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Abstract Physicochemical properties and sintering characteristics of pottery stone (Taebaek, Haenam, Aphae, Haengnam)
were evaluated as a raw material for porcelain products. Due to acid leaching procedure, the concentration of iron oxide
(Fe,0;) was decreased to < 1.0 wt%, which affects the whiteness of sintered samples. Mean particle size of acid leached
samples is 5.7~10 um with narrow particle size distribution (PSD), which is lower than that of the pristine (8~18 um) with
broad PSD. According to phase analysis by X-ray diffraction, most of pottery stones (PS) have Quartz phase as a main
phase with Pyrophyllite as a second phase, however, Haenam PS shows halloysite phase. The absorption rate was in order
of Taebaek (A, B, C)~Aphae (A, B)<Taeback (Special A)<Haengnam <Haenam, and the samples sintered in reductive
atmosphere showed lower absorption rate. This result might be due to the concentration of feldspar contained in PS, working
as a flux in sintering process. Comparing the color of the sintered samples, the whiteness of refined PS (Taebaek special
A, Haenam, Hangnam) is higher than acid leached PS (Tacback A/B/C, Aphae A/B). The whiteness (L") for refined PS is
95~97 %, which is higher than acid leached (82~96 %). This might be due to lower iron oxide concentration of the refined
PS (0.11~0.58 %) than those of the acid leached PS (0.41~1.91 %) even though most of iron oxide was removed by acid
leaching.

Key words Pottery stone, Porcelain, Whiteness, Sintering, Iron oxide
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LN B e AL vg FaAlsha ok BEAY GAKIY
o FAdle ) BYBEol Buslel FEAL v

AQAEFEe] AVIMA e FAAS  SEEU RS ES 93 128 AT 5 5B
A% WA Q2TA A AT Fo APNPOR  Hl GBS FAslel Yok ek, A FAE 59
A3l olF A Belsha Yom, WIOME S7b Sl Sl wWe wHe) Ao gl 915
A9 Bu L Bt U A4S Seskn  wa, Bol Aol Fue] b AP BEE

Aphae A (raw PS) Aphae A(crushed) Aphae A(leached)

-

Aphae B (raw PS) Aphae B(crushed) Aphae B(leached)

Taebaek A Taebaek A ' Taebaek A » Taebaek A
(raw PS) 7 (cryshed) (leached) (milled)

A

Taebaek B Taebaek B Taebaek B Taebaek B
(raw PS) 7 (crushed) (leached) (milled)

HEd o o
M2y B

Taebaek o Taebaek C Taebaek C Taebaek C
(raw PS) (crushed) (leached) (milled)

Fig. 1. Acid leaching process for refining pottery stone.
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Fig. 2. A process to produce a raw material for porcelain products from pottery stone (PS).
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slo] 7hERS A 7hEY =63:27 HIEE ERS &
yl0 mm 2 H|Ho]E ARt 200 rpmSE 407+ 2
DA EAHIE CMC(Cetyl Methyl Cellulose)2}
binderZ PVA(Poly Vinyl Alcohol) 2+t 3.0 %<} 0.3 %
£ 7lelion I¥E 50 %o SR Azt &
glgle] e Hasebr] flete] ALuwr|2 Adst
of WHE|FH YEAIR SHE o|FAA A=
FHE Azt GEAHR A7 Axd Aola
Fele TI7 54 F ATHHE Edst] 2AE A
ZFATh Ao 2447 AxE AFAE 03m’ A
712004 3°C/minZ 523}, 32(1200°C/1250°C)0l|A]
60 FAIBIATE. ATV E A71gd7Eel A LPG
(Liquid Petroleum Gas)g €83t CO 7} 2.0 %=
Aejated 2AsEAL AFSRE97] (air)oll A 24313
SRS HEE 9 ARAA EEE AEg
FHET 34 AlEe o7] ARl Ay
WEshe Bl 3P EA A4 B ARRYE
Wl =A% zetzvl W& 53 (ICP-OES:
Inductively Coupled Plasma Spectrometry, Optima 5300DV,
Perkin Elmer)S ©|&3Ith. =S A3 $I8k]
o)A 3] (Beckman Coulter LS13 320, U.S. Ay
o] &3ttt AlE= 100 m/ vlolgel] 98E °F 05g F
4 & E4HA|(Cerasperse CF44, San Nopco. Co. Ltd.)
£ 001 g 7RI 302 2292 Al & 24t
At XRD ZAAA #4418 XRD(X-ray diffraction, Right
D/max 2500v/pc, Rigaku, Japan)E ARE-3IATE AR
b &v]7d (JSM-6390, JEOL, Japanye AMEsle] A4
o] mAlFRE AT 28A Y] FEES A1HEY

Table 1
Chemical analysis result (before acid leaching)

AZTEHE(%) = L-Li, 100,
AEE %) = 22« 100,
!
FTE5E%) = L= 00
L: AgAHe] Zo], L;: %% AA

Free ojzsuds Wor 2Asdr. F58 AN

e ole)st 7t

= W, — W
_g‘/\(}(%): 2 1

%100

Wi

(sericite)2} HE

Element (%) Taebaek special A* Haenam* Haengnam* Taebaek A** Taeback B** Taebaek C**

Aphae B**  Aphae A**

Sio, 80.9 82.3 80.9 78.1
ALO, 12.7 12.6 12.7 144
Fe,0, 0.58 0.1 0.58 0.65
Ca0 0.02 0.01 0.02 0.1
MgO 0.14 <001  0.14 0.22
K,0 123 0.04 1.23 3.76
Na,0 0.03 0.01 0.03 0.06
TiO, 0.10 0.13 0.10 0.08
MnO 0.02 <001 001 <0.01
P,0, 0.01 0.05 0.01 0.01
710, <0.01 0.01 <0.01 <0.01
Li,0 0.63 0.03 0.63 0.01
SrO <0.01 0.08 <0.01 <0.01
Cr,0, <0.01 <001 <001 <0.01
BaO <0.01 0.06 <0.01 0.02
Ig.loss 3.53 447 3.53 2.49

76.0 76.1 74.0
15.5 13.9 16.7
0.87 2.26 1.04
0.12 0.13 0.11
0.31 0.33 0.28
4.01 232 4.16
0.09 0.03 0.15
0.10 0.41 0.11
<0.01 <0.01 0.06
0.02 0.04 0.01
<0.01 0.01 <0.01
0.02 0.43 0.03
<0.01 0.01 <0.01
- <0.01 <0.01
0.02 0.01 0.04
291 3.96 3.30

72.9
16.9
0.73
0.17
0.28
5.49
0.50
0.07
0.06
0.01
<0.01
0.01
<0.01
0.01
0.01
2.58

*The PSs were refined as received.

**The PSs were acid leached in this work.
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Table 2
Chemical analysis result (after acid leaching)
Element Taeback A Taebaek B Taebaek C Aphae B Aphae A
(%) (Acid leach) (Acid leach) (Acid leach) (Acid leach) (acid leach)
Sio, 76.5 73.3 74.2 67.5 74.4
ALO; 15.8 17.6 15.8 21.0 16.5
Fe,0; 0.54 0.81 1.91 1.12 0.41
CaO 0.04 0.04 0.06 0.05 0.06
MgO 0.20 0.34 0.34 0.31 0.24
K,O0 4.11 4.46 2.74 5.19 4.01
Na,O 0.08 0.09 0.04 0.17 0.51
TiO, 0.08 0.10 0.44 0.16 0.06
MnO <0.01 <0.01 <0.01 0.02 0.01
P,0; <0.01 0.02 0.04 0.01 <0.01
Zr0, <0.01 0.01 0.01 0.01 <0.01
Li,0 0.01 0.02 0.44 0.02 0.03
SrO <0.01 <0.01 0.01 <0.01 0.01
Cr,0; 0.01 <0.01 <0.01 <0.01 <0.01
BaO 0.01 0.02 0.01 0.04 0.06
Ig. loss 2.58 3.10 3.86 4.40 2.38
#=(Kaolinite) B= 42| 44 (Feldspar)s sk 12 00
FEEA 2 SRS BHITAT ANHO 80 % o <
el SioeF 1~5 % uiele] ¥Ze dREe zheth Meansize: 5.7:m | 80 O
’ hd
[2]. 959 AWFe Fest, Yo =xp]e] Ade $ 81 Mediansize: 7.3um | 3
2951 HE(Fe,0,)2] 3ol tlsiHE ZAEA e *g | d10:1.9m -
e QR =A o] 7 1% ol A FrEe] e, 3 d90 : 13.9ym w0 E
A 5 10% Hel Wt gdEe 3 5 Ui S e 2
(Table 1, 2). =3 FEIRgE 3o dze] o=, , | 0 =
AlEe] Fsl= B SA, sid, Aar] =4 A £
5 N =
T, €22 (K0, Na,0, CaO, MgO)°] o] 4k 0 - . - . 0 Q
0.01 0.1 1 10 100 1000

AT B, gt v A8 & 5 ek 2

2)E Y A/B/C, Y3 ABe S, 4ZE AEK,

Na, Ca) 3ro] 4.23 %, 4.59 %, 2.84 %, 4.58 %, 5.41 % Fig. 3. Particle size analysis result of pottery stone (Taebaek
gl L= - b . H . H . 5 . . lA )

Z g EA, s, A9 1.28 %, 0.06 %, 1.28 % special A)

Hoh 9 555 & Ak o2l oF =ojd Ao

Particle size(/m)

_ _ oy = S Table 3

Ak, 285 240l T WA FTE 8] 580 Particle size of pottery stone

zJo]E Ho =] o|#3}t AIZHE Akx Ao -

;f]- 15 = ]7_-” o 1L_ AAmiE e 3 Mean size D10 D50 D90

HiES AAste Helrs adzo|ARt e AAd (um) (um)  (um)  (um)

= 719 Yol g2 & ¢ Utk W, AAE] & Taebaek special A 5.7 1.9 7.3 13.9

Ee B EA, 3G, ER] 24 A, AAE Haenam 9.2 33 7.5 16.4

oA QL AARE FHo] EFUYSE vFef e 190 R

R 2k3}; 2= )T Taebaek A 13.7 24 120 269

Ak 7 sl Taebaek B 8.8 1.8 7.3 17.8
Taebaek C 11.8 3.2 9.4 23.2

3.2, QB Aphae A 18.8 29 15.3 38.6
Aphae B 7.9 2.1 6.2 154

A A=A EE A/B/C, W3IEA )] YEE= mean

size 8~18 umO 2 AAE EAENY 5A, sid, AE)e] & EEE RS & F Utk ole AAE I8 T 4

5.7~10 pmell W]t sizeZt & Zs SIS & Atk AR 7R & Rk FA-A sisrE dojuvt d=TF Aot
[e]

(Fig. 3, Table 3). 2]l &2 AP} Bol A= & FHee 74 + ok
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TAS FERYoZ LRI, AA A9 (Quartz)F + 2A100H(Diaspore)H,0 3)

3KAISi,O(feldspar) + 2H,0
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F=s 1 A, A 493 A (Feldspar)e 2 73% A
5 AZHRIE =R M2 waksle] $Hske 7397t

1
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He B e F HERE UTE BUERe A

2K AL(AlSi;)O,,(OH),(Sericite) + 2H" + 6SiO
ek 50l 2R AAlo] WATo) AETH3-T] A8 SOOI Serele) o

. . + +
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2K AlSi;04(feldspar) + H,O ol ‘—7:1 omol Aas = QPET s Fhedl, A
— ALSi,04(OH),(Kaolin) + 4SiO,(Quartz) + KOH (1) e e TZ ?T SE= Ofan TheEw, O

ALSi,05(OH),(Kaolin) + 2Si0,(Quartz) 4} .o Jo= W7}
— ALSi1,0,(OH),(Pyrophyllite) + H,0 (2 wHom AAHE el A=rt AX sedstewrt &
() Q : Quartz(SiO,) (b) Q : Quartz(810,)
P-P hllit Q H : Halloysite
- Fyrophylite T
Teabaek A QA QQQQ Q Q
~ P PYP/P QQQqQ Q Q -~ H H Haenam
= = A % N
= o)
‘E; Teabaek B 3; ( Teabaek special A
Teabaek A
}E) Teabaek C % P P_P)P
= = Teabaek B
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.,' . , - AN A " A "
o - ‘ | _AphaeA
| :‘\phae B | AphaeB
5 s 25 35 45 55 s s 25 35 45 s
Two-Theta(deg) Two-Theta(deg)
Q : Quartz(SiO,) d Q : Quartz(SiO,)
(C) M : Mullite(3A1,0,2Si0,) ( ) M : Mullite(3A1,0,2Si0,)
C : Cristobalite(SiO,) C : Cristobalite(SiO,)
Qc e ¢ | C S
- M_ox YL M -~ M ML Ao Q
- Haenam =
2 A f; '\A__J A Haenm
Z l PA— £ | Teaback special 4
.E I DU VD BN A A e A E e | | W SRS S,
e Teaback A 3 Teabaek A
E A J E A
o Teabaek B Teabaek B
Teabaek C Teabaek C
‘* P . ...
—*“'7 |‘ T Ap;,;;/ L Aphae B
s ts a8 15 pa a5 5 15 25 35 45 55

Two-theta(deg) Two-theta(deg)

Fig. 4. (a) X-ray diffraction pattern of pottery stone before acid leaching. (b) X-ray diffraction pattern of pottery stone after acid
leaching (c) X-ray diffraction pattern of pottery stone after sintering at 1200°C under reductive atmosphere (d) at 1250°C.
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Al 03-ZSi02)§ 7Pgste] ALkelen, ymA] gE
R 7188 (ALO,2Si0,2H,0) Al ZE, 494 (ALO,
48i0,-H,0), quartz(SiO,)Z 3% T},

2RATEEE T8 SAA L dvE SR dwt
Aoz F EA4L wHlEske 540l oA FrE0l
oW FELE AN WY F4Eo] AW FEES
A th(Fig. 6(c, d)). T=& EHMA/B/C~USHA/B > B
WEA> P > g £o2 Yept) olge v 4
S5 FT8€ A3 "RHRE =43Ed EXlske

o] shepel AT AAshe slom e,
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Fig. 6. (a) Absorption rate of the samples sintered in oxidative atmosphere (b) in reductive atmosphere. (c) Contraction rate of the
samples sintered in oxidative atmosphere. (d) In reductive atmosphere. TB: Taebaek PS (Pottery stone), HN: Haenam PS, AH: Aphae
PS, HNJK: Haengnam PS.
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Table 4
Chromaticity values before sintering (before acid leach)

Taeback A Taeback B Taeback C Aphae A Aphae B

L' 8850 85.65 79.68 84.28 82.1
a 151 245 5.40 226 4.00
b 854 11.09 18.81 9.91 15.11
3.52. A=

B Afelrs, WA & W d5e] AFe vwshd
HALDEENY 5A, s, 3277 vgA Ls
A/B/C, St3ll A/BYll HIBt] 2Ex ] (A yHolle A=
7h E2S & Aok AR A 24 WAET} A
B AT ZET} YTl Table 49} 52 HH WA o]
o1zl L' kol AkxlE] AAF w=Alo] 90~94 %= A
o] 82~89 %HTE =& AL IIT + Uk A
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Foll= Ej® A/B/C, &8l A/B EAE AR 90 % W
o7 IS & 4 Aok

A8l 9171 &3 5o WS vl HAFoRE
WA= 7RI, A A5E 5A, il Al
71 BIRA AF5E AB/C, F8l A/B)l vlske] WA=
7} =22 & 4 JtK(Table 6, Fig. 7). 1200°C, 1250°C
28l B-2)71ollA AAdet AdAe] vlaela] HAl YRe
WAL o WALl ozl L' gl 95-97 %=
HIAA 459 82~96 %Xt =2 S I + Aot
o|AL A dze] HEgEo] 0.11~0.58 %= HZA €
B2 2428 98041191 %)Hrke BR ko] 2t
7] WlFo 2 HAdE) Yukyog AgAe] wAas= A
AbelE, 59X SeRT FBES &4, &Y 2= |
st 2 A B9] ut G, 2 A7A Tl

a4 B7IG 24 2% e HEkE HolA] &l

Table 5
Chromaticity values before sintering (after acid leach)
Taebaek special A*  Haenam* Haengnam*  Taebaek A**  Taebaek B**  Taebaek C**  Aphae A**  Aphae B**
L 90.18 93.67 90.18 93.51 90.72 83.21 92.20 88.41
a  —034 0.35 0.37 0.26 0.96 3.97 0.62 2.56
b 3.95 2.26 5.86 3.31 6.28 16.04 4.86 11.91
*Refined as received.
**Acid leached in this work.
Table 6
Chromaticity values after oxidative sintering
1200°C  Taebaek special A* Haenam* Haengnam* Taebaek A** Taebaek B** Taebaek C** Aphae A** Aphae B**
L 96.03 95.92 95.59 93.78 91.70 82.1 92.79 89.15
a 0.50 0.24 0.73 0.78 1.74 5.65 1.60 2.93
b’ 2.96 3.38 2.40 4.98 5.71 10.09 4.89 7.86
1250°C  Taebaek special A* Haenam* Haengnam* Taebaek A** Taebaek B** Taebaek C** Aphae A** Aphae B**
L 96.18 96.94 96.08 89.87 88.16 80.23 88.91 83.00
a 0.30 0.52 0.60 0.64 1.33 3.90 1.02 1.42
b’ 3.70 1.25 2.61 6.95 7.34 12.41 5.66 8.09
*Refined as received.
**Acid leached in this work.
Table 7
Chromaticity values after reductive sintering
1200°C  Taebaek special A* Haenam* Haengnam* Taebaek A** Taeback B** Taebaek C** Aphae A** Aphae B**
L 96.35 96.26 95.82 90.92 89.53 82.24 91.14 84.68
a -0.03 0.42 0.45 0.30 0.48 4.71 0.48 0.15
b’ 3.81 1.78 2.20 8.57 9.45 20.84 6.77 5.26
1250°C  Taebaek special A* Haenam* Haengnam* Taebaek A** Taeback B** Taebaek C** Aphae A** Aphae B**
L 96.20 97.31 96.09 86.27 83.87 84.00 86.75 80.94
a 0.26 0.15 0.27 0.29 0.36 3.78 0.24 0.5
b’ 3.33 1.95 3.12 3.29 3.71 19.11 2.21 491

*Refined as received.
**Acid leached in this work.
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Target O Sample @ Other X Sample @ Other X

Sample @ Other X [ | Sample ® Other X

Target O Sample @ Other X I Sample @ Other X

Fig. 7. (a) Chromaticity (color) of pottery stones before acid leaching, (b) after acid leaching, (c) Chromaticity (color) of the sin-
tered samples at 1200°C in reductive atmosphere, (d) at 1250°C in reductive atmosphere, (e) at 1200°C in oxidative atmosphere, (f) at
1250°C in oxidatve atmosphere.

o) dlukol whet WAL} Walsls S BT o =2 AS 2RI & Qo) o]AL 4bs) A Y-
3k Bo7ollA AAdEE AJHe] MRS vlwEhd AA] 9 miRyxE HE geke] ko w ke

Hog WAL= HSSE S BRATK(Table 7, Fig. 7).

o d3s], A A5 E FA, e, Ay BAA A5

(9 A/B/C, §tEll A/B)ll HIste] MiME7E 235 4 4. B

 ATh 1200°C, 1250°C AR 70 2438 44

Al vlaolA FAYES] WAL Fom wWAEo] HuUlolA] AAbEE B, SigEd], Sfsl=A, o
A7l L Zro] 95-~97 %E HIAHA| AT 80~94 %H  HEAS FHEl, AAEA S A8E A F 4

=y
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AR Az, =27 2AZA ] BAS Hrlsiith
AAHA e =X E A/B/C, 3l A/BYS A2 s}
of WA Aske] F Alo] HE i (Fe,0,)0 THEFS
1.0 % olst2 FHaArzoy, 95 x3d ¢EE X
el A9 ke AanA] eol AAl AR EIEA,
g, el 2d SA400A 2ol Hol= €kl F3
o} ATl BT A9, Ag|=EdEe| E(Crystobalite),
EZo|EMullite) 2 Hlslith 24339 488 H)
WA/B/CSFHA/B < BIHIEA < g <3ld o= o
Rt ol et S48 AFE §A9 JTE ke A
o] geFo]l w2 A9 ARSI AVgA ] WS H]
WP A B T, AAFow wAtEs Z71819
ol Betal, FALSENEA, i, Ayt A
25t B4 AEE A/B/C, 43 A/B)l HEte] W
A7t =2 AL T = Ao, o7 A Y59
HEgFO] 0.11~0.58 %= RHIEA YEE s o
F(0.41~1.91 %)H e Ht Fefo] 2] Wi ez At
=, MAES Y77 fside F7HQL BAIE

o] davks & Atk

HAlel =

B A AGEAREY A AR
Ago= Y,
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