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A Sientific Sudy for Physical Propertiesof Celadon in Firing Experiment

U FES LAY
Han Min-su, Hong Jong-ouk, Park J-hee

(ABSTRACT)

This study is to be investigated through firing experiment in studio in order to reveal a physica
properties of celadon according to change firing temperature.

The results can be briefly summarized as below;

Firstly, in measurement of color chromaticity, samples of first firing in body were effective in
differentiating of changed color in samples from each other but there of second firing were not. The
color of the glaze was more effective change than that of the body.

Secondly, bulk density of body was increased with temperature and it was attained highest point in
1200°C Additionally, water absorption ratio was most rapidly changed between 1000°C and 1200°C
Thirdly, in the microstructura analysis, body of samplesin first firing have not specific characteristics
in the changed patterns of microstructure. body and glaze of samplesin second firing have many that.
Conseguently, we knew that this experiment can be provided researcher with physical properties and

firing mechanisms of celadon.

I, |ag

25 *}33}7] AZ ol A QlF = E7|(clay ware), =7|(earthen ware), 47| (stone ware), &}

7| (porcelain) 5& -4 i e] ALEalof o o]t £& o] &% 7|E 9 AR HAE - v

) oke, "EE] A7) AR, A LB ED, p.204, 1982
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g A2 SN AL A7 HE ol o mef AR FARA S R S, g,
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A%, T R A, QA p -2, 1988

Kinger y W D, Bowen, H, K, and Uhlmann, D, K., Introduction to Ceramic, Wiley, 1976

H2®E ﬁEH HmE S BT WA, hRKEL BELE2MRT p.1, 1993

P. P Budmkov translation by Seripta Technica, The Technology of Ceramics and Refractories, The MILT
Press, p.505, 1964

6)%%@*&”1@& DERFA AZ NG, AR, A 233, p.67~75, 1973
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Photo 1. Samples formed with modern material and fired in gas furnace
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2 &4 A ALY A $E= W 3T /minolP o, F 24T 4080 22 Hgich
A HLE 9T0To| A SAITE 247 ThE SR SATE a4 8o, & 1347 4080] 48
Tk 29 F AN A 2R A &5 = e 1T/ minolgith ole] HE &% A &
A2 Fig 1, 29} T

It A Ago] B F AT S ZeTh A7) Aol e A2 E-870T, AR -1350 Tl
Zfol qref A 2 8] WZHA B 9hE s Al (2 -8707T (inside), A -1350T (inside)| 2.2 8
stglon 7imhel Ha L rs Asko] 445 AT (thermocoupleyd ol-&-3kel S a5ict, A2 3
AHE 7 a2 2E R HESG RO Ak 5 593 54 & it gos E4agr,

First Firing

1000

‘ —— Time vs Temperature

800 A

600 A

Temperature -,

400

200 A

T T T T T T
0 50 100 150 200 250 300
Time{min)

Fig. 1. The temperature rising curve of furnace in first firing experiment

9 Z7% o] AY AT Ralg A TTA7iTE o] g3 e £ YU FS LN HE

149



Second Firing

1600

—— Time vs Temperature

1400 o

1200 o

1000 o

800 +

600

Temperature v,

400

200 +

T T T T T T T
0 100 200 300 400 500 600 700

Time{min)

Fig. 2. The temperature rising curve ¢f lurnace in second firing experiment

YU PR, AN AE S Soud B e ga) 22 47E &
24 A osioke] et mwl oA HA2 Teel QlnivlE mU S Ay Uy
225 A 7 AA AA F 1004509 OvenolA] 24417 Az sk 23 shich

7} &3t 4
T D65, 2A WA ¢ 20mm=

A=A (Chroma Meter, Minolta, CR—-200, Japan)=
ofel A2 ohE 3g A0 Ba g rokglen, A= KS A 00899 4t o oA ste L*,
a* ¥ A7 MAHA B RA ST

L¥, a¥ b* 27 A 2 Y 98(Commission Internaticnale de I' Eclairage, 94 CIE)7}
1976'd0] WAH FHo2 AZ A0 A 53 HEF 7 AP o] shpA, F4 209 ]
oA = CIE 19768(L* a* b*) AL 7tole} 2w CIE LARE ZA| 3",

L¥, a* b* A Ao ofF A (AE*ab) A4t W & o5 Ao

AE®ab = [(AL®+H Aa*) +HADbY]!

10) S=EEF ), KS A 0089 -4 A - (A et E,, 2005
11 Commission Internationale de I' Edairage, "Colorimetry —Second Edition=", Publication CIE No.15.2, 1986
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;élgﬂ H\% = Ww/(Ww—Wz) ............................................................... (1)

BT H[ZEz Wi/ (Wa—Wa s i (2)

E_/'\_%(%) ‘(Ws—W1)/W1X1OO ......................................................... (3)

7"E7| jl_T'_E (%) (WS—WW)/(WS—WE)XTOO .................................... (4)
mA A 2

248 AR AHE tolol2t At (Diamond Cutting Wheel, Minitom, Struers co,,
Denmark)= A% 277} HA A& & 2504472 wd o] 22 o8 42 A AL, C*ﬂiﬂl
S o] vhe e shgioh azE ARES AvtA #120, #320, #500, #800, #1000, #1200, #2400,
#4000% £AYSE AHGotol AL o Fo] A= e} §lE wizbAl Antotar, 3met 1me] FE
A olgoke] Hwe AU gof Zhgehlet, antg o2 22-&(Ethyl Alcohol, += 99.99%)

DEIFEZFE KIS AQ0BT - L* a* p* TAA L Lru*v* 284 9 «lﬁPgXl*lH AW

Tt A et s, 1996
9 HITIEPE KIS L4008 -EA7) 9 T4 Euu$ 2R7vZ U 27289 234 rs

= TEAQIE | 1996
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2 A sto Az A7, EAHHT 5nf,Deionized water 25ml) .2 = of wha} oF 5~ 3027 oA
(Etching)A| 71T},

75 Al o] e -2 3| o] 7 (Optical Microscope, Axiotech 100HD/Progress 3012, Carl
Zeiss, Germany)S.2 #Haslg e, AAE47| (Image Analyzer, KS 300 System, Carl Zeiss,

b -
Germany)Z ol&-3tel HES} §0F 5] 472 2434,

V. 24437 9 33

1, Mz

S G, YA, 1R, o EKD ol S0l BUW SRS st g 55 fore o
B9 2 49, PN, WE FO2 Y Me| O FH E AT HOE Fol TYEHT o] o
Sol 2433l A 48] et felab} APHT, WE BY7IL BR OF, W7 S5 kel
e rerE AR TR WS O 98 G385 S Seld Yu Y o

Fig. 34} o] whapeh A 5o] dof itz Flh,

AAEo] FoF ol UAE WS WA BW o] 24 ofA U5 WitAb} dojifa, FabE WS e
EA etz A0 2L 7|2 = S| fef F ek Aol Yol dth E S E ef 50Ro] A Hof A
2 A E 5 Y= @ Hlanorthite, CaAleSi20g)elW &2to|Elmullite 3A120z - 28i02), 73] 4]
(wollastonite, CaSiOz) 5 B8tAL 225 Yo}, Y fEfift7ha Fabg U HE 1
of @3z AF A YAV 71, B9 E F2 o EEdte 354 42 dern, ol R
AL M o] L Tl A A Hreperw,

mpeb A Ao BEV §05E0 AE s A 5 Yol s thofE B - 3 A 2go] FA] o
2hg-8ko] e = Aol BR 51}7]94 a7y FHQ ol#f t=) T3 A W of st = da

Az ghol AA|Sh= L* a*, b* WELYe A9 ¥ oFE A=S e, 54 <

HumEy A9 - dE3e 39, AT AR, MRS p 8182, 114~119, 246~248, 1996

Bolge, ' 2AEAY HE Y UIAH’-M?J Gt WA= R, p 44~47, T3~T7, 91, 1998

Vandiver, P, B,, "Ancient Glaze', Scientific American, p.80~84, 1990

Kingery, W, D, and Vandiver, P‘ B., Ceramic Masgterpieces:Art, Structure, Technology, The Fres Press,
p.211~217, 1988

18) G+ |A, A A9 AW A4, 5 E 32 ZFUE, p.8~35, 84~106, 166~173
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0~1000.2 EAIFITH o7]e]A 502 7|22 EF ol £5505 A (white), FS4s Y
(black)d] 7ot 215 oul gttt Teh a*e bk AT oy A HA| = a¥7) (+)deE A
(red), H)¥45 =Hdigreen)d] 7123, b¥7} (1445 Fiyellow), (H)E55 A blue) o] 71

RIEat &
= AL oo, Ax o] gt 2 A ghs V1R 02 AB*abgh (Ao BT 4 gl
0~05(HZ7tE AEE7E), 0.5~150 87 ABE7h, 1.5~3. 08l dE7tE A7),
3.0~6.0(AA % A2}, 6,0~12.0(53] AAZ Hap), 12.0 o|4HEHE AF ] H)oE thg 4 Tk,
A4 Ald o gt Aw SHghe] B2 gE (¥)ghe] o Aol g Lol BT, a*of bHghe ol &3t
X-Vatg o] 22k Hylabe] ®A|ake] A4 Er o] widke] npt A Zro] ofm 3t A 02 wilE=
A5 dotrston HEL G5 S g Table 19 2t

i i Diff .
Incident light T Specular reflection
reflection

L

g oo O. ] Oo o °o . / N % w_;i_arrCrack in the glaze

et c e W L} Q o o p: - . = -

g " o e ° /oo b o @, Bubble in the glaze

a o No o = 0O o ¢ = &

~ oo 2\: e S P A o g s

i, A .
/ 5 7 / j/?///// ’./ 4 /////////4‘?4;,@/// M Rgmnant or re'crystalllzed

a . ) mineral grain in the body

. Transmission P> =% Pore in the body
/ @/4/% Crack or boundary
/%/(,4/// layer of grain

Fig. 3. Diagram of interaction of light with glaze and bedy in celadon®

e

# 0 Drawn from the following reference
1 mEE N HEd 482 59 "AetelAstE, Br=ETAL 1996, p 81, 247
2. Vandiver, P. B, Ancient Glaze, Scientific American, 1990, p.82
3. Kingery, W, D, Vandiver, P.B., Ceramic Maslerpieces @ Art, Struclure,
Technolegy, The Free Press 1988, p.215

19 Commission Internationale de I Edairage, "Colorimetry —Second Edition—", Publication CIE No.15.2, 1986
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Table 1. Chromaticity values ot the bodies and glaze of the samples made in studio and fired

Fired Body temperature

Symbol mpeErE| m o | Ll 1 e | Ty Condition
- Raw materal | 5822 1012) 2002 6238
FF-1 500t 64 00 1084 21 B4) 6838
FF-2 600 6520 1300 24 44| 70 83 Fired
FF-3 0t G577 1287 2404) M 17 the first ime
FF-4 galt 0604 1248 2400| M .37 before glazing
FF-5 870T 66.67) 13.30) 2482 7227
FF-6 870 (nside)| 68.01) 14.17) 26.22) 7390
SF-1 870t 6864 -026 128 6B6E 7625 1200 1956 3103
SF-2 900 6846 021 172 6848 7751 1247 1888 2082
SF-3 950t 6538 032 100 6538 8684 073 1100 1489
SF-4 1000¢ 74441 008 134 7445 B477| 232 980 1626 Fred
SF-5 1060 6806 -085 176 68.08 8314 288 1043] 1806 ihe second
SF-6 1100¢ 6737 016 209 6740 7992 2271058 2080 ime afer
SF-7 1150¢ 67 E7) 006 138 6758 6340 -881) 720 30628 olzing
5F-8 1200 6753 011 023 6753 6210/-1025| 609 3836
SF-8 1250¢ 7072 030 172 7074 62151111 581 3882
SF-10 1360 6776 003 -01% @778 6280 962 727 37 &7
SF-11 1350t (Inside)| 6938 004) 086 6940 8121) -886 861 3924
D HE
add 283 AEA ] HE ot A & AT A, Fig, 4ol 2k To] 2 AEI} A
A BE 09 Zuhd vieh BES) Z7leks GAE g on 0gy) 2o EYL AR A
A, 2 S AR 2 AR g VA R RS e Yo H, 2EE A e 2
EFIPEE Aold Aol S BT H LA Ahdes F A4S 2 Geth B, =H
Mol 24 =7 A e T red-yellow W22 A0 A#iA=E 7HA 1L 7187t &
U248 Ao 9700 H green-blue H 02 F4% YL ¢ 4 Yok, ol ¥R A
<P HES Ao B 4 Erhe A dRT S S a4 2l MRS AL 2 Y
4ol WBE 0T AR £EAHE AL WA 2T AT Golole
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=a

*
+b # Raw material
@ Temp. 500
(Yellow) v Temp. 600
09 ¥ Temp. 700
B Temp. 800
B Temp. 870
25 | = & < Temp. 870 Inside
[ ey < Temp. 870
P ¥ SFE LR A Temp. 950
- . ‘,.' M A Temp. 1000
._,' o @ Temp. 1050
® Temp. 1100
¥ @ Temp. 1150
15 At ® Temp. 1200
Changed .pattern ¥ Temp. 1250
v Temp. 1300
10 4 ¥ B Temp. 1350
E Temp. 1350 Inside
Bl
&
a* o = : T , +a*
5 5 10 15
(Green) (Red)
gl
-b*
(Blue)

Fig. 4. Chromaticity graph for the bodies of studio samples

+h*
b ® Temp.870
ellow! @ Temp. 950
(Y ) ¥ Temp. 1000
25 7 Temp. 1050
H Temp. 1100
M\ Temp. 1150
< Temp. 1200
20 . < Temp. 1250
. @ A  Temp. 1300
4 A Temp. 1350
it @ Temp. 1350 Inside
15 =
.
Changed.pattern
s
v:';.
é W
3
o
A ]
slle ® et
- i 5
-ar T T o T T L +a*
A5 10 5 5 10 15
(Green) (Red)
il
-b*
(Blue)

Fig. 5. Chromaticity graph for the glaze of studio samples

Fig. b= Ad 9] FoF S0 djgh A= & =A15 2otk 7)o foF Zo Ar Hal= =
2 L o)H A E AHURE green-blueH L2 A2/ o, 5 LE B2 EolF7 A
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Het ols wof AR o] AL R HE ] A4 mie d Aol H, 2F o o=} fd
}‘31 EopA Bop B2 o2 A eojgt g P AR e dlolt, &,
Faom 71 o, Al fofo] ¢ g Eo T EA B
oM g dps W A BT slol o, AAe Yol Bl UaF red -

mlo

Table 2. Apparent density, bulk density, absorption and apparent porosity
values of the studio samples

symool | FIred oty Apoarent Buk | Aosopion Msereh congiton
- Raw material | Average

FF-1 500tCa | Average Fired
FF-2 600 Average 249 1.80 154 2772 | the first
FF-3 700 Avarege 248 175 1830 25880 time
FF-4 80T | Average 248 176 16,39 2% | Dbefore
FF-5 870C | Average | 247 178 | 1578 | osgs | 98709
FF-6 | 870%¢{nside)| Average 246 175 1650 2885
SF-1 870¢ Average 244 1.74 16.56 2877
SF-2 90d¢ Average 246 1.73 17.16 2086
SF-3 950¢ Average 283 1.78 17.30 3045
SF-4 1000%¢ Average 256 181 1600 2903
SF-5 10501 Average 251 193 1208 2329
SF-6 1100% Average 238 212 510 1084 Selc.on d
SF-7 1150% Average 23 227 085 148 fiing
SF-8 1200¢ Averege 23 230 038 068
SF-9 1250 | Average 231 228 033 076
SF-10 1350%¢ Average 227 225 (128 0,64
SF-11 | 1350%{nsidg)| Average 227 2.24 048 108

* Not analyzed because soluble sample

156



AN HES S5t FAfo) 335 By paf o

o5 tufo] ot AH A AFe A2 2@ ge 2 sdo] AW 71 72 A0 &2 A 54
T BfLfont, AT 8 HEd a4 Aol YRAEL] BBV} WetEi ofg Hghelo S
U AR ol 5o Tenhked e 28 Hie A oA 1FEe] g Hy AT B F ol
S71eHA fe. &, AR AR AT E, GRS 54 5o o2l v ol o« &
AL A B A ZF =@ AL AT s Pk go] Apol of Alg = o] Aol To] mif B4 o] B2
A vhebd Zlol o, o5 ol g3 (R A Ak =40l Jg e Aol

olg| 3k B3 AR 78S a Bujulgo 2 oAy AR 7|EES 54 gdo] 215t 7|2
W R ste ZHE ghol T, SR FW U o] FHsH RS 55 DT 53
ofehiE Ea B El 0 g 7B R hal AHACE W BAZ T GoER §4
&= A2 HE s
18
—8—Bulk Desity
15 —— Absorption(%)
L First ! Second
Firing <«———> Firing
samples : samples
9
gi Highest point
= of bulk density
IR
4]
s /
3 S
&
0 n : =
’OGQ\Q @éo @60 /\@no %@no 3 @5\ @0\\8 Q;\&O <§’§0 \@g"c ; éoéc \\Q@‘C . \(og"o . {@Q“O ‘ q?g"c 2 @Q“C -0\0& 60\\0
Q\@*cj PRI ,\@Q &
Fig. 6. Diagram of bulk density and absorplion the studio samples
o] 31 %

AAA A EEprhd HEl FeE s wEgE Ay Table 29 Fig, 6914 2 4 )
A 950 T7HA 1.73~1.80A 0] FHE 7R, Ae HEBFE Ho| ] ol 1 o] o] & 4}6}04
1200Co A H2gh0 300 VERYT o]F 1350 0T A s M A 8 Zadith FE T gS A4 o

z
N
2

Ol

0235 A48, "= 391728 -, FEA, p.183~210, 2003
21 ) GFEEE A, RS L4008 -EAY) o §4&, £ F, 221905 U 271289 2R, "HFEUTA, 1996
29 2 9% BA, AY 20 BAT A4, FHHTR FBL 5 3385, $4-106, 166173
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A e 1000074 & S7hetetrl o3 20u) = o] 547 %M% A 2= AL Held &
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T7F1200C g dojd 7 AR 22 et Wik o] 7130 bloating vk o2 ¢ldko] 7 E¢E
= 7ot Bl AaAdE 7t 0= A0 2 feET

Lefuh AR a4 o] ARE HEZF FYEA U TE AS, 24 A FE dAE
of 7l5E°] iy EAokA AL 3k HA Fohs Aol BT ¢ Yo ol & FpEoLt 8
o] #lak FAo] FFL £ Floj,
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2 (feldspar, microcline, orthoclase, albite), +E2 5 (biotite,
muscovite) 59 FEFEo|Th olddt FEFEO| =472 HEZ 2ol 44 I o)A therdt
29 -84 gh3-& oA HHP Q=L HE o Ay olv 4 Hol Fo| dojifal o]z AF
& o HIhf e A] of WE a4 Lo WSS A oA Ho

olel 3t &4 oA HE Y X@H—WQ Fig. Tt 2ol 18] =AI T 4= o of 34 Fofl= i
o] ofghat ohok Rt e o A Hgk Sol dolif kA7) w2 E FAAFIH, 1218 0.2 &
3= Fo AR E A AR oA WA EE A oA 43RS A o 2344 <l oA a2t 23 H
=

50| AAe ol 1000 Tol oA 22 245 =AR7] 9 A5 AsHaEft, vitrification) o 78 &
F8 AL, densification) HH, olff BEW 92 FAdhs HE =4 7MY & - 39
A WEksr 27 010114‘ e 240 e S 27 HoP 18 BE FEEnF o
g A7) g e A4 A oA A H F BEY foFe] £4 5k AlFolv 7E, AR
o] 4% 279} %EO Fe Boletn, A A4 9 @4 58 B AT 2429 ThE Al =

e

FAE—, LT3y A0HMNEE, MEBEK RS, p.6-10, 114~119, 1983
g A4, FEZM 4=y =4 9F, 3AYEgT HAS =T p.i~1s, 2003
54, =47 Gofo] #E AT —"JE FHo R YUY gR WHHLL,pS 37, 1991
Budnikov, P. P., "translation by Scripta Techmca The Technology of Ceramics and Refractories, The
M.LT. Press, p505 1964
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Photo 2. Microstructure of the bodiss in the first firlng samples by optical microscope (6 samples)

Fhoto 3. Cptical microgranhs of the studio samnoles fired after glazing at different temperatures
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