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ABSTRACT

The corelation between surface tensions and surface appearances of SK O5a opaque glazes for earthen wares were

" investigated. The surface tension values were theoretically calculated by using Dietzel's fuctors of constituent

-oxides of glaze,

The surface appearances of glazrs, especially the pinhole phenomena were strongly effected by the surface

‘tension values showing the following general tendencies:

(1} In the range of 3054:3 dynes/cm of surface tensions, glazes showed almost no pinholes.

(2) In the range of surface tensions less than 300 dynes/em. the large numbers of small pinholes or eggshell

textures were abserved.

{3) In the range of surface tensions higher than 310 dynes/cm, large and deep pinholes were ohserved.

*(4) The contact angles of glazes on the wall tile body substrate are in the good proporfional agreement with

the surface rension values caleulated by Dietzel’s factors.
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Formula 1. Standard glaze formula
0. 229 Na,O -

- 2.127 SOy
0. 686 K0 ( .

571 Al 0.457 B0y

. 12 ki
0. 425 Ca0 J 0. 340 720y )
0. 257 Mgl
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Table 1. Chemical Composittons of raw materials used for glazes

Raw Materials & Chemicals 8i0, | AlsQy | FegQa | Cal MgO% K:O | NasO LI(JgS_s B0z | Z10s
1. An Yang Feldspar £9.9¢] 17.64[ 0.51 O 90‘ 0.16] 0.36) 9.56) I-47
2. San Cheoung Kaclin 15.9%) 35.56| 0.68 1.48 0.29 13.53
3, Kim Cheon Quartz 09.06f 0.04] 0.19] 0.36| Q.54 0.05
4. Cheong Ju Limeslone 0.82] 0.08 0.16) 55.60; 0.67 42,96
A. Zircon 35. 01} 65. 0C
6. Magnesium Carbonate 47 30 52,70
7. Borax 16. 25| 47. 23| 36.52
8. Borie Acid | 43.75| B6. 25
9. Potassium Nitrate {Tech) 48. 30 ' 53. 70
27T § AL pAEsler], = B AL W oA L400°CE 4% T 2Ekitesd R
W S Table 290 Teble 391 44 Fetioh, Bl HHE AH KLY MK HEE Bk
Tﬁéb‘ W Bl A @kE s sl 2 F pinbole
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2.3.1 FAMEA TS %L 1kg potmill o] 4 =2 & : &GS 1:0.7:19] [
SRS R 1kg Bz Hadtel flikelA #mE RAehe] 24RFRNE S #hedl 325 mesh JHFA
Fod BET HEd ARER Eohd gl =RER o 0L3% BYEF dEE BTt Mg mehas
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Table 2. Batch composition of wall tile hody used

Raw Materials o
Hem Pyung Clay 15
Jin Do Pyropillile 15
Pocheon Clay 20
Ha Dong Kaolin 30
Eyung Ju Pottery Stone 5
Dong Du Cheon Feldspar 15

Total 100 %

Table 3. Physical pleerLlEb al wall tile body used.

Physm'ﬂ Pmpertlea ‘

. Water Absorption

1

2. Thermal Expansion 2151077 ngéc
3. Total Shrinkage 0.5%

4. Modulus of Rupture 179kg/cm?
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series A, series B, series C 5 series

Tahle 4. Effect (in dyne/em) of 0.1g. mole of each
oxide on surface tension of glazes.

G Dietzel Lyon
o at 00°C |t 1, 200°C | at 1, 400°C

L0 13.7
WNagO 9.3 7.9 6.9
K0 9.4 (0. 0) (—7.8)
MgO I 26.6 ‘ 23.3 22,1
Ca0 26.9 27.6 27.6
BaO B56.7 (56.7) {58. %)
ZnQ 38.2
B0y 20. 4 19.5 19.5
Tiy 23.0

E ZrQs 50.5
PhO 26. 8
FeO 32.2
FEQOg - (71. 9) T0.3
CoO 33.7

| NiO 33.6
Mn 3L.9

Table 5. Factors of calculating surface tension of glazes
at 909°C (in dyne/cm) from % composition
(after Dietzel)

Factors Factors | Factars
Group |(in dyne| Group [(in dyne| Group [(in dyne
/em) Jem) Jfem)
MgO 6.6 | Co 4.5 | TiO, 3.0
E Al 6.2  NiQ 4.5 | NaiO 1.5
N Vgo_g 6.1 MHO 4.5 P]JO 1.2
o) 4.8 | 210y 4.1 | BDs 0.8
ZnQ 4.7 | CaFy 3.1 | KO 0.1
Lis0 4.6 | BaO 3.7
FGQO3 1.5 8102 3.4

Table 6. Variation of Si0y in series A glazes,
Standard glaze formula

] 0
0. 229 Nas 0. 457 BaOq |

0. 086 KO 0 571 AlLOs; 0.340 Zr0s |
0. 428 Cad . j

(1) SOz
0. 257 Mg,
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Tahle 7. Molecular cquivalent and wt 2 of series A glazes.
‘!\ ‘ Glaze No. Ay I As ‘ A { Aq ‘ Ag i Ay Aq ‘ Ag
I : ‘mol. | wr. | mal, mol 'Wurma‘ mol. | wr. mol. lwl mol. wt mol. 'wl mol. |wl’
Mater]a]s ol eq | % | eq | M| eq i eq - % | eqg "% eq ¥ _eq | %' en 1 b
f K 1 I
(1. An Yang Teldsp'lrl G. 234/33 ﬂ 0. 234i32.6 0.23431 8 0. 234[31. 0| 0. 234'30. 2‘ 0.23429. 5 0.23428. 71 0. 234)28. o
2 P"t""ss“‘f\‘?ﬂm 0.162 3.8 0.162, 3.71 0.162 3 6 0.162] 3.5/ 0.162 3.4 0.162 3.3 0 162 3. 2 0.162] 3.2
i | . ! ‘
3 Cl‘eoﬂim{j:me 0.228 9.9 0.428] 9.6 0.428 9.4 0.428 9.2| 0.428 8.9 0.428 8.7| 0.428 8.5, 0.428) 5.3
| ! '
4. Maguestum 9571 5.0 0.257) 4.9) 0.257) 4.7 0.257| 4.6 0.257 15| 0.267 4.4 0.25% 4.2| 0.257 4. )
= !
5. Sen Cheﬂim 0. 313019. 4 0. 212118, 9| 0. 313118 4} 0. 313027. 9| 0.31317.5 0. 31317, 0 0. 31316, 6| 0. 21316. 2
6 Borie Aad 0. 457(13. 0| 0. 45712. 7| . 457/12. 3| 0. 457[12. 0| 0.457 11.7- 0.457|11. 4| 0. 45711 2| 0.457]10. 9
7. Zirconium |
Silicate | 0. 310/14. 5| 0. 340714. 0| 0. 34013.7| 0. 340/13.3' 0. 340130 0. 340/12. 7] 0. 34012 4| 0. 34012.0
8. Kim Cheon 1
Quartz | 0. 064 0.9 0. 26;!\ 9.8 0.464 G. 1| 0. 664] 8.5 0.864/10.8 1. 06412 0 1. 284[15. 1) 1.464/17. 2
Table 8. Variation of R0, RO in scries B glazes.
Standard glaze Tovmula (. 229 Na.O 0. 457 BaOx \[
(X) KO | " 0 240 ZeOs
(Y} Ca0 i 0571 AlsOa 3. 200 Si0,
0. 257 MgO
. Glaze No. IBL‘BEiﬂgyB‘t B5‘BB‘B7‘BE‘BQ|_BN!
X (Ka) 0.005 | 0.026 | 0.046 | 0.066 | 0.086 | 0.108' 0. 126‘ 0.146 | 0.166 | 0186 '
‘ Y (Cal) 0.500 | 0.488 | (463 | 0.448 | 0.428 1 0. 403 0.388 1 0.368 | 0.248| 0.328 J‘
A ] A S0 R AE] 2854 0.284 old| FHIENMx MEez F¥  FREEY 2dl W
M As®) 42851 LA E A Table 7. Takle 8, Table 11 @ Table 13s] 3=
Series Bol A= HAEFAA RO. RO W MKO & MSMERS (LERS EAREKLL REHF e
T Ca0% #uA A=Y, 0.0259 Ca0E KO 5T Table 5off %= Dietzele] F¥E FUHS-F i
who] ByellA]l Bt 2] KEO-“LL 0. 18687 %] = HE g0Ce) A HMERMS FEsls 100°C

0. 0052
WA 7 = FEe] 0.50952]
A2 7ot

Series Cofl A 4= HAxfhztol A] Re0s o4 #0 AleO2E-
0. 0254 #bA 7

Scries Dol A = HARsEelA] S0/ ALLOsMEE 5.0,
5.5, 6.0, 6 5% &7
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Table 9. Molecular equivalent and wt 75 of series B glazoes.

Glaze No. B,

B

B:i B* ) 1

|

2 ;1 5 I
_ - : —

Materials mol eq J wt. 2| mol. eq ; wt. 04 mol. eq [ wi. %] mol. eq !wt. % mal, eq J wt fél
1 An Yang Feldspm Q. 234 31.1 U. 234 3L 0 } 1234 1 30,8 0.231 | 30.6 l 231' 30. 3
2. Cheong Ju Limeslone 509 | 10.9 | 0.488 ) 10.4 0.468 | 10.0 | 0.448 | 9.5 0. 428 9.0 ‘
3. Magnesium Carbonate 0.257 | 4.6 0.257 | 4.6 0.257( 4.6/ 0957 | a4 6, 0.237 | 4.5
4. San Cheong Kaolin 0.313 | 17.9 | 0.315;17.9 r 0.313 | 17.8, 0.313 | 17.7 1 0.313 | 17. 6
5. Boric Acid 0 457 | 12. 1 U.457 | 12,0 0.457 | 11.9| 0.457 1 11.9 ‘ 457 | 11.9
6. Ziveconium Silicale 0.340 | 13,4 1 0.340 12 3| 0.340, 13.2 | .340 | 13.2 0340 | 15 2 |
7. Kim Cheon Quartz 0.774 [ 10,0 | 0.774 | 9.9 G774 | 9.9 (.774 990 0.774 ] 98 ‘
8. Potassium Nitrate —| —| o[ o] 0osz| 18| 0122] 28] 06 | 25
T Glare Na. Eq l B? ’ By Bq B |

Materials ‘ mo] eq { mo] eq |wr 03 J mul eq l‘.&l 951 mol. eq jwt %| mol, e |WL ‘f
1. AnYang Feldspar O 234 3.4 | 0.234 | 30.2 'D. 234 130.1% 0.234 [ 30,0 0.234 ) 29. !
2, Cheong Ju Limocstone (0.408 | 8.8 0(.388 | 81| 0.368| 7.7| 0.348| 7.2| 0128 6.8 :
3. Magnesium Carbonate 0.257 | 4.5 | 0.257 | 4.5 0.257) 45| 0.257 | 45| 0.257 ! 4.5 .
4. San Cheong Kaolin 0.313 | 17.6 | 0.313 | 17.5 | 0.313 | 17.4 | (0. 313  17.3 : 0.313 | i7.3 :
5. Boric Acid 0.457 { 11.8 | 0.457 | 11.7 | 0. 457 | 1L 7 0.457 | 11.6 | 0.457 | 11.6

1 B Zirconium Silicate 0.340 (13.1 | 0.340 ] 13.1 | 0.340 |'13.0 | . 440 | 12.9| 0.340 1129
7. Kim Cheon Quartz 0.774 | 9.8 0774 9.8 0.774 LT 0TTE ] 9.7 0774 0.6 !
8. Potassium Nitrate 0.202 | 4.3 (242 | 5.1 0.282 | 5.2 | 0.322 l 6.8 0.362] 7.5
Table 10. Variation of RpOz in series C glazes, = 7hA fhiEEe) s A0S pinholes] A% gedeal

Standard glaze formula 71v} eggshell THHS g ) 1—} 3
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0-086 K0 | 7 ALOs 0,340 Z:O, Kel a2 pinholeS JEIKE = o
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Table 11. Molecular equvalient and wt % of series C glazes.

I Glaze No. G Cs Cq Cy Cs Ca
Materials \_Vmo].eqi‘ wt, wt. U5mol. eq]wt. %imol! eg| wt. % |mol. eq‘ wi, %[l cqi wt. 45!
L. An Yang Feldspar ‘ 0.231 32.6 0.234 325 0.231) s2.8 0.234 o224 0231 a1 023 31.7‘
2. Cheong Ju Limestone PO509 115 0.509 I11.4] 0.509] 11.3) 0.509 11.3) 0.509 11,2 0. J09| 11, E.
3. Magnesium Carbonate 0.257) 4.9 0.257] 4.8 0.257] 4.8 0.257 4.8 0.257 4.8 0.257 4. 7;
4. Boric Acid 0.457, 12.6 0.457] 126 0.457 125 0.457] 12.4 0.457 12.4] o 107 12,3
5. Zirconium Silicate L 0. 340 14, 1!\ 0.340( 14.0| 0. 340‘3 13.9, 03400 13. 8 0,340 13.7) 0.340 13.8
6. San Cheong Kaalin 0.282 17.0: 0.302 18.1) 0. 322i‘ 1.2 0.3420 20.3 0262 213 0.382 22
7. Kim Cheon Quartz ' 0. 5B30 2 O 487 6. 6] 0. 444i 6.0 0.401 5.3 0. 358i 47 O 31'5 q 1|.
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Table 12. Variation of Si0y/Al0s ratio in series D glazes.
Standard glaze formula 0. 229 NayO ‘} 0. 457 BaOs
0.086 K0 | () AlOs ™) Si0;
0. 428 CaC J 0. 340 Zr0s
0. 257 MgD
| Si0y/ Al Os=5. 0 | Si0s/ALOy==5. 5
‘ D | Do 1 Dy | D, | Ds De
M(ALOg) (.56 0. 60 0. 64 0. 54 0.58 0. 62
N(SiOy) 2,80 3.00 3.20 2.97 3.19 3.41 |
5102/ A)a03=6.0 3102/Al05=6.5
D7 ‘ Dg l Dy Dy \ Du ‘ Dy»
M(ALO:) 0. 56 0.60 | 0.64 0.54 058 | 0.62
NE1O) 336 3. 60 3. 84 3.51 3.7 1 4. 03
Tablel 3. Molecular equivalent and wt % of series D plazes.
—— Glaze No. D, D D i D, ‘ De i Ds
Materials R mal. eq! wt. %|mol. eq| wt. % [mal. eq‘ wt. 95(mol. Bq‘ wt. %Jmol_ eq} wt. % |mol. eq‘ wt, %
1. An Yang Feldspar 0. 234 33. 7I‘ 0. 234 3?. 31 0.234] 31.1) 0.234| 33.1) 0-234] 31.7 0.234] 30.5
2. Potassium Nitrate 0.182 3.8 0.162) 8.7 0.182] 3.5/ 0.162 3.7 4182 3.6 0.162] 3.5
3. Cheong Ju Limestone 0.428] 9.9 0.428 9.6[ 0.428] 9.2] 0.428 0.8 0,428 9.4]0.428 9.0
4. Magneium Carbonalc 0.257] 5.010.257 4.8 0.257] 4.4| 0.257 5.0 0.2567 4.7 0.257, 4.8
5. Boric Acid 0.457| 13. 1 0.457| 12.5] 0.4587 12.1| 0. 4571 12.8 0.457) 12.3] 0.457] 11.8
6. Zirconium Silicate Lodd)] 14.5] 0.340) 13.9) 0.5400 13.4] 0. 340 14.2) 0.340[ 13.7| 0. 340, 13.1
7. San Cheong Kanlin 0.302] 18.8 0. 342] 20.4| @ 382; 22.0| 0.282) 17.20 0.322| 18.8 0.362 20.4
8. Kim Cheon Quartz 0.0900 1.2 h210; 2.8 0. 320} 4.1 0.3000 4.2]0.440) 5. 8} 0.570) 7.1
T Glaze No. De I Dy Dy } Do | Dn Dyz
Materials e mol. EQI wt. % |mol. G(I] wi. %|mol, Cq| wt. %4(mol eq\ wt, 9 |mol. eql wt. %[mol, eq| wt. %
1. AnYang Fcldspar 0.254 J31.2{ Q. 234‘ 29,9 0.2341 28, 7‘ 0.234) 30.8 0.234] 28.0j 0.234) 28.3
2. Potassitm Nitrale ' 0.162 3.5 0. 162| 3.4/ 0,162 3.3.0.162| 3.5 (162 3.2 0.162] 3.2
3, Cheong Ju Limestone 0,428 9.2) 0.428 8.8 0.428 8. 5! 0.4820 9.1 0.428 8.3 0.428 8.4
. ]
4. Magnesium Carbonate 0.257 4.7 0. 257; 4.5 0.257] 4. 3: 0.257 4.6 0.267) 4.2 0.257 4.2
5. Boric Acid 0.457| 12.1| 0.457) 11.6| 0.457] 11 2 0.457) 12.0) 0.457) 10.9) 0.457] 11.0
6. Zireonium Silicate 0.340| 13.5! 0.340 12.9] 0.340 12. 41 0.340; 13.3[ 0.340| 12.00 0.2340[ 12.1
7. San Cheong Kaolin 0.302| 17.4] 0.342] 18.9/ 0.382| 20.2 0.282 16.0| 0.322 16.6| 0.362 18.9
8. Kim Cheon Quartz 0. 650 8.4 0. 810] 10.0] 0.980 11.4| 0.840| 10.7] 1.444| 16.8 1.189 13.9
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TFig 1. Ohserved conract angles of varlous glazes.

‘Table 14. Comparison of surface tension and centacl
angles of glazes.

Glaze No. Sur(fggie}r&fjion Contact Angle (%)
M 292.79 120°
Ag 306. 33 133° 30°
Ag 309. 75 126°
By 316. 67 145°
B J114. 71 140°
Py 310.19 139°
B; 306. 44 ‘ 133°
By 289, 86 128°
Bio 2096. 22 123°
Cs 317.90 148°
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Table 15. Surface appearance with respect to surface lension.

Surface Appearance

large pinholes
”
1"
o
i
less pinholes
7
almost none pinholes
less pinholes
"
7
large & deep pinholes
less pinhgles
large plnholes
less pinholes
o

ege shell

Surface ‘_ Surface
S&[n;ple Tgil;;cg} | Surfoce Appearance S%%I.ﬂe T&:ﬁ?
{ cmn) _ Iic!'lf‘}‘ N
Ay | 292.79 | egg shell C, | a8 20
As 305. 28 | less pinholes Ca ‘ 315 85 |
i A 306. 33 | almost none pinheles Cs | 817 21
Ay | 30872 ” I Co io1m4g
As | 307.47 " Gy 317.90
Ag | 308.02 o Ce 31283
Ay 308.75 " 1) 302,85
Ag 309. 18 \ few pinhole D S06.70
B; 316. 67 | large pinhole Ta 308. 89
Be 314.71 ” | D. 30374
Bz 311.94 - " i Ds 306. 17
By 310.19 ! 1" Dg 318 00
Bs | 305.44 | less pinholes | D 030310
Bs | 304.90 | " | Dy ! 31652
B 302. 88 1 no gloss, less pinholes Dy | 308 26
Bg 299. 86 | finc pinholes | Dy | 209. 89
By | 297.79 o | Dy, ‘ 245, 71
B 206.22 | o | Dz ‘ 315, 22

large pinholes

C

Fig 3. Mieroscopic photogragphs of surface of varfous glazes (<89}
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