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Abstract

Although the use of pottery-making soils has a long history, its use in the pottery industry requires that
physical and geotechnical properties of the materials be established to define the suitability for various
purposes. The main purpose of this study is to identify the different types of clays and mineral com-
position and to perform the geotechnical evaluation of the clays for making pottery products. Soils
investigated in this study include raw materials used for making Baekja (white porcelains), Chungja
(celadons), Buncheong, Sancheong, and Johyung. Pottery-making soils are manufactured by using
different types of soils and sold by individual ceramic clay company. This study includes physical
tests of soil and chemical analysis of major elements using XRF and XRD instrumentation. Grain size
distributions, mineralogical composition, and a range of plasticities of soils for making different types
of potteries are presented. Correlations between specific type of pottery clays and geotechnical and
mineralogical characteristics are determined by comparing the test results. Since quantitative research
using laboratory tests for pottery-making soils are rarely performed in Korea, further research should
be done in the future to improve the Korean pottery industry.

Keywords: pottery, ceramic, pottery-making soils, mineralogical composition

25

A7) ARSI AER] A8 27 SRS TP A, A Al B4 B Ao w 584
& oren Access 83171 FIaARE o) $ro] T B2 S48 Aok ik o] A7 BHE the o) Aol o
“Corresponding athor: Hak Joon Kim sjod A7) AR AR Bald § RS )T BNkt Ak o] AT Fisto] AV

E-mail: hakkim@dju kr

et ISRk H] 0 2 Ajzisle] de] fofsla g WA, P AR, AR, 23R tet
Rec?ived: 7 December, 2022 \:x/n-]/u%q ‘% _ronc,]_ocl_]_j XRFQ‘XRD _Erj\jl_‘%, ],oq 5 ﬁ_lj\ JJ_:[L}\-]JJ.%Q 7931@]-0]- 1:]— EHE—J
Revised: 19 December, 2022
Accepted: 21 December, 2022 T ZO YR, FEAE, 71 HOIE ARSI AdAE Hlaste] ZF AVl B4 &
(© 2022 The Korean Society of Engineering o] LA S A= S E O] BA W BEXA o A S AASIILE Ao ERATS &
Geology

=
Thisisan Open Accessarticle 6 & 2] RN A7t ulget Aol Bg 5 sl apr] Abed o] IS Sl ofe] tie
distributed under the terms of Ao o O =]
A the Creative Commons Attri A il A7t ‘__.__9_0]-1:]-_
bution Non-Commercial License (http://creative-
commqns.org/llcenses/by—;lc/4.0/) Wh}ch permits _7|~_3 O.I: 51}7], A‘]]E}EL EHF-‘—, _Tg-%/kévli_
unrestricted non-commercial use, distribution, and

reproduction in any medium, provided the original
work is properly cited.



A7) Aol A B2 et shed), R AR RS 7k RS ol olejdh B i ofst
o £ /1S W, 50U A2 Bl DFIE Y Lol R A1) Ad 48ck 320
ehe wAp] Al Bast DRE, AR, BA, 7, A8 g 9t ulmd FHstel mA] Azo] Bushidh

B Fha A plasticity) Qo vl ke P PR 7k AR o)2e Thslel Fehs Mg A7 wes
APENE AR, kA YR HEE Sio] JHIAH HARo] LA Aol 7RsaA| 1, AZHH BkslAe]

G2 7t5PA 22 %|o] 242 Atk TR (kaolin), B2 HE, =4, MEo] = So] 7144 flze] st WLt
olEL BRRRES F PATER HERA BEe] 43S F7FHA 7hade ol 282 dick
2o

H7FA dme B Sobotol e 2t o] A717] b= o, HES] H2telS HsiA7| AL EA7| o] sA:,
B WA, = AN 717] YoM ARSRct 14 (silica flint), T1AKsilica sand), 2-4(talc), B-2*(dolomite) 5

ol vk dzoltt. p2uet At Zep e 99l $o] shbs ol 714 Ur H7ta/d Yot o] v
oI}, =iell A AF e HES Rl tiet A+ o2 Akl efste] AlA = t(Jeong et al., 2013; Kim et
al., 2017; Kwak and Jeong, 2017).

URFA 0 = HEo| AlHE Fol e AF 82 ST #5580l 71X ‘3”“94 7Fs/del AR, A=
B ARME S7IRICE HIER ARSE ] SfeliM= AR5, A, HEr5, 2455, ek, 284 5ol 119
wojof sh=t| 2k Adefioll M AFT Gt HERFC 2= ol2fet 252 ‘ﬁé@# gltt. HEo| F2 7t 75, 5

ot A oA Yshs Ade 2] R U s I 2ol 24T 4 fle e BT R o R FOf Tt
dolut Fzteo] AR AxrFolu aAdeSE Sl S5k A7 Tk U'JrEW EA] 9] G0l gho] theet
UL PR EI HE ASTI

CAP I HE, ok 442w wet o] delricy, oA BlELt-§ote] 3k
Ajo] TeFaiA]7] whzolch, Fujo] ezl wAl]e] ERolis v, 44, A 5
Zale B R0 HEL lone 7t rAy|Us e S5 HEsl g,

@A U] BB of2] AVl ofsto] BAE (white clay), "84 (celadon clay), 8 &, A E, 2 E 50| &5
HE gt = e, 2 o] Hieh S8 2Rl =AVE = AlEe] A2l Hiet EEeb | fle Aol & A
s ATl T =L Q= BEC] Hiet 2214 B d=ohy E4da wefstalh s&-7-2] ’ite Alzof tieh Al2A, 1
SAREA, oFE ML AN B} FE 3 B SPel 2 AT, T12]al 55R0] Bl Rl Histe] 24de vl &
Aot om, FEEAS Tt 24 e Bl sttt Rt sfeloflA] Al Atlefl ARgSkal = &0l EotA 5=

H] W SFAH.
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T2 &0] 3ok E/dutete] o] 8 Hrh AT A2 KS F 2304 17801 &5to] HASIR o™, ZF Almntet 3214 4

o] bRl B4 motoh=t] Ao 3719k dEi i uie F8okt &9 YIS Aok] flof Al
(sieve analysis)¥} HlZ A4 (hydrometer analysis)< 535t A4S W2 Bi§7 Ha5ll YAISHAl 270 Al=
£ 72 5 Z Aol Holtle &2 FAE S7d5t0], 20 A& Faet Fol Mg sute) < Aktet & =22
TS 251 A Moo w2 2L Table 13} 2,

H|ZAEA-2 No. 20084](0.074 mm) S S5 A& 50 g7} & 125 mL, E4H|(calgon) 5 g2 WHE7|S o|&5to]
gisto] FAbE SHARE 27 65.7 mm, =0] 457 mm2] 1,000 mL2] HIAAR T o E-2 F| S/7TE AN T 1,000
mL O] BISA| #48 A 55 WS BISA a2 Altol wet Slskaint.

_4

Table 1. Standard sieve sizes and their corresponding open dimension

Sieve No. 10 20 40 60 100 140 200
Sieve opening (mm) 2.36 0.85 0.42 0.25 0.15 0.106 0.075

Az o) A H 3w 23S A B AR o & miefsr] ffsto] X-Al A4S 4-lstSlnh Al= o] AR 42 107119
T8 RS e o 2 njelsl| floted =7 kel A H At iRl 2] X-A1 3342417 (x-ray fluorescence spec-
trometer, PW2404, Philips) 2 245} .0, 4742 QT4 kW, 57 170 mA°|th A& o] HaE ZAAS Hafy oz
ntolslr] flste] FLRt 7| el A X-A 3EEA7](multi-function x-ray diffractometer, X’pert pro MRD, Philips)= &
ATt 245702 3000141 70° Ae]9] 21 8ZH2 6), 9L 40 kV, 730 mA, 5=Ak= F-E(Cu)eltt

17 77 % Eo|

EfES| (=R

IS 1A B ol Lt BT 0] U6k Bl 301 0TARE FE R AL, B2
ol HIF AR AL Sto] YR AS el giet. BA Aelo] Shbe A, 37pAFe) e vt 93 A e ol Fig.

17 22 PR AridS 9 9, ASTM(1980)2] AR whebs] &3 2ef(4.75~0.075 mm), 15(0 075~0.005 mm),
4 E(0.005~0.001 mm)= F-Fo}Tt,
3 Aol Al ) Wt A, AL, el Sk 242} 519, 43%, 6%l SIEh Table 2). SH9] BHEAF AR 2R
Elo) B HE, UE, 57 T 56%, 30%, 149%2} Hl e ) AE} BT 242} 5%, 8% A, UE S
13% HATHNton and Elueze, 2005; OlaOlorun and Oyinloye, 2010; Ngun, 2012; Amponsah-Dacosta et al., 2013;
Akinola and Obasi, 2014; Ouahabi et al., 2014; Adeola, 2015; Mahmoudi et al., 2015; Mefire et al., 2015; Al-Momani
and Dwairi, 2018; Jibrin et al., 2018; Jongs et al., 2018; Nkalih et al., 2018; Xanthopoulou, 2019; Assuncao et al., 2021;
Aromolaran and Adebayo, 2022).
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Fig. 1. Grain size distributions of soils for making Chungja obtained from three companies.

Table 2. Particle size distribution and values of Atterberg limits

Pottery type Company Clay (%) Silt (%) Sand (%) Liquid limit ~ Plastic limit ~ Plasticity index
. Dongyoung 52 45 3 45 24 21
Backja
Seoksan 55 45 0 48 23 25
Dongyoung 52 47 1 46 22 24
Chungja Daewon 49 50 1 51 27 24
Seoksan 52 47 1 52 28 24
Dongyoung 55 43 2 51 25 26
Buncheong Daewon 56 42 2 54 24 30
Seoksan 49 48 3 51 28 23
Dongyoung 48 40 12 47 24 23
Sancheong Daewon 47 44 9 47 24 23
Seoksan 42 52 6 44 24 20
Dongyoung 50 37 13 43 21 22
Johyung
Daewon 62 19 19 46 21 25
Average 51 43 5.5 48 24 24

37] AZA EHES] Wt Rl SRS FHE 16%F AP E 9%0] 400 2 =9tom] BAE WiztE HRLE = 0~3%7
T2 Agkxotr]o] QJ]lnk EfES] F-F7 ot Azt whet el elafo] AP Bt 2= ZHE 6%, SAFE=3%

B E 0] Bt AE TR HARIE 48%, WAIE QA E 45%, BAHE 44% 8 F215H 2o]5 Ho|x] 9gtot 2P E=
28%= /35| AUt 1o HIE 9] TR ot AlEAte] et A E Stefo] 2P EA= 18%, AP E12%, 9 E 6%
2 2}ol2 BYrh Bt HE TR ZHE 56%, MALE 54%, BHE 53%, HAE 51%, APJE 46%2] &A= HolHr)
T2 22 0] HIEA & Al xALel| whet B gl Zlo) 7t Q=] R EE 12%, w9 E 7%, AP E 6%, WAt
E9F HALE 3%0] k. P E= Rafjo] gRko] 7P moba] 7Ha o] oz B R AE R HES Wol A3tA|A E

E9) 7ta/dS S7HIR Ao & tETh
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AR HES HE-AE-Raj|o] A7 I T of] T A|SHH Fig, 22} T Fig. 2a+= Dondi et al.(1992)7}F A|oF
E-AE-R 9] Q1738 AFRRE Zlo|H Fig. 2b: ASTM(1980)2] E5A4|A41S -85t Ao]ch Dondi et al.(1992)7}
EE 550l 17IAFe] AR EA AEC] 2tel= S Alejolal BF Rl AEZ 3
SAJETE T2 ASTM ] 78-S o851 17 AP EC 2 EVF 247 HED HEQF Hefd HE 9

= 1 R AEZ HEof &3t 2 ARlof| ARG HIE ] St o] oJshH ASTMO| AIQHeE
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Fig. 2. Ternary classification of pottery soils based on sand-silt-clay ratios.

ElE2| 7tad

2 Aol ARG B TRt oFE ¥ L HA| A ole e3liste] ’HE S| 71ade 7oA. of e L 1A A At
= Table 29F 01, o] Z50| AAEE o85to] FUEFH O 7o, 2 A4=E 7 #71E JE(CH) = &
FoE BEES Alefetl BF W A5 7K 7718 AE(CL) = g th(Fig. 3). WALE, AR, ZHE, A%
E, ZQEO| G BAIH ZES 212 47%, 50% (49.7%), 52%, 46%, 45%, 273 A5 (plasticity index)= 23%, 24%,
26%, 22%, 24%°131et. oFE M 7L 1A AAANE FotohH 370AL HIE ] Wt AAISHA, 247, A7) 22
48%, 24%, 24%°1H, Ao A AR ot AIHA|, /39, 223 R14=91 45%, 27%, 18%2 Bl o /et
Al 3% F3L A= 3% Zobx] AAR|4= 6% 5715 Nton and Elueze, 2005; OlaOlorun and Oyinloye,
2010; Ngun, 2012; Amponsah-Dacosta et al., 2013; Akinola and Obasi, 2014; Ouahabi et al., 2014; Adeola, 2015;
Mahmoudi et al., 2015; Mefire et al., 2015; Al-Momani and Dwairi, 2018; Jibrin et al., 2018; Jongs et al., 2018; Nkalih
et al., 2018; Xanthopoulou, 2019; Assuncao et al., 2021; Aromolaran and Adebayo, 2022). THE= 52| 24 55
HaA717] flell Y7ol 2 YAES 7S Bol Zelslal =t WM oo YA A 7 W2 g2 B3k

Bain and Highley(1978)°]l 281 A 2|57} 20Kt 245 =217 Alto]] A gt o] Ht Touvf YF =2 7k4
AL 71 22 Ax oA o B8 g =0 2 Algto] 4P 4= Q1O B2 Assuncao et al.(2021)2 TR

o

=1

P B S 71 ol EE AolM Aletd] AlgE Al xd A2 PR Qlek T3 Assuncao et al.(2021)- Al2he] A
Zho|| Zglet 243912 9 15~30%, 2AA4E 10~35%2 5519t B Aol ARSH 370AT B E O] A4 A4

193 -



L20~30%2] M2 Ho o]2jst AL =519k

Skempton(1953)0] A|tet EAE (activity )= A4 2159} 0.002 mmEch 2R QJzto] vl-geld|, WatE (.57, AALE

0.62, BAHE 0.66, AHAE 0.62, ZHE 0,540 7 A% B BHEE 0,6124 0.755 0} 2H0 02 28 inactive) A&

o St 3¢ EBRE FoN 2 deavte] P 2 HEREL delolE(illie)o]rt 4 AT Mitchell

(1976)°] AIXI3F Casagrande 2AJA]5= I Ho]| EASIOIE EAp7] S50 tib olalo|E 2 T s Qi = 71247}
o

O] AT sl e th(Fig. 3). LRtH .oz dto|ErFFaet T2 712 2rov 5-80] Atk 7ol Sl

MW}
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Fig. 3. Location of clay minerals and representative soil types on Casagrande’s plasticity chart.
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Fig. 4. Clay mineral classification chart.
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EfEC| stebdFat &3 24 24

oA TE] 1 Q= e Eof| tieh St R B4 Avl= Table 33+ 2T Si0, TS EHE(60.6%), HATE(60.3%),
HIZ}E (59.5%) & -GAISH S H 91 0™ AP E(56.6%), ZRE(54.8%) 2] =0 2 oAt B A Lo 24 H 7he 7
AZAIE Tl Poi7l ] BEL] B SiOTHHALE 71.9%, EHE 66.4%, THE 61.4%) Kt AFs] Wolrt
(Singer and Singer, 1963; Gang, 2003; Nton and Elueze, 2005; Chung, 2007; Ngun, 2012; Akinola and Obasi, 2014;
Kim et al., 2014; Won and Kim, 2014; Adeola, 2015; Mahmoudi et al., 2015; Mefire et al., 2015; Al-Momani and Dwairi,
2018; Ituma et al., 2018; Xanthopoulou, 2019; Lee and Lee, 2020; Aromolaran and Adebayo, 2022).

Table 3. Chemical analyses of pottery soils (unit: wt %)

A1203 CaO F6203* KzO MgO MnO NazO PZOS SlOz T102

Baekja 253 1.09 0.93 1.80 0.38 0.02 0.56 0.02 59.5 0.26
Chungja 23.1 1.16 2.46 2.25 0.73 0.04 0.35 0.03 60.3 0.29
Buncheong 23.1 1.17 2.45 2.25 0.74 0.04 0.37 0.03 60.6 0.29
Sancheong 26.1 2.88 2.13 0.68 0.87 0.03 0.85 0.02 56.6 0.25
Johyung 28.2 2.68 1.92 1.22 0.69 0.03 0.70 0.03 54.8 0.30

*Fe,0;: total Fe.

ALOTEFS ZHET}28.2%2 7H =90 W AP E(26.1%), S12HE(25.3%), HAHES} B E(23.1%) 0] 4=0 2 Ut
AUt FAERARNA DojX] ] BIES] Hot ALO;FE W 3= o, WRFE (T 20.7%) 2 AP E(B T 30.0%)=

279 WAL of) 7R B RS T Fe,05 2 Ul HIE Sfebdia iR = HATEeL FA4EZ 7P =
HHZLE 7} 7R LRITE. Singer and Singer(1963)°]] 2JoHH Fe,0; 8 50] 2% Xt 210 H A4 (firing) ol TAH7|
= WS {2 o=t MAE= 0.93%2 7 W3kt Ca0L MgO 2] -2 =] B E Bl -5 LS| AP EA 7F
A 9 ApEe A F4a Sk

HE O] X-A 314 EXof ofgt A=) HFFH]= Table 4, X-4 SJEEN = Fig. 591 At} BES] FHAAFES
Ato|EQ} A J 0 7 717} 52~33%, 44~10%S AFA|SHt. 11 9] a1 Ao] 12~5%, 24, SHA, A4 5 AA=771
25~6% o] et HE HlEE HEGER defo|EV /2o, 1 gAS YA hreith vixtet EHE O] 7
=R e, AP Ew dufo|Eft A o] TR0 & RS ShokA] g Aol £ Aol

N

l

Table 4. Semiquantitative mineral analyses of pottery soils (unit: %)

Mineral Baekja Chungja Buncheong Sancheong Johyung
Illite 33 45 42 52 44
Quartz 34 37 10 44 41
Kaolinite 9 4 12 5 9
Albite 11 - 25 - -
Microcline 13 - 11 - -

Anorthite - 14 - - 6




(a) Baekja Q
Q
1 Ko M| 19 Q Q Q
(b) Chungja Q
ok af fmoee 9 9
(c) Buncheong Q A
1
K
C
AN 1 KK

(d) Sancheong
Q

S NS VU S I

(¢) Johyung C Q

Q
CIK 1 I Q Q

0 10 20 30 40 50 60 70
Position[20] (Copper(Cu))

Fig. 5. XRD patterns of pottery soils (Q: quartz; K: kaolinite; A albite; I illite; M: microcline; An: anorthite; C: chrysotile).
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A e 2YEE 5 W0l Aol gol 2 FEe| o ug tiy 29E, =47, o2 59 Ajlel Aedsitt. i
Ao E 2FES Refiehrde the HEREM G4 £2 16% 24 ZYE| Bleldo] w22 dFd ez 2]l
2 QURIT. AR R} AT Bl O] ool 7 A HELF HEO| Al Fof HlFo] £k o+ F AR o] A
A & slefo] maial 2jol= BEAE]A] QIQkh Lt MiztE L HPAFE || H[5}Y] Fe,0532F0] Woto ] g 3he
Elo] QIA] ¢F2 244 (albite) T BIAFEA(microcline)= 24% -0kl QlojA] Bizke] WAL £ tool= &S SH= A
oz

Tt ARl 314 (anorthite)©] 14% &-E]0] Qlet, oAl FEAo 1418 8ofiste] A=E
= gAH g she A o' A Qi
EJE 9] 7}AAJollA Mitchell(1976)3 Bain(1971)9] 741]/\1@' HESE B=H} v wst-S o, Mitchello] A|AISH
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h(Fig. 3). 13U =2l 2] Aleteite] Bofof|x] HEZE ER7of d7] ARex. Ola, 1981; OlaOlorun and Oyinloye,
2010) H1 Q= Bain 9] 272 HES] 74 =2 114 0 2 sto] Aol A3k BRItk Fig. 4). Bain(1971)
olgslo] HELES ER75H= Z1-2 T E(monomineralic) 2] 73-9+= 7155, LElo|EQL e &

el
=
g Aol B2 A7} 497 ek sl w3t detol ML 24 E] AR S

AT G0l = 47] ol
N EA A HE fR o= A5 08 IHckA] gfo s itk 5190w o] 23 o|f& Fig. 40l Aefo|EE Z3lo}
2] ke A o2 AlmEt 5719 HE AR U] E §7F0] 33~52%2] H$lo|H, W42 4~12%2] FSI= i e
22 RS KRl whahA] &0 Aot HAPTHAIE o] 83t Mitchell 2] w7 0] Yeto| EE §EYo}A] £5l+=Bain
o] R HETH | E o] HEFE wof o] At 2 o 2wk,

L2 TR0 HEANAZ Azt whet HESF A E O] §5Fo] 3~18%2] & 2to]7} qlok=tl, 578 =A] Aol Ha
e 7HA YT 5E Tol TR QIFEe| PRk nIAY| iR o= ket &, MEYE Soll 2R R0l E] 3k
o] EAU Hefjo] ehfefol Yo e HERFO BT QR Sl kA9 St It 7hssitt e i) B E
AAAE S8 EE /9] AFAR] A7t nlEs AdH o B2 3k S AR Abd o] S floiAd= olof gt
F7H4Q1 47t B asich

>

Li(2020)7} AR /2140l ot M E 7ol oot 2 7ol ARSH HIES] &Rl 717 o[ ge| 2=
Eofl s dnt. MAEE T E| ool e HlER w2 Zloz defH il YRS el =34 &l
oug 7paAol YE Ao g oYdsiglet. T12fu 37 BlES] A/ R]5= 20~-30% (Ft 24%) 2] 9IS HIlow 7}
EiEE R ik 2fo]7} §I31rt. 37hAF B ES] A/ |42 Assuncao et al.(2021)°] A2t Alatell TS Y= 272
O] 9191 10~35%9] 22 S5t £HES] 9ol AV P Wetowt 4= 71 ot 4%
A Al T SR HESY ARSI o)A 2R B2 Befle] e 7H o HES i 7 =
Ot 7ha/dell 2 AtelE HolA] g2 o= Hekdr:.

WA 50% o1 F2 X7 A o] 22 ehrrd o o AP /w0l 7He sttt 2 ol A
o

A}

oL

A

ol
S HES2 BHES AlQIetL BT WITATT50% olstol et A detAT50% ol del &2 A4 =7t Al thge]
e TR lom et AR 7Sttt wWEbA tiRe] A AlRE &2 WA 50% ofsto] &
A5 Folo] A=A

Z4
2E

AZ2) Aol 2B Hl .0 2 Al 2sto] Hollshs e IR, YA, AE, BAE, 29E) 1340] oieA)
24, 5] A%, b 1] A1, XRFS}XRD B4 F3le] Sfaby B 7ARE 24 A dEH o o
sl ket e,
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