A= (FEA0) Al6A A1E, 1-14, 2002
J, Miner. Soc. Korea (Mineral & Industry), 15, 1, 1-14, 2002

r

MO

ENNEE

MOIMO| 9 X SE a1 Worat

(=]

L
4 (=

[
ror

A A

LS XISt
p = EE I

0

2y
2ATHEHD

A

>

d

ol 43|

A
3k A2 FX9|
=]

12 Io
!
rx

> I

2 oiFzel Alzto| gA o] Qe I7H 7iztdedo| T, MslMol BRENoZAM ] HTME
talolc}, @it gt STHRIR 2 A i JHe

U 42 E4 TIHE Fafol 454 MY

oiMe, B9 4 B Jigel eldoint FEE glo| £hEs| BEEY XRoh ofFEsto] Zint 71Z0] olFoH
4522 2o Tul ME14 Meidicls = MM R

ttof

1ol
ol

A

RAe Zx 9 Aot} oz o)

-
=
T
o BEIYL

FE FE % BAF ABE o FE ¢
duehs #eAde $E Pd FHAA HE
H B3 JRINT 1 HE G FEA 22
Aoz gk FAe FEA Ae
e ANl 9z Agse 9PREd @
@ AW A% AT AN BE 2L A
al
A

el whg AAA 7R ke

s Hel 3
o}, 287 $2upe}
o] A} Sz o s

A 7
o d niREy FBLAT £Uo=

d
gigich %30l hTsE BBSH MNHTI
B3l 27EE 4%

ostm, Bt Belsel SBUSHN B
A

N % BEENE 1 8edee B9 U EY hde
SER|SI FUA MBS BRHOR JiY U 7hES
S

Mol &2 Jjun 8771 HIE 95t MER &

=

o

1L

2

folct. 0I5 fIsiM= Selol stetEAx] LMol 454
47} 2hAj0| HE=lojof & Aoloh, MElMe| Y=, 2E
BoliA BolEeRM, P20 £FE Axe] J|REHEO0IR

x|
& 4 = A& H2E HoZE of{HNct oo mat A3| Aoy of
E MR B el "7t 7ide SUd T2 DES M3ME ez =osiict. £3 0l ENE SUiM 4

A gopols MA|skCt,

30
fr

e WEAQY FEL2H tixolges AME A
oft Zo|t},
uebA] fejvete FEALY B 3 1§
7R AnAl7led 2eg e 2 7k 7
29 JoAo] 1 oW wrtivs 4] g
3 Ao e Aoz dAgdn, o] g g
oA W4t 244 3E (industrial mineral) At
A9 BEAE Amdr] AT =Ho] A o] F
oj & of & Aolt},

TR BEALL] FIHAE Folrl AsiA
= 25/ FArlex S8R 4 3
Mo FERAPT §A4S FEe] gefsie] ol
TheFet S oA 87 He 4 giH sty
H7kske o] En 7|EHcnE F8g AR
ojt}, g 7+F AAFEE W

Al

¢
-

o

Ry



24 A TN ABE AT E Ao 4
7t}
ASAE S AT A3 wm«a

&8 AL 2 7hgE ol Aol dA.
A PR Adez g L 2 £8 &
Feo] A3 AddA e, B
437} vhalo] A A HA &
o ol ErE Ft gl
mhbA L Bk AE]A AR BokilAE 4o
9 (grade) ot F4 (quality) 7Ide] Q14loly
= glo] /MEF 7hge] o]FA ftisi=
Zrdo] ot
Iy HZ o] Il
Qe A9 LEFH AN o 5L 7
23 A3 M9 Brlrlx| au}o]a}l—c
Aete= g, el BAH7) 1
%’“Q‘ﬂEHOM olg g Ao ®O
ol ‘ﬂre *ﬂi 9% %’é‘«l
ot

=

o
o o R

X0,
R
M
Y
o}b r

>{

_.rSL

]'_9._']
L

==
5 m[o
o
= mh

Bt
g o
Uy

r
41
o fr o

13
fu
e 3K

==

£ ot ol
I oo N

i

=
2
toby
2o

I
Tk T olE Edlg, Uit A3y
A Nz Bk e daA, A3
A g EAJ 3t zsl-gpao];y_g
Hrot-g- A A&l A} ok,

o
X,

43149 S3ist gud 224

24 3) 4 (carbonates %=+ carbonate rocks) &
dutyez &igd BEY FREst 2L MY
<(limestone)e B (ore) HEE A A3,
AZge F2 AEVIYY gt HHEo] 4
N 50% ol E3E o] HAEA A F4H
WEAQ HHEA gHAHgo|th, Bl HAE
< HHAH ol 1 Fol] BAF R FAEHE
&42g9] oz nAg ol ’—‘iﬁ"“’i =l
"o}, o] 22 M3 go] 23k ¢l H 5
%é‘ 2 HAAEo Jgoz %}\}u %%9] -‘ﬂr

: AZ%H Tol subgozy s
Ve 3] Je 2 AEA, o 9o
# Az el EH\“J"L(rnarble)g B] 23]
A EHWHE (travertine), A
(carbonatite), 712 Waj A ‘ﬂx‘tﬁ‘% <
Barel WA (vein calcite) = W2 9nlel &
314 T e

49199 FAE o)t Bod BEEL @
=
-

Aol &

_\O,L

L4

AE



AMSIMOI ER AL E

o
i
H

R
e VN Y e
@ Py T

Q,—..yj“éf o %‘Q )
e N
e T N
s LN
Carbon e 2 _'),”Crk_ <
Calcium @ s s
Oxygen & \b

(b)

Fig. 1. (a) Structure of calcite, (b) the relation
of true, steep unit cell to the cleavage
rhombhedron (Klein and Hurlbut, 1985).
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M3 MofA] o] F2F 2= tEAQ et
4o 2 e B3l (calcite: CaCO3), W
(dolomite: CaMg(C03)2) ¥ o}glair}e]
(aragonite: CaCO3)7} it}

o] 9]o) HloJE|g}e] E(vaterite: CaCO3)e
Aol mgifo g et FEe FAHA
B & e & FEgoltt M
AL A A (trigonal system)oll 43}
o, olglavje] Ex A A (orthorhombic
system), Zeja HlolE | Ex A7
{hexagonal system) 24 &2},

A

ofd
1x dR

im

=2, ok
Ho X S

&

(polymorphism) ¢ #AE o2t} waye
&3] §824 -84 (partial solid solution) %
HE olFm, -5 wat oF 30 mol% 3 =9
MgCO3 o] EAH % g,

a4 2 e Mg ol what 291 high-
Mg calcite (F& Mg calcite)® low-Mg
calcite (F-2 calcite) 2 W1, Axte Mg g+
ZF(MgC03)°l 5 mol% ©1’del™ Fak= 1
stolt}, g g0z HAHE WA
Fe*'E a1 E g}, E3) Lalaa) B84

Wol] Aol Ho] A A% 3 (ferroan) W

A T WMozt Hag
oJE N3N G P FEEY 4L 1)
S g ok, gt 1 e v
YEES Freta slom 7 FEof e} X3y
© 945 FRY ol Aolrt Ut
nFdaEe] FE Yo Sorte JlT =
(1) CaCO3 F+2 ol Ca®* %ol &E A 8a}

P
FHE o] FozIrt. Wiy
2 Mg, Fe¥', 7n®*, Cu?
Ca®", Ba®" §& &3Vl @h.
% Fe*', Zn®", Cu** 5 EhetH, olgtay
o]EXx Mg™, Cu?*, Ma®" So] $Aetx, 7
$o wat Sr**, Ba*", UO2 5& FRivl=
ek (Fig. 2).

WMo ARy v|ER oz 3FF] Y
(habit)& ol &t} (1) FF(HIR, prismatic),
(2) A (ZEMmEE, rhombohedral), (3) HA
2 A (=AM, scalenohedral) (Fig. 3).
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Fig. 2. Trace elements concentration in calcite,
aragonite, and dolomite (Veizer, 1983).

Fig. 3. Calcite crystal forms: ¢. {0001}, m.
{1010}, e.{0112}, r.{1011}, £.{0221},
v.12131} (Klein and Hurlbut, 1985).

2 2g3le) H2)87% (twining lamellae) < ©]

% ) dela e Ui 239 AYor
Al et AgAEe] HPAEA
=

(3) FAFSHEE (BN R, hexagonal-like
prism) (Fig. 4).

2 o] F S ol F e %
mid) & {110} F29 #F T %A 7
olgl YL 7hH AL AR Eo] o WAL 3
FAZ T3] AEEt

AL {110} HE wgt ¢ D59 Y
o7 wgE A SIVME A S BHEVIR 3
o} olw S M &334 (cyclic twin)& 2}
71 Al 7he Z=9E o] {110)9E o=t &Y
5of o]Fojzl Aol 2 gld, olglutelEE
FE g A58 2 A AR A=
H7\% g} Ao ARy WA T
A7t 54 F o] th(Fig. 5).
23 AEL A% wa g2HE
HEEY, A5t A Sgo] weka e
(saddle-shaped) & 4+ 57| = g} (Fig. 5b).

(
=
=

(a) ) (¢) (d)

Fig. 4. Aragonite crystal forms (a, b) and
aragonite twins (c, d) (Klein and Hurlbut,
19856).



Fig. 5. Dolomite crystal forms: (a) and (c)
rhombohedron, (b) saddle-shaped agg-
regate(Klein and Hurlbut, 1985).

Fig. 6. Vaterite crystal form: (a) equilibrium
habit, (b) growth habit, (c) equilibrium of
hydrated crystal (Leeuw and Parker,
1989).

1 9ofle 2@AY YA mE iHo] W
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il Adele e Bt
o AEEA) gt o] ¥id FE2 HE 2
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E (ore mineral)® EZ 8
(gangue mineral) 59 2|7 &4
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Bote AL Audax o $ 7tz
A HgE Aok et oFRo] A
Holl= E7stn 533 she/d o] ofd
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roL
B ol
ox J= oo 1

o 2 g3

gaw

dHAE 48

ot
Y

Ho
oo

M o ol

Mo o

>
)

Hiu
i)

2o rxomE oAE o o o o R

ofd

HX

ol
b
rr
olo

Bt 71RAHCR 3

il',_l?i_\‘q_l

2 48 Ut} (Table 1).

iAoz AFA BHo] 2ol AE 2

A (concrete aggregate) S ZHE nEH

==
T

1314 2ol A, M3)ae] &
g2Adell o ABIA| N,
712 A % (chemical
geA H8He AL

oL
=

£59 M3 Z(lime manufacture) Eokoll
ol Z7\7HA, A9 FHE JHEske SR
el F8 718L CaCOs(EE Ca0)9] ol
o} E3 slEkaA ARE BEUE N3N FE
2= Ao R 40 = gtk & CaCOs
(EE Ca0)d FFE B34 (CaCOs)e] EAE

olmsta, Si02, MgO 2 Al203
o, NN HAERE 59 &F

H o
qAEe

22 4

£ 234

Chemical specifications for various uses of calcium carbonate rocks(modified

Chemical Major Application Fields
Composition Concrete |Environmental Fillers Glass Lime
(wt%) aggregate uses (Flat glass) |manufacture
CaCOs Y65% 85-95% Y98% »54.85% )98 6%
(Ca0)
MgO (4% (5% 0.5-1.5% {0.8%
(MgCO3)
SiO2 (4% (2% (1%
Al203 (1% €0.35%
Fe20s3 % 0.1% (0.075%
Others F: {0.5%, P. Zn|MnOz2: {0.02%, | very low in Cu,|sulfate: For sugar

& Pb: (3%
with low alkalis

Cl: <1,000ppm

Pb & Mn
contents

(0.05%, free
carbon: {0.1%

refining: 1%
in MgO, clays,
sulfates &
organic contents
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Fig. 7).
-?]OH*T‘ dashd £
Z}f‘ﬂ“l%(Scanmng Electron Microscope:
SEM) ##3 X-434(XRD) ¥4 % Al
ofo} gH(Fig. 8, 9).
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Fig. 7. Polarizing

micrographs indicating some impurities in some domestic low-grade

carbonate rocks (crossed nicols). A. B. Coarse-grained dolomite rhombs tarnished with
hematite stains, C. Crystalline aggregates of graphite and illite, D. Pyrite impurities

disseminated in equigranular calcite matrix.
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Fig. 8. SEM micrographs showing the occurrence of mineral impurities found in some domestic
low-grade carbonate rocks. A. Microcrystalline dolomite rhombs. B. lllite aggregates, C.
Tabular graphite flakes, D. Radiating bundles of fibrous goethite.

Table 2. Physical properties of calcium carbonate fillers (Trivede and Hagemeyer, 1994).

Rhombohedral | Scalenohedral | Orthorhombic | Fine-ground | Ultrafine-
calcite (PCC) |calcite (PCC) |aragonite limestone ground
(PCC) limestone

Refractive index 1.58 1.58 1.63 -1.58 1.58
Specific gravity 2.71 2.71 2.92 2.71 2.71
Brightness(%) 99 99 99 95 95
Surface area(n?/g) 6-8 9-15 9-13 57 10-12
Abrasion(mg) 3 3-5 4-8 8 4
Particle | ~2um(%) 99 45 75 70 90
size Mean, um 0.7 1.0-3.0 0.5-1.0 2.0 0.8

PCC: precipitated calcium carbonates
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(Quantitative Phase Analysis: QPA)°l 7}
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orientation) &7, A4 %, 9 3HM wAX
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Fig. 9. XRD quantitative phase analyses
using by the Rietveld method for some
low-grade carbonate rock.
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Fig. 10. Polarizing micrographs exhibiting crystallinity of calcite and associated impurities in
some carbonate rocks(crossed nicols, scale bar = 0.1 mm). A. Impurities of graphite and
illite found in granular calcite aggregates, B. Large twinned calcite crystals tarnished with
iron hydroxides, C. Diopside and epidote crystals included in a large twinned calcite, D.
Various twinning patterns of calcite crystals accompanying graphite impurity.
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Table 3. A mineralogical specification for some low-grade carbonate rock.
3. Catalogue No: Ca2241-3

1. Ore type: Carbonate rock 2. Mineral name: Calcite
4. Location and Occurrence: Occurs as beds at the lower part of the Pungchon Limestone
Formation in the Jeongseon areaCd = A 4214314 F4h).

5. Polarizing and SEM micrographs.

6. Chemical composition (wt%).

SiO2 Al203 Fe203 MgO CaO TiO2 P205 Na20 KeO MnO LOI Total
0.01 0.00 0.01 0.01 43.24 99.25

3.79 048 0.07 0.77 50.87 0.00
3.79 048 0.07 0.77 51.01 0.00 0.01 0.00 0.06 0.01 43.24 99.44

7. X-ray diffraction pattern and XRD quantitative phase analyses.

{Major constituents)
Calcite Dolomite

wt (%) 94.7 5.3
Impurities: graphite, illite, pyrite,
Fe-hydroxides(goethite?)

tntensity

8. Whiteness.
L*(lightness) a*(chromaticity: green-red) |b*(chromaticity: yellow-blue)
88.89 -0.87 2.64
9. References.
AABd D AAEA 99dE I FETI] FAGA &

ZEl%, 1999, HA434 B
H3) AFA| FELE wRY, @

Harben, P.W. and Kuzvart, M., 1996, Industrial Minerals: A Global
Industrial Minerals Information LTD., 462 p.
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