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Abstract

Celadon glaze is a unique and attractive green color glaze well known of Chiangmai and Dan Kwian

pottery is also a well-known and beautiful red pottery of Nakhon Ratchasima. In this work, ceramic

engineering students at Suranaree University of Technology studied twenty one different compositions

of Celadon glaze under six different firing conditions on commercial clay samples. Results showed

that the more ash content in the compositions the more greenish color of Celadon could be observed.

Moreover, firing under reduction atmosphere gave a bluish-green color while firing under oxidation

atmosphere resulted in a yellowish-green color. In addition, students accidentally found that Celadon

glaze on Dan Kwian pottery under oxidative atmosphere gave a gorgeous black color with brown stripes.
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‡§≈◊Õ∫»‘≈“¥≈∫π‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π

·∫∫ oxidation ®–„Àâ‡§≈◊Õ∫∑’Ë¡’ ’‡¢’¬«Õ¡‡À≈◊Õß πÕ°®“°π’Èπ—°»÷°…“¬—ß‰¥âæ∫‚¥¬∫—ß‡Õ‘≠«à“°“√π”

‡§≈◊Õ∫»‘≈“¥≈‰ª‡§≈◊Õ∫∫π‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π·≈â«‡º“„π∫√√¬“°“»·∫∫ oxidation ®–‰¥â

º≈‘µ¿—≥±å‡§√◊ËÕßªíôπ¥‘π‡º“ «¬ß“¡∑’Ë¡’‡§≈◊Õ∫ ’¥”≈“¬πÈ”µ“≈

À“°®–ªíôπ¢÷Èπ„À¡à°Á®–‰¡à∑—π°”Àπ¥ àß π—°»÷°…“

®÷ß‰ª‡Õ“‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π¡“‡§≈◊Õ∫

ª√“°Ø«à“‰¥â‡§√◊ËÕßªíôπ¥‘π‡º“∑’Ë¡’‡§≈◊Õ∫ ’¥”≈“¬πÈ”µ“≈

´÷Ëß «¬ß“¡ –¥ÿ¥µ“

‡§≈◊Õ∫»‘≈“¥≈ (celadon) ‡ªìπ‡§≈◊Õ∫∑’Ë„™â°—∫

‡§√◊ËÕßªíôπ¥‘π‡º“∑’Ë¡’™◊ËÕ¢Õß¿“§‡Àπ◊Õ‚¥¬‡©æ“–∑’Ë

‡™’¬ß„À¡à ¡’≈—°…≥–´÷Ëß‡ªìπ‡Õ°≈—°…≥å§◊Õ ‡ªìπ

‡§≈◊Õ∫„  ’‡¢’¬«À¬°¡Õß∑–≈ÿ‡π◊ÈÕ¥‘π‰¥â º‘«‡§≈◊Õ∫

®–√“π (·µ°≈“¬ß“ crack) ª°µ‘·≈â«∑”¢÷Èπ¡“®“°

¢’È‡∂â“‰¡â√°øÑ“ (Rokfar) ·≈–‰¡â°àÕ (Kor) ¡“º ¡°—∫

¥‘πÀπâ“º‘«π“·≈â«‡º“‡§≈◊Õ∫¥â«¬«‘∏’ ≈¥ÕÕ°´‘‡®π

(reducing) ∑’Ë§«“¡√âÕπ Ÿßª√–¡“≥ 1,260 - 1,300

Õß»“‡´≈‡´’¬  (ªí≥±æ µ—Èß»√’«ß§å, 2545; ∏π √≥å

‚ µ∂‘‚ ¿“, 2548; ‚√ß‡√’¬π¬ÿæ√“™«‘∑¬“≈—¬, 2548)

 à«π‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π°Á‡ªìπº≈‘µ¿—≥±å∑’Ë

‡ªìπ‡Õ°≈—°…≥å·≈–¡’™◊ËÕ‡ ’¬ß¢Õß®—ßÀ«—¥π§√√“™ ’¡“

º≈‘µ¢÷Èπ∑’Ëµ”∫≈¥à“π‡°«’¬π Õ”‡¿Õ‚™§™—¬ §«“¡

‚¥¥‡¥àπ¢Õß‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π‡°‘¥®“°‡π◊ÈÕ

¥‘π∑’Ëπ”¡“„™â §◊Õ‡ªìπ¥‘π®“°√‘¡·¡àπÈ”¡Ÿ≈´÷Ëß¡’§«“¡

‡Àπ’¬« ‡π◊ÈÕ≈–‡Õ’¬¥¡“° ‡¡◊ËÕ∂Ÿ°‡º“®–„Àâ ’·¥ß ÷́Ëß

‡°‘¥®“°∏“µÿ‡À≈Á°®”π«π¡“°∑’Ëº ¡Õ¬Ÿà„π‡π◊ÈÕ¥‘π

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

1) ‡µ√’¬¡ biscuit ∑¥ Õ∫ ’‡§≈◊Õ∫‚¥¬π”
¥‘πªíôπ ”‡√Á®√Ÿª Compound Clay ¡“√’¥·≈â«µ—¥„Àâ
‡ªìπ·ºàπ‡≈Á° Ê ¢π“¥ª√–¡“≥ 1 x 2 π‘È« ·≈â«Õ∫
·Àâß·≈â«π”‰ª‡º“ biscuit ∑’Ë 800 Õß»“‡´≈‡´’¬ 

2) π”¢’È‡∂â“‰¡â√°øÑ“·≈–¢’È‡∂â“‰¡â°àÕ¡“≈â“ß
‡æ◊ËÕ„Àâ à«π∑’Ë≈–≈“¬πÈ” ‡»…∂à“π ·≈–‡»…‰¡âÕÕ°‰ª
„ÀâÀ¡¥ «‘∏’°“√≈â“ß§◊Õ

2.1) π”¢’È‡∂â“¡“°«π„ππÈ”·≈â«·™à∑‘Èß‰«â
„Àâµ°µ–°Õππ“π 3 - 4 ™—Ë«‚¡ß

∫∑π”

‡§≈◊Õ∫¢’È‡∂â“‡ªìπ‡§≈◊Õ∫∑’Ë¡πÿ…¬å√Ÿâ®—°„™â°—π¡“µ—Èß·µà

‚∫√“≥∑”¡“®“°¢’È‡∂â“¢Õß à«πµà“ßÊ ¢Õßæ◊™‡°◊Õ∫

∑ÿ°™π‘¥‰¡à«à“®–‡ªìπ‡ª≈◊Õ° °‘Ëß ≈”µâπ À√◊Õ„∫

(‡ √‘¡»—°¥‘Ï π“§∫—«, 2536) ¢âÕ¥’¢Õß‡§≈◊Õ∫™π‘¥π’È

§◊Õ∑”¢÷Èπ¡“ßà“¬ √“§“∂Ÿ° ·≈–‰¡à‡ªìπæ‘…‡æ√“–«à“

∑”¡“®“°«— ¥ÿ∏√√¡™“µ‘ ¢’È‡∂â“æ◊™‡°◊Õ∫∑ÿ°™π‘¥

„™â∑”‡§≈◊Õ∫‰¥â·≈–®–„Àâ ’·≈–§«“¡‚ª√àß· ßÀ√◊Õ

∑÷∫· ß·µ°µà“ß°—π °“√‡≈◊Õ°æ◊™¡“‡º“‡Õ“¢’È‡∂â“

§«√§”π÷ß«à“‰¡à‡ªìπ°“√µ—¥‰¡â∑”≈“¬ªÉ“ ∂â“‡≈◊Õ°‰¡â

∑’Ë‡ªìπªÉ“ª≈Ÿ° ‡™àπ ¬“ßæ“√“ ¬Ÿ§“≈‘ªµ—  œ≈œ ®–¥’¡“°

( ÿ∏√√¡ »√’À≈à¡ —°, 2543; ‡ √‘¡»—°¥‘Ï π“§∫—«, 2543;

‡ √‘¡»—°¥‘Ï π“§∫—«, 2545; ≈¥“ æ—π∏å ÿ¢ÿ¡∏π“ ·≈–

™≈—¬ »√’ ÿ¢, 2546; ‡§≈◊Õ∫‡´√“¡‘°‡∫◊ÈÕßµâπ,

‰¡à∑√“∫ªï∑’Ëæ‘¡æå; ‡§≈◊Õ∫‡´√“¡‘°‡∫◊ÈÕßµâπ, ‰¡à∑√“∫

ªï∑’Ëæ‘¡æå;)

"‡§≈◊Õ∫»‘≈“¥≈∫π‡§√◊ËÕßªíôπ¥‘π‡º“¥à“π‡°«’¬π"

‡°‘¥®“°§«“¡∫—ß‡Õ‘≠¢Õßπ—°»÷°…“«‘™“«‘»«°√√¡

‡´√“¡‘°™—Èπªï∑’Ë 3 ‰¥â·°à π. . ¡≥±‘π’ «ß»åÕ‘π®—π∑√å,

π. . ¡≈ƒ¥’ °“≠®π»‘≈ªá, π. . √—µπ“¿√≥å Õ‚À ‘,

π“¬√ÿàß™—¬  ‘∑∏‘‡ ◊Õ, π. . ƒ∑—¬√—µπå ∑Õß§”, π. .

≈—°…≥“«¥’ Õÿ¥¡ ·≈– π. . «—π«‘ “¢å µà“¬∑Õß

∑’Ë∑”™‘Èπß“π ”À√—∫ àß„π°“√‡√’¬π«‘™“ªØ‘∫—µ‘°“√

∑”º‘«‡§≈◊Õ∫‡´√“¡‘° ( ÿ∏√√¡ »√’À≈à¡ —°, 2548)

´÷ËßÕ“®“√¬åºŸâ Õπ‰¥â„Àâπ—°»÷°…“∑¥≈Õß∑”‡§≈◊Õ∫

»‘≈“¥≈ 21  Ÿµ√ ·µà≈– Ÿµ√¡’ à«πº ¡µà“ß Ê

°—π ·≈â«π”™‘Èπß“π∑’Ë‡§≈◊Õ∫¥â«¬‡§≈◊Õ∫∑—Èß 21  Ÿµ√

‰ª‡º“∑’Ë ¿“«–µà“ß Ê µàÕ®“°π—Èπ„Àâ‡≈◊Õ°‡§≈◊Õ∫

 Ÿµ√„¥ Ÿµ√Àπ÷Ëß‰ª‡§≈◊Õ∫∫π™‘Èπß“π∑’Ëπ—°»÷°…“

ªíôπ¢÷Èπ‡Õß®“°‡π◊ÈÕ¥‘π¢“«º ¡ Compound clay

·≈â« àß™‘Èπß“π‡°Á∫§–·ππª≈“¬¿“§ ·µàª√“°Ø«à“

™‘È π ß “π∑’Ë π—°»÷°…“ªíôπ¢÷Èπ¡“‡Õß®“°‡π◊ÈÕ¥‘π

Compound clay ‡°‘¥ ‡ ’ ¬√–À«à “ß°“√ ‡º“
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2.2) ‡¡◊ËÕµ°µ–°Õπ·≈â«¥Ÿ¥πÈ”®“°

¢â“ß∫πÕÕ° ·≈â«π”¡“≈â“ß„ππÈ” –Õ“¥Õ’°

®π°√–∑—Ëß ¥à“ß∑’Ë≈–≈“¬πÈ” (Soluble alkalis)

≈–≈“¬ÕÕ°‰ªÀ¡¥  —ß‡°µ¥Ÿ«à“À“¬≈◊Ëπ·≈â«

2.3) π”¢’È‡∂â“∑’Ë≈â“ß·≈â«¡“°√Õßºà“π

µ–·°√ß·≈â«Õ∫„Àâ·Àâß‡æ◊ËÕ‡°Á∫‰«â„™âµàÕ‰ª

3) º ¡¢’È‡∂â“°—∫¥‘π¢“«√–πÕß (R-325) ·≈–

À‘πøíπ¡â“ (Super Spar No2 ¢Õß∫√‘…—∑ Clay

Mineral) ‡ªìπ‡§≈◊Õ∫ Ÿµ√∑’Ë 1-21 µ“¡√Ÿª∑’Ë 1

·≈–µ“√“ß∑’Ë 1

4) §”π«≥À“ Seger formula ¢Õß ”À√—∫

‡§≈◊Õ∫ Ÿµ√∑’Ë 1-21 ‚¥¬Õ“»—¬µ“√“ßº≈°“√«‘‡§√“–Àå

‡§¡’¢Õß«—µ∂ÿ¥‘∫„πµ“√“ß∑’Ë 2 ‰¥â Seger formula

¢Õß‡§≈◊Õ∫¥—ß· ¥ß„πµ“√“ß∑’Ë 3

5) ™—Ëß«—µ∂ÿ¥‘∫ ”À√—∫º ¡‡§≈◊Õ∫µ“¡ Ÿµ√

„πµ“√“ß∑’Ë 1 ·≈â«π”‰ª∫¥„π‚°√àß®π‡¢â“°—π¥’„Àâ

º ¡πÈ”≈ß‰ª¢≥–∫¥º ¡¥â«¬

6) π”πÈ”‡§≈◊Õ∫®“°¢âÕ 4) ‰ª‡§≈◊Õ∫≈ß∫π

biscuit ∑¥ Õ∫ ’‡§≈◊Õ∫´÷Ëß‡µ√’¬¡„π¢âÕ 1) ·≈â«

π”‰ª‡º“„π ¿“«–µà“ßÊ °—πµ“¡µ“√“ß∑’Ë 4 ‡≈◊Õ°

 Ÿµ√‡§≈◊Õ∫·≈– ¿“«–°“√‡º“∑’Ë„Àâ ’·≈– texture

µ“¡µâÕß°“√

7) π”‡§≈◊Õ∫∑’Ë‡≈◊Õ°®“°¢âÕ 6) ‰ª‡§≈◊Õ∫

∫π‡π◊ÈÕ¥‘πªíôπ®“°¥‘π¥à“π‡°«’¬π∑’Ë‡º“ biscuit

·≈â«·µà¬—ß‰¡à‡§≈◊Õ∫ ·≈â«‡º“™‘Èπß“πµ“¡ ¿“«–°“√

‡º“∑’Ë‡≈◊Õ°„π¢âÕ 6)

º≈°“√∑¥≈Õß

º≈°“√‡º“ biscuit ∑¥ Õ∫ ’∑’Ë ¿“«–°“√‡º“µà“ß Ê

1)  ¿“«–∑’Ë 1:     ‡º“∑’Ë 1,260 Õß»“‡´≈‡´’¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 3 Õß»“‡´≈‡ ’́¬ µàÕπ“∑’

·™à‰«â∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 1 ™—Ëß‚¡ß „π∫√√¬“°“» ·∫∫

oxidation ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 3 ®“°¿“æ®–‡ÀÁπ

«à“Õ“®®–·∫àß‡§≈◊Õ∫∑’Ë‰¥âÕÕ°‡ªìπ Õß°≈ÿà¡§◊Õ 1)

‡§≈◊Õ∫°≈ÿà¡∑’Ë¡’≈—°…≥–¢Õß‡§≈◊Õ∫»‘≈“¥≈°≈à“«§◊Õ

‡ªìπ‡§≈◊Õ∫„ ∑’Ë¡’ ’‡¢’¬«º‘«¡—π«“«·≈–¡’°“√√“πµ—«

‰¥â·°à‡§≈◊Õ∫ Ÿµ√∑’Ë 1-6, 8-10, 13-15 ·≈– 19-21

°—∫ 2) ‡§≈◊Õ∫°≈ÿà¡∑’Ë‰¡à¡’≈—°…≥–¢Õß§«“¡‡ªìπ

‡§≈◊Õ∫»‘≈“¥≈Õ¬Ÿà‡≈¬‡æ√“–«à“¡’º‘«∑÷∫¥â“π‰¡à√“π

·≈–‰¡à¡’ ’‡¢’¬« ‰¥â·°à ‡§≈◊Õ∫ Ÿµ√∑’Ë 7, 11, 12, 16,

17 ·≈– 18 À“°æ‘®“√≥“‡§≈◊Õ∫°≈ÿà¡∑’Ë 1 °àÕπ®–

æ∫«à“ ¬‘Ëß‡§≈◊Õ∫¡’ à«πº ¡¢Õß¢’È‡∂â“¡“°‡∑à“„¥

≈—°…≥–§«“¡‡ªìπ»‘≈“¥≈°Á®–¡’¡“°¢÷Èπ‡∑à“π—Èπ

Õ¬à“ß‰√°Áµ“¡ ’‡¢’¬«„π∑’Ëπ’È ‡ªìπ‡¢’¬«ÕÕ°‰ª∑“ß

πÈ”µ“≈π‘¥ Ê · ¥ß«à“¡’ Fe-ion „π∑’Ëπ’ÈÕ¬Ÿà„π√Ÿª¢Õß

Fe3+ (Ferric ion) ®”π«π¡“° À“°æ‘®“√≥“≈—°…≥–

°“√√“π®–‡ÀÁπ«à“‡§≈◊Õ∫∑’Ë¡’À‘πøíπ¡â“¡“°®–√“π

‡ªìπ≈“¬‡≈Á°≈–‡Õ’¬¥§◊Õ√“π√ÿπ·√ßπâÕ¬°«à“‡§≈◊Õ∫∑’Ë

¡’À‘πøíπ¡â“πâÕ¬ ∑—Èßπ’È‡æ√“–«à“‡§≈◊Õ∫∑’Ë¡’À‘πøíπ¡â“

M(AlSi
3
O

8
) À√◊Õ M(Al

2
Si

2
O

8
) ·≈–¥‘π¡“°®–¡’

 —¥ à«π¢Õß Al
2
O

3
 °—∫ SiO

2
 „π‡§≈◊Õ∫¡“°¢÷Èπ

®÷ß∑”„Àâ —¥ à«π¢Õß ÕÕ°‰´¥å¢Õß¥à“ß‰¥â·°à Na
2
O,

Figure 2. Crucible setting for reducing firing

condition

Figure 1. Composition diagram for glaze

formula 1-21

Rokfar ash : Kor ash = 1 : 1

Clay Feldspar
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K
2
O, CaO ·≈– MgO πâÕ¬≈ß ∑”„Àâ‡°‘¥·°â«∑’Ë¡’

 —¡ª√– ‘∑∏‘Ï°“√¢¬“¬µ—«≈¥≈ß§«“¡√ÿπ·√ß¢Õß°“√

√“πµ—«®÷ßπâÕ¬≈ß  ”À√—∫‡§≈◊Õ∫°≈ÿà¡∑’Ë 2  “‡Àµÿ∑’Ë

‰¡à¡’≈—°…≥–§«“¡‡ªìπ‡§≈◊Õ∫»‘≈“¥≈Õ¬Ÿà‡≈¬Õ“®®–

‡°‘¥®“°°“√∑’Ë‡§≈◊Õ∫°≈ÿà¡π’È¡’¥‘π·≈–À‘πøíπ¡â“‡ªìπ

 à«πº ¡Õ¬Ÿà¡“°‡°‘π‰ª∑”„Àâ¡’ Al
2
O

3
  Ÿß ®÷ß¡’º≈

„Àâ‡§≈◊Õ∫¡’§«“¡‡ªìπ refractory  Ÿß·≈–À≈Õ¡µ—«

‰¥â¬“°

2)  ¿“«–∑’Ë 2: ‡º“∑’Ë 1,260 Õß»“‡´≈‡´’¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 5 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 3 ™—Ëß‚¡ß „π∫√√¬“°“»·∫∫

oxidation ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 4 ®“°√Ÿª®–‡ÀÁπ«à“

‰¥âº≈‡°◊Õ∫®–‰¡à·µ°µà“ß®“°°“√‡º“„π ¿“«–∑’Ë 1

‡≈¬ ∑’Ëµà“ß°—π∫â“ß‡≈Á°πâÕ¬§◊Õ 1) °“√‡º“„π ¿“«–π’È

®–∑”„Àâ‡§≈◊Õ∫¢Õß°≈ÿà¡∑’Ë¡’≈—°…≥–¢Õß‡§≈◊Õ∫»‘≈“

¥≈¡’ ’‡¢’¬«ÕÕ°πÈ”µ“≈‡¢â¡¢÷Èπ‡≈Á°πâÕ¬· ¥ß«à“„π

Table 1. Compositions of glaze formula # 1-21

Composition (wt%)

Formula Rokfar ash : Kor ash   1:1 Clay Feldspar

1 80 10 10

2 70 20 10

3 70 10 20

4 60 30 10

5 60 20 20

6 60 10 30

7 50 40 10

8 50 30 20

9 50 20 30

10 50 10 40

11 40 50 10

12 40 40 20

13 40 30 30

14 40 20 40

15 40 10 50

16 30 60 10

17 30 50 20

18 30 40 30

19 30 30 40

20 30 20 50

21 30 10 60

Table 2. Chemical analysis of ash, clay and feldspar

*
 ®“°‡§≈◊Õ∫‡´√“¡‘°‡∫◊ÈÕßµâπ, ‰¡à∑√“∫ªï∑’Ëæ‘¡æå

Raw material SiO2 Al2O3 Fe2O3 TiO2 CaO MgO K2O Na2O LOI

Rokfar ash* 2.60 0.29 0.07 -0 51.73 1.60 2.44 0.03 41.01

Kor ash* 4.10 6.62 0.10 0.10 46.30 6.67 5.60 0.04 37.12

Clay 48.50 36.70 1.33 0.07 0.04 0.09 2.09 0.06 12.06

Feldspar 66.66 17.83 0.06 0.10 0.81 0.06 11.22 2.41 -0
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√–∫∫¡’ Fe3+ ¡“°¢÷Èπ 2) °“√‡º“∑’Ë ¿“«–π’È∑”„Àâ

‡§≈◊Õ∫¢Õß°≈ÿà¡∑’Ë‰¡à¡’≈—°…≥–§«“¡‡ªìπ»‘≈“¥≈

∫“ß Ÿµ√∫«¡æÕßÕÕ° ‡π◊ËÕß®“°¡’·°ä ‡°‘¥¢÷Èπ¿“¬„π

· ¥ß«à“°“√ soak 3 ™—Ë«‚¡ß∑”„Àâ‡§≈◊Õ∫¢Õß°≈ÿà¡π’È

 ÿ°µ—«¡“°‡°‘π‰ª

3)  ¿“«–∑’Ë 3: ‡º“∑’Ë 1,300 Õß»“‡´≈‡ ’́¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 5 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 3 ™—Ëß‚¡ß „π∫√√¬“°“»·∫∫

oxidation ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 5 ‡¡◊ËÕ‡∑’¬∫

‡§≈◊Õ∫∑’Ë‡º“„π ¿“«–π’È°—∫‡§≈◊Õ∫∑’Ë‡º“„π ¿“«–∑’Ë 1

·≈â«®–‡ÀÁπ«à“‡√“Õ“®®–·∫àß‡§≈◊Õ∫∑’Ë‰¥â®“°°“√

‡º“„π ¿“«–π’È‡ªìπ 2 °≈ÿà¡„π∑”πÕß‡¥’¬«°—π°—∫

Formula Na2O K2O CaO MgO Al2O3 Fe2O3 SiO2 TiO2

1 0.005 0.058 0.838 0.099 0.068 0.002 0.283 0.001

2 0.006 0.063 0.833 0.098 0.126 0.003 0.423 0.001

3 0.011 0.074 0.818 0.096 0.099 0.002 0.455 0.001

4 0.007 0.069 0.826 0.098 0.201 0.004 0.607 0.001

5 0.013 0.083 0.809 0.096 0.168 0.003 0.639 0.001

6 0.018 0.095 0.793 0.093 0.137 0.002 0.670 0.001

7 0.008 0.078 0.816 0.097 0.304 0.007 0.858 0.001

8 0.015 0.094 0.797 0.095 0.263 0.005 0.890 0.001

9 0.021 0.108 0.778 0.092 0.223 0.004 0.920 0.002

10 0.027 0.122 0.761 0.090 0.186 0.002 0.949 0.002

11 0.010 0.091 0.802 0.096 0.455 0.010 1.224 0.002

12 0.019 0.110 0.778 0.093 0.399 0.008 1.251 0.002

13 0.026 0.127 0.758 0.090 0.347 0.006 1.279 0.002

14 0.033 0.143 0.737 0.087 0.298 0.004 1.300 0.002

15 0.040 0.158 0.717 0.084 0.252 0.002 1.322 0.002

16 0.014 0.112 0.779 0.095 0.693 0.015 1.805 0.002

17 0.024 0.135 0.750 0.091 0.611 0.012 1.815 0.002

18 0.033 0.156 0.724 0.087 0.537 0.010 1.824 0.002

19 0.042 0.175 0.700 0.084 0.468 0.007 1.832 0.002

20 0.050 0.193 0.677 0.080 0.404 0.005 1.840 0.002

21 0.057 0.209 0.656 0.077 0.345 0.003 1.848 0.002

Table 3. Seger formula for glaze formula # 1-21

Condition Atmosphere Max temp (oC) Rate (oC/min) Soaking time (h)

1 Oxidation* 1,260 3 1

2 Oxidation* 1,260 5 3

3 Oxidation* 1,300 5 3

4 Oxidation* 1,220 3 2

5 Reduction** 1,260 3 3

6 Reduction** 1,350 5 3

 * Oxidation-firing was performed by firing in electric furnace in air.
** Reduction-firing was performed by putting specimen into the closed-saggar as shown in

figure 2 then firing in electric furnace in air.

Table 4. Firing conditions
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‡§≈◊Õ∫∑’Ë‰¥â°“√‡º“„π ¿“«–∑’Ë 1 ·≈–‡¡◊ËÕ‡∑’¬∫

≈—°…≥–¢Õß‡§≈◊Õ∫∑—Èß Õß°≈ÿà¡∑’Ë‰¥â®“°°“√‡º“„π

 ¿“«–π’È°—∫‡§≈◊Õ∫∑—Èß Õß°≈ÿà¡∑’Ë‰¥â®“°°“√‡º“„π

 ¿“«–∑’Ë 1 ®–‡ÀÁπ«à“ 1) ‡§≈◊Õ∫°≈ÿà¡∑’Ë¡’≈—°…≥–

¢Õß§«“¡‡ªìπ»‘≈“¥≈∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’

 ’‡¢’¬«ÕÕ°πÈ”µ“≈‡¢â¡¢÷ÈπÕ¬à“ß‡ÀÁπ‰¥â™—¥ 2) ‡§≈◊Õ∫

¢Õß°≈ÿà¡∑’Ë‰¡à¡’≈—°…≥–¢Õß§«“¡‡ªìπ»‘≈“¥≈∑’Ë‰¥â

®“°°“√‡º“„π ¿“«–π’È®–∫«¡æÕßÕ¬à“ß√ÿπ·√ß°«à“

∑’Ë‡º“„π ¿“«–∑’Ë 1 Õ¬à“ß‡ÀÁπ‰¥â™—¥

4)  ¿“«–∑’Ë 4: ‡º“∑’Ë 1,220 Õß»“‡´≈‡´’¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 3 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 2 ™—Ëß‚¡ß „π∫√√¬“°“»·∫∫

oxidation ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 6 ®–‡ÀÁπ«à“

‡§≈◊Õ∫∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’≈—°…≥–§≈â“¬ Ê

°—∫‡§≈◊Õ∫∑’Ë‰¥â®“°°“√‡º“„π ¿“«–∑’Ë 1 °≈à“«§◊Õ

·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡‡À¡◊Õπ°—π ≈—°…≥–¢Õß

‡§≈◊Õ∫∑—Èß Õß°≈ÿà¡∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È°Á‰¡à

·µ°µà“ß®“°‡§≈◊Õ∫∑’Ë‰¥â®“°°“√‡º“„π ¿“«–∑’Ë 1 ¡“°

∑’Ëµà“ß°—π‡æ’¬ß‡≈Á°πâÕ¬§◊Õ‡§≈◊Õ∫°≈ÿà¡∑’Ë¡’≈—°…≥–

§«“¡‡ªìπ»‘≈“¥≈∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’°“√

√“πµ—«∑’Ë√ÿπ·√ßπâÕ¬°«à“·≈–¡’øÕßÕ“°“»„π‡§≈◊Õ∫

πâÕ¬°«à“ ‡§≈◊Õ∫°≈ÿà¡ ‡¥’¬«°—π∑’Ë‰¥â®“°°“√‡º“

„π ¿“«–∑’Ë 1

5)  ¿“«–∑’Ë 5: ‡º“∑’Ë 1,260 Õß»“‡´≈‡ ’́¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 3 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 3 ™—Ëß‚¡ß „π∫√√¬“°“»·∫∫

reduction ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 7 ®“°√Ÿª®–‡ÀÁπ

«à“‡§≈◊Õ∫∑—Èß 21  Ÿµ√∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’

 ’¥â“π Ê ·≈–∑÷∫‡À¡◊Õπ°—∫‡§≈◊Õ∫‰¡à ÿ°  —ß‡°µ«à“

‡π◊ÈÕ¥‘π∫√‘‡«≥∑’Ë‰¡à¡’‡§≈◊Õ∫Õ¬Ÿà¢Õß biscuit ∑¥ Õ∫

 ’∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’ ’ â¡ Ê  ’¥—ß°≈à“«

Õ“®®–‡°‘¥®“°‰Õ√–‡À¬¢Õß “√‡§¡’∫“ß™π‘¥∑’Ë‰ª

 – ¡∫πº‘« biscuit ∑¥ Õ∫ ’‰¥â‡π◊ËÕß®“°‡º“„π

¿“™π–ªî¥

6)  ¿“«–∑’Ë 6: ‡º“∑’Ë 1,350 Õß»“‡´≈‡´’¬ 

Õ—µ√“‡√Á«„π°“√‡º“ 5 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥ 3 ™—Ëß‚¡ß „π∫√√¬“°“»·∫∫

reduction ‰¥âº≈¥—ß· ¥ß„π√Ÿª∑’Ë 8 ®–‡ÀÁπ«à“Õ“®®–

·∫àß‡§≈◊Õ∫∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’ÈÕÕ°‡ªìπ

 Õß°≈ÿà¡„π∑”πÕß‡§≈◊Õ∫∑’Ë‡º“„π ¿“«–∑’Ë 1 Õ¬à“ß‰√

°Áµ“¡®–‡ÀÁπ«à“‡§≈◊Õ∫°≈ÿà¡∑’Ë¡’≈—°…≥–¢Õß§«“¡

‡ªìπ‡§≈◊Õ∫»‘≈“¥≈∑’Ë‰¥â®“°°“√‡º“„π ¿“«–π’È¡’

 ’‡¢’¬«Õ¡øÑ“¡“°¢÷Èπ· ¥ß«à“ Fe-ion Õ¬Ÿà„π√Ÿª¢Õß

Fe2+ (Ferrous ion) ¡“°¢÷Èπ‡π◊ËÕß®“°‡º“„π ¿“«–

∑’Ë™à«¬„Àâ‡°‘¥§«“¡‡ªìπ reduction ‰¥â¡“°¢÷Èπ  —ß‡°µ«à“

‡§≈◊Õ∫°≈ÿà¡∑’Ë‰¡à¡’≈—°…≥–¢Õß‡§≈◊Õ∫»‘≈“¥≈∑’Ë‰¥â

®“°°“√‡º“„π ¿“«–π’È‰¡à∫«¡æÕß ÷́Ëß‡ªìπ≈—°…≥–

¢Õß°“√ ÿ°µ—«¡“°‡°‘π‰ª‡≈¬∑—Èß Ê ∑’Ë‡º“¢÷Èπ‰ª∂÷ß

1,350 Õß»“‡´≈‡ ’́¬  ‡π◊ËÕß®“°‡§≈◊Õ∫À≈Õ¡µ—«‰¥â

¥’¢÷Èπ∑”„ÀâøÕßÕ“°“»ÕÕ°‰ª‰¥â¥’¢÷Èπ Õ’°Õ¬à“ß

 —ß‡°µ«à“®”π«π‡§≈◊Õ∫‰¡à¡’≈—°…≥–§«“¡‡ªìπ

‡§≈◊Õ∫»‘≈“¥≈¡’¡“°¢÷Èπ°≈à“«§◊Õ‰¥â·°à Ÿµ√ 2, 4, 7,

8, 11, 12, 13, 16, 17, 18 ·≈– 19

º≈°“√‡º“™‘Èπß“π∑’Ë∑”®“°‡π◊ÈÕ¥‘πªíôπ¥‘π®“°¥‘π

¥à“π‡°«’¬π

À≈—ß®“°∑¥≈Õß à«π∑’Ë 1 ·≈â«π—°»÷°…“‰¥â

ª√÷°…“°—π·≈–‡≈◊Õ° Ÿµ√ 21 ´÷Ëßª√–°Õ∫¥â«¬ ¢’È‡∂â“

30 ‡ªÕ√å‡´Áπµå À‘πøíπ¡â“ 60 ‡ªÕ√å‡´Áπµå ·≈–¥‘π 10

‡ªÕ√å‡´Áπµå π”‰ª‡§≈◊Õ∫∫π‡π◊ÈÕ¥‘πªíôπ∑’Ë∑”®“°

¥‘π¥à“π‡°«’¬π·≈â«π”‰ª‡º“„π∫√√¬“°“»·∫∫

oxidation ∑’Ë 1,350 Õß»“‡´≈‡´’¬  Õ—µ√“‡√Á«„π°“√

‡º“ 5 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ·™à‰«â∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥

3 ™—Ëß‚¡ß ‰¥â™‘Èπß“πµ“¡√Ÿª∑’Ë 9 ®“°√Ÿª®–‡ÀÁπ‰¥â«à“

‰¥â™‘Èπß“π∑’Ë¡’ ’·≈– texture ∑’Ë‡ªìπ‡Õ°≈—°…≥å

‡©æ“– °≈à“«§◊Õ ¡’ ’¥”æ√âÕ¡≈«¥≈“¬ ’πÈ”µ“≈

‡ªìπ®ÿ¥ Ê  «¬ß“¡ πà“®–π”‰ª‡§≈◊Õ∫º≈‘µ¿—≥±å

‡§√◊ËÕßªíôπ¥‘π‡º“™π‘¥µà“ß Ê ‰¥â¥’

 √ÿªº≈°“√∑¥≈Õß·≈–¢âÕ‡ πÕ·π–

1) °“√‡º“„π∫√√¬“°“»·∫∫ oxidation ®–‰¥â
‡§≈◊Õ∫∑’Ë‰¥âÕÕ°‡ªìπ Õß°≈ÿà¡§◊Õ 1) ‡§≈◊Õ∫°≈ÿà¡∑’Ë¡’
≈—°…≥–¢Õß‡§≈◊Õ∫»‘≈“¥≈ 2) ‡§≈◊Õ∫°≈ÿà¡∑’Ë‰¡à¡’
≈—°…≥–¢Õß§«“¡‡ªìπ‡§≈◊Õ∫»‘≈“¥≈ ¬‘Ëß‡§≈◊Õ∫¡’ à«π
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Figure 3. Glaze fired under condition #1;

maximum temperature 1,260oC;

heating rate 3oC/min; soaking time

1 h under oxidation

Figure 4. Glaze fired under condition #2;

maximum temperature 1,260oC;

heating rate 5oC/min; soaking time

3 h under oxidation

Figure 5. Glaze fired under condition #3;

maximum temperature 1,300oC;

heating rate 5oC/min; soaking time

3 h under oxidation

Figure 6. Glaze fired under condition #4;

maximum temperature 1,220oC;

heating rate 3oC/min; soaking time

2 h under oxidation
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Figure 7. Glaze fired under condition #5;

maximum temperature 1,260oC;

heating rate 3oC/min; soaking time

3 h under reduction

Figure 8. Glaze fired under condition #6;

maximum temperature 1,350oC;

heating rate 5oC/min; soaking time

3 h under reduction

Figure 9. Celadon glaze on Dan Kwian pottery fired to maximum temperature 1,350oC;

heating rate 5oC/min; soaking time 3 h under oxidation

(a) (b) (c)
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º ¡¢Õß¢’È‡∂â“¡“°‡∑à“„¥≈—°…≥–§«“¡‡ªìπ»‘≈“¥≈

°Á®–¡’¡“°¢÷Èπ‡∑à“π—Èπ  ’‡¢’¬«„π∑’Ëπ’È‡ªìπ‡¢’¬«ÕÕ°‰ª

∑“ßπÈ”µ“≈π‘¥ Ê ‡§≈◊Õ∫∑’Ë¡’À‘πøíπ¡â“¡“°®–√“π

√ÿπ·√ßπâÕ¬°«à“‡§≈◊Õ∫∑’Ë¡’À‘πøíπ¡“πâÕ¬ °“√‡º“∑’Ë

Õÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ·≈–°“√ soak π“π¢÷Èπ®–∑”„Àâ

‡§≈◊Õ∫¡’ ’‡¢’¬«‡¢â¡¢÷Èπ

2) ‡§≈◊Õ∫∑’Ë‡º“„π∫√√¬“°“»·∫∫ reduction

∑’Ë 1,260 Õß»“‡´≈‡´’¬  ®–¬—ß‰¡à ÿ°µ—«‡ªìπ à«π„À≠à

‚¥¬·∫àß‡§≈◊Õ∫´÷Ëß‡º“„π reduction ∑’Ë 1,350 Õß»“

‡´≈‡´’¬  ‰¥â‡ªìπ Õß°≈ÿà¡„π∑”πÕß‡¥’¬«°—π°—∫

‡§≈◊Õ∫∑’Ë‡º“„π oxidation Õ¬à“ß‰√°Áµ“¡‡§≈◊Õ∫°≈ÿà¡

∑’Ë¡’≈—°…≥–¢Õß‡§≈◊Õ∫»‘≈“¥≈∑’Ë‡º“„π reduction

®–¡’ ’‡¢’¬«Õ¡øÑ“¡“°°«à“

3) °“√π”‡º“‡§≈◊Õ∫»‘≈“¥≈‰ª‡§≈◊Õ∫∫π‡π◊ÈÕ

¥‘πªíôπ∑’Ë∑”®“°¥‘π¥à“π‡°«’¬π ®–∑”„Àâ‰¥â™‘Èπß“π

 ’ß“¡¥”≈“¬πÈ”µ“≈∑’Ë¡’‡Õ°≈—°…≥å‡©æ“– «¬ß“¡

‡À¡“– ”À√—∫π”‰ª„™â∑”º≈‘µ¿—≥±åµà“ß Ê ‰¥â Õ¬à“ß‰√

°Áµ“¡ º≈°“√∑¥≈Õß à«ππ’È‡ªìπ‡æ’¬ß°“√∑¥≈Õß∑’Ë

‰¥â®“°°“√π”‡Õ“‡§≈◊Õ∫»‘≈“¥≈ Ÿµ√‡¥’¬«‡º“„π

 ¿“«–‡¥’¬« ®÷ßπà“®–¡’°“√»÷°…“µàÕ‰ªÕ’°‚¥¬„™â

‡§≈◊Õ∫À≈“¬ Ê  Ÿµ√ µ“¡ª°µ‘·≈â«‡π◊ÈÕ¥‘πªíôπ∑’Ë∑”

®“°¥‘π¥à“π‡°«’¬π¡’®ÿ¥ ÿ°µ—«‰¡à∂÷ß 1,350

Õß»“‡´≈‡ ’́¬  ¥—ßπ—Èπ°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘¥—ß°≈à“«

¢Õßπ—°»÷°…“„π°“√∑¥≈Õßπ’ÈÕ“®®–∑”„Àâ‰¥â

º≈‘µ¿—≥±å∑’Ë ÿ°µ—«¡“°‡°‘π‰ª ‡æ√“–©–π—ÈπÀ“°®–
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