4 (tale) 9} 2
o (SiO4) AFRAl W] SiE Alo] 23l
A7 Aste] BaEE 957 At Ca e

Na o] &o] Z7tel| Eol7H Boh(Fig. 9).
2dEl| EE GdAla 843 o] FHA W
o] ol 29 F5H wat A o|FHAY 29
ERIES AEHA Y ~dEoER FRE &
Act. 2dE|E OF Fee 74 4AAR
AAEFo| wel E73H Table 634 2t
2dElo| B9l Z7hefo] -2 tlF-e] ¢ Cast
NaclA|gh, o ol 2E2 A udg 5 ok
| o] 2w %53 (cation exchange capacity)
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(a) Di-octahedral smectite
(montmorillonite)
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(b) Tri-octahedral smectite
(hectorite)

A otd

O

O 0.7 (Na’, 1/2Ca™)

60
48i

@ 40+2(0OH)

‘_o o 53Mg+07L|
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4si
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o]& &% (swelling capacity)©l=t
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Table 6. Cations of each site for smectites, pyrophvyllite and talc

. #fiel et By
Aol3 B, Ca-zdEo|Ex 374 2
35 ) gl ke @ 3

di-octahedral

tetrahedral site octahedral site interlayer cation
pyrophyllite Sis Al4 -
montmorillonite Sis Als.3Mgo.7 (+Ca,Na)o.7
beidellite Si7.3Alo.7 Als (#Ca,Na)or
nontronite Si7.3Al0.7 Fe®4 ($Ca,Na)o7

tri-octahedral

tetrahedral site octahedral site interlayer cation
talc Sis Mgs -
saponite Si7.2Al0.8 Mgs (+#Ca,Na)os
hectorite Sis Mgs.3Lio.7 ($Ca,Na)o.r
sauconite Sis.7Al1.3 Zna~6(Mg,Al Fe**)2~0 | (4 Ca,Na)or
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)88 (Fois)

2wl ojg} go] {712S FAT 2ol
EZ {7|H E(organic clay or pillared clay)
2} @H(Deer et. al., 1992).
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