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∫∑§«“¡«‘®—¬π’È ‰¥â‡ πÕ°“√»÷°…“§ÿ≥ ¡∫—μ‘§«“¡§ß∑π¢Õß®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“°âπ‡μ“ ‚¥¬‡μ√’¬¡®’‚ÕæÕ≈‘‡¡Õ√å®“°

‡∂â“°âπ‡μ“∑’Ë∑”ªØ‘°‘√‘¬“°—∫ “√≈–≈“¬‚´‡¥’¬¡´‘≈‘‡°μ·≈– “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å §«“¡‡¢â¡¢âπ 10 ‚¡≈“√å ·≈–»÷°…“º≈

°“√‡ª≈’Ë¬π·ª≈ßÕ—μ√“ à«π‚¥¬πÈ”Àπ—°¢Õß‚´‡¥’¬¡´‘≈‘‡°μμàÕ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡∑à“°—∫ 1, 1.5, 2, ·≈– 3 ∑”°“√∫à¡®’‚ÕæÕ≈‘‡¡Õ√å∑’Ë

Õÿ≥À¿Ÿ¡‘ 65 ÌC ‡ªìπ‡«≈“ 48 ™—Ë«‚¡ß À≈—ß®“°π—Èπ∫à¡μ—«Õ¬à“ß„πÕ“°“» ·≈–∑¥ Õ∫°”≈—ßÕ—¥®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’ËÕ“¬ÿ 14, 30 ·≈–

90 «—π „π°“√»÷°…“§ÿ≥ ¡∫—μ‘¥â“π§«“¡§ß∑π¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å ‰¥â∑”°“√∑¥ Õ∫°”≈—ßÀ≈—ß®“°·™àμ—«Õ¬à“ß„π “√≈–≈“¬

‚´‡¥’¬¡´—≈‡øμ·≈–·¡°π’‡´’¬¡ —́≈‡øμ‡¢â¡¢âπ√âÕ¬≈– 5 ‡ªìπ‡«≈“ 90 «—π πÕ°®“°π’È∑’ËÕ“¬ÿμ—«Õ¬à“ß 48 ™—Ë«‚¡ß ‰¥â∑”°“√»÷°…“À¡Ÿàøíß°å™—π

¢Õß “√ª√–°Õ∫´‘≈‘°“ Si-O (stretching) ‚¥¬‡∑§π‘§ Infrared spectroscopy (IR) ∑’Ë™à«ß§«“¡∂’Ë 1200-950 cm-1 ·≈–‚§√ß √â“ß

∑“ß®ÿ≈¿“§¢Õßμ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å ‚¥¬„™â‡∑§π‘§ Scanning electron microscopy (SEM) ®“°°“√»÷°…“æ∫«à“ Õ—μ√“ à«π

‚´‡¥’¬¡´‘≈‘‡°μμàÕ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å‡∑à“°—∫ 3 „Àâ°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’ËÕ“¬ÿ 90 «—π  Ÿß ÿ¥‚¥¬¡’§à“‡∑à“°—∫ 35

‡¡°–ª“ §“≈ ·≈–πÕ°®“°π—Èπ¬—ßæ∫«à“ ®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ë·™à„π “√≈–≈“¬‚´‡¥’¬¡ —́≈‡øμ·≈–·¡°π’‡´’¬¡ —́≈‡øμ‡ªìπ‡«≈“

90 «—π ¡’°”≈—ßÕ—¥μË”°«à“°≈ÿà¡∑’Ë∫à¡„πÕ“°“»∑’ËÕ“¬ÿ∑¥ Õ∫‡¥’¬«°—π μ≈Õ¥®πμ—«Õ¬à“ß∑’Ë·™à„π “√≈–≈“¬·¡°π’‡´’¬¡´—≈‡øμ¡’°“√

‡ª≈’Ë¬π·ª≈ß¢Õßª√‘¡“μ√¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å§àÕπ¢â“ß™—¥‡®π

§” ”§—≠ :  ®’‚ÕæÕ≈‘‡¡Õ√å ‡∂â“°âπ‡μ“ §«“¡§ß∑πμàÕ “√‡§¡’ ·¡°π’‡ ’́¬¡´—≈‡øμ ‚´‡¥’¬¡ —́≈‡øμ
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Abstract

This paper presents a study on the durability of bottom ash geopolymer. The geopolymer was prepared

from bottom ash with sodium silicate (Na
2
SiO

3
) and 10 M sodium hydroxide (NaOH) solutions. The mass ratio of

Na
2
SiO

3
: NaOH was varied at 1, 1.5, 2, and 3. The samples were cured at 65 ÌC for 48 hours. Compressive strength

of geopolymer curing at ambient temperature was performed at the age of 14, 30 and 90 days. Durability was

presented as strength test of samples curing under 5% sodium sulfate (Na
2
SO

4
) and magnesium sulfate (MgSO

4
)

solutions at 90 days. In addition, the functional group characterization of silica compound, Si-O (stretching), was

studied by Infrared Spectrometer (FT-IR) at frequency of 1200-950 cm-1, and the microstructural study was carried out

by scanning electron microscope (SEM). The results showed that using of Na
2
SiO

3
: NaOH of 3 gave the compressive

strength of 35 MPa at 90 days. After 90 days curing in 5% Na
2
SO

4
 and 5% MgSO

4 
solutions, samples in 5% MgSO

4

were lowered in compressive strength and obviously changed in volume.

Keywords : geopolymer, bottom ash, chemical durability, magnesium sulfate, sodium sulfate
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∫∑π”

 “√´’‡¡πμåÀ√◊ÕªŸπ ’́‡¡πμåªÕ√åμ·≈π¥å (Portland cement)

‰¥â∂Ÿ°„™â‡ªìπ«— ¥ÿ‡™◊ËÕ¡ª√– “πÕ¬à“ß·æ√àÀ≈“¬„π‡∑§‚π‚≈¬’

§Õπ°√’μ ‚¥¬‡©æ“–ª√–‡∑»‰∑¬∑’Ëπ‘¬¡„™â‚§√ß √â“ß§Õπ°√’μ

„πß“π°àÕ √â“ß¥â“π‚¬∏“ ªŸπ ’́‡¡πμåªÕ√åμ·≈π¥å‰¥â¡“®“°°“√

‡º“ “√∑’Ëª√–°Õ∫‰ª¥â«¬ ‘́≈‘°“ (SiO
2
) Õ–≈Ÿ¡‘π“ (Al

2
O

3
) ·≈–

·§≈‡ ’́¬¡ÕÕ°‰´¥å (CaO) ‡ªìπÀ≈—° Õÿ≥À¿Ÿ¡‘„π°“√‡º“∑’Ëª√–¡“≥

1400-1600 ÌC °√–∫«π°“√º≈‘μªŸπ ’́‡¡πμåªÕ√åμ·≈π¥å®÷ß„™â

æ≈—ßß“π Ÿß¡“°®“°°“√√–‡∫‘¥«— ¥ÿ °“√¬àÕ¬ °“√≈”‡≈’¬ß °“√‡º“

·≈–°“√∫¥

°“√º≈‘μªŸπ´’‡¡πμåªÕ√åμ·≈π¥å¬—ß∑”„Àâ‡°‘¥°“√ª≈àÕ¬°ä“™

∑’Ë¡’º≈μàÕ°“√‡°‘¥¿“«–‡√◊Õπ°√–®° (Greenhouse effect)

¥—ßπ—Èπ®÷ß¡’°“√æ¬“¬“¡∑’Ë®–„™âªŸπ´’‡¡πμåªÕ√åμ·≈π¥å„ÀâπâÕ¬≈ß

‚¥¬æ¬“¬“¡∑’Ë®–À“ “√ ’́‡¡πμåÕ◊Ëπ¡“„™â·∑πÀ√◊Õº ¡‡æ‘Ë¡ ¡’°“√

„™â«— ¥ÿ‡À≈◊Õ∑‘Èß®“°Õÿμ “À°√√¡ ‡°…μ√°√√¡ ·≈–®“°∏√√¡™“μ‘

¡“º ¡°—∫ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å‡æ◊ËÕ∑”ªŸπ ’́‡¡πμåº ¡ (Blended

cement) ‡æ◊ËÕ≈¥ª√‘¡“≥°“√„™âªŸπ´’‡¡πμåªÕ√åμ·≈π¥å  “√∑’Ë

„™âº ¡¥—ß°≈à“«‡ªìπ “√æ«°ªÕ´‚´≈“π (Pozzolanic materials)

∑’Ë ‰¡à¡’§ÿ≥ ¡∫—μ‘„π°“√¬÷¥ª√– “π„πμ—«‡Õß ·μà‡¡◊ËÕº ¡°—∫

 “√ª√–°Õ∫¢Õß·§≈‡ ’́¬¡ÕÕ°‰´¥å (CaO) ®– “¡“√∂°àÕμ—«

·≈–·¢Áßμ—«‰¥â «‘∏’°“√π’È‡ªìπ°“√°”®—¥«— ¥ÿ‡À≈◊Õ∑‘Èß‰¥â‡ªìπÕ¬à“ß¥’

·≈–≈¥ª√‘¡“≥ªŸπ ’́‡¡πμå„π à«πº ¡§Õπ°√’μ Õ’°∑—Èß¬—ß™à«¬

ª√—∫ª√ÿß§ÿ≥¿“æ¢Õß§Õπ°√’μ  “√ªÕ´‚´≈“π∑’Ë„™â°—π¡“°∑’Ë ÿ¥

‰¥â·°à‡∂â“∂à“πÀ‘π (fly ash) πÕ°®“°π’È¬—ß¡’‡∂â“°âπ‡μ“ (Bottom ash)

‡∂â“·°≈∫ (Rice husk ash) ·≈–‡∂â“™’«¡«≈ (Biomass ash)

Õ¬à“ß‰√°Áμ“¡ “√ªÕ´‚´≈“π‰¡à “¡“√∂·∑π∑’ËªŸπ´’‡¡πμå‰¥â∑—ÈßÀ¡¥

‡π◊ËÕß®“° ‘́≈‘°“ (SiO
2
) ·≈– Õ–≈Ÿ¡‘π“ (Al

2
O

3
) ®“°‡∂â“¥—ß°≈à“«

μâÕß°“√·§≈‡ ’́¬¡‰Œ¥√Õ°‰´¥å (Ca(OH)
2
) ∑’Ë ‰¥â®“°ªØ‘°‘√‘¬“

‰Œ‡¥√™—π¢ÕßªŸπ´’‡¡πμå‡æ◊ËÕ∑”ªØ‘°‘√‘¬“ªÕ´‚´≈“π·≈–‰¥â

 “√ª√–°Õ∫·§≈‡´’¬¡´‘≈‘‡°μ‰Œ‡¥√μ ·≈–·§≈‡´’¬¡Õ–≈Ÿ¡‘‡πμ

‰Œ‡¥√μ∑’Ë¡’§ÿ≥ ¡∫—μ‘¬÷¥ª√– “πμàÕ‰ª

πÕ°®“°π’È¬—ß¡’§«“¡æ¬“¬“¡æ—≤π“ “√´’‡¡πμå∑’Ë ‰¡à„™â

ªŸπ´’‡¡πμåªÕ√åμ·≈π¥å ·μà„™â “√ªÕ´‚´≈“π∑’Ëª√–°Õ∫¥â«¬´‘≈‘°“

·≈–Õ–≈Ÿ¡‘π“‡ªìπÕß§åª√–°Õ∫„π°“√∑”«— ¥ÿ´’‡¡πμå∑’Ë‡√’¬°«à“

ç®’‚ÕæÕ≈‘‡¡Õ√åé ‡ªìπ “√‡™◊ËÕ¡ª√– “π∑’Ë “¡“√∂„™â·∑πªŸπ´’‡¡πμå

ªÕ√åμ·≈π¥å‰¥â ‚¥¬„™âÀ≈—°°“√¢Õß°“√∑”ªØ‘°‘√‘¬“√–À«à“ß

Õ–≈Ÿ¡‘‡π’¬¡·≈– ‘́≈‘°Õπ ‚¥¬°“√™– ‘́≈‘°Õπ·≈–Õ–≈Ÿ¡‘‡π’¬¡„π

 “√≈–≈“¬‡∫ §«“¡‡¢â¡¢âπ Ÿß·≈–„™â§«“¡√âÕπ‡ªìπμ—«‡√àßªØ‘°‘√‘¬“

∑”„Àâ´‘≈‘°Õπ·≈–Õ–≈Ÿ¡‘‡π’¬¡‡°‘¥ªØ‘°‘√‘¬“‚æ≈‘§Õπ‡¥Áπ‡´™—π‡ªìπ

‚¡‡≈°ÿ≈¢Õß≈Ÿ°‚´à„π≈—°…≥–¢ÕßæÕ≈‘‡¡Õ√å (Davidovits, 1999)

„π°“√»÷°…“∑¥≈Õß§√—Èßπ’È‡ªìπ°“√‡μ√’¬¡«— ¥ÿ®’‚ÕæÕ≈‘‡¡Õ√å

®“°‡∂â“°âπ‡μ“ ÷́Ëß∂◊Õ«à“‡ªìπ¢Õß‡À≈◊Õ∑‘Èß®”π«π¡“°®“°°“√‡º“

∂à“πÀ‘π„π‚√ß‰øøÑ“„πª√‘¡“≥∑’Ë¡“° ·μà‡∂â“°âπ‡μ“∑’Ë‰¥â¡’Õπÿ¿“§

¢π“¥„À≠à‡°‘¥ªØ‘°‘√‘¬“‰¡à§àÕ¬¥’π—° ®÷ßμâÕßπ”¡“∫¥„Àâ¡’¢π“¥

‡≈Á°≈ß‡æ◊ËÕ„Àâ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“‰¥â¥’¬‘Ëß¢÷Èπ °“√∑¥≈Õß§√—Èßπ’È

‰¥â∑”°“√»÷°…“Õ—μ√“ à«π√–À«à“ß “√≈–≈“¬‚´‡¥’¬¡´‘≈‘‡°μμàÕ

 “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å∑’Ë¡’º≈μàÕ°”≈—ßÕ—¥¢Õß®’ ‚Õ-

æÕ≈‘‡¡Õ√å¡Õ√åμâ“√å »÷°…“§ÿ≥ ¡∫—μ‘¥â“π§«“¡§ß∑π¢Õß®’ ‚Õ-

æÕ≈‘‡¡Õ√å¡Õ√åμâ“√å‚¥¬·™à„π “√≈–≈“¬‚´‡¥’¬¡´—≈‡øμ·≈–

·¡°π’‡´’¬¡ —́≈‡øμ ·≈–πÕ°®“°π—Èπ‰¥â»÷°…“À¡Ÿàøíß™—π¢Õß®’‚Õ-

æÕ≈‘‡¡Õ√å¥â«¬‡∑§π‘§ Infrared spectroscopy (IR), »÷°…“

‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õßμ—«Õ¬à“ß¥â«¬‡∑§π‘§ Scanning electron

microscope (SEM) ·≈–«‘‡§√“–ÀåÀ“ª√‘¡“≥∏“μÿ¥â«¬‡§√◊ËÕß

Energy dispersive X-ray spectroscope (EDX)

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√
«— ¥ÿ

«— ¥ÿ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’Èª√–°Õ∫¥â«¬‡∂â“°âπ‡μ“®“°

‚√ß‰øøÑ“·¡à‡¡“– ®—ßÀ«—¥≈”ª“ß ‚¥¬∫¥„Àâ¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬∑’Ë

10 ‰¡§√Õπ Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’∑’Ë∑¥ Õ∫¥â«¬‡§√◊ËÕß X-ray

Fluorescence (XRF) ¥—ß· ¥ß„πμ“√“ß∑’Ë 1

 “√≈–≈“¬∑’Ë„™â„π°“√º ¡®’‚ÕæÕ≈‘‡¡Õ√åª√–°Õ∫¥â«¬

 “√≈–≈“¬‚´‡¥’¬¡ ‘́≈‘‡°μ (Na
2
SiO

3
) ́ ÷ËßÕ—μ√“ à«π SiO

2
 μàÕ Na

2
O

‡∑à“°—∫ 3.4 ‚¥¬πÈ”Àπ—° §«“¡∂à«ß®”‡æ“–‡∑à“°—∫ 1.36 ∑’ËÕÿ≥À¿Ÿ¡‘

30 ÌC  “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ‡¢â¡¢âπ 10 ‚¡≈“√å

„π°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¥â“π§«“¡§ß∑π‰¥â „™â “√≈–≈“¬

‚´‡¥’¬¡´—≈‡øμ (Na
2
SO

4
) §«“¡‡¢â¡¢âπ√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—°

·≈– “√≈–≈“¬·¡°π’‡´’¬¡´—≈‡øμ (MgSO
4
) §«“¡‡¢â¡¢âπ√âÕ¬≈–

5 ‚¥¬πÈ”Àπ—°
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μ“√“ß∑’Ë 1 Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’¢Õß‡∂â“°âπ‡μ“

      Õß§åª√–°Õ∫À≈—°∑“ß‡§¡’       ª√‘¡“≥ (% ‚¥¬πÈ”Àπ—°)

SiO
2

38.8

Al
2
O

3
12.8

Fe
2
O

3
5.1

CaO (and free lime) 18.9

Others 21.5

LOI 2.9

 “√≈–≈“¬∑’Ë„™â„π°“√º ¡®’‚ÕæÕ≈‘‡¡Õ√åª√–°Õ∫¥â«¬

 “√≈–≈“¬‚´‡¥’¬¡ ‘́≈‘‡°μ (Na
2
SiO

3
) ́ ÷ËßÕ—μ√“ à«π SiO

2
 μàÕ Na

2
O

‡∑à“°—∫ 3.4 ‚¥¬πÈ”Àπ—° §«“¡∂à«ß®”‡æ“–‡∑à“°—∫ 1.36 ∑’ËÕÿ≥À¿Ÿ¡‘

30 ÌC  “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (NaOH) ‡¢â¡¢âπ 10 ‚¡≈“√å

„π°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¥â“π§«“¡§ß∑π‰¥â „™â “√≈–≈“¬

‚´‡¥’¬¡´—≈‡øμ (Na
2
SO

4
) §«“¡‡¢â¡¢âπ√âÕ¬≈– 5 ‚¥¬πÈ”Àπ—°

·≈– “√≈–≈“¬·¡°π’‡´’¬¡´—≈‡øμ (MgSO
4
) §«“¡‡¢â¡¢âπ√âÕ¬≈–

5 ‚¥¬πÈ”Àπ—°

°“√‡μ√’¬¡®’‚ÕæÕ≈‘‡¡Õ√å

„π°“√‡μ√’¬¡®’ ‚ÕæÕ≈‘‡¡Õ√å π”‡∂â“°âπ‡μ“¡“º ¡°—∫

 “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å°àÕπ„π‡§√◊ËÕßº ¡‡ªìπ‡«≈“ 5 π“∑’

®“°π—Èπ‡μ‘¡ “√≈–≈“¬‚´‡¥’¬¡ ‘́≈‘‡°μ·≈–º ¡μàÕ‡ªìπ‡«≈“ 1 π“∑’

®π‰¥â®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå ·≈–‡μ‘¡∑√“¬„π¢—ÈπμÕπ ÿ¥∑â“¬¢Õß

°“√º ¡®π‰¥â‡ªìπ®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å ‚¥¬Õ—μ√“ à«πº ¡

· ¥ß„πμ“√“ß∑’Ë 2 „π°“√‡μ√’¬¡μ—«Õ¬à“ß¡Õ√åμâ“√å®–„™â Õ—μ√“ à«π

¢Õß‡∂â“°âπ‡μ“μàÕ∑√“¬ ‡∑à“°—∫ 2 ‚¥¬πÈ”Àπ—° À≈—ß®“°º ¡‡ √Á®

‡∑®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å≈ß„π·∫∫À≈àÕ∑√ß≈Ÿ°∫“»°å¢π“¥

50x50x50 ¡¡3 ·≈–π”μ—«Õ¬à“ß‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 65 ÌC ‡ªìπ‡«≈“

48 ™—Ë«‚¡ß°àÕπ∑”°“√·°–·∫∫

°“√∑¥ Õ∫®’‚ÕæÕ≈‘‡¡Õ√å

μ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å∑’ËÕ“¬ÿμ—«Õ¬à“ß 48 ™—Ë«‚¡ß‰¥â»÷°…“

À¡Ÿàøíß™—π·≈–‚§√ß √â“ß®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå¥â«¬‡∑§π‘§

IR ·≈– SEM-EDX μ“¡≈”¥—∫ ®“°π—Èπ‰¥â·∫àßμ—«Õ¬à“ß®’‚Õ-

æÕ≈‘‡¡Õ√å¡Õ√åμâ“√åÕÕ°‡ªìπ 3 °≈ÿà¡ ‚¥¬°≈ÿà¡§«∫§ÿ¡‰¥â∑¥ Õ∫

°”≈—ßÕ—¥¢Õßμ—«Õ¬à“ß∑’Ë∫à¡„πÕ“°“»‡ªìπ‡«≈“ 14, 30 ·≈– 90 «—π

·≈–Õ’° 2 °≈ÿà¡‰¥â·™à„π 5% Na
2
SO

4
 ·≈– 5% MgSO

4
 °àÕπ∑’Ë

®–∑”°“√∑¥ Õ∫°”≈—ßÕ—¥∑’ËÕ“¬ÿ 90 «—π ‚¥¬·μà≈–°“√∑¥ Õ∫

°”≈—ßÕ—¥‰¥â„™âμ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å 3 °âÕπ

μ“√“ß∑’Ë 2  —¥ à«π°“√º ¡®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“°âπ‡μ“ (‚¥¬πÈ”Àπ—°)

μ—«Õ¬à“ß ‡∂â“°âπ‡μ“ Na
2
SiO

3
 (G) 10 M NaOH (N) Õ—μ√“ à«π G/N

1 60 20 20 1

2 60 24 16 1.5

3 60 27 13 2

4 60 30 10 3

º≈°“√∑¥≈Õß·≈–«‘®“√≥åº≈
°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å

º≈°“√»÷°…“°”≈—ßÕ—¥¢Õß®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å®“°

‡∂â“°âπ‡μ“ · ¥ß¥—ß¿“æ∑’Ë 1 æ∫«à“Õ—μ√“ à«π Na
2
SO

4
/NaOH

(G/N) ¡’º≈μàÕ§à“°”≈—ßÕ—¥ ‚¥¬‡¡◊ËÕ‡æ‘Ë¡Õ—μ√“ à«π G/N ∑”„Àâ

§à“°”≈—ßÕ—¥¢Õß®’ ‚ÕæÕ≈‘‡¡Õ√å ‚¥¬‡©æ“–∑’ËÕ“¬ÿ¡Õ√åμâ“√å∑’Ë∫à¡

„πÕ“°“» 14 «—π ‚¥¬æ∫«à“∑’Ë G/N ‡∑à“°—∫ 1  ”À√—∫°“√∫à¡

„πÕ“°“» 14 «—π „Àâ§à“°”≈—ßÕ—¥‡∑à“°—∫ 17 ‡¡°–ª“ §“≈ ·≈–

‡æ‘Ë¡¢÷Èπ‡ªìπ 22, 22.5 ·≈– 26 ‡¡°–ª“ §“≈‡¡◊ËÕ‡æ‘Ë¡ G/N ‡ªìπ

1.5, 2 ·≈– 3 μ“¡≈”¥—∫ ·≈–∑’ËÕ“¬ÿ®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å

¡“°¢÷Èπæ∫«à“¡’°“√æ—≤π“∑“ß°”≈—ß‡æ‘Ë¡¢÷Èπ„π™à«ßÕ“¬ÿ 14 ∂÷ß

30 «—π ‚¥¬‡©æ“–∑’Ë„™âÕ—μ√“ à«π G/N „π™à«ß 1 ∂÷ß 2 ‚¥¬¡’

«‘‡™’¬√  ™“≈’   ·≈–Õÿ∫≈≈—°…≥å  √—μπ»—°¥‘Ï / «“√ “√«‘∑¬“»“ μ√å∫Ÿ√æ“. 14 (2552) 1 : 47-5550
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°”≈—ßÕ—¥∑’Ë 25, 25.4, ·≈– 24 ‡¡°–ª“ §“≈ μ“¡≈”¥—∫ ·≈–

À≈—ß®“°π—Èπ°”≈—ßÕ—¥®–¡’°“√‡ª≈’Ë¬π·ª≈ßπâÕ¬¡“°®π‡°◊Õ∫§ß∑’Ë

„π™à«ßÕ“¬ÿ 30 ∂÷ß 90 «—π „π¢≥–∑’Ë‡¡◊ËÕ§à“ G/N  Ÿß¢÷Èπ‡ªìπ 3

®–‡ÀÁπ°“√æ—≤π“∑“ß¥â“π°”≈—ß‡æ‘Ë¡¢÷Èπμ“¡Õ“¬ÿ¢Õß®’‚ÕæÕ≈‘‡¡Õ√å-

¡Õ√åμâ“√åÕ¬à“ß™—¥‡®π ‚¥¬§à“°”≈—ßÕ—¥∑’ËÕ“¬ÿ∫à¡„πÕ“°“»‡ªìπ‡«≈“

‹

90 «—π  “¡“√∂æ—≤π“‰¥â Ÿß∂÷ß 35 ‡¡°–ª“ §“≈ ÷́Ëß®“°º≈

°“√∑¥≈Õß¥—ß°≈à“«‡ªìπº≈¡“®“°°“√„™â “√≈–≈“¬‚´‡¥’¬¡´‘≈‘‡°μ

„πª√‘¡“≥ Ÿß∑”„Àâ¡’ª√‘¡“≥´‘≈‘°“∑’Ë≈–≈“¬‰¥â (Dissolved silica)

„πª√‘¡“≥∑’Ë¡“°¢÷Èπ ´÷Ëß®–™à«¬∑”„Àâ°“√‡°‘¥ªØ‘°‘√‘¬“∑’Ëº‘«¢Õß

®’‚ÕæÕ≈‘‡¡Õ√å¥’¢÷Èπ

¿“æ∑’Ë 1 °”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∫à¡„πÕ“°“»∑’ËÕ“¬ÿ 14, 30 ·≈– 90 «—π

§«“¡§ß∑π¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å

®“°°“√π”μ—«Õ¬à“ß®’ ‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å·™à„π 5%

Na
2
SO

4
 ·≈– 5% MgSO

4
 °àÕπ∑’Ë®–∑”°“√∑¥ Õ∫°”≈—ßÕ—¥∑’ËÕ“¬ÿ

90 «—π æ∫«à“μ—«Õ¬à“ß∑’Ë·™à„π 5% Na
2
SO

4
 ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß

∑“ßª√‘¡“μ√‡≈Á°πâÕ¬∑’ËÕ“¬ÿ°“√·™à 90 «—π „π¢≥–μ—«Õ¬à“ß∑’Ë·™à

„π 5% MgSO
4
 ¡’°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“μ√‡°‘¥¢÷Èπ§àÕπ¢â“ß™—¥‡®π

‚¥¬∑ÿ°μ—«Õ¬à“ß¡’ à«π∑’Ë°àÕμ—«ÕÕ°¡“®“°æ◊Èπº‘«¢Õß®’‚ÕæÕ≈‘‡¡Õ√å-

¡Õ√åμâ“√å ¥—ß· ¥ß„π¿“æ∑’Ë 2 ‚¥¬Õ“®®–‡°‘¥‡ªìπ Mg(OH)
2
 ®“°

ªØ‘°‘√‘¬“√–À«à“ß Mg2+ (®“° “√≈–≈“¬ MgSO
4
) °—∫ OH- (®“°

NaOH ∑’Ë„™â„π°“√º ¡) ¥—ß ¡°“√μàÕ‰ªπ’È (´÷Ëß Õ¥§≈âÕß°—∫

º≈°“√∑¥ Õ∫¥â«¬ SEM-EDX)

Mg2+ + 2OH- → Mg(OH)
2

      
  90  

¿“æ∑’Ë 2 μ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å°àÕπ·≈–À≈—ß·™à„π “√≈–≈“¬·¡°π’‡´’¬¡ —́≈‡øμ‡¢â¡¢âπ 5% ‚¥¬πÈ”Àπ—°

Wichian Chalee   and Ubolluk  Rattanasak / Burapha Sci. J. 14 (2009) 1 : 47-55 51
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·¡°π’‡´’¬¡‰Œ¥√Õ°‰´¥å¡’§ÿ≥ ¡∫—μ‘‰¡à≈–≈“¬πÈ” ¥—ßπ—Èπ

®÷ß —ß‡°μ‡ÀÁπ‰¥â™—¥‡®π∑’Ë∫√‘‡«≥º‘«¢Õß®’‚ÕæÕ≈‘‡¡Õ√å πÕ°®“°π—Èπ

Õ“®‡ªìπ “√ª√–°Õ∫·¡°π’‡´’¬¡´‘≈‘‡°μ (MgO•SiO
2
•8H

2
O) ´÷Ëß

‹‡ªìπº≈®“°°“√∑”ªØ‘°‘√‘¬“√–À«à“ß·¡°π’‡´’¬¡‰ÕÕÕπ°—∫´‘≈‘°“

(Skalny et al., 2002) ‚¥¬°“√‡°‘¥ “√ª√–°Õ∫∑—Èß Õß∑”„Àâ

μ—«Õ¬à“ß‡°‘¥°“√ Ÿ≠‡ ’¬πÈ”Àπ—° ÷́Ëß‡°‘¥‡π◊ËÕß®“°°“√‡æ‘Ë¡¢÷Èπ¢Õß√Ÿæ√ÿπ

·≈–™àÕß«à“ß„πμ—«Õ¬à“ß (Skalny et al., 2002 ·≈– Bakharev,

2005) ‡ªìπº≈„Àâ§à“°”≈—ßÕ—¥≈¥≈ß Õ’°∑—Èß°“√ Ÿ≠‡ ’¬πÈ”Àπ—°‡°‘¥®“°

SiO
2
 ∑’Ë∂Ÿ°™–ÕÕ°¡“®“°¡Õ√åμâ“√å ‡°‘¥‡ªìπ “√ª√–°Õ∫·¡°π’‡´’¬¡

´‘≈‘‡°μªπÕÕ°¡“°—∫·¡°π’‡´’¬¡‰Œ¥√Õ°‰´¥å∑’Ëæ∫∑’Ë à«π∑’Ë°àÕμ—«

¢Õß®’‚ÕæÕ≈‘‡¡Õ√å ¥—ß∑’Ë “¡“√∂μ√«®æ∫ Si „π à«π¢Õß°“√

«‘‡§√“–Àå‚§√ß √â“ß®ÿ≈¿“§ (¿“æ∑’Ë 3)

 ”À√—∫μ—«Õ¬à“ß∑’Ë·™à„π “√≈–≈“¬‚´‡¥’¬¡´—≈‡øμπ—Èπ

·§≈‡ ’́¬¡‰ÕÕÕπ„π à«πº ¡ “¡“√∂‡°‘¥ªØ‘°‘√‘¬“°—∫´—≈‡øμ‰ÕÕÕπ

‡ªìπ “√ª√–°Õ∫¬‘ª´—¡¢÷Èπ¡“‰¥â ‚¥¬ªØ‘°‘√‘¬“∑’Ë‡°‘¥¢÷Èπ∑”„Àâ‡°‘¥

°“√ Ÿ≠‡ ’¬æ—π∏– (Bonding loss) ´÷Ëß‡ªìπ “‡ÀμÿÀπ÷Ëß∑’Ë àßº≈„Àâ

°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ë·™à„π “√≈–≈“¬´—≈‡øμ¡’§à“

≈¥≈ß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫μ—«Õ¬à“ß∑’Ë‰¡à‰¥â·™à ‚¥¬‡©æ“–∑’Ë§à“ G/N

∑’Ë§à“‡∑à“°—∫ 1 ·≈– 1.5 μ—«Õ¬à“ß∑’Ë·™à„π “√≈–≈“¬∑—Èß Õß®–

„Àâ§à“°”≈—ßÕ—¥∑’ËμË”°«à“μ—«Õ¬à“ß∑’Ë∫à¡„πÕ“°“»Õ¬à“ß™—¥‡®π ∑—Èßπ’È

Õ“®‡π◊ËÕß¡“®“° ∑’ËÕ—μ√“ à«π G/N ¥—ß°≈à“« ¡’ª√‘¡“≥‰Œ¥√Õ°‰´¥å

‰ÕÕÕπ®“° “√≈–≈“¬‚´¥’¬¡‰Œ¥√Õ°‰´¥å„π à«πº ¡¡“° ∑”„Àâ

 “¡“√∂‡°‘¥ “√ª√–°Õ∫ Mg(OH)
2
 ‰¥â¡“°‡™àπ°—π ‚¥¬¿“æ∑’Ë 3

· ¥ßº≈°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ë·™à„π 5% Na
2
SO

4

·≈– 5% MgSO
4

¿“æ∑’Ë 3 °”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å∑’Ë∫à¡„πÕ“°“»·≈–·™à„π “√≈–≈“¬·¡°π’‡´’¬¡ —́≈‡øμ·≈–‚´‡¥’¬¡ —́≈‡øμ‡¢â¡¢âπ 5%

‚¥¬πÈ”Àπ—° ‡ªìπ‡«≈“ 90 «—π

®“°°“√»÷°…“§ÿ≥ ¡∫—μ‘¥â“π§«“¡§ß∑π¢Õß®’‚ÕæÕ≈‘‡¡Õ√å-

¡Õ√åμâ“√åμàÕ°“√μâ“π∑“π°“√°—¥°√àÕπ‡π◊ËÕß®“° “√ª√–°Õ∫´—≈‡øμ

‚¥¬«—¥ÕÕ°¡“„π√Ÿª¢Õß°“√ Ÿ≠‡ ’¬°”≈—ßÕ—¥ ®–‡ÀÁπ‰¥â«à“ ∑—Èß°≈ÿà¡

∑’Ë ·™à„π “√ª√–°Õ∫·¡°π’‡ ’́¬¡´—≈‡øμ·≈–‚´‡¥’¬¡´—≈‡øμ

¡’°”≈—ßÕ—¥μË”°«à“°≈ÿà¡∑’Ë∫à¡„πÕ“°“»§àÕπ¢â“ß™—¥‡®π π—Ëπ· ¥ß

„Àâ‡ÀÁπ«à“®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å¬—ß‰¡à “¡“√∂μâ“π∑“π°“√∑”≈“¬

‡π◊ËÕß®“°´—≈‡øμ‰¥â ·μàÕ¬à“ß‰√°Áμ“¡°Áæ∫«à“∑’ËÕ—μ√“ à«π G/N

‡∑à“°—∫ 2 ¡’°“√∑”≈“¬‡π◊ËÕß®“° “√ª√–°Õ∫´—≈‡øμ∑—Èß 2 ™π‘¥

μË”∑’Ë ÿ¥ À√◊Õ¡’°“√μâ“π∑“π°“√∑”≈“¬‡π◊ËÕß®“°´—≈‡øμ‰¥â¥’∑’Ë ÿ¥

´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“°“√æ—≤π“ à«πº ¡¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ◊ËÕ∑’Ë®–
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Si-O 

√Õß√—∫ ¿“æ·«¥≈âÕ¡∑’Ë¡’°“√∑”≈“¬‡π◊ËÕß®“° —́≈‡øμ °Á “¡“√∂

∑’Ë®–∑”‰¥â ·μà∑—Èßπ’ÈμâÕß»÷°…“§«∫§Ÿà‰ª°—∫ ¡∫—μ‘‡™‘ß°≈æ◊Èπ∞“π¥â«¬

·≈–πÕ°®“°π—Èπ‡ªìπ∑’Ëπà“ —ß‡°μ«à“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å-

¡Õ√å μâ “ √å ∑’Ë · ™à „π “√ “√≈–≈“¬·¡°π’ ‡´’¬¡ —́≈‡øμ·≈–

‚´‡¥’¬¡ —́≈‡øμ¡’§à“‰°≈â‡§’¬ß°—π ‚¥¬‰¡à “¡“√∂æ‘®“√≥“‰¥â«à“

 “√ª√–°Õ∫´—≈‡øμμ—«„Àπ∑’Ë àßº≈∑”≈“¬μàÕ®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å

„π·ßà¢Õß°”≈—ßÕ—¥¡“°°«à“°—π ·μà‡¡◊ËÕæ‘®“√≥“¥â“π°“√‡ª≈’Ë¬π·ª≈ß

√Ÿª√à“ß¢Õß°âÕπμ—«Õ¬à“ß°Áæ∫«à“ μ—«Õ¬à“ß∑’Ë·™à„π·¡°π’‡ ’́¬¡´—≈‡øμ

¡’°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“μ√‡°‘¥¢÷Èπ§àÕπ¢â“ß™—¥‡®π ´÷Ëß∂÷ß·¡â

°”≈—ßÕ—¥®–‰¡à≈¥≈ß¡“°·μà°“√‡ª≈’Ë¬π·ª≈ßª√‘¡“μ√∑’Ë¡’§à“ Ÿß

°Á∂◊Õ‡ªìπ°“√∑”≈“¬·≈– àßº≈‡ ’¬μàÕ®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å ‡™àπ°—π

À¡Ÿàøíß™—π¢Õßμ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å¥â«¬‡∑§π‘§ FT-IR

®“°°“√»÷°…“À¡Ÿàøíß°å™—π∑’Ë ”§—≠¢Õß “√μ—«Õ¬à“ß®’‚Õ-

æÕ≈‘‡¡Õ√å‡æ μå ¥â«¬‡∑§π‘§ FT-IR ∑’Ë ¿“«–°“√‡μ√’¬¡μ—«Õ¬à“ß

‚¥¬„™â‡∑§π‘§°“√Õ—¥ KBr ‡≈¢§≈◊Ëπ∑’Ë„™â (Wave number) μ—Èß·μà

4,000-400 cm-1 æ∫«à“μ—«Õ¬à“ß 1,200-900 cm-1 ´÷Ëß‡ªìπæ’§¢Õß

Si-O (Stretching) ÷́Ëßæ’§¥—ß°≈à“«æ∫„π∑ÿ°μ—«Õ¬à“ß ¥—ß¿“æ∑’Ë 4

´÷Ëß —ß‡°μÿæ’§¢π“¥‡≈Á°¢Õß∑’Ë Si-O-Si ·≈– Si-O-Al ∑’Ë™à«ßª√–¡“≥

450 cm-1  à«π∑’Ë∫√‘‡«≥ 3,400 cm-1 ‡ªìπæ’§¢Õß OH ‡¡◊ËÕ‡æ‘Ë¡§à“

G/N „π à«πº ¡ æ∫«à“æ’§¢Õß Si-O ¡’μ”·Àπàß‡≈◊ËÕπ‰ª∑“ß

‡≈¢§≈◊Ëπ∑’ËμË”≈ß ·≈–¡’æ◊Èπ∑’Ë¢Õßæ’§‡ª≈’Ë¬π·ª≈ß‰ª ÷́Ëß∫Õ°∂÷ß°“√

‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡¬“« “¬‚ à́¢ÕßÕ–≈Ÿ¡‘‚π ‘́≈‘‡°μæÕ≈‘‡¡Õ√å

(Bakharev, 2005) πÕ°®“°π’È¬—ßæ∫æ’§¢Õß C-O ∑’Ëª√–¡“≥ 1350

cm-1 ́ ÷Ëß‡°‘¥®“°ªØ‘°‘√‘¬“§“√å∫Õ‡π™—π¢Õßμ—«Õ¬à“ß°—∫°ä“´§“√å∫Õπ-

‰¥ÕÕ°‰´¥å„πÕ“°“»

¿“æ∑’Ë 4 FT-IR spectra ¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå

‡¡◊ËÕ∑”°“√À“Õ—μ√“ à«π corrected area ¢Õßæ’§ Si-O

¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå‡∑’¬∫°—∫‡∂â“°âπ‡μ“°àÕπ∑”ªØ‘°‘√‘¬“ æ∫«à“

∑’ËÕ—μ√“ à«π G/N ‡∑à“°—∫ 1, 1.5, 2, ·≈– 3 ¡’Õ—μ√“ à«πæ◊Èπ∑’Ëæ’§

‡∑à“°—∫ 1.2, 2.2, 2.0, ·≈– 1.6 μ“¡≈”¥—∫ ´÷Ëß„Àâº≈„π·π«‚πâ¡

‡¥’¬«°—∫º≈°“√∑¥ Õ∫°”≈—ßÕ—¥‚¥¬‡©æ“–∑’Ë G/N „π™à«ß 1

∂÷ß 2  ∑’Ë°”≈—ß‡æ‘Ë¡¢÷Èπμ“¡§à“ G/N ∑’ËÕ“¬ÿ°“√∫à¡ 14 «—π Õ¬à“ß‰√

°Áμ“¡·π«‚πâ¡¥—ß°≈à“« «π∑“ß°—∫º≈°”≈—ßÕ—¥∑’Ë§à“ G/N ‡∑à“°—∫ 3

´÷ËßÕ“®· ¥ß„Àâ‡ÀÁπ«à“¡’ªí®®—¬Õ◊ËππÕ°‡Àπ◊Õ®“°ª√‘¡“≥æ’§¢Õß

Si-O ∑’Ë¡’º≈μàÕ§à“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å
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‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‚¥¬‡∑§π‘§ SEM-EDX

μ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μå®“°‡∂â“°âπ‡μ“∑’Ë„™âÕ—μ√“ à«π

G/N ‡∑à“°—∫ 3 ·≈–μ—«Õ¬à“ß à«π∑’Ë°àÕμ—«®“°æ◊Èπº‘«μ—«Õ¬à“ß®’‚Õ-

æÕ≈‘‡¡Õ√å∑’Ë·™à„π “√≈–≈“¬ 5% MgSO
4
 ‰¥âπ”¡“»÷°…“‚§√ß √â“ß

®ÿ≈¿“§ ‚¥¬¿“æ∑’Ë 5(°) · ¥ß‚§√ß √â“ß∑“ß®ÿ≈¿“§¢Õß‡∂â“

°âπ‡μ“∑’Ë∫¥≈–‡Õ’¬¥ æ∫«à“‡∂â“°âπ‡μ“æ◊Èπº‘«¡’≈—°…≥–¢√ÿ¢√– ·≈–

¡’‡¡Á¥‡®≈∑’Ë¡’¢π“¥‡≈Á°°√–®“¬Õ¬Ÿà∑—Ë«æ◊Èπº‘«¢Õß‡∂â“°âπ‡μ“ ‡¡◊ËÕ

π”‡∂â“°âπ‡μ“¡“∑”ªØ‘°‘√‘¬“æÕ≈‘‡¡Õ√å‰√‡´™—π‚¥¬∑”ªØ‘°‘√‘¬“°—∫

‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å·≈–‚´‡¥’¬¡ ‘́≈‘‡°μ æ∫«à“‚§√ß √â“ß∑“ß

®ÿ≈¿“§¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡°‘¥‡®≈°àÕμ—«‡æ‘Ë¡¡“°¢÷Èπ¥—ß¿“æ∑’Ë 5(¢)

 à«πμ—«Õ¬à“ß∑’Ë°àÕμ—«®“°æ◊Èπº‘«®’‚ÕæÕ≈‘‡¡Õ√å· ¥ß„π¿“æ∑’Ë 5(§)

æ∫«à“‚§√ß √â“ß∑“ß®ÿ≈¿“§¡’≈—°…≥–·μ°μà“ß®“° 2 ¿“æ·√°

¡’≈—°…≥–‡ªìπº≈÷° ’¢“« ‚§âß¡π‰¡à¡’‡À≈’Ë¬¡¡ÿ¡

 à«π°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õßμ—«Õ¬à“ß¥â«¬‡∑§π‘§

SEM-EDX æ∫«à“‡∂â“°âπ‡μ“¡’́ ‘≈‘°Õπ Õ–≈Ÿ¡‘‡π’¬¡·≈–·§≈‡´’¬¡

‡ªìπÕß§åª√–°Õ∫À≈—° ‚¥¬Õ—μ√“ à«π¢Õß Si/Al ¡’§à“ 5.4 À≈—ß®“°

º ¡‡ªìπ®’‚ÕæÕ≈‘‡¡Õ√åæ∫«à“Õ—μ√“ à«π¢Õß Si/Al ‡æ‘Ë¡¢÷Èπ‡ªìπ

6.0 ´÷Ëß¡’§à“ Ÿß°«à“®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬ Õ—μ√“ à«π Si/Al

∑’Ë Ÿß∑”„Àâ®’ ‚ÕæÕ≈‘‡¡Õ√å„Àâ§à“°”≈—ßÕ—¥∑’ËμË” (Fletcher et al.,

2005) ¥—ßπ—Èπ®’ ‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“°âπ‡μ“®÷ß„Àâ§à“°”≈—ßÕ—¥∑’Ë

μË”°«à“‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“≈Õ¬ (Õÿ∫≈≈—°…≥å

·≈–ª√‘≠≠“, 2551) „π à«π¢Õßμ—«Õ¬à“ß∑’Ë°àÕμ—«®“°æ◊Èπº‘«®’‚Õ-

æÕ≈‘‡¡Õ√åæ∫«à“Õß§åª√–°Õ∫À≈—°ª√–°Õ∫¥â«¬´‘≈‘°Õπ·≈–

·¡°π’́ ’¬¡ ·μà‰¡àæ∫Õ–≈Ÿ¡‘‡π’¬¡„π à«ππ’È ´÷ËßÕ“®‡°‘¥°“√√«¡μ—«

°—π‡ªìπ “√ª√–°Õ∫·¡°π’‡´’¬¡‰Œ¥√Õ°‰´¥å·≈–·¡°π’‡ ’́¬¡´‘≈‘‡°μ

 √ÿª
®“°°“√»÷°…“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å®“°‡∂â“°âπ‡μ“

∑’Ëº ¡¥â«¬ —¥ à«πμà“ßÊ æ∫«à“§à“°”≈—ßÕ—¥¢Õß®’‚ÕæÕ≈‘‡¡Õ√å¡’

·π«‚πâ¡‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡æ‘Ë¡Õ—μ√“ à«π¥¥¬πÈ”Àπ—°√–À«à“ß‚´‡¥’¬¡-

´‘≈‘‡°μμàÕ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ·≈–„Àâ°”≈—ßÕ—¥ Ÿß ÿ¥∑’Ëª√–¡“≥

35 ‡¡°–ª“ §“≈∑’ËÕ“¬ÿ°“√∫à¡ 90 «—π ®“°°“√»÷°…“À¡Ÿàøíß°å™—Ëπ

¢Õß®’‚ÕæÕ≈‘‡¡Õ√å‡æ μåæ∫«à“¡’À¡Ÿàøíß™—π∑’Ë ”§—≠∑’Ë 1,200-900

cm-1 ´÷Ëß‡ªìπÀ¡Ÿà Si-O μ—«Õ¬à“ß®’‚ÕæÕ≈‘‡¡Õ√å¡Õ√åμâ“√å®“°‡∂â“

°âπ‡μ“·™à„π “√≈–≈“¬·¡°π’‡ ’́¬¡´—≈‡øμ æ∫ à«π‡°‘¥°“√

¢¬“¬μ—«∫√‘‡«≥º‘«¢Õß®’‚ÕæÕ≈‘‡¡Õ√å  ́ ÷Ëß¡’º≈μàÕ§à“°”≈—ßÕ—¥∑’Ë≈¥≈ß

®“°°“√»÷°…“Õß§åª√–°Õ∫¥â«¬ SEM-EDX æ∫«à“ à«π∑’Ë°àÕμ—«

Õ“®‡ªìπ Mg(OH)
2 
·≈– “√ª√–°Õ∫·¡°π’‡ ’́¬¡ ‘́≈‘‡°μ

°‘μμ‘°√√¡ª√–°“»
ºŸâ‡¢’¬π¢Õ¢Õ∫§ÿ≥ ∑ÿπÕÿ¥Àπÿπ°“√«‘®—¬·≈–æ—≤π“ §≥–

«‘»«°√√¡»“ μ√å ¡À“«‘∑¬“≈—¬∫Ÿ√æ“  —≠≠“‡≈¢∑’Ë 73/2551
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