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0.45 ·≈– 0.55 Õ¬Ÿà„π‡°≥±å∑’Ë¡“μ√∞“π ASTM C 191 [1]  à«π´’‡¡πμå‡æ μå∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå ‡∑à“°—∫ 0.22
·≈– 0.70 ‰¡àÕ¬Ÿà„π‡°≥±å¡“μ√∞“π  ”À√—∫Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—π„π‡π◊ÈÕ´’‡¡πμå‡æ μå æ∫«à“Õÿ≥À¿Ÿ¡‘
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 ”À√—∫°“√«‘‡§√“–Àå ¿“«–°“√∫à¡ æ∫«à“ ¿“«–°“√∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«ø∑’Ë∑”„Àâ§Õπ°√’μ¡’Õÿ≥À¿Ÿ¡‘¿“¬„π
‰¡à‡°‘π 60 Õß»“‡´≈‡ ’́¬  (∂â“Õÿ≥À¿Ÿ¡‘ Ÿß°«à“π’È§Õπ°√’μ®–‡°‘¥°“√·¬°™—Èπ) ‰¥â·°à °“√„™â°”≈—ß‰¡‚§√‡«ø ‡∑à“°—∫ 100
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Influence of Microwave Energy on Thermal Conductivity and

Compressive Strength of Concrete

The objective of this research was to study the influence of microwave energy on thermal conductivity

and compressive strength of concrete. The tested properties of cement paste include setting time,

temperature from hydration reaction and compressive strength at the ages of 1, 3, and 5 days with the

water-to-binder ratios were 0.22, 0.38, 0.45, 0.55 and 0.70. The tested results were used to analyze the

curing conditions of concrete with microwave energy.

From the tested results of cement paste properties, it was observed that setting time increased with

the increase of water-to-binder ratios. The initial and final setting time of the cement pastes with 0.38, 0.45

and 0.55 water-to-binder ratios were in accordance to ASTM C 191 but the initial and final setting time of

the cement pastes with 0.22 and 0.70 water-to-binder ratios were not in accordance to ASTM. For the tested

results of the hydration reaction in cement paste, it was found that the highest temperature was 60 Ì C. And

the compressive strength of cement paste decreased with increasing the water-to-binder ratios.

For the analysis of curing conditions, it was found that the optimum condition for curing concrete

with microwave energy is that the temperature in concrete matrix should not be over 60 Ì C. If temperature

is over than 60 Ì C, it will led to segregation of proportions in concrete. The optimal conditions were 100

watts of microwave power, 15 minutes for curing time and 30 minutes for delay time. Additionally, the

concrete curing with microwave energy had high compressive strength but thermal conductivity were low

when compared with concrete curing with water, due to water in concrete were decreased.

Abstract
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1. ∫∑π”
§Õπ°√’μ‡ªìπ«— ¥ÿ∑’Ëπ”¡“„™â„πÕÿμ “À°√√¡°àÕ √â“ß¡“

π“π ·≈–‡ªìπ∑’Ëπ‘¬¡„™â°—πÕ¬à“ß·æ√àÀ≈“¬„πªí®®ÿ∫—π
‡π◊ËÕß®“°§Õπ°√’μ‡ªìπ«— ¥ÿ∑’ËÀ“ßà“¬·≈–√“§“∂Ÿ°‡¡◊Ë Õ
‡∑’¬∫°—∫«— ¥ÿ°àÕ √â“ßª√–‡¿∑Õ◊ËπÊ „πª√‘¡“≥‡¥’¬«°—π
πÕ°®“°π’È§Õπ°√’μ¬—ß “¡“√∂¢÷Èπ√Ÿª‰¥âßà“¬·≈–À≈“°
À≈“¬√Ÿª·∫∫ ¥—ßπ—Èπ§«“¡·¢Áß·√ß¢Õß§Õπ°√’μ®÷ß‡ªìπ
ªí®®—¬Àπ÷Ëß∑’Ë àßº≈∂÷ß§«“¡·¢Áß·√ß¢Õß‚§√ß √â“ß‚¥¬μ√ß
    ·μà„πªí®®ÿ∫—π‚≈°¡’Õÿ≥À¿Ÿ¡‘‡©≈’Ë¬ Ÿß¢÷Èπ∑ÿ°ªï ®÷ß∑”„Àâ
‡°‘¥ªí≠À“μ“¡¡“¡“°¡“¬ √«¡‰ª∂÷ßß“π°àÕ √â“ß‚¥¬
‡©æ“–ªí≠À“∑’Ë‡°‘¥¢÷Èπ„πß“π§Õπ°√’μ ‡™àπ °“√·μ°√â“«
·≈–§ÿ≥¿“æ„π°“√∑”ß“π≈¥≈ß ‡ªìπμâπ ¥—ßπ—Èπ ®÷ß¡’
§«“¡®”‡ªìπÕ¬à“ß¬‘Ëß∑’Ë®–μâÕßæ—≤π“§ÿ≥¿“æ¢Õß§Õπ°√’μ
„Àâ∑πμàÕ ¿“«–Õÿ≥À¿Ÿ¡‘ Ÿß ÷́Ëß„πÕ¥’μ·≈–ªí®®ÿ∫—π«‘∏’°“√
Àπ÷Ëß∑’Ë¬—ß§ß„™â°—πÕ¬Ÿà„π°“√∫à¡‡æ◊ËÕ‡√àß°”≈—ß¢Õß§Õπ°√’μ
„π™à«ßμâπ‰¥â·°à«‘∏’ ÕÕ‚μ‡§≈åø ·μàÕ¬à“ß‰√°Áμ“¡«‘∏’ÕÕ‚μ
‡§≈åø ¬—ß¡’¢âÕ∫°æ√àÕß„π¥â“π°“√°√–®“¬§«“¡√âÕπ
¿“¬„π‡π◊ÈÕ§Õπ°√’μ∑’Ë¬—ß‰¡à§àÕ¬¡’§«“¡ ¡Ë”‡ ¡Õ∑”„Àâ‡°‘¥
§«“¡º—π·ª√„π¥â“π§ÿ≥ ¡∫—μ‘ „π¢≥–∑’Ë«‘∏’°“√„™â “√
º ¡‡æ‘Ë¡ª√–‡¿∑μà“ßÊ‡æ◊ËÕ‡æ‘Ë¡°”≈—ß„Àâ°—∫§Õπ°√’μ°Á®– àß
º≈μàÕ§«“¡∑π∑“π¢Õß§Õπ°√’μ„π√–¬–¬“« [1] ¥—ßπ—Èπ
®÷ß¡’§«“¡®”‡ªìπ∑’Ë®–μâÕß¡’°“√§âπ§«â“«‘®—¬‡°’Ë¬«°—∫‡∑§π‘§
·≈–«‘∏’°“√∫à¡§Õπ°√’μª√–‡¿∑„À¡à¢÷Èπ¡“‡æ◊ËÕ„Àâ ‰¥â
§Õπ°√’μ∑’Ë¡’§ÿ≥ ¡∫—μ‘μ“¡∑’ËμâÕß°“√ ÷́Ëß°“√„™âæ≈—ßß“π
‰¡‚§√‡«ø ®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ë∂Ÿ°π”¡“§âπ§«â“«‘®—¬

¥â«¬¢âÕ¥’¢Õßæ≈—ßß“π‰¡‚§√‡«ø§◊Õ “¡“√∂∑’Ë®–
°√–®“¬§«“¡√âÕπ∑’Ë‡°‘¥¢÷Èπ¿“¬„π‡π◊ÈÕ§Õπ°√’μ„Àâ¡’§«“¡
 ¡Ë”‡ ¡Õ·≈–∑’Ë ”§—≠ “¡“√∂„™â‡«≈“„π°“√∫à¡∑’ËπâÕ¬°«à“
1 «—π‚¥¬‰¡à àßº≈°√–∑∫μàÕ°”≈—ß√—∫·√ß∑—Èß™à«ßμâπ·≈–
™à«ßª≈“¬ [1]

§≈◊Ëπ‰¡‚§√‡«ø‡ªìπæ≈—ßß“π§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“·∫∫
Non-Ionizing Radiation ´÷Ëß∑”„Àâ‡°‘¥°“√‡§≈◊ËÕπ∑’Ë‚¥¬
°“√‚¬°¬â“¬Õ‘ÕÕπ ·≈– Dipole Rotation ·μà‰¡à‰¥â∑”„Àâ
‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß„π‚§√ß √â“ß‚¡‡≈°ÿ≈ æ≈—ßß“π
‰¡‚§√‡«ø¡’§≈◊Ëπ§«“¡∂’Ë®“° 300 › 300,000 ‡¡°–‡Œ‘√μ ǻ
´÷Ëß§≈◊Ëπ§«“¡∂’Ë∑’Ëπ‘¬¡„™â„πμŸâ ‰¡‚§√‡«øμ“¡∫â“π‡√◊Õπ¡“°
∑’Ë ÿ¥ §◊Õ 2,450 ‡¡°–‡Œ‘√μ ǻ ·≈–¡’æ≈—ßß“π 600 › 700
«—μμå [2] Õ¬à“ß‰√°Áμ“¡ À—«„® ”§—≠¢Õß‡μ“‰¡‚§√‡«ø°Á§◊Õ

μ—«·¡Á°π‘μ√Õπ∑’Ë®–‡ªìπμ—«‡ª≈’Ë¬πæ≈—ßß“π‰øøÑ“„Àâ‡ªìπ
æ≈—ßß“π‰¡‚§√‡«ø ÷́Ëß‰¡à‡ªìπÕ—πμ√“¬μàÕ¡πÿ…¬å ‡æ√“–
§≈◊Ëπ‰¡‚§√‡«ø‡ªìπ§≈◊Ëπ§«“¡∂’Ë Ÿß∑’Ë ‰¡à„™à√—ß ’ ®÷ß‰¡à‡°‘¥
°“√°√–®“¬·≈–‰¡à – ¡Õ¬Ÿà„π√à“ß°“¬¡πÿ…¬å  ”À√—∫
°√√¡«‘∏’°“√∫à¡‡æ◊ËÕ‡√àß°”≈—ß¢Õß§Õπ°√’μ∑’Ë„™âÀ≈—°°“√
∑”§«“¡√âÕπ¥â«¬‰¡‚§√‡«øπ—Èπ ‰¥âμ—ÈßÕ¬Ÿà∫πÀ≈—°°“√
æ◊Èπ∞“π¢Õß°“√°√–®“¬æ≈—ßß“π¿“¬„π∑’Ë‡°‘¥®“°°“√
 —Ëπμ—«¢Õß¢—È« ·≈–ª√–®ÿ„π‚¡‡≈°ÿ≈«— ¥ÿ‰¥Õ‘‡≈Á°μ√‘°¿“¬„μâ
 π“¡·¡à‡À≈Á°‰øøÑ“ ÷́Ëß°“√„™â°√√¡«‘∏’∑“ß§«“¡√âÕπ¥â«¬
‰¡‚§√‡«ø„π°“√∫à¡§Õπ°√’μπ—Èπ§√Õ∫§≈ÿ¡„π™à«ß¢Õß°“√
„Àâ§«“¡√âÕπ«— ¥ÿ„π™à«ßμâπÀ≈—ß®“°∑”°“√º ¡§Õπ°√’μ
‡ √Á® °“√∫à¡„π™à«ßæ—≤π“‚§√ß √â“ß‡π◊ËÕß®“°æ≈—ßß“π
‰¡‚§√‡«ø “¡“√∂‡√àßªØ‘°‘√‘¬“‰Œ‡¥√™—π„πªŸπ´’‡¡πμå‰¥â
∑”„Àâ‡°‘¥°“√æ—≤π“°”≈—ß√—∫·√ß¢Õß§Õπ°√’μÕ¬à“ß
√«¥‡√Á«·≈–°“√∫à¡À≈—ß®“°§Õπ°√’μæ—≤π“‚§√ß √â“ß·≈â«
[3] Õ¬à“ß‰√°Áμ“¡§«“¡√ŸâÕ’°ª√–‡¥ÁπÀπ÷Ëß∑’Ë«à“«— ¥ÿ∑’ËÕ¬Ÿà
¿“¬„π π“¡‰¡‚§√‡«ø®–¡’º≈μàÕ°“√¥Ÿ¥ —́∫æ≈—ßß“π
‰¡‚§√‡«ø‰¥â·≈â«°“√°√–®“¬μ—«¢Õß π“¡‰¡‚§√‡«ø¬—ß
¢÷ÈπÕ¬Ÿà°—∫§ÿ≥ ¡∫—μ‘‰¥Õ‘‡≈Á°μ√‘°¢Õß«— ¥ÿ´÷Ëß§«“¡‰¡à
 ¡Ë”‡ ¡Õ¢Õß π“¡‰¡‚§√‡«øπ—Èπ®– àßº≈μàÕ°“√°√–®“¬
μ—«∑“ß§«“¡√âÕπ¢Õß«— ¥ÿ [3]

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß»÷°…“∂÷ßÕ‘∑∏‘æ≈¢Õßæ≈—ßß“π
‰¡‚§√‡«ø∑’Ë¡’μàÕ°“√π”§«“¡√âÕπ·≈–°”≈—ßÕ—¥¢Õß§Õπ°√’μ

2. «—μ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“Õ‘∑∏‘æ≈¢Õßæ≈—ßß“π‰¡‚§√‡«ø∑’Ë¡’μàÕ

°“√π”§«“¡√âÕπ·≈–°”≈—ßÕ—¥¢Õß§Õπ°√’μ

3. °“√∑¥ Õ∫
3.1 «— ¥ÿ∑’Ë„™â„π°“√»÷°…“

«— ¥ÿ∑’Ë„™â„π°“√»÷°…“ª√–°Õ∫‰ª¥â«¬
1) ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
2) πÈ” „™âπÈ”ª√–ª“∑’Ë√Õß„ à¿“™π–∑‘Èß‰«â 1 «—π

∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß°àÕπ∑¥≈Õß
3) ¡«≈√«¡À¬“∫ ‰¥â·°à À‘π „™âÀ‘πªŸπ¢π“¥ 19 ¡¡.

(3/4 π‘È«) ´÷Ëßπ”À‘π¡“≈â“ß°àÕπ∑’Ë®–π”¡“„™â„π°“√∑¥≈Õß
·≈â«®÷ßπ”‰ªÕ∫‡ªìπ‡«≈“ 1 «—π ®ππÈ”Àπ—°§ß∑’Ë ·≈–∑‘Èß‰«â
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 2 «—π ®÷ßπ”À‘π¡“„™â„π
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°“√∑¥≈Õß ·≈–∑”°“√∑¥ Õ∫À“§à“§«“¡∂à«ß®”‡æ“–
μ“¡¡“μ√∞“π ASTM C 127 [4]

4) ¡«≈√«¡≈–‡Õ’¬¥ ‰¥â·°à ∑√“¬ „™â∑√“¬≈–‡Õ’¬¥ ÷́Ëß
°àÕπ∑’Ë®–π”¡“„™â„π°“√∑¥≈Õß®–π”∑√“¬¡“≈â“ß·≈â«π”
‰ªÕ∫‡ªìπ‡«≈“ 1 «—π ®ππÈ”Àπ—°§ß∑’Ë ·≈–∑‘Èß‰«â∑’ËÕÿ≥À¿Ÿ¡‘
ÀâÕß‡ªìπ‡«≈“Õ¬à“ßπâÕ¬ 1 «—π ®÷ßπ”∑√“¬¡“„™â„π°“√∑¥≈Õß
·≈–∑”°“√À“§à“‚¡¥Ÿ≈— §«“¡≈–‡Õ’¬¥ ·≈–§«“¡∂à«ß
®”‡æ“–μ“¡¡“μ√∞“π ASTM C 125 [5] ·≈– ASTM C
128 [6] μ“¡≈”¥—∫

3.2 «‘∏’°“√‡μ√’¬¡«— ¥ÿ °“√º ¡ ·≈–°“√∑”
μ—«Õ¬à“ß∑¥ Õ∫

®—¥‡μ√’¬¡·≈–»÷°…“§ÿ≥ ¡∫—μ‘¢Õß«— ¥ÿº ¡§Õπ°√’μ
´÷Ëßª√–°Õ∫‰ª¥â«¬ ªŸπ´’‡¡πμå πÈ” ∑√“¬ ·≈–À‘π ‡æ◊ËÕπ”
§à“§ÿ≥ ¡∫—μ‘¢Õß«— ¥ÿμà“ßÊ ∑’Ë ‰¥â ‰ª„™â „π°“√§”π«≥
ÕÕ°·∫∫ —¥ à«πº ¡§Õπ°√’μ‚¥¬„™â«‘∏’°“√ÕÕ°·∫∫ à«π
º ¡§Õπ°√’μμ“¡¡“μ√∞“π ∂“∫—π§Õπ°√’μÕ‡¡√‘°“·≈–
»÷°…“§ÿ≥ ¡∫—μ‘æ◊Èπ∞“π¢Õß ’́‡¡πμå‡æ μå ‰¥â·°à √–¬–
‡«≈“°“√°àÕμ—« Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—π ·≈–
°”≈—ßÕ—¥∑’ËÕ“¬ÿ 1, 3 ·≈– 5 «—π ·≈–π”¢âÕ¡Ÿ≈∑’Ë‰¥â ‰ª„™â„π
°“√«‘‡§√“–Àå ¿“«–∑’Ë‡À¡“– ¡ ”À√—∫°“√∫à¡§Õπ°√’μ
¥â«¬æ≈—ßß“π‰¡‚§√‡«ø ‡æ◊ËÕª√–‡¡‘π§ÿ≥ ¡∫—μ‘°”≈—ßÕ—¥
·≈–°“√π”§«“¡√âÕπ¢Õß§Õπ°√’μ∑’Ëºà“π°“√∫à¡¥â«¬
æ≈—ßß“π‰¡‚§√‡«ø‡ª√’¬∫‡∑’¬∫°—∫°“√∫à¡πÈ”·∫∫ª°μ‘

Õ—μ√“ à«πº ¡¢Õß§Õπ°√’μ
1. Õ—μ√“ à«ππÈ”μàÕ«— ¥ÿª√– “π (ªŸπ ’́‡¡πμå) (w/c)
    ‡∑à“°—∫ 0.38, 0.45, 0.55 ·≈– 0.70
2. Õ—μ√“ à«π∑√“¬μàÕ¡«≈√«¡ (S/A) ‡∑à“°—∫ 0.405

3.3 «‘∏’°“√∑¥ Õ∫
3.3.1 °“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß§Õπ°√’μ°àÕπ

°“√∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«ø
√–¬–‡«≈“°“√°àÕμ—« “¡“√∂«—¥‰¥â ‚¥¬°“√∑¥ Õ∫

·∫∫‰«·§μμ“¡¡“μ√∞“π ASTM C191 [7]  à«π
Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π ’́‡¡πμå‡æ μå«—¥‚¥¬„™â‡§√◊ËÕß Data
Logger ·≈–°”≈—ßÕ—¥¢Õß ’́‡¡πμå‡æ μå∑¥ Õ∫μ“¡
¡“μ√∞“π ASTM C109 [8]

3.3.2 °“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß§Õπ°√’μ
¢≥–∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«ø

 ¿“«–∑’Ë„™â„π°“√∫à¡æ≈—ßß“π‰¡‚§√‡«ø§◊Õ√–¬–‡«≈“
μ—Èß·μàπÈ” —¡º— ªŸπ´’‡¡πμå®π∂÷ß‡√‘Ë¡„Àâæ≈—ßß“π‰¡‚§√‡«ø
‡∑à“°—∫ 15 π“∑’ °”≈—ß‰¡‚§√‡«ø∑’Ë„™â 100 «—μμå √–¬–
‡«≈“„π°“√∫à¡ ‡∑à“°—∫ 30 π“∑’ Õâ“ßÕ‘ßμ“¡ Leung and
Pheeraphan [9] ·≈– Dumangas Jr. [10]  à«π
Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ¢≥–∫à¡æ≈—ßß“π‰¡‚§√‡«ø«—¥‚¥¬„™â‡§√◊ËÕß
Data Logger

3.3.3 °“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß§Õπ°√’μ
À≈—ß∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«ø

°”≈—ßÕ—¥¢Õß§Õπ°√’μ∑¥ Õ∫μ“¡¡“μ√∞“π ASTM
C39 [11]  à«π°“√π”§«“¡√âÕπ¢Õß§Õπ°√’μ«—¥‚¥¬„™â‡§√◊ËÕß
Thermal Conductivity

4. º≈°“√∑¥ Õ∫·≈–°“√«‘‡§√“–Àåº≈
4.1 §ÿ≥ ¡∫—μ‘¢Õß«— ¥ÿ

4.1.1 ¡«≈√«¡
4.1.1.1 ¡«≈√«¡≈–‡Õ’¬¥

„™â∑√“¬·¡àπÈ”∑’Ë “¡“√∂ºà“πμ–·°√ß‡∫Õ√å 4 ‡¡◊ËÕπ”
∑√“¬‰ª∑¥ Õ∫§ÿ≥ ¡∫—μ‘‡∫◊ÈÕßμâπ ¡’§à“‚¡¥Ÿ≈— §«“¡
≈–‡Õ’¬¥‡∑à“°—∫ 2.9 §à“§«“¡∂à«ß®”‡æ“–‡π◊ÈÕ·∑â∑’ËÕ‘Ë¡μ—«
º‘«·Àâß (SSD) ¡’§à“‡∑à“°—∫ 2.36 ·≈–§à“√âÕ¬≈–°“√¥Ÿ¥´÷¡
§«“¡™◊Èπ¡’§à“‡∑à“°—∫ 0.81

4.1.1.2 ¡«≈√«¡À¬“∫
„™âÀ‘πªŸπ¡’¢π“¥„À≠à ÿ¥‰¡à‡°‘π 19 ¡¡. ‡¡◊ËÕπ”‰ª

∑¥ Õ∫§ÿ≥ ¡∫—μ‘‡∫◊ÈÕßμâπ ¡’§à“‚¡¥Ÿ≈— §«“¡≈–‡Õ’¬¥‡∑à“°—∫
7.2 §à“§«“¡∂à«ß®”‡æ“–‡π◊ÈÕ·∑â¢Õß∑’ËÕ‘Ë¡μ—«º‘«·Àâß (SSD)
¡’§à“‡∑à“°—∫ 2.73 ·≈–§à“√âÕ¬≈–°“√¥Ÿ¥´÷¡§«“¡™◊Èπ¡’§à“
‡∑à“°—∫ 0.6

4.1.2 √âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»„π¡«≈√«¡
°“√ÕÕ°·∫∫ à«πº ¡¢Õß§Õπ°√’μ ®–μâÕßπ”§à“√âÕ¬

≈–™àÕß«à“ß¢ÕßÕ“°“»„π¡«≈√«¡ (% Void) ·≈–§à“
Õ—μ√“ à«π∑√“¬μàÕ¡«≈√«¡ (S/A) ‡ªìπªí®®—¬„π°“√
ÕÕ°·∫∫¥â«¬ ´÷Ëß§à“√âÕ¬≈–™àÕß«à“ß¢ÕßÕ“°“»„π¡«≈√«¡
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4.1.3 ªŸπ ’́‡¡πμå
4.1.3.1 Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ´’‡¡πμå

ªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
®“°º≈°“√∑¥ Õ∫Õß§åª√–°Õ∫∑“ß‡§¡’¢ÕßªŸπ

´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 æ∫«à“ ¡’Õß§åª√–°Õ∫
·≈– —≠≈—°…≥å¢ÕßÕÕ°‰´¥åÀ≈—° (Major Oxides) ‰¥â·°à
·§≈‡´’¬¡‰¥ÕÕ°‰´¥å (CaO) ¡’§à“√âÕ¬≈–‡∑à“°—∫ 64.07 ́ ‘≈‘°“
‰¥ÕÕ°‰´¥å (SiO2) ¡’§à“√âÕ¬≈–‡∑à“°—∫ 20.53 Õ–≈Ÿ¡‘π“
ÕÕ°‰´¥å (Al2O3) ¡’§à“√âÕ¬≈–‡∑à“°—∫ 5.30 ·≈– ‡øÕ√å√‘°
ÕÕ°‰´¥å (Fe2O3) ¡’§à“√âÕ¬≈–‡∑à“°—∫ 3.83

4.1.3.2 §ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ¢ÕßªŸπ´’‡¡πμå
ªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

 ”À√—∫§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ¢ÕßªŸπ´’‡¡πμåªÕ√åμ

√Ÿª∑’Ë 1  º≈°“√∑¥ Õ∫°“√À“§à“√âÕ¬≈–¢Õß™àÕß«à“ß¢ÕßÕ“°“»„π¡«≈√«¡Õ—¥·Àâß

·≈π¥åª√–‡¿∑∑’Ë 1 §à“§«“¡≈–‡Õ’¬¥ (æ◊Èπ∑’Ëº‘«®”‡æ“–) ¡’
§à“‡∑à“°—∫ 3,450 μ√.´¡./°. §à“√âÕ¬≈–§«“¡μâÕß°“√πÈ”
¡’§à“‡∑à“°—∫ 100 §à“¥—™π’°“√æ—≤π“°”≈—ß∑’Ë 7 «—π ¡’§à“
‡∑à“°—∫√âÕ¬≈– 100 ·≈–§à“¥—™π’°“√æ—≤π“°”≈—ß∑’Ë 28 «—π
¡’§à“‡∑à“°—∫√âÕ¬≈– 100

4.1.3.3 ≈—°…≥–¢ÕßÕπÿ¿“§ ‚¥¬„™â‡§√◊ËÕß
Scanning Electron Microscope (SEM)

‡¡◊ËÕπ”ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ‰ª¢¬“¬
≈—°…≥–Õπÿ¿“§‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ¥â«¬
‡∑§π‘§ Scanning Electron  Microscope (SEM) ∑’Ë
°”≈—ß¢¬“¬ 5,000 ‡∑à“ æ∫«à“Õπÿ¿“§¢ÕßªŸπ´’‡¡πμåªÕ√åμ
·≈π¥åª√–‡¿∑∑’Ë 1 ¡’≈—°…≥–À¬“∫‡ªìπ‡À≈’Ë¬¡¡ÿ¡ ¥—ß
· ¥ß„π√Ÿª∑’Ë 2

√Ÿª∑’Ë 2 ¿“æ∂à“¬¢¬“¬Õπÿ¿“§¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 (°”≈—ß¢¬“¬ 5,000 ‡∑à“)

(% Void) ¡’§à“‡∑à“°—∫ 27.13 ·≈–§à“Õ—μ√“ à«π∑√“¬ μàÕ¡«≈√«¡ (S/A) ¡’§à“‡∑à“°—∫ 0.405 ¥—ß· ¥ß„π√Ÿª∑’Ë 1
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4.1.3.4 ≈—°…≥–°“√°√–®“¬¢π“¥§≈–¢Õß
Õπÿ¿“§ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ‚¥¬„™â‡∑§π‘§
Laser Particle Size Distribution

®“°º≈°“√∑¥ Õ∫°“√°√–®“¬¢π“¥§≈–¢ÕßÕπÿ¿“§
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 æ∫«à“Õπÿ¿“§‚¥¬ à«π
„À≠à°√–®“¬Õ¬Ÿà„π™à«ß¢π“¥ 0.1  ∂÷ß 1,000  ‰¡‚§√‡¡μ√
·≈–¢π“¥Õπÿ¿“§‚¥¬‡©≈’Ë¬Õ¬Ÿà∑’Ë 25 ‰¡‚§√‡¡μ√ ¥—ß· ¥ß
„π√Ÿª∑’Ë 3

4.1.3.5 °“√«‘‡§√“–Àå§«“¡‡ªìπº≈÷°¢ÕßÕπÿ¿“§
¢ÕßªŸπ ’́‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ‚¥¬„™â‡∑§π‘§
X › Ray  Diffraction (XRD)

®“°°“√«‘‡§√“–Àå§«“¡‡ªìπº≈÷°¢ÕßÕπÿ¿“§ªŸπ ’́‡¡πμå
ªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 æ∫«à“¡’·§≈‡´’¬¡ÕÕ°‰´¥å (CaO)
Õ¬Ÿà√âÕ¬≈– 64.07 ‚¥¬πÈ”Àπ—° ·≈–¡’§à“ Ÿß ÿ¥ (Peak) ¢Õß
Count ‡∑à“°—∫ 122 ∑’Ë¡ÿ¡‡∑à“°—∫ 32.45 Õß»“ ¥—ß· ¥ß„π
√Ÿª∑’Ë 4

√Ÿª∑’Ë 3  °“√°√–®“¬¢π“¥§≈–¢ÕßÕπÿ¿“§
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

√Ÿª∑’Ë 4 §«“¡‡ªìπº≈÷°¢ÕßÕπÿ¿“§ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å
ª√–‡¿∑∑’Ë 1 ‚¥¬„™â‡∑§π‘§ X › Ray Diffraction

4.2 √–¬–‡«≈“°“√°àÕμ—«¢Õß´’‡¡πμå‡æ μå
‡π◊ËÕß®“°√–¬–‡«≈“°“√°àÕμ—«¢Õß§Õπ°√’μ‡ªìπ

º≈¡“®“°°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—π¢ÕßªŸπ´’‡¡πμå¥—ßπ—Èπ
®÷ß‰¥â∑”°“√«‘‡§√“–Àå®“°‡«≈“°àÕμ—« ‡æ◊ËÕ®–π”¢âÕ¡Ÿ≈®“°
√Ÿª∑’Ë 5 ∂÷ß 8 ‰ªª√–¬ÿ°μå„™â „π°“√∫à¡¥â«¬æ≈—ßß“π
‰¡‚§√‡«øμàÕ‰ª

4.2.1 √–¬–‡«≈“°“√°àÕμ—«¢Õß´’‡¡πμå‡æ μå¢Õß
ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

æ∫«à“‡¡◊ËÕÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¡’§à“‡æ‘Ë¡¢÷Èπ√–¬–
‡«≈“°“√°àÕμ—«®–‡æ‘Ë¡¢÷Èπμ“¡‰ª¥â«¬ ∑—Èßπ’È‡π◊ËÕß®“°√–¬–
‡«≈“°“√°àÕμ—«‡√‘Ë¡μâπ°—∫√–¬–‡«≈“°“√°àÕμ—« ÿ¥∑â“¬®–¡’
§à“‡æ‘Ë¡¢÷Èπμ“¡Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå∑’Ë‡æ‘Ë¡¢÷Èπ ¥—ß‡™àπ
∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.38 ¡’§à“√–¬–‡«≈“°“√°àÕ
μ—«‡√‘Ë¡μâπ‡∑à“°—∫ 150 π“∑’ ·≈–√–¬–‡«≈“°“√°àÕμ—«
 ÿ¥∑â“¬‡∑à“°—∫ 210 π“∑’ ·≈–∑’ËÕ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ
´’‡¡πμå 0.45 ¡’§à“√–¬–‡«≈“°“√°àÕμ—«‡√‘Ë¡μâπ‡∑à“°—∫ 193
π“∑’ ·≈–√–¬–‡«≈“°“√°àÕμ—« ÿ¥∑â“¬‡∑à“°—∫ 250 π“∑’
·≈–∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.55 ¡’§à“√–¬–‡«≈“°“√
°àÕμ—«‡√‘Ë¡μâπ‡∑à“°—∫ 270 π“∑’ ·≈–√–¬–‡«≈“°“√°àÕμ—«
 ÿ¥∑â“¬‡∑à“°—∫ 255 π“∑’ ·≈–∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå
0.7 ¡’§à“√–¬–‡«≈“°“√°àÕμ—«‡√‘Ë¡μâπ‡∑à“°—∫ 270 π“∑’ ·≈–
√–¬–‡«≈“°“√°àÕμ—« ÿ¥∑â“¬‡∑à“°—∫ 340 π“∑’ ¥—ßπ—Èπ
æ∫«à“‡¡◊ËÕÕ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå‡æ‘Ë¡¢÷Èπ®–∑”„Àâ√–¬–
‡«≈“°“√°àÕμ—«‡√‘Ë¡μâπ°—∫√–¬–‡«≈“°“√°àÕμ—« ÿ¥∑â“¬‡æ‘Ë¡
¢÷Èπμ“¡‰ª¥â«¬ ¥—ß· ¥ß„π√Ÿª∑’Ë 5 ∂÷ß 8 ∑—Èßπ’È‚¥¬ª°μ‘·≈â«
√–¬–‡«≈“°àÕμ—«®–‡√Á«¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ ‡æ√“–«à“
Õÿ≥À¿Ÿ¡‘®–‡ªìπμ—«‰ª‡√àßªØ‘°‘√‘¬“‡§¡’√–À«à“ßªŸπ´’‡¡πμå
°—∫πÈ” ¥—ßπ—ÈπÀ“°Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¡’§à“‡æ‘Ë¡¢÷Èπ°Á
®– àßº≈„Àâ°“√‡°‘¥Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥™â“μ“¡‰ª¥â«¬ ‡¡◊ËÕ‡ªìπ
‡™àππ’È√–¬–‡«≈“°àÕμ—«¢Õß ’́‡¡πμå‡æ μå®÷ß„™â‡«≈“π“πμ“¡
‰ª¥â«¬
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√Ÿª∑’Ë 5 √–¬–‡«≈“°“√°àÕμ—«¢Õß ’́‡¡πμå‡æ μå
¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.38

√Ÿª∑’Ë 6 √–¬–‡«≈“°“√°àÕμ—«¢Õß ’́‡¡πμå‡æ μå
¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.45

√Ÿª∑’Ë 7 √–¬–‡«≈“°“√°àÕμ—«¢Õß ’́‡¡πμå‡æ μå
¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.55

√Ÿª∑’Ë 8 √–¬–‡«≈“°“√°àÕμ—«¢Õß ’́‡¡πμå‡æ μå
¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
∑’Ë¡’Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.70

4.3 °“√«—¥Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—π
„π´’‡¡πμå‡æ μå
4.3.1 Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π´’‡¡πμå‡æ μå¢Õß

ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
®–æ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥®“°ªØ‘°‘√‘¬“„π™à«ß¢—Èπ∑’Ë 1 ¢Õß

°“√∑”ªØ‘°‘√‘¬“‰Œ‡¥√™—π ∑’ËÕ¬Ÿà„π™à«ß 15 π“∑’·√° Õÿ≥À¿Ÿ¡‘
∑’Ë‡°‘¥¢÷Èπ„π·μà≈–Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¡’§à“∑’Ë„°≈â
‡§’¬ß°—π¡“° ¥—ß· ¥ß„π√Ÿª∑’Ë 9 ·≈–¢—Èπ∑’Ë 2 ¢Õß°“√∑”
ªØ‘°‘√‘¬“‰Œ‡¥√™—π ∑’Ë‰¡à§àÕ¬¡’ªØ‘°‘√‘¬“‡√’¬°«à“¥Õ√å·¡πμå
(Dormant Period) À√◊Õ√–¬– ß∫æ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥„π
·μà≈–Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¡’§à“∑’Ë„°≈â‡§’¬ß°—π‡À¡◊Õπ
‡¥‘¡‡™àπ‡¥’¬«°—∫¢—Èπ∑’Ë 1 ·≈–À≈—ß®“°π—Èπ‡«≈“ºà“π‰ª

ª√–¡“≥ 2 ∂÷ß 3 ™¡. ®–‡¢â“¢—Èπ∑’Ë 3 ¡’°“√∑”ªØ‘°‘√‘¬“
‡°‘¥¢÷ÈπÕ’°§√—Èß ®–æ∫«à“Õÿ≥À¿Ÿ¡‘¢ÕßÕ—μ√“ à«ππÈ”μàÕªŸπ
´’‡¡πμå 0.22 ·≈– 0.38 ∂÷ßÕÿ≥À¿Ÿ¡‘ Ÿß ÿ¥°àÕπÕ—μ√“ à«π
πÈ”μàÕªŸπ´’ ‡¡πμåÕ◊ËπÊ ·≈–·π«‚πâ¡¢Õß°“√‡°‘¥¢Õß
Õÿ≥À¿Ÿ¡‘¢ÕßÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.22 ·≈– 0.38 ¡’
§à“„°≈â‡§’¬ß°—π¡“°  à«π·π«‚πâ¡¢Õß°“√‡°‘¥¢ÕßÕÿ≥À¿Ÿ¡‘
¢ÕßÕ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ´’‡¡πμå 0.45 ·≈– 0.55 §≈â“¬
°—∫Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.22 ·≈– 0.38 ·μà°“√
‡°‘¥¢÷Èπ¢ÕßÕÿ≥À¿Ÿ¡‘∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.45 ·≈–
0.55 ¬—ß§ß‡æ‘Ë¡¢÷ÈπμàÕ‰ªª√–¡“≥ 10 ™¡. §à“Õÿ≥À¿Ÿ¡‘∑’Ë
Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.45 ®–¡’§à“≈¥≈ß‡√Á«°«à“§à“
Õÿ≥À¿Ÿ¡‘∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.55 ·μàÕ—μ√“°“√
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‡°‘¥¢ÕßÕÿ≥À¿Ÿ¡‘¬—ß§ß‡æ‘Ë¡¢÷ÈπÕ’°‡≈Á°πâÕ¬·≈â«®÷ß¡’§à“≈¥≈ß
∑”„Àâ§à“Õÿ≥À¿Ÿ¡‘∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.55 ¡’§à“ Ÿß ÿ¥
 ”À√—∫∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå 0.70 À≈—ß®“°‡¢â“¢—Èπ
∑’Ë 3 ¢Õß°“√‡°‘¥ªØ‘°‘√‘¬“Õ—μ√“°“√‡°‘¥¢ÕßÕÿ≥À¿Ÿ¡‘®– Ÿß
°«à“Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.22,  0.38, 0.45 ·≈– 0.55
‚¥¬ —ß‡°μ®“°§«“¡™—π¢Õß‡ âπ°√“øÕÿ≥À¿Ÿ¡‘‚¥¬‡©æ“–
„π™à«ß·√°¡’§à“¡“°°«à“ ·μà‡¡◊ËÕæ‘®“√≥“Õÿ≥À¿Ÿ¡‘ Ÿß ÿ¥∑’Ë
‡°‘¥¢÷Èπ®–æ∫«à“¡’§à“μË”°«à“‡¡◊ËÕ‡∑’¬∫°—∫´’‡¡πμå‡æ μå∑’Ë¡’
Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå‡∑à“°—∫ 0.45 ·≈– 0.55 ∑—ÈßÀ¡¥

¥—ß· ¥ß„π√Ÿª∑’Ë 8  ”À√—∫Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°Õ‘∑∏‘æ≈
¢ÕßªØ‘°‘√‘¬“‰Œ‡¥√™—π„π ’́‡¡πμå‡æ μå “¡“√∂Õ∏‘∫“¬‰¥â«à“
°“√∑’Ë´’‡¡πμå‡æ μå¡’§à“Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå‡æ‘Ë¡¢÷Èπ
π—ËπÀ¡“¬§«“¡«à“ª√‘¡“≥ªŸπ´’‡¡πμå∑’ËÕ¬Ÿà„π‡π◊ÈÕ´’‡¡πμå
‡æ μåπ—Èπ®–∂Ÿ°‡®◊Õ®“ß‡æ‘Ë¡¡“°¢÷Èπ®“°ª√‘¡“≥πÈ”∑’Ë‡æ‘Ë¡¢÷Èπ
 àßº≈∑”„ÀâÕÿ≥À¿Ÿ¡‘®“°°“√‡°‘¥ªØ‘°‘√‘¬“‰Œ‡¥√™—π∂÷ß®ÿ¥
 Ÿß ÿ¥™â“°«à“„π°√≥’¢Õß´’‡¡πμå‡æ μå∑’Ë¡’§à“Õ—μ√“ à«ππÈ”
μàÕªŸπ´’‡¡πμåμË”°«à“

√Ÿª∑’Ë 9 Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π´’‡¡πμå‡æ μå¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1

4.4 °“√«—¥§à“°”≈—ßÕ—¥¢Õß ’́ ‡¡πμå ‡æ μå·≈–
§Õπ°√’μ (∫à¡ª°μ‘·≈–∫à¡‰¡‚§√‡«ø) ∑’ËÕ“¬ÿ 1,
3 ·≈– 5 «—π
4.4.1 °“√«—¥§à“°”≈—ßÕ—¥¢Õß´’‡¡πμå‡æ μå¢Õß

ªŸπ´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¬‘Ëß¡“°°”≈—ßÕ—¥®–≈¥≈ß

°≈à“«§◊Õ„π ’́‡¡πμå‡æ μåªí®®—¬∑’Ë¡’º≈°àÕ°”≈—ß§◊Õ ª√‘¡“≥
¢ÕßªŸπ´’‡¡πμåÀ√◊Õ«— ¥ÿª√– “π„π‡π◊ÈÕ´’‡¡πμå‡æ μå

À¡“¬§«“¡«à“ ∂â“„π‡π◊ÈÕ´’‡¡πμå‡æ μå¡’ª√‘¡“≥¢ÕßªŸπ
´’‡¡πμåÀ√◊Õ«— ¥ÿª√– “πÕ¬Ÿà¡“°°”≈—ß¢Õß´’‡¡πμå‡æ μå®–
‡æ‘Ë¡¢÷Èπ ‚¥¬∑’ËÕ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ´’‡¡πμå 0.22 ÷́Ëß¡’
§à“Õ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ´’‡¡πμåπâÕ¬∑’Ë ÿ¥ À¡“¬§«“¡«à“
¡’ ª√‘¡“≥ªŸπ´’‡¡πμåÀ√◊Õ«— ¥ÿª√– “π„π‡π◊ÈÕ´’‡¡πμå‡æ μå
¡“°∑’Ë ÿ¥ ®÷ß¡’°”≈—ßÕ—¥¡“°∑’Ë ÿ¥ ®“°π—Èπ®–‡ÀÁπ«à“°”≈—ßÕ—¥
¢Õß ’́‡¡πμå‡æ μå®–≈¥≈ßμ“¡Õ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ´’‡¡πμå
∑’Ë‡æ‘Ë¡¢÷Èπ ¥—ß· ¥ß„π√Ÿª∑’Ë 10
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√Ÿª∑’Ë 10 §à“°”≈—ßÕ—¥¢Õß´’‡¡πμå‡æ μå¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈πμåª√–‡¿∑∑’Ë 1 ∑’ËÕ“¬ÿ 1, 3 ·≈– 5 «—π

4.5 °“√«—¥§à“°”≈—ßÕ—¥¢Õß§Õπ°√’μªŸπ´’‡¡πμå
ªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1
æ∫«à“∂â“Õ—μ√“ à«ππÈ”μàÕªŸπ ’́‡¡πμå¬‘Ëß¡“°°”≈—ß

Õ—¥®–≈¥≈ß °≈à“«§◊Õ„π§Õπ°√’μªí®®—¬∑’Ë¡’º≈°àÕ°”≈—ß∑’Ë
 ”§—≠§◊Õ ª√‘¡“≥¢ÕßªŸπ´’‡¡πμåÀ√◊Õ«— ¥ÿª√– “π„π‡π◊ÈÕ
´’‡¡πμå‡æ μå À¡“¬§«“¡«à“ ∂â“„π‡π◊ÈÕ ’́‡¡πμå‡æ μå¡’
ª√‘¡“≥¢ÕßªŸπ´’‡¡πμåÀ√◊Õ«— ¥ÿª√– “πÕ¬Ÿà¡“° °”≈—ß¢Õß
§Õπ°√’μ®–‡æ‘Ë¡¢÷Èπμ“¡ ·μàμâÕß®”°—¥ªí®®—¬Õ◊Ëπ∑’Ë‡°’Ë¬«¢âÕß
μàÕ°”≈—ßÕ—¥¢Õß§Õπ°√’μ„ÀâπâÕ¬∑’Ë ÿ¥ ‡™àπ °“√°√–∑ÿâßÀ√◊Õ

°“√Õ—¥§Õπ°√’μ·∫∫Õ◊ËπÊ °“√‡¢â“·∫∫ ·≈–≈¥°“√‡°‘¥
‚æ√ßÕ“°“»À√◊ÕøÕßÕ“°“»„π§Õπ°√’μ ‡ªìπμâπ ´÷Ëß®–
æ∫«à“∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå 0.38 ¡’§à“Õ—μ√“ à«ππÈ”
μàÕªŸπ´’‡¡πμåπâÕ¬∑’Ë ÿ¥ À¡“¬§«“¡«à“¡’ª√‘¡“≥ªŸπ´’‡¡πμå
À√◊Õ«— ¥ÿª√– “π„π‡π◊ÈÕ´’‡¡πμå‡æ μå¡“°∑’Ë ÿ¥ ®÷ß¡’°”≈—ß
Õ—¥¡“°∑’Ë ÿ¥ ®“°π—Èπ®–‡ÀÁπ«à“°”≈—ßÕ—¥¢Õß§Õπ°√’μ®–≈¥
≈ßμ“¡Õ—μ√“ à«π¢ÕßπÈ”μàÕªŸπ´’‡¡πμå∑’Ë‡æ‘Ë¡¢÷Èπ ¥—ß· ¥ß
„π√Ÿª∑’Ë 11

√Ÿª∑’Ë 11 §à“°”≈—ßÕ—¥¢Õß§Õπ°√’μª°μ‘¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈πμåª√–‡¿∑∑’Ë 1 ∑’ËÕ“¬ÿ 1, 3 ·≈– 5 «—π

4.6 °“√∑¥ Õ∫À“§à“°”≈—ß∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß
‰¡‚§√‡«ø∑’Ë„™â„π°“√„Àâæ≈—ßß“π·°à§Õπ°√’μ
°“√∑¥≈ÕßÀ“§à“°”≈—ß∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß

‰¡‚§√‡«ø∑’Ë„™â„π°√–∫«π°“√„Àâæ≈—ßß“π∑’Ë‡À¡“– ¡·°à
§Õπ°√’μ ‡ªìπ°“√∑¥≈Õß‡æ◊ËÕÀ“æ≈—ßß“π∑’Ë‡À¡“– ¡∑’Ë„™â
„Àâæ≈—ßß“π·°à§Õπ°√’μ‚¥¬°“√«‘‡§√“–Àå®“°¢âÕ¡Ÿ≈°“√«—¥
Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—π„π ’́‡¡πμå‡æ μå´÷Ëß
æ∫«à“Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π ’́‡¡πμå‡æ μåª√–‡¿∑∑’Ë 1 „π

·μà≈–Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå‰¡à¡’§à“„¥‡≈¬∑’Ë‡°‘π 60
Õß»“‡´≈‡´’¬  ¥—ß√Ÿª∑’Ë 12 ®“°π—Èπ∑”°“√«‘‡§√“–Àå·≈–
∑¥ Õ∫æ∫«à“°”≈—ß∑’Ë‡À¡“– ¡¢Õß‡§√◊ËÕß‰¡‚§√‡«ø∑’Ë„™â
„π°√–∫«π°“√„Àâæ≈—ßß“π∑’Ë‡À¡“– ¡·°à§Õπ°√’μÕ¬Ÿà∑’Ë
ª√–¡“≥ 100 «—μμå ·≈– Microwave Heating Time
Õ¬Ÿà∑’Ë 15 π“∑’ ·≈–√–¬– Delay Time ∑’Ë‡À¡“– ¡‰¥â
«‘‡§√“–Àå®“°°“√À“°“√°àÕμ—«‡√‘Ë¡μâπ¢Õß´’‡¡πμå‡æ μå
æ∫«à“√–¬– Delay Time ∑’Ë‡À¡“– ¡Õ¬Ÿà∑’Ë 30 π“∑’
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4.6.1 °“√«—¥Õÿ≥À¿Ÿ¡‘∑’Ë ‡°‘¥¢÷Èπ„π§Õπ°√’μ
¢≥–„Àâæ≈—ßß“π‰¡‚§√‡«ø

æ∫«à“æ≈—ßß“π‰¡‚§√‡«ø∑’Ë „Àâ§Õπ°√’μ„π·μà≈–
Õ—μ√“ à«ππÈ”μàÕªŸπ´’ ‡¡πμåμà“ß°—π ∂â“§Õπ°√’μ∑’Ë¡’
Õ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμåπâÕ¬ Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π
§Õπ°√’μ¢≥–„Àâæ≈—ßß“π‰¡‚§√‡«ø°Á®– Ÿß¢÷Èπ ‡π◊ËÕß®“°
πÈ”‡ªìπÕπÿ¿“§∑’Ë∂Ÿ°æ≈—ßß“π‰¡‚§√‡«ø°√–μÿâπ‚¥¬μ√ß °≈à“«
§◊Õ∂â“πÈ”„π‡π◊ÈÕ§Õπ°√’μ¡’ª√‘¡“≥πâÕ¬‚Õ°“ ∑’ËπÈ”®–∂Ÿ°
æ≈—ßß“π‰¡‚§√‡«ø°√–μÿâπ¡“°°«à“·≈–∑—Ë«∂÷ß°«à“§Õπ°√’μ
∑’Ëª√‘¡“≥πÈ”¡“° ¥—ßπ—Èπ§Õπ°√’μ∑’Ë¡’Õ—μ√“ à«π¢ÕßπÈ”μàÕ
ªŸπ´’‡¡πμåπâÕ¬®÷ß‡°‘¥Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß°«à“ ¥—ß· ¥ß„π√Ÿª∑’Ë 12

√Ÿª∑’Ë 12  °“√«—¥Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ„π§Õπ°√’μ
¢≥–„Àâæ≈—ßß“π‰¡‚§√‡«ø¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈πμå

ª√–‡¿∑∑’Ë 1

4.6.2 °“√À“§à“°”≈—ßÕ—¥¢Õß§Õπ°√’μªŸπ
´’‡¡πμåªÕ√åμ·≈π¥åª√–‡¿∑∑’Ë 1 ∑’ËÕ“¬ÿ 1, 3 ·≈– 5 «—π
∑’Ëºà“π°“√∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«ø

æ∫«à“°”≈—ßÕ—¥¢Õß§Õπ°√’μ∑’Ëºà“π°√–∫«π°“√∫à¡¥â«¬
æ≈—ßß“π‰¡‚§√‡«ø¡’§à“‡æ‘Ë¡¢÷Èπ®“°°“√∫à¡·∫∫ª°μ‘
‡π◊ËÕß®“°æ≈—ßß“π‰¡‚§√‡«ø®–™à«¬°√–μÿâπ„ÀâªØ‘°‘√‘¬“
‰Œ‡¥√™—π‡°‘¥ Ÿß¢÷Èπ·≈–≈¥πÈ”∑’Ë‰¡à®”‡ªìπ∑’Ë‡°‘¥¢÷Èπ„π‡π◊ÈÕ
§Õπ°√’μ®÷ß∑”„Àâ°”≈—ß¡’§à“‡æ‘Ë¡¢÷Èπ¥—ß√Ÿª∑’Ë 13 ·≈–√Ÿª∑’Ë 14

√Ÿª∑’Ë 13 §à“°”≈—ßÕ—¥¢Õß§Õπ°√’μ
¢ÕßªŸπ´’‡¡πμåªÕ√åμ·≈πμåª√–‡¿∑∑’Ë 1

√Ÿª∑’Ë 14 √âÕ¬≈–°”≈—ß¢Õß§Õπ°√’μ∑’Ë‡æ‘Ë¡¢÷Èπ
‡¡◊ËÕ∫à¡¥â«¬‰¡‚§√‡«ø‡∑’¬∫°—∫°“√∫à¡·∫∫ª°μ‘

4.6.3 °“√«—¥§à“°“√‡Àπ’Ë¬«π”§«“¡√âÕπ¢Õß
§Õπ°√’μ·∫∫∫à¡¥â«¬‰¡‚§√‡«ø·≈–°“√∫à¡·∫∫ª°μ‘
∑’ËÕ“¬ÿ 1 «—π

æ∫«à“§Õπ°√’μ∑’Ëºà“π°√–∫«π°“√∫à¡¥â«¬æ≈—ßß“π
‰¡‚§√‡«ø®–¡’§à“°“√‡Àπ’Ë¬«π”§«“¡√âÕπ (Thermal Con-
ductivity) ≈¥≈ß‡¡◊ËÕ‡∑’¬∫°—∫§Õπ°√’μ∑’Ë∫à¡·∫∫ª°μ‘
‡π◊ËÕß®“°æ≈—ßß“π‰¡‚§√‡«ø®–‰ª≈¥‚æ√ß§“ªî≈“√’∑’Ë‡ªìπ
™àÕß«à“ß¢ÕßπÈ”∑’Ë‡À≈◊Õ®“°°“√∑”ªØ‘°‘√‘¬“‰Œ‡¥√™—π·≈–
≈¥ª√‘¡“≥πÈ”„π‡®≈‚æ√ß ®÷ß¡’º≈∑”„Àâ°”≈—ß‡æ‘Ë¡¢÷Èπ·≈–
°“√π”§«“¡√âÕπ∑’Ë≈¥≈ß‡æ√“–πÈ”„π‡π◊ÈÕ«— ¥ÿ´’‡¡πμå‡ªìπ
μ—«™à«¬„π°“√π”§«“¡√âÕπ¢Õß«— ¥ÿ´’‡¡πμå ´÷Ëß§à“°“√
‡Àπ’Ë¬«π”§«“¡√âÕπ¢Õß§Õπ°√’μ·∫∫∫à¡‰¡‚§√‡«ø·≈–
°“√∫à¡·∫∫ª°μ‘∑’ËÕ—μ√“ à«ππÈ”μàÕªŸπ´’‡¡πμå¡’§à“μà“ßÊ
¥—ß· ¥ß„πμ“√“ß∑’Ë 1
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μ“√“ß∑’Ë 1 §à“°“√π”§«“¡√âÕπ¢Õß§Õπ°√’μ∑’Ë∫à¡ª°μ‘·≈–∫à¡‚¥¬æ≈—ßß“π‰¡‚§√‡«ø

5. ∫∑ √ÿª
®“°°“√»÷°…“§ÿ≥ ¡∫—μ‘¢—Èπæ◊Èπ∞“π¢Õß§Õπ°√’μ¥â“π

√–¬–‡«≈“°“√°àÕμ—«¢Õß ’́‡¡πμå‡æ μå Õÿ≥À¿Ÿ¡‘∑’Ë‡°‘¥¢÷Èπ
®“°ªØ‘°‘√‘¬“‰Œ‡¥√™—π„π ’́‡¡πμå‡æ μå °”≈—ßÕ—¥¢Õß
´’‡¡πμå‡æ μå∑’ËÕ“¬ÿ 1, 3 ·≈– 5 «—π ‚¥¬„™âÕ—μ√“ à«ππÈ”
μàÕªŸπ´’‡¡πμå 0.22, 0.38, 0.45, 0.55 ·≈– 0.70 ®–æ∫
«à “°”≈— ß∑’Ë ‡ À¡“– ¡¢Õß ‡§√◊Ë Õ ß ‰¡‚§√ ‡«ø∑’Ë „ ™â „π
°√–∫«π°“√„Àâæ≈—ßß“π∑’Ë‡À¡“– ¡·°à§Õπ°√’μÕ¬Ÿà∑’Ë
100 «—μμå §à“ Microwave Heating Time Õ¬Ÿà∑’Ë 15 π“∑’
·≈–√–¬– Delay Time ∑’Ë‡À¡“– ¡‰¥â«‘‡§√“–Àå®“°°“√
À“°“√°àÕμ—«‡√‘Ë¡μâπ¢Õß ’́‡¡πμå‡æ μåæ∫«à“√–¬– Delay
Time ∑’Ë‡À¡“– ¡Õ¬Ÿà∑’Ë 30 π“∑’ ·≈–‡¡◊ËÕ§Õπ°√’μ∑’Ëºà“π
°√–∫«π°“√∫à¡¥â«¬æ≈—ßß“π‰¡‚§√‡«øæ∫«à“°”≈—ß√—∫·√ß
Õ—¥„π™à«ß·√°¢Õß§Õπ°√’μ∑’Ë∫à¡‚¥¬æ≈—ßß“π‰¡‚§√‡«ø ¡’
§à“ Ÿß°«à“§Õπ°√’μ∑’Ë∫à¡‚¥¬πÈ” ·μà§à“ —¡ª√– ‘∑∏‘Ï°“√π”
§«“¡√âÕπ¢Õß§Õπ°√’μ∑’Ë∫à¡‚¥¬æ≈—ßß“π‰¡‚§√‡«ø®–¡’§à“
πâÕ¬°«à“§Õπ°√’μ∑’Ë∫à¡‚¥¬πÈ”

6. °‘μμ‘°√√¡ª√–°“»
ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥  §ÿ≥™—¬æß…å  ‰™¬∏ß√—μπå  ·≈–

§ÿ≥«√æß…å  ≈’· π«—≤π  ∑’Ë™à«¬¥”‡π‘π°“√∑¥ Õ∫„πÀâÕß
ªØ‘∫—μ‘°“√ ∫√‘…—∑ªŸπ´’‡¡πμåπ§√À≈«ß ®”°—¥ (¡À“™π)  ∑’Ë

‰¥âÕπÿ‡§√“–Àåº≈°“√∑¥ Õ∫Õß§åª√–°Õ∫∑“ß‡§¡’ ·≈–
§ÿ≥ ¡∫—μ‘∑“ß°“¬¿“æ¢ÕßªŸπ´’‡¡πμå »Ÿπ¬å‡∑§‚π‚≈¬’
‚≈À–·≈–«— ¥ÿ·Ààß™“μ‘  ”π—°ß“πæ—≤π“«‘∑¬“»“ μ√å
·≈–‡∑§‚π‚≈¬’·Ààß™“μ‘ ∑’Ë ‰¥âÕπÿ‡§√“–Àå¿“æ∂à“¬®“°
°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ·≈–°“√°√–®“¬¢π“¥§≈–
¢ÕßÕπÿ¿“§¢ÕßªŸπ´’‡¡πμå ¿“§«‘™“«‘»«°√√¡‡§¡’  §≥–
«‘»«°√√¡»“ μ√å ¡À“«‘∑¬“≈—¬∏√√¡»“ μ√å ∑’Ë ‰ ¥â
Õπÿ‡§√“–Àå∑¥ Õ∫§«“¡‡ªìπº≈÷°‚¥¬„™â‡∑§π‘§ XRD ¢Õß
ªŸπ´’‡¡πμå
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