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®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß‡∂â“≈Õ¬°—∫ “√≈–≈“¬‚´‡¥’¬¡ ‘́≈‘‡°μ (Na2SiO3) ·≈– “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH)
10 ‚¡≈“√å ·≈–º ¡ “√º ¡‡æ‘Ë¡≈ß„π®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëª√‘¡“≥√âÕ¬≈– 1-2 ‚¥¬πÈ”Àπ—°¢Õß‡∂â“≈Õ¬ Õ—μ√“ à«π‚¥¬
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‚¥¬»÷°…“º≈¢Õß “√º ¡‡æ‘Ë¡∑’Ë¡’μàÕ√–¬–‡«≈“°“√°àÕμ—« ¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“ ·≈–°”≈—ßÕ—¥ πÕ°®“°π’È »÷°…“‚§√ß √â“ß
∑“ß®ÿ≈¿“§¥â«¬‡∑§π‘§ Scanning Electron Microscopy (SEM) ·≈–‚§√ß √â“ß —≥∞“π«‘∑¬“¢Õß«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å
¥â«¬‡∑§π‘§ X-ray powder diffraction (XRD) º≈°“√»÷°…“æ∫«à“ “√º ¡‡æ‘Ë¡∑’Ë‡√àß°“√°àÕμ—«√–¬–ª≈“¬·°à®’‚ÕæÕ≈‘‡¡Õ√å
‰¥â·°à ·§≈‡ ’́¬¡§≈Õ‰√¥å·≈–·§≈‡ ’́¬¡ —́≈‡øμ „π¢≥–∑’Ë´Ÿ‚§√ „Àâ°“√°àÕμ—«√–¬–ª≈“¬∑’Ëπ“π¢÷Èπ  ”À√—∫‚´‡¥’¬¡´—≈‡øμ
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°”≈—ßÕ—¥ Ÿß°«à“ “√º ¡‡æ‘Ë¡∑’Ë√âÕ¬≈– 2 πÕ°®“°π’È®“°°“√»÷°…“®’‚ÕæÕ≈‘‡¡Õ√å∑’Ëº≈‘μ¥â«¬‡∑§π‘§ SEM ·≈– XRD · ¥ß
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Effect of Admixture on the Properties of Fly Ash Geopolymer

The research studied the effect of admixtures on properties of fly ash geopolymer. The geopolymer

was synthesized by a reaction among fly ash, sodium silicate (Na2SiO3) and 10 M sodium hydroxide (NaOH)

solutions. Admixtures were mixed in geopolymer paste at dosage of 1-2% by weight of fly ash. The mass

ratio of Na2SiO3/NaOH was 1.5 and geopolymer was cured at 65 ÌC for 48 hr. Admixtures were selected

based on concrete knowledge comprising of calcium chloride, calcium sulphate, sodium sulphate and

sucrose. Their effects on setting time, degree of reaction and compressive strength were studied. In

addition, microstructure examination was conducted by SEM while morphology was studied by XRD.

Results showed that accelerating admixtures can be shortened the final setting time of geopolymer

including to calcium chloride and calcium sulphate; while sucrose increased the final setting time. For

sodium sulphate, it had little effect on final setting time. In addition, admixtures at dosages of 1% by weight

of fly ash increased the compressive strength higher than 2% dosage. In addition, SEM and EDX

techniques showed that the resulted geopolymer has reformed the microstructural and morphological

structures relevant to the degree of reaction.
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1. ∫∑π”
®“°ªí≠À“ ‘Ëß·«¥≈âÕ¡∑’Ë¡’º≈¡“®“°°“√ª≈¥ª≈àÕ¬

°ä“´§“√å∫Õπ‰¥ÕÕ°‰´¥å Ÿà∫√√¬“°“»„π°√–∫«π°“√º≈‘μ
ªŸπ´’‡¡πμå ·≈–ªí≠À“°“√°”®—¥¢Õß‡ ’¬®“°°√–∫«π°“√
Õÿμ “À°√√¡ ∑”„Àâ‡°‘¥·√ß°√–μÿâπ„π°“√«‘®—¬·≈–æ—≤π“
∑’Ë®–≈¥ªí≠À“¥—ß°≈à“«¡“°¢÷Èπ „πªí®®ÿ∫—π‰¥â¡’°“√«‘®—¬∑’Ë®–
π”«— ¥ÿ‡À≈◊Õ∑‘Èß®“°Õÿμ “À°√√¡¡“º≈‘μ«— ¥ÿ„À¡à ‡æ◊ËÕ≈¥
°“√„™âª√‘¡“≥ªŸπ´’‡¡πμå„ÀâπâÕ¬≈ß ·μà¬—ß§ß ¡∫—μ‘°“√
‡ªìπ«— ¥ÿª√– “π∑’Ë¥’ [1-3] πÕ°®“°π’È¬—ß¡’§«“¡æ¬“¬“¡
æ—≤π“ “√ ’́‡¡πμå∑’Ë‰¡à„™âªŸπ ’́‡¡πμåªÕ√åμ·≈π¥å ·μà„™â “√
ªÕ´‚´≈“π∑’Ëª√–°Õ∫¥â«¬´‘≈‘°“·≈–Õ≈Ÿ¡‘π“‡ªìπÕß§å
ª√–°Õ∫„π°“√∑”«— ¥ÿ́ ’‡¡πμå∑’Ë‡√’¬°«à“ ç®’‚ÕæÕ≈‘‡¡Õ√åé ́ ÷Ëß
‡ªìπ “√‡™◊ËÕ¡ª√– “π∑’Ë “¡“√∂„™â·∑πªŸπ ’́‡¡πμåªÕ√åμ
·≈π¥å‰¥â

«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å¡’ ¡∫—μ‘°“√¬÷¥ª√– “π À√◊Õ ¡∫—μ‘
§≈â“¬ “√ ’́‡¡πμå  “¡“√∂º≈‘μ®“°«— ¥ÿ‡À≈◊Õ∑‘Èß∑’Ë¡’´‘≈‘°“
·≈–Õ≈Ÿ¡‘π“‡ªìπÕß§åª√–°Õ∫ ‡™àπ ‡∂â“∂à“πÀ‘π ¥‘π‡°“≈’π
‡ªìπμâπ «— ¥ÿ®’ ‚ÕæÕ≈‘‡¡Õ√å “¡“√∂º≈‘μ¢÷Èπ‚¥¬°“√º ¡
‡∂â“∂à“πÀ‘π°—∫ “√≈–≈“¬Õ—≈§“‰≈πå ‡æ◊ËÕ„Àâ‡°‘¥ªØ‘°‘√‘¬“
æÕ≈‘§Õπ‡¥π‡´™—π ‰¥â “√‡™◊ËÕ¡ª√– “π∑’Ë¥’À√◊Õ‡√’¬°°—π
«à“ “√ª√–°Õ∫Õ≈Ÿ¡‘‚π´‘≈‘‡°μ ´÷Ëß¡’ Ÿμ√∑“ß‡§¡’§◊Õ Mn

[-(SiO2)z-AlO2]n  wH2O ‡¡◊ËÕ M §◊Õ‚≈À–Õ—≈§“‰≈πå, n §◊Õ
®”π«πÀπà«¬‚¡‡≈°ÿ≈∑’ËμàÕ°—π‡ªìπ “¬‚ à́À√◊Õ degree of
polycondensation, z §◊Õμ—«‡≈¢ 1, 2 À√◊Õ 3 ·≈– w §◊Õ
®”π«π‚¡‡≈°ÿ≈¢ÕßπÈ” [1] ß“π«‘®—¬π’È§“¥«à“®–‡ªìπ°“√
»÷°…“·π«∑“ß°“√æ—≤π“«— ¥ÿ®’ ‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬
„πª√–‡∑»  ∑”„Àâ “¡“√∂‰¥â«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å∑’Ë¡’ ¡∫—μ‘
∑’Ë∑—¥‡∑’¬¡°—∫§Õπ°√’μ Õ’°∑—Èß‡ªìπ°“√≈¥ª√‘¡“≥‡∂â“≈Õ¬
®“°Õÿμ “À°√√¡ ·≈–‡æ‘Ë¡»—°¬¿“æ°“√„™âª√–‚¬™πå®“°
‡∂â“≈Õ¬„π‡™‘ßæ“≥‘™¬å
     ·¡â«à“«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å¡’ ¡∫—μ‘∑“ß°“¬¿“æ∑’Ë¥’ °≈à“«
§◊Õ„Àâ§à“°”≈—ßÕ—¥ Ÿß„π°“√∫à¡√–¬– —Èπ [2-3] ·μàªí≠À“
Àπ÷Ëß¢Õß«— ¥ÿ¥—ß°≈à“«∑’Ëæ∫§◊Õ ¡’√–¬–‡«≈“°“√°àÕμ—«‡√Á«
®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå¡—°‡√‘Ë¡·¢Áßμ—«°àÕπ∑’Ë®–‡∑≈ß„π·∫∫‡ √Á®
∑”„Àâ¡’§«“¡ “¡“√∂„π°“√∑”ß“π (Workability) ‰¡à¥’
‡∑à“∑’Ë§«√ [3] ́ ÷Ëß®”°—¥°“√„™âß“π«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å  Õ¬à“ß‰√
°Áμ“¡√–¬–‡«≈“°“√°àÕμ—«‡√Á«Õ“®¡’§«“¡®”‡ªìπ¢÷ÈπÕ¬Ÿà°—∫
ª√–‡¿∑°“√„™âß“π ‡™àπ ∫√‘‡«≥√‘¡·¡àπÈ”À√◊Õ™“¬Ωíòß∑–‡≈

∑’ËμâÕß°“√°“√°àÕμ—«∑’Ë‡√Á«¢Õß«— ¥ÿ [4-5] ¥—ßπ—Èπ “√º ¡
‡æ‘Ë¡®÷ß¡’§«“¡ ”§—≠ ”À√—∫ß“π§Õπ°√’μ ‚¥¬ “√º ¡
‡æ‘Ë¡∑’ËÀπà«ß°“√°àÕμ—«¢Õß§Õπ°√’μ¡’À≈“¬™π‘¥ ‡™àπ °√¥
·≈–‡°≈◊Õ¢Õß≈‘°‚π´—≈‚øπ‘°·≈–‰Œ¥√Õ°´’§“√å∫Õ°´‘≈‘°,
πÈ”μ“≈·≈–«—μ∂ÿ∑’Ë¡“®“°πÈ”μ“≈  “√‡√àß°“√°àÕμ—«¢Õß
§Õπ°√’μ ‡™àπ ‡°≈◊Õ§“√å∫Õ‡πμ (Carbonate) §≈Õ‰√¥å
(Chloride) —́≈‡øμ (Sulphate) ·§≈‡ ’́¬¡øÕ√å‡¡μ (Cal-
cium formate) ·≈–·§≈‡´’¬¡Õ–´‘‡μμ (Calcium acetate)
‡ªìπμâπ [4-5] ·μà ”À√—∫«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å¬—ß‰¡à¡’¢âÕ¡Ÿ≈
„π‡√◊ËÕßπ’È ¥—ßπ—Èπß“π«‘®—¬π’È®÷ß»÷°…“º≈¢Õß “√º ¡‡æ‘Ë¡μàÕ
°“√°àÕμ—«·≈– ¡∫—μ‘μà“ßÊ ¢Õß®’‚ÕæÕ≈‘‡¡Õ√å´÷Ëß™à«¬„Àâ
®’‚ÕæÕ≈‘‡¡Õ√å¡’§«“¡ “¡“√∂„πß“π∑”ß“π‰¥â∑’Ë¥’¢÷Èπ

2. §«“¡ ”§—≠¢Õßß“π«‘®—¬
ß“π«‘®—¬π’È®÷ß»÷°…“™π‘¥¢Õß “√º ¡‡æ‘Ë¡μàÕ°“√°àÕμ—«

¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå ‡æ◊ËÕ™à«¬„Àâ§«“¡ “¡“√∂„π°“√
∑”ß“π¢Õß‡æ μå¥’¢÷Èπ ·≈–»÷°…“º≈¢Õß “√º ¡‡æ‘Ë¡¥—ß
°≈à“«μàÕ ¡∫—μ‘∑“ß°“¬¿“æ¢Õß«— ¥ÿ®’ ‚ÕæÕ≈‘‡¡Õ√å ‡æ◊ËÕ
‡ªìπ¢âÕ¡Ÿ≈„π°“√μ—¥ ‘π„®‡≈◊Õ° “√º ¡‡æ‘Ë¡„Àâ‡À¡“– ¡
°—∫°“√„™âß“π

3. °“√∑¥≈Õß
3.1 «— ¥ÿ

«— ¥ÿ∑’Ë „™â„π°“√»÷°…“ª√–°Õ∫¥â«¬‡∂â“≈Õ¬®“°
‚√ßº≈‘μ‰øøÑ“·¡à ‡¡“– ®.≈”ª“ß ¢π“¥Õπÿ¿“§ 19
‰¡‚§√‡¡μ√ Õß§åª√–°Õ∫∑“ß‡§¡’¢Õß‡∂â“≈Õ¬· ¥ß¥—ß
μ“√“ß∑’Ë 1  “√≈–≈“¬∑’Ë „™â „π°“√‡μ√’¬¡μ—«Õ¬à“ß®’ ‚Õ
æÕ≈‘‡¡Õ√åª√–°Õ∫¥â«¬ “√≈–≈“¬‚´‡¥’¬¡ ‘́≈‘‡°μ (30%
SiO2 ·≈– 10%Na2O ‚¥¬πÈ”Àπ—°) ·≈– “√≈–≈“¬
‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å 10 ‚¡≈“√å (10 M NaOH) „π°“√
»÷°…“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“„™â “√≈–≈“¬‚´‡¥’¬¡§“√å∫Õ‡πμ
√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—°μàÕª√‘¡“μ√ (5%Na2CO3) ·≈–°√¥
‰Œ‚¥√§≈Õ√‘°§«“¡‡¢â¡¢âπ 2 ‚¡≈“√å (2 M HCl)  “√º ¡
‡æ‘Ë¡∑’Ë„™â ‰¥â·°à ·§≈‡ ’́¬¡§≈Õ‰√¥å (CaCl2) ·§≈‡ ’́¬¡ —́≈‡øμ
(CaSO4) ‚´‡¥’¬¡ —́≈‡øμ (Na2SO4) ·≈–πÈ”μ“≈ Ÿ́‚§√ 
(C12H22O11) „™â∑√“¬·¡àπÈ”∑’Ë√àÕπºà“πμ–·°√ß‡∫Õ√å 6 (¢π“¥
™àÕß‡ªî¥ 3.36 ¡¡.) §â“ßμ–·°√ß‡∫Õ√å 100 (¢π“¥™àÕß‡ªî¥
150 ‰¡‚§√‡¡μ√)  ”À√—∫‡μ√’¬¡®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 33 ©∫—∫∑’Ë 2 ‡¡…“¬π - ¡‘∂ÿπ“¬π 2553124

μ“√“ß∑’Ë 1 Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’¢Õß‡∂â“≈Õ¬

3.2 °“√‡μ√’¬¡®’‚Õ‚æ≈‘‡¡Õ√å‡æ μå
„π°“√‡μ√’¬¡®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μåª√–°Õ∫¥â«¬

‡∂â“≈Õ¬√âÕ¬≈– 60 ‚¥¬πÈ”Àπ—°·≈– “√≈–≈“¬√âÕ¬≈– 40
‚¥¬πÈ”Àπ—°‚¥¬„™âÕ—μ√“ à«π Na2SiO3 μàÕ 10 M NaOH
‡∑à“°—∫ 1.5 º ¡‡∂â“≈Õ¬ ·≈– 10 M NaOH ¥â«¬‡§√◊ËÕß
º ¡¡◊Õ‡ªìπ‡«≈“ 5 π“∑’ ®“°π—Èπ‡μ‘¡ Na2SiO2 º ¡„Àâ‡¢â“°—π
º ¡ “√º ¡‡æ‘Ë¡Àπ÷Ëß™π‘¥„π·μà≈–μ—«Õ¬à“ß ‰¥â·°à CaCl2,
CaSO4, Na2SO4 ·≈–´Ÿ‚§√  ‚¥¬‡μ√’¬¡ “√º ¡‡æ‘Ë¡
√âÕ¬≈– 1 À√◊Õ√âÕ¬≈– 2 ‚¥¬πÈ”Àπ—°¢Õß‡∂â“≈Õ¬ ≈ß„π
®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ë‡μ√’¬¡‰¥â °«π‡æ μåμàÕ‡ªìπ‡«≈“
1 π“∑’ ®“°π—Èπ‡∑μ—«Õ¬à“ß≈ß„π·∫∫À≈àÕæ≈“ μ‘°·≈â«
Àÿâ¡¥â«¬øî≈å¡Àÿâ¡Õ“À“√‡æ◊ËÕªÑÕß°—π°“√√–‡À¬¢ÕßπÈ”
∑’Ëº‘«Àπâ“Õ¬à“ß√«¥‡√Á« Õ∫μ—«Õ¬à“ß∑’ËÕÿ≥À¿Ÿ¡‘ 65 Õß»“
‡´≈‡´’¬  ‡ªìπ‡«≈“ 48 ™¡. ·°–·∫∫·≈–‡°Á∫μ—«Õ¬à“ß‰«â
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈–»÷°…“√–¬–‡«≈“°“√°àÕμ—«¢Õß‡æ μå
¥â«¬‡§√◊ËÕß‰«·§μ μ“¡¡“μ√∞“π ASTM C191 [6]

3.3 °“√‡μ√’¬¡®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å
°“√‡μ√’¬¡®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å§≈â“¬°—∫°“√‡μ√’¬¡

®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå ‚¥¬‡μ‘¡∑√“¬≈ß„π¢—ÈπμÕπ ÿ¥∑â“¬ „™â
∑√“¬„πª√‘¡“≥ 2 ‡∑à“¢ÕßπÈ”Àπ—°‡∂â“≈Õ¬ ́ ÷Ëß„Àâ§à“°“√‰À≈
110 ± 5% ‡∑¡Õ√åμâ“√å≈ß„π·∫∫À≈àÕæ≈“ μ‘°¢π“¥
5 x 5 x 5 ´¡. ∑’Ë∑“πÈ”¡—π∑’Ëº‘«‰«â ·≈â«Àÿâ¡¥â«¬øî≈å¡Àÿâ¡
Õ“À“√ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 65 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 48 ™¡.
®“°π—Èπ·°–·∫∫ ‡°Á∫μ—«Õ¬à“ß‰«â„πμŸâ§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘„π™à«ß
20-25 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 5 «—π ·≈â«®÷ß∑¥ Õ∫
°”≈—ßÕ—¥μ“¡¡“μ√∞“π ASTM C109 [7]

3.4 °“√»÷°…“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
(Degree of reaction)
°“√»÷°…“º≈¢Õß “√º ¡‡æ‘Ë¡μàÕ¥—™π’°“√‡°‘¥

ªØ‘°‘√‘¬“ ¥”‡π‘π°“√‚¥¬∫¥®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå„π‚°√àß
∫¥ “√·≈–√àÕπºà“πμ–·°√ß‡∫Õ√å 100 (¢π“¥™àÕß‡ªî¥ 150
‰¡‚§√‡¡μ√) ™—Ëß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μåª√–¡“≥ 3 °. ¥â«¬
‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥ ®“°π—Èπ≈–≈“¬≈ß„π∫’°‡°Õ√å∑’Ë¡’ 2 M HCl
30 ¡≈. ‡æ◊ËÕ≈–≈“¬ “√ª√–°Õ∫¢Õß·§≈‡ ’́¬¡‰ÕÕÕπ
(Ca2+) ∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“ „πÕà“ßπÈ”§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 60 Õß»“
‡´≈‡´’¬  ‡ªìπ‡«≈“ 20 π“∑’ §πμ≈Õ¥‡«≈“ °√Õßμ–°Õπ
¥â«¬‡§√◊ËÕß°√Õß ÿ≠≠“°“» ≈â“ßμ–°Õπ¥â«¬πÈ”√âÕπ 3 §√—Èß
μ“¡¥â«¬Õ–´’‚μπ °àÕππ”μ–°ÕπÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“
‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™¡. ®“°π—Èππ”μ–°Õπ∑’Ë·Àâß
≈–≈“¬„π∫’°‡°Õ√å∑’Ë¡’ “√≈–≈“¬‚´‡¥’¬¡§“√å∫Õ‡πμ√âÕ¬≈–
5 (5%Na2CO3) ª√‘¡“≥ 30 ¡≈. ‡æ◊ËÕ≈–≈“¬‡®≈¢Õß ‘́≈‘°“
(SiO2) Õ≈Ÿ¡‘π“ (Al2O3) ·≈–‡À≈Á°ÕÕ°‰´¥å (Fe2O3) „π
Õà“ß§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 80 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 20 π“∑’
§πμ≈Õ¥‡«≈“ °√Õßμ–°Õπ¥â«¬‡§√◊ËÕß°√Õß ÿ≠≠“°“»
≈â“ßμ–°Õπ¥â«¬πÈ”√âÕπ 3 §√—Èß ·≈–Õ– ’́‚μπ Õ∫μ–°Õπ
∑’ËÕÿ≥À¿Ÿ¡‘ 70 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 2 ™¡. ™—ËßπÈ”Àπ—°
μ–°Õπ∑’Ë‰¥â´÷Ëß‡ªìπμ–°Õπ¢Õß “√∑’Ë‰¡à‡°‘¥ªØ‘°‘√‘¬“ [8]
§”π«≥¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“®“° ¡°“√∑’Ë (1) [9]
π”‡∂â“≈Õ¬∑’Ë„™â„π°“√∑¥≈ÕßÀ“§à“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
‡™àπ°—π ·≈â«π”§à“∑’Ë‰¥â≈∫ÕÕ°®“°§à“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
¢Õßμ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå [10]
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‡¡◊ËÕ m sample = πÈ”Àπ—°¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëºà“π°“√∫¥ (°.)
m residue = πÈ”Àπ—°¢Õßμ–°Õπ (°.)
LOI = §à“°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡π◊ËÕß®“°°“√‡º“¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëºà“π°“√∫¥

∑”°“√∑¥ Õ∫μ“¡¡“μ√∞“π ASTM C114-03.

3.5 °“√»÷°…“‚§√ß √â“ß®ÿ≈¿“§·≈– —≥∞“π«‘∑¬“
π”μ—«Õ¬à“ß™‘Èπ à«π®’‚Õ‚æ≈‘‡¡Õ√å‡æ μå¢π“¥‡≈Á°

»÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§¥â«¬‡∑§π‘§ Scanning
Electron Microscopy (SEM) ∑’Ë°”≈—ß¢¬“¬ 500 ‡∑à“
‚¥¬‡§≈◊Õ∫™‘Èπμ—«Õ¬à“ß¥â«¬∑Õß§”‡æ◊ËÕ‡æ‘Ë¡§«“¡ “¡“√∂
„π°“√π”‰øøÑ“°àÕπ»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈Á°μ√Õπ
·∫∫ àÕß°√“¥ ·≈–π”μ—«Õ¬à“ß®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå∫¥
»÷°…“‚§√ß √â“ß —≥∞“π«‘∑¬“¥â«¬‡∑§π‘§ X-ray powder
diffraction (XRD) ∑’Ë¡’™à«ß 2θ μ—Èß·μà 10 -50 Õß»“

4. º≈·≈–°“√«‘‡§√“–Àåº≈°“√∑¥≈Õß
4.1 °“√»÷°…“√–¬–°“√°àÕμ—«¢Õß®’‚ÕæÕ≈‘‡¡Õ√å

‡æ μå‚¥¬‡¢Á¡‰«·§μ
μ“√“ß∑’Ë 2 · ¥ß°“√°àÕμ—«√–¬–μâπ (Initial set-

ting time) ·≈–°“√°àÕμ—«√–¬–ª≈“¬ (Final setting time)

¢Õß®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå‚¥¬‡¢Á¡‰«·§μ ‚¥¬°“√°àÕμ—«
√–¬–ª≈“¬¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå§«∫§ÿ¡ §◊Õ 130 π“∑’
°“√„™â “√º ¡‡æ‘Ë¡ª√‘¡“≥√âÕ¬≈– 1 ‚¥¬πÈ”Àπ—°‡∂â“≈Õ¬
æ∫«à“ “√º ¡‡æ‘Ë¡∑’Ë‡√àß√–¬–‡«≈“°“√°àÕμ—« §◊Õ CaCl2
·≈– CaSO4 ¡’°“√°àÕμ—«√–¬–ª≈“¬ 60 ·≈– 115 π“∑’
μ“¡≈”¥—∫  “√º ¡‡æ‘Ë¡∑’ËÀπà«ß√–¬–‡«≈“°“√°àÕμ—«§◊Õ
Na2SO4 ·≈–´Ÿ‚§√  ¡’°“√°àÕμ—«√–¬–ª≈“¬ 135 ·≈–
210 π“∑’ μ“¡≈”¥—∫ °“√‡æ‘Ë¡ª√‘¡“≥¢Õß “√º ¡‡æ‘Ë¡
√âÕ¬≈– 2 ‚¥¬πÈ”Àπ—°‡∂â“≈Õ¬ æ∫«à“ CaCl2 ·≈– CaSO4

‡√àß°“√°àÕμ—«√–¬–ª≈“¬„Àâ‡√Á«¢÷Èπ‡ªìπ 45 ·≈– 105 π“∑’
μ“¡≈”¥—∫ Na2SO4 „Àâ§à“°“√°àÕμ—«√–¬–ª≈“¬ 130 π“∑’
¡’§à“‡¥’¬«°—π°—∫®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå§«∫§ÿ¡ „π¢≥–∑’Ë
´Ÿ‚§√  ¡’°“√°àÕμ—«√–¬–ª≈“¬‡ªìπ 230 π“∑’ Õ¬à“ß‰√°Áμ“¡
°“√‡æ‘Ë¡ª√‘¡“≥¢Õß “√º ¡‡æ‘Ë¡‡ªìπ√âÕ¬≈– 2 ‚¥¬
πÈ”Àπ—°‡∂â“≈Õ¬ ‰¡à‰¥â¡’º≈μàÕ§à“°“√°àÕμ—«‡√‘Ë¡μâπ¡“°π—°

μ“√“ß∑’Ë 2 °“√°àÕμ—«√–¬–μâπ·≈–°“√°àÕμ—«√–¬–ª≈“¬¢Õß®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬

(1)
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®“°°“√∑¥≈Õßæ∫«à“ CaCl2 ‡ªìπ “√º ¡‡æ‘Ë¡∑’Ë‡√àß
√–¬–°“√°àÕμ—«Õ¬à“ß√«¥‡√Á«·≈–∑”„Àâ‡°‘¥°“√·¢Áßμ—«∑’Ë
º‘«Àπâ“¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå ́ ÷ËßÕ“®¡’ “‡Àμÿ®“° CaCl2
 “¡“√∂·μ°μ—«„Àâ·§≈‡´’¬¡‰ÕÕÕπ (Ca2+) „π “√≈–≈“¬

´÷Ëß “¡“√∂‡°‘¥ªØ‘°‘√‘¬“§“√å∫Õ‡π™—π°—∫°ä“´§“√å∫Õπ‰¥
ÕÕ°‰´¥å (CO2) „πÕ“°“»‡°‘¥‡ªìπ·§≈‡ ’́¬¡§“√å∫Õ‡πμ
(CaCO3) ´÷Ëß∑”„Àâ‡°‘¥°“√·¢Áßμ—«∑’Ëº‘«Àπâ“¢÷Èπ ¥—ß· ¥ß„π
 ¡°“√∑’Ë (2)

(2)

πÕ°®“°π’È§≈Õ‰√¥å‰ÕÕÕπ (Cl-) ¬—ß‡ªìπμ—«‡√àß°“√
°àÕμ—«¢Õß·§≈‡´’¬¡´‘≈‘‡°μ‰Œ‡¥√μ ‡π◊ËÕß®“°§≈Õ‰√¥å
‰ÕÕÕπ¡’§«“¡Àπ“·πàπª√–®ÿ Ÿß®÷ß∑”„Àâ‡®≈¡’™àÕß«à“ß
·≈–‚§√ß √â“ß¡’√Ÿæ√ÿπ  “√≈–≈“¬Õ—≈§“‰≈πå®÷ß “¡“√∂
‡¢â“∑”ªØ‘°‘√‘¬“‰¥âßà“¬ ¡’º≈„Àâ√–¬–°“√°àÕμ—« —Èπ≈ß [4]

·§≈‡´’¬¡´—≈‡øμ (CaSO4) À√◊Õ¬‘ª —́¡ ¡’º≈‡≈Á°πâÕ¬
μàÕ√–¬–°àÕμ—«μâπ·≈–ª≈“¬ „π°√≥’¢Õß ’́‡¡πμå‡æ μå
 “√¥—ß°≈à“«Àπà«ß√–¬–‡«≈“°“√°àÕμ—«‡¡◊ËÕ„™â„πª√‘¡“≥
√âÕ¬≈– 3 ∂÷ß 5 ‚¥¬πÈ”Àπ—° [11]  ”À√—∫®’‚ÕæÕ≈‘‡¡Õ√å
¡’§«“¡‡ªìπ‡∫  Ÿß ∑”„Àâ ‰Œ¥√Õ°‰´¥å‰ÕÕÕπ (OH-) ∑”
ªØ‘°‘√‘¬“°—∫ Ca2+ ®“° CaSO4 ·≈–®“°‡∂â“≈Õ¬ ‰¥â
·§≈‡´’¬¡‰Œ¥√Õ°‰´¥å (Ca(OH)2) ∑’Ë∑”„Àâ‡°‘¥°“√·¢Áßμ—«
¢Õß®’‚ÕæÕ≈‘‡¡Õ√å ¥—ß· ¥ß„π ¡°“√∑’Ë (3)

ªØ‘°‘√‘¬“π’È “¡“√∂‡°‘¥„π°√≥’¢Õß CaCl2 ‰¥â‡™àπ°—π
 “¡“√∂Õ∏‘∫“¬‰¥â®“°§à“§ß∑’Ë°“√≈–≈“¬ (Ksp) º≈‘μ¿—≥±å
∑’Ë‡°‘¥¢÷Èπ§◊Õ·§≈‡´’¬¡§“√å∫Õ‡πμ (CaCO3) ·≈– Ca(OH)2

´÷Ëß¡’§à“§ß∑’Ë°“√≈–≈“¬‡∑à“°—∫ 3.8 x 10-9 ·≈– 7.9 x 10-6

μ“¡≈”¥—∫ ¥—ßπ—Èπ CaCO3 ´÷Ëß¡’§à“§ß∑’Ë°“√≈–≈“¬πâÕ¬
°«à“®÷ßμ°μ–°Õπ≈ß¡“°àÕπ ∑”„Àâ¡’º≈μàÕ√–¬–‡«≈“°“√
·¢Áßμ—«

 à«π‚´‡¥’¬¡ —́≈‡øμ (Na2SO4) Àπà«ß°“√°àÕμ—«√–¬–μâπ
·μà‰¡à¡’º≈μàÕ°“√°àÕμ—«√–¬–ª≈“¬¡“°π—° ‚¥¬ªØ‘°‘√‘¬“
√–À«à“ß·§≈‡´’¬¡Õ≈Ÿ¡‘‡πμ°—∫´—≈‡øμ‰ÕÕÕπ (SO4

2-) ®“°
Na2SO4 ∑”„Àâ‡°‘¥°“√°àÕμ—«¢Õß‡Õ∑∑√‘ß‰°∑å (Ettringite)
√Õ∫Ê Õπÿ¿“§¢Õß‡∂â“≈Õ¬  ”À√—∫´Ÿ‚§√ ‰¡à¡’º≈μàÕ°“√
°àÕμ—«√–¬–μâπ·μà¡’º≈Àπà«ß°“√°àÕμ—«√–¬–ª≈“¬ ‡™àπ
‡¥’¬«°—∫°√≥’∑’Ë„™â„πªŸπ´’‡¡πμå ´Ÿ‚§√ ‡ªìππÈ”μ“≈‚¡‡≈°ÿ≈
§Ÿà (Disaccharide) ¡’À¡Ÿà¢Õß H-C-OH Õ¬Ÿà„π‚¡‡≈°ÿ≈ ¥—ß
· ¥ß„π√Ÿª∑’Ë 1 ÷́Ëß∑”„Àâ‡°‘¥°“√¥Ÿ¥´—∫∑“ß‡§¡’ (Chemi-
sorption) ‚¥¬À¡Ÿà ‰Œ¥√Õ°´‘≈ (-OH) ‡°‘¥æ—π∏–
‰Œ‚¥√‡®π°—∫ÕÕ°´‘‡®π‰ÕÕÕπ (O2-) ∫πº‘«Àπâ“¢Õß‡∂â“≈Õ¬
∑”„Àâ “√≈–≈“¬Õ—≈§“‰≈πå —¡º— °—∫Õπÿ¿“§‡∂â“≈Õ¬‰¥â™â“≈ß
®÷ß‡ªìπ°“√Àπà«ß°“√°àÕμ—« [12] Õ’°∑—Èß¬—ß¡’√“¬ß“π«à“
´Ÿ‚§√ Àπà«ß°“√μ°μ–°Õπ¢Õß·§≈‡ ’́¬¡Õ≈Ÿ¡‘‡πμ‰Œ‡¥√μ
„π à«πº ¡∑”„Àâ√–¬–‡«≈“°“√°àÕμ—«π“π¢÷Èπ [13]

√Ÿª∑’Ë 1 ‚§√ß √â“ß¢ÕßπÈ”μ“≈ Ÿ́‚§√ 

(3)
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4.2 °“√»÷°…“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
(Degree of reaction)
√Ÿª∑’Ë 2 · ¥ß°“√‡ª√’¬∫‡∑’¬∫¥—™π’°“√‡°‘¥

ªØ‘ °‘ √‘ ¬ “ ¢ Õ ß ®’ ‚ ÕæÕ≈‘ ‡¡Õ √å ∑’Ë º  ¡ “√º ¡ ‡æ‘Ë ¡
‡ª√’¬∫‡∑’¬∫°—∫®’‚ÕæÕ≈‘‡¡Õ√å§«∫§ÿ¡ æ∫«à“®’‚ÕæÕ≈‘‡¡Õ√å
§«∫§ÿ¡¡’¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“√âÕ¬≈– 13.3  ”À√—∫
®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëª√‘¡“≥√âÕ¬≈– 1 ¢Õß CaCl2,
CaSO4, Na2SO4 ·≈– Ÿ́‚§√  ¡’¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
∑’Ë√âÕ¬≈– 18.5, 19.8, 20.1 ·≈– 15.5 μ“¡≈”¥—∫ ÷́Ëß¡’§à“
 Ÿß°«à“®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëº ¡ “√º ¡‡æ‘Ë¡√âÕ¬≈– 2
‚¥¬¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“¡’§à“√âÕ¬≈– 15.7, 15.6, 16.5
·≈– 13.6 μ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“™π‘¥·≈–ª√‘¡“≥

¢Õß “√º ¡‡æ‘Ë¡¡’º≈μàÕ¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß®’ ‚Õ
æÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬ ·≈–¡’§«“¡ —¡æ—π∏å°—∫√–¬–
°“√°àÕμ—«

´Ÿ‚§√ ´÷Ëß‡ªìπ “√º ¡‡æ‘Ë¡∑’ËÀπà«ß°“√°àÕμ—«æ∫«à“¡’
¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“μË”°«à“ “√º ¡‡æ‘Ë¡™π‘¥Õ◊Ëπ „π∑“ß
°≈—∫°—π “√º ¡‡æ‘Ë¡∑’Ë¡’§à“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“ Ÿß‡™àπ
CaCl2 „Àâº≈‡√àß°“√°àÕμ—« ”À√—∫ CaSO4 ·≈– Na2SO4

·¡â®–¡’º≈‡≈Á°πâÕ¬μàÕ√–¬–°“√°àÕμ—« ·μà™à«¬ª√—∫ª√ÿß
 ¡∫—μ‘¢Õß®’ ‚ÕæÕ≈‘‡¡Õ√å‡æ μå‡™àπ‡¥’¬«°—π ®“°°“√
∑¥≈Õß “√º ¡‡æ‘Ë¡∑ÿ°™π‘¥∑”„Àâ¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
 Ÿß°«à“®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå§«∫§ÿ¡´÷Ëß àßº≈μàÕ§à“°”≈—ßÕ—¥
¥—ß®–°≈à“«μàÕ‰ª

√Ÿª∑’Ë 2 ¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß®’‚ÕæÕ≈‘‡¡Õ√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡
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4.3 »÷°…“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å
√Ÿª∑’Ë 3 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§à“°”≈—ßÕ—¥°—∫

®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡ ‚¥¬®’‚ÕæÕ≈‘‡¡Õ√å
¡Õ√åμâ“√å§«∫§ÿ¡„Àâ§à“°”≈—ßÕ—¥ 25.8 ‡¡°°–ª“ §“≈  ”À√—∫
®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡√âÕ¬≈– 1 æ∫«à“
„Àâ§à“°”≈—ßÕ—¥ Ÿß°«à“®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡
‡æ‘Ë¡√âÕ¬≈– 2 ‚¥¬®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡
‡æ‘Ë¡√âÕ¬≈– 2 ¬—ß„Àâ§à“°”≈—ßÕ—¥μË”°«à“®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å
§«∫§ÿ¡

§à“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡
‡æ‘Ë¡√âÕ¬≈– 1 ¢Õß CaCl2, CaSO4, Na2SO4 ·≈– Ÿ́‚§√ 
¡’§à“ 28.0, 30.5, 32.2 ·≈– 30.1 ‡¡°°–ª“ §“≈ μ“¡
≈”¥—∫ ¢≥–∑’Ë®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡
√âÕ¬≈– 2 ¡’§à“°”≈—ßÕ—¥ 26.9, 26.5, 25.0 ·≈– 27.4

‡¡°°–ª“ §“≈ μ“¡≈”¥—∫ ‚¥¬§à“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å
¡Õ√åμâ“√å¡’§«“¡ —¡æ—π∏å°—∫§«“¡ “¡“√∂„π°“√≈–≈“¬
¢ÕßÕ≈Ÿ¡‘π“·≈–´‘≈‘°“®“°‡∂â“≈Õ¬ [2] ¥—ßπ—Èπ™π‘¥¢Õß
 “√º ¡‡æ‘Ë¡·≈–ª√‘¡“≥ “√º ¡‡æ‘Ë¡¡’º≈μàÕ°“√‡°‘¥‡®≈
®’ ‚ÕæÕ≈‘‡¡Õ√å·≈–¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“ ®“°°“√∑¥≈Õß
æ∫«à“ “√º ¡‡æ‘Ë¡ª√‘¡“≥√âÕ¬≈– 1 „Àâ§à“¥—™π’°“√‡°‘¥
ªØ‘°‘√‘¬“ Ÿß°«à“ “√º ¡‡æ‘Ë¡ª√‘¡“≥√âÕ¬≈– 2 ´÷Ëß¡’º≈
„π∑‘»∑“ß‡¥’¬«°—π°—∫§à“°”≈—ßÕ—¥¢Õß®’ ‚ÕæÕ≈‘‡¡Õ√å®“°
‡∂â“≈Õ¬ Õ¬à“ß‰√°Áμ“¡ ®“°‚§√ß √â“ß®ÿ≈¿“§´Ÿ‚§√ ∑”„Àâ
‡°‘¥‡®≈√Õ∫‡∂â“≈Õ¬¥—ß∑’Ë· ¥ß„π√Ÿª 4® ∑”„Àâ “√≈–≈“¬
‰¡à “¡“√∂ —¡º— º‘«‡∂â“≈Õ¬‰¥â¥’‡∑à“°—∫°√≥’¢Õß CaCl2
‰¥â§à“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ë≈¥≈ß ́ ÷Ëß‡®≈∫√‘‡«≥º‘«‡∂â“≈Õ¬
∑’Ë‡°‘¥®“° Ÿ́‚§√ ‰¥â¡’ à«π™à«¬„π°“√√—∫·√ß∑”„Àâ°”≈—ß
√—∫·√ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å Ÿß¢÷Èπ‰¥â

√Ÿª∑’Ë 3 °”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡
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4.4 °“√»÷°…“‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘
‡¡Õ√å‡æ μå
‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ë

º ¡ “√º ¡‡æ‘Ë¡√âÕ¬≈– 1 · ¥ß¥—ß√Ÿª∑’Ë 4 ®’‚ÕæÕ≈‘
‡¡Õ√å‡æ μå¡’∑—Èß à«π∑’Ë‡°‘¥ªØ‘°‘√‘¬“∑’Ë ¡∫Ÿ√≥å·≈–‡°‘¥ªØ‘°‘√‘¬“
∫“ß à«π ‚¥¬‡°‘¥‡ªìπ‡®≈®’ ‚ÕæÕ≈‘‡¡Õ√å∑’Ëº‘«Àπâ“¢Õß
Õπÿ¿“§‡∂â“≈Õ¬´÷Ëß¡’®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå§«∫§ÿ¡¡’≈—°…≥–
‡®≈®’ ‚ÕæÕ≈‘‡¡Õ√å‡ªìπ√Ÿª∑√ß°≈¡∑’Ëº‘«Õπÿ¿“§‡∂â“≈Õ¬
¡’ à«π∑’Ë‡°‘¥ªØ‘°‘√‘¬“ ¡∫Ÿ√≥å·≈–Õπÿ¿“§‡∂â“≈Õ¬∑’Ë‡°‘¥
ªØ‘°‘√‘¬“∫“ß à«π (√Ÿª∑’Ë 4°) ®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëº ¡
CaCl2, CaSO4 ·≈– Na2SO4 (√Ÿª∑’Ë 4¢, 4§ ·≈– 4ß)
æ∫«à“∫“ß à«π¢Õßº‘«Àπâ“‡°‘¥‡ªìπ‡®≈®’ ‚ÕæÕ≈‘‡¡Õ√å

√Ÿª‡¢Á¡‚¥¬‡®≈√Ÿª‡¢Á¡∑’Ëæ∫„π√Ÿª 4§ ·≈– 4ß Õ“®‡ªìπ
≈—°…≥–¢Õß‡Õ∑∑√‘ß‰°∑å∑’Ë‡°‘¥®“° “√ª√–°Õ∫´—≈‡øμ
 ”À√—∫®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå∑’Ëº ¡πÈ”μ“≈´Ÿ‚§√  (√Ÿª∑’Ë 4®)
‡°‘¥‡®≈®’‚ÕæÕ≈‘‡¡Õ√åμ≈Õ¥∑—Èßº‘«Àπâ“¢ÕßÕπÿ¿“§‡∂â“≈Õ¬
‡π◊ËÕß®“°À¡Ÿà „ππÈ”μ“≈ Ÿ́‚§√ ∑’Ë‡°‘¥ªØ‘°‘√‘¬“∫πº‘«¢Õß
Õπÿ¿“§‡∂â“≈Õ¬ [5] ·≈–®“°°“√»÷°…“‚¥¬‡∑§π‘§ SEM-
EDX æ∫Õ≈Ÿ¡‘π“·≈–´‘≈‘°“∫π‡®≈®’ ‚ÕæÕ≈‘‡¡Õ√å·≈–
∑’Ëº‘«Àπâ“¢Õß‡∂â“≈Õ¬ ÷́Ëß· ¥ß«à“‡°‘¥°“√™–≈–≈“¬¢Õß
 “√≈–≈“¬Õ—≈§“‰≈πå·≈–‡°‘¥ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ‰√‡´™—π
‚¥¬ “√º ¡‡æ‘Ë¡™à«¬∑”„Àâ‡°‘¥‡®≈®’‚ÕæÕ≈‘‡¡Õ√å´÷Ëß™à«¬
„π°“√ª√—∫ª√ÿß°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‰¥â

√Ÿª∑’Ë 4 ‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬∑’Ëº ¡ “√º ¡‡æ‘Ë¡√âÕ¬≈– 1 ;
(°) ‰¡àº ¡ “√º ¡‡æ‘Ë¡ , (¢) CaCl2, (§) CaSO4, (ß) Na2SO4, (®) ´Ÿ‚§√ 

(°) (¢)

(§) (ß)

(®)
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4.5 Õ —≥∞“π«‘∑¬“¢Õß«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å‚¥¬
‡∑§π‘§ XRD
º≈°“√«‘‡§√“–Àå XRD ¢Õß«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å®“°

‡∂â“≈Õ¬º ¡ “√º ¡‡æ‘Ë¡∑—Èß 4 ™π‘¥ ·≈–‡∂â“≈Õ¬¥—Èß‡¥‘¡
· ¥ß¥—ß√Ÿª∑’Ë 5 ‡∂â“≈Õ¬¡’‚§√ß √â“ß∑—Èß∑’Ë‡ªìπº≈÷°·≈–
Õ —≥∞“π ‚¥¬æ∫æ’°§«Õ√åμ´ (Quartz) ¡’ Ÿμ√‡§¡’§◊Õ SiO2,
¡Ÿ≈‰≈μå (Mullite)  Ÿμ√‡§¡’§◊Õ 3Al2O32SiO2 ·≈–Œ’¡“‰μμå
(Hematite)  Ÿμ√‡§¡’ Fe2O3 ∑’Ë· ¥ß à«π∑’Ë‡ªìπº≈÷°„π
‡∂â“≈Õ¬ πÕ°®“°π’È¬—ßæ∫æ’°∞“π°«â“ß∑’Ëª√–¡“≥ 18-25 Ì
´÷Ëß· ¥ß à«π∑’Ë‡ªìπÕ —≥∞“π¢Õß‡∂â“≈Õ¬ „π«— ¥ÿ®’ ‚Õ

æÕ≈‘‡¡Õ√å§«∫§ÿ¡·≈–®’‚ÕæÕ≈‘‡¡Õ√å∑’Ëº ¡ “√º ¡‡æ‘Ë¡
æ∫«à“ æ’°§«Õ√åμ´, ¡Ÿ≈‰≈μå ·≈–Œ’¡“‰μμå ≈¥≈ßÕ¬à“ß
‡ÀÁπ‰¥â™—¥ ·≈–ª√“°Øæ’°¢Õß·§≈‡´’¬¡´‘≈‘‡°μ (Calcium
sil icate) ´÷Ë ß‡ªìπº≈‘μ¿—≥±å®“°°“√‡°‘¥ªØ‘°‘√‘¬“
‰Œ‡¥√™—π√–À«à“ß·§≈‡´’¬¡·≈–´‘≈‘°“ πÕ°®“°π’È
®’ ‚ÕæÕ≈‘‡¡Õ√å§«∫§ÿ¡·≈–®’ ‚ÕæÕ≈‘‡¡Õ√å∑’Ëº ¡ “√
º ¡‡æ‘Ë¡¬—ßª√“°Øæ’°„π≈—°…≥–§≈â“¬°—π§◊Õ ¡’æ’°∞“π
°«â“ß∑’Ëª√–¡“≥ 23-35 Ì · ¥ß°“√‡ª≈’Ë¬π·ª≈ß∑“ß‡§¡’
„π«— ¥ÿ®’ ‚ÕæÕ≈‘‡¡Õ√å ‡°‘¥‡ªìπ “√ª√–°Õ∫·§≈‡´’¬¡
´‘≈‘‡°μ·≈–¡’‚§√ß √â“ßÕ —≥∞“π‡æ‘Ë¡¢÷Èπ [10, 14, 15]

√Ÿª∑’Ë 5 º≈°“√«‘‡§√“–Àå XRD ¢Õß®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬∑’Ëº ¡ “√º ¡‡æ‘Ë¡:
Q = §«Õ√åμ´, CS = ·§≈‡ ’́¬¡ ‘́≈‘‡°μ, M = ¡Ÿ≈‰≈μå ·≈– H = Œ’¡“‰μμå
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5.  √ÿªº≈°“√∑¥≈Õß
®“°°“√»÷°…“Õ‘∑∏‘æ≈¢Õß “√º ¡‡æ‘Ë¡∑’Ë¡’μàÕ√–¬–

‡«≈“°“√°àÕμ—«·≈–¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“¢Õß®’‚ÕæÕ≈‘‡¡Õ√å
®“°‡∂â“≈Õ¬æ∫«à“ ·§≈‡´’¬¡§≈Õ‰√¥å·≈–·§≈‡´’¬¡´—≈‡øμ
∑’Ëª√‘¡“≥√âÕ¬≈– 1 ‡√àß°“√°àÕμ—«√–¬–μâπ „π¢≥–∑’Ë‚´‡¥’¬¡
´—≈‡øμ·≈–πÈ”μ“≈´Ÿ‚§√ „Àâº≈Àπà«ß°“√°àÕμ—«√–¬–ª≈“¬
 “√º ¡‡æ‘Ë¡∑’Ë „™â¡’º≈μàÕ§à“°”≈—ßÕ—¥·≈–¥—™π’°“√‡°‘¥
ªØ‘°‘√‘¬“¢Õß®’‚ÕæÕ≈‘‡¡Õ√å„π∑‘»∑“ß‡¥’¬«°—π ‚¥¬°“√„™â
 “√º ¡‡æ‘Ë¡ª√‘¡“≥√âÕ¬≈– 1 „Àâ§à“¥—™π’°“√‡°‘¥ªØ‘°‘√‘¬“
 Ÿß°«à“ “√º ¡‡æ‘Ë¡ª√‘¡“≥√âÕ¬≈– 2  °“√»÷°…“‚§√ß √â“ß
∑“ß®ÿ≈¿“§· ¥ß„Àâ‡ÀÁπ«à“¡’∫“ß à«π¢ÕßÕπÿ¿“§‡∂â“≈Õ¬
∑’Ë‡°‘¥ªØ‘°‘√‘¬“‡ªìπ‡®≈®’‚ÕæÕ≈‘‡¡Õ√å∑’Ëº‘«Àπâ“¢ÕßÕπÿ¿“§
‡∂â“≈Õ¬ °“√»÷°…“®’‚ÕæÕ≈‘‡¡Õ√å¥â«¬‡∑§π‘§ XRD · ¥ß
æ’°¢Õß·§≈‡´’¬¡´‘≈‘‡°μ ·≈–°“√‡ª≈’Ë¬π·ª≈ß∑“ß
‚§√ß √â“ß¡’§«“¡‡ªìπÕ —≥∞“π‡æ‘Ë¡¢÷Èπ

6. °‘μμ‘°√√¡ª√–°“»
ß“π«‘®—¬π’È ‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‡ß‘π√“¬‰¥â (‡ß‘π

Õÿ¥Àπÿπ®“°√—∞∫“≈) ª√–®”ªïß∫ª√–¡“≥ æ.». 2553  ·≈–
»Ÿπ¬å§«“¡‡ªìπ‡≈‘»¥â“ππ«—μ°√√¡∑“ß‡§¡’ (PERCH-CIC)
 ”π—°ß“π§≥–°√√¡°“√°“√Õÿ¥¡»÷°…“ °√–∑√«ß
»÷°…“∏‘°“√
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