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Abstract

In this research, a study on the optimum conditions of silica extraction from rice husk ash was investigated. The

effects of acid concentration, temperature and combustion time were studied. It was found that the optimum

conditions included 2.0 mol. L-1 hydrochloric acid concentration at 600 ÌC with 4.0 hrs combustion time. The
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content of silica was found to be 98.34 % w/w detected by X-ray fluorescence spectrometer and CHNS/O

analyzer. The obtained silica was chemically modified with 3-[2-(2-aminoethylamino)-ethylamino]-propyl-trimethoxy

silane (AEAEPTMS) and then characterized by FT-IR spectrum which showed the additional peak at 3372 cm-1

corresponding to NH
2
 (stretching). The removal of lead (II) from wastewater sample by batch and column methods

and by using atomic absorption spectrometry was carried out. The results showed that the optimum pH ranges for

quantitative removal of lead (II) and the time required for adsorption equilibrium were 4.0-6.0 and 30 minutes,

respectively. After being applied the optimum condition founded from the research to obtain the maximum

adsorptive capacity of lead (II) from batch and column methods by using Freundlich adsorption isotherm, It was

found that silica produced from rice husk and chemically modified with AEAEPTMS had maximum adsorption of

lead (II) at 86.84 and 88.23 mg.g-1 by batch and column methods, respectively. This chemically modified silica to

was applied remove lead (II) from wastewater of nielloware factory in municipal area Nakhon Si Thammarat

province and science center Nakhon Si Thammarat Rajabhat University. It was found that the efficiency of lead

removal from wastewater was 99.42% and 90.99 %, respectively.

Keywords: 3-[2-(2-aminoethylamino)-ethylamino]-propyl-trimethoxy silane, silica, lead (II), rice husk ash adsorption

isotherm, atomic absorption spectrometry
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μ–°—Ë«∫“ß à«π®–∂Ÿ° – ¡„πÕ«—¬«–μà“ß Ê ‡™àπ ‡≈◊Õ¥ μ—∫

·≈–‰μ ·≈–Õ“® àßº≈„Àâ‡°‘¥Õ“°“√º‘¥ª°μ‘¢÷Èπ ‡™àπ §«“¡
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√–¥—∫∑’Ë‡ªìπÕ—πμ√“¬°√–∑√«ßÕÿμ “À°√√¡®÷ß‰¥â°”Àπ¥

¡“μ√∞“ππÈ”∑‘Èß®“°‚√ßß“πÕÿμ “À°√√¡©∫—∫∑’Ë 12 (2525)

„ÀâπÈ”∑‘Èß®“°‚√ßß“πÕÿμ “À°√√¡μà“ß Ê ¡’ª√‘¡“≥μ–°—Ë«

‰¡à‡°‘π 0.2 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ·≈–¡“μ√∞“ππÈ”ª√–ª“
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«— ¥ÿ∏√√¡™“μ‘ ‡™àπ „¬‰À¡4 „¬‰¡â‰ºà „¬¡–æ√â“« ‡∂â“·°≈∫5
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Àà«ß‚´àÕ“À“√¡’ Ÿß¢÷Èπ ®π àßº≈°√–∑∫μàÕ ‘Ëß·«¥≈âÕ¡·≈–

 ÿ¢¿“æ¢Õß¡πÿ…¬å ´÷Ëß‚≈À–Àπ—°∑’Ë∂Ÿ°ª≈àÕ¬ÕÕ°¡“ à«π„À≠à

‡°‘¥®“°‚√ßß“πÕÿμ “À°√√¡∑’Ë¢“¥√–∫∫°“√°”®—¥‚≈À–Àπ—°

À√◊Õª√– ‘∑∏‘¿“æ¢Õß√–∫∫°”®—¥∑’Ë‰¡à¥’æÕ

μ–°—Ë«‡ªìπ‚≈À–Àπ—°™π‘¥Àπ÷Ëß∑’Ë∂Ÿ°π”¡“„™âÕ¬à“ß

·æ√àÀ≈“¬„πÕÿμ “À°√√¡μà“ß Ê ‡π◊ËÕß®“°‡ªìπ‚≈À–ÕàÕπ ¡’

®ÿ¥À≈Õ¡‡À≈«μË” ·μà¢≥–‡¥’¬«°—πμ–°—Ë«°Á “¡“√∂ªπ‡ªóôÕπ

‰¥âßà“¬∑—Èß„π¥‘π πÈ” ·≈–Õ“°“» ¡’‚√ßß“πÕÿμ “À°√√¡

À≈“¬ª√–‡¿∑∑’Ë¡’‚≈À–μ–°—Ë«‡®◊Õªπ„πª√‘¡“≥∑’Ë Ÿß ‡™àπ ‚√ßß“π

∑”‡§√◊ËÕß∂¡ ‚√ßß“π·∫μ‡μÕ√’ ‚√ßß“π™ÿ∫‚≈À–‡ªìπμâπ ∂â“

‚√ßß“π‡À≈à“π’Èª≈àÕ¬πÈ”‡ ’¬ÕÕ° Ÿà·À≈àßπÈ” ‚¥¬‰¡àºà“π

°√–∫«π°“√∫”∫—¥ μ–°—Ë«°Á®–¡’‚Õ°“ ‡¢â“ Ÿà ‘Ëß·«¥≈âÕ¡·≈–

√à“ß°“¬¢Õß¡πÿ…¬å‰¥â ÷́Ëß‚¥¬ª°μ‘μ–°—Ë« “¡“√∂‡¢â“ Ÿà

√à“ß°“¬¡πÿ…¬å‰¥â∑—Èß∑“ßº‘«Àπ—ß °“√À“¬„®·≈–°“√°‘π
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‡™àπ °“√·¬°‰ÕÕÕπ¢Õß Hg2+, Cu2+, Fe3+, Cd2+, Zn2+,

Ag+, Ni2+ ·≈– Pb2+ ¥â«¬ ‘́≈‘°“‡®≈∑’Ë¥—¥·ª√¥â«¬≈‘·°π¥å

‡Õ∑‘≈≈’π‰¥‡Õ¡’π (ethylenediamine) ·≈–≈‘·°π¥å‰¥‰∏‚Õ

§“√å∫“‡¡∑14 (dithiocarbamate) °”®—¥ As ¥â«¬´‘≈‘°“∑’Ë

¥—¥·ª√∑“ß‡§¡’¥â«¬ 3-(‡¡Õ√å·§∫‚μ‚æ√æ‘≈) ‰μ√‡¡∑Õ°´‘≈

‰´‡≈π15 (3-(mercaptopropyl) trimethoxyl silane) °”®—¥

Co2+, Ni2+ ·≈– Cu2+ ¥â«¬´‘≈‘°“‡®≈∑’Ë¥—¥·ª√¥â«¬ 3-‡¡∑‘≈-

1-øïπ‘≈-4- ‡μ’¬√Õ≈-5-‰æ√“‚´‚≈π16 (3-methyl-1-phenyl-

4-stearol-5-pyrazolone) °”®—¥ Cu2+ ¥â«¬‚æ≈’ ‰μ√’π´‘≈‘°“

(polystyrene silica) ∑’Ë¥—¥·ª√∑“ß‡§¡’¥â«¬ 1,4,8,11-‡μμ√“

Õ–‰´‚§≈‡μμ√“‡¥°‡§π (‰´·§≈¡) (1,4,8,11-tetraacyclo

tetradecane, cyclam) ·≈– N-(3-‰μ√‡¡∑Õ° ’́‚æ√æ‘≈)

‰¥‡Õ∑‘≈≈’π‰μ√‡Õ¡’π17 (N-(3-trimethoxy propyl) diethylene

triamine (DETA) °”®—¥ Hg2+ ¥â«¬´‘≈‘°“∑’Ë¥—¥·ª√¥â«¬À¡Ÿà

Õ–¡‘‚π-‰∑ÕÕ≈18 (amino-thiol group) °”®—¥ Zn2+ ¥â«¬
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§«“¡‡¢â¡¢âπ¢Õß Cr3+ ·≈– Cr6+ ¥â«¬ ‘́≈‘°“‡®≈∑’Ë¥—¥·ª√

¥â«¬‡Õ¡‘¥Õ° ’́¡ (amidoxime) ·≈–‡∫π‚´‰∑‡Õ‚´≈‘≈21

(benzothiozolyl) ‡ªìπμâπ ®“°º≈°“√«‘®—¬∑’Ëºà“π¡“®–‡ÀÁπ
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ª√—∫ª√ÿß‡æ◊ËÕ„™â„π°“√°”®—¥‚≈À–Àπ—°∑’Ëªπ‡ªóôÕπ„ππÈ”‡ ’¬‰¥â

´‘≈‘°“À√◊Õ´‘≈‘°Õπ‰¥ÕÕ°‰´¥å ‡ªìπ “√ª√–°Õ∫¢Õß

´‘≈‘°Õπ·≈–ÕÕ° ‘́‡®π ¡’ Ÿμ√Õ¬à“ßßà“¬§◊Õ SiO
2
 ¡’∑—Èß∑’Ë‡°‘¥

¢÷Èπ‡Õßμ“¡∏√√¡™“μ‘·≈–®“°°“√ —ß‡§√“–Àå ´‘≈‘°“∂Ÿ°π”¡“

„™â„π¿“§Õÿμ “À°√√¡·≈–°“√»÷°…“«‘®—¬Õ¬à“ß·æ√àÀ≈“¬ ‡™àπ

„™â‡ªìπμ—«¥Ÿ¥§«“¡™◊Èπ ‡æ◊ËÕ™à«¬¬◊¥Õ“¬ÿ°“√∂πÕ¡Õ“À“√ „™â

‡ªìπ “√™à«¬‡æ‘Ë¡·√ßμ÷ßº‘«„πÕÿμ “À°√√¡¬“ ·≈–„π¥â“π

 ‘Ëß·«¥≈âÕ¡ „™â„π°“√¥Ÿ¥´—∫ “√Õ—πμ√“¬  “√æ‘… °√ÕßÕ“°“»

·≈–ΩÿÉπ≈–ÕÕß ·À≈àß«—μ∂ÿ¥‘∫∑’Ë ”§—≠ ”À√—∫°“√º≈‘μ´‘≈‘°“

‰¥â·°à ∑√“¬ ÷́Ëßπ—∫«—π®–¡’ª√‘¡“≥≈¥πâÕ¬≈ß πÕ°®“°∑√“¬

·≈â«¬—ßæ∫«à“‡ª≈◊Õ°¢â“«À√◊Õ·°≈∫¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫

∂÷ß√âÕ¬≈– 20 ·≈–‡¡◊ËÕπ”¡“ºà“π°√–∫«π°“√∑“ß‡§¡’

À√◊Õ‡º“ ®–‰¥â¢’È‡∂â“·°≈∫∑’Ë¡’´‘≈‘°“‡ªìπÕß§åª√–°Õ∫√âÕ¬≈–

88.28 ·≈–¡’§«“¡∫√‘ ÿ∑∏‘Ï Ÿß∂÷ß√âÕ¬≈– 99.9122 ¥—ßπ—Èπ®÷ß¡’

°“√»÷°…“«‘®—¬∂÷ß«‘∏’°“√∑’Ë„™â„π°“√ °—¥´‘≈‘°“®“°·°≈∫Õ¬à“ß

°«â“ß¢«“ß23-27 ·μà«‘∏’ °—¥´‘≈‘°“∑’Ëºà“π¡“μâÕß„™â‡§√◊ËÕß¡◊Õ¢—Èπ Ÿß

¥—ßπ—Èπß“π«‘®—¬π’È®÷ß‰¥â»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥

´‘≈‘°“®“°‡∂â“·°≈∫ ‚¥¬„™â‡μ“‡º“Õ¬à“ßßà“¬∑’Ë¡’„πÀâÕß

ªØ‘∫—μ‘°“√ ·≈–π”´‘≈‘°“∑’Ë‰¥â¡“¥—¥·ª√∑“ß‡§¡’¥â«¬

3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈ Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-

‰μ√‡¡∑Õ°´’‰´‡≈π ·≈–ª√–¬ÿ°μå„™â„πß“π¥â“π ‘Ëß·«¥≈âÕ¡

‚¥¬»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°”®—¥μ–°—Ë«„ππÈ”‡ ’¬ ¥â«¬«‘∏’

·∫∫∂—ß·™à·≈–·∫∫§Õ≈—¡πå

«— ¥ÿÕÿª°√≥å·≈–«‘∏’°“√»÷°…“

‡§√◊ËÕß¡◊Õ·≈– “√‡§¡’

‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√»÷°…“‰¥â·°à ‡§√◊ËÕßøŸ√‘‡ÕÕ√å∑√“π

 øÕ√å¡Õ‘πø√“‡√¥ ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å (Fourier transform

infrared spectrophotometer, Perkin Elmer 683)

‡§√◊ËÕßÕ–μÕ¡¡‘°·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å (atomic

absorption spectrophotometer Perkin Elmer 3110)

‡§√◊ËÕß«‘‡§√“–Àå CHNS/O (CHNS/O Analyzer, Perkin

Elmer PE2400 SeriesII) ‡§√◊ËÕß‡Õ° ǻ‡√¬åø≈ŸÕÕ‡√ ‡´π ǻ

 ‡ª°‚∑√¡‘‡μÕ√å (X-ray fluorescence spectrometer, Oxford

Model ED2000) ‡μ“‡º“ (Furnace,Carbolite CWF 1300)

·≈– “√‡§¡’ ∑’Ë„™â„π°“√«‘®—¬‡ªìπ‡°√¥ß“π«‘‡§√“–Àå‰¥â·°à

‡¡∑“πÕ≈ 3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-

‚æ√æ‘≈-‰μ√‡¡∑Õ° ’́‰´‡≈π ‰Œ‚¥√§≈Õ√‘° ‚∑≈ŸÕ’π ·≈–

‡≈¥‰π‡μ√∑ ¢Õß∫√‘…—∑ MERCK

°“√‡μ√’¬¡«— ¥ÿμ—«Õ¬à“ß

«— ¥ÿμ—«Õ¬à“ß∑’Ë„™â‡ªìπ«— ¥ÿ∏√√¡™“μ‘·≈–‡ªìπ«— ¥ÿ‡À≈◊Õ„™â®“°
‚√ß ’¢â“«‰¥â·°à ‡ª≈◊Õ°¢â“« (·°≈∫) ‚¥¬π”·°≈∫¡“≈â“ßπÈ”
„Àâ –Õ“¥ ·≈–π”‰ªμâ¡¥â«¬°√¥ ‰Œ‚¥√§≈Õ√‘° 1 ‚¡≈μàÕ≈‘μ√
π“π 3 ™—Ë«‚¡ß ≈â“ß¥â«¬πÈ”ª√“»®“°‰ÕÕÕπ (deionized water)
®πæ’‡Õ™‡ªìπ°≈“ß∑‘Èß‰«â‡°◊Õ∫·Àâß π”‰ªÕ∫∑’Ë 120 Õß»“
‡´≈‡´’¬  24 ™—Ë«‚¡ß ·≈–‡°Á∫‰«â„π‚∂¥Ÿ¥§«“¡™◊Èπ‡æ◊ËÕ„™â„π
°“√»÷°…“μàÕ‰ª

°“√À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥´‘≈‘°“®“° ‡∂â“·°≈∫

∑”°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥´‘≈‘°“®“°

‡∂â“·°≈∫‰¥â·°à §«“¡‡¢â¡¢âπ¢Õß°√¥ Õÿ≥À¿Ÿ¡‘·≈–‡«≈“∑’Ë

„™â„π°“√‡º“ ‚¥¬™—Ëßμ—«Õ¬à“ß·°≈∫ 0.2 °‘‚≈°√—¡ ∑—ÈßÀ¡¥

5 ™ÿ¥ Ê ≈– 3 ´È” π”¡“°”®—¥ “√Õ‘π∑√’¬å‚¥¬°“√μâ¡¥â«¬

°√¥‰Œ‚¥√§≈Õ√‘°§«“¡‡¢â¡¢âπ 1.0, 2.0 4.0, 6.0, ·≈– 8.0

‚¡≈μàÕ≈‘μ√ ‡«≈“ 3 ™—Ë«‚¡ß ®“°π—Èπ≈â“ß·°≈∫¥â«¬πÈ”°≈—Ëπ
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®π pH ‡ªìπ°≈“ß π”‰ªÕ∫∑’Ë 120 Õß»“‡´≈‡ ’́¬  ‡«≈“

24 ™—Ë«‚¡ß π”μ—«Õ¬à“ß·°≈∫‰ª‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 200, 400, 600,

800, ·≈– 1,000 Õß»“‡´≈‡ ’́¬  ‡ªìπ‡«≈“ 2.0, 4.0, 6.0, 8.0

·≈– 10.0 ™—Ë«‚¡ß π”‡∂â“·°≈∫∑’Ë‰¥â‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥

´‘≈‘°“¥â«¬ ‡§√◊ËÕß‡Õ° ǻ‡√¬åø≈ŸÕÕ‡√ ‡´π ǻ ‡ª°‚∑√¡‘‡μÕ√å

·≈–‡§√◊ËÕß«‘‡§√“–Àå CHNS/O ·≈–»÷°…“‚§√ß √â“ß∑“ß

‡§¡’¢Õß ‘́≈‘°“∑’Ë °—¥‰¥â®“° ‡∂â“·°≈∫ ‚¥¬π”μ—«Õ¬à“ß¡“

Õ—¥‡¡Á¥º ¡°—∫ KBr ·≈â«®÷ß«‘‡§√“–Àå¥â«¬‡§√◊ËÕßøŸ√‘‡ÕÕ√å

∑√“π øÕ√å¡Õ‘πø√“‡√¥ ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å

°“√‡μ√’¬¡´‘≈‘°“‚¥¬«‘∏’°“√¥—¥·ª√∑“ß‡§¡’¥â«¬ 3-[2-(2-

Õ–¡‘‚π‡Õ∑‘≈Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-‰μ√‡¡∑Õ°´’

‰´‡≈π

„π°“√»÷°…“§√—Èßπ’È ‰¥âª√—∫ª√ÿß§ÿ≥¿“æ ‘́≈‘°“‚¥¬¥—¥·ª√

∑“ß‡§¡’¥â«¬ 3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈Õ–¡‘‚π)-‡Õ∑‘≈ Õ–¡‘‚π]-

‚æ√æ‘≈-‰μ√‡¡∑Õ°´’‰´‡≈π ́ ÷Ëßª√–¬ÿ°μå„™â«‘∏’¢Õß Puranik DB

·≈–§≥–17 ‚¥¬™—Ëß´‘≈‘°“∑’Ë °—¥®“°‡∂â“·°≈∫·≈–´‘≈‘°“

‡™‘ß°“√§â“ („™â ”À√—∫‡ªìπ«— ¥ÿ‡ª√’¬∫‡∑’¬∫) Õ¬à“ß≈– 1.0 °√—¡

„ à≈ß„π¢«¥°âπ°≈¡¢π“¥ 250 ¡‘≈≈‘≈‘μ√ ·≈–‡μ‘¡≈‘·°π¥å

10 ¡‘≈≈‘≈‘μ√ π”‰ª√’ø≈—Í° (reflux) ‚¥¬„™â‚∑≈ŸÕ’π‡ªìπμ—«∑”≈“¬

‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ®“°π—Èπ°√Õß·≈–≈â“ß¥â«¬‡¡∑“πÕ≈

·≈–Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡ ’́¬  π“π 24 ™—Ë«‚¡ß

π”‰ª»÷°…“≈—°…≥–‚§√ß √â“ß∑“ß‡§¡’ ‚¥¬π”´‘≈‘°“∑’Ë¥—¥·ª√

∑“ß‡§¡’·≈â«¡“μ√«®«—¥¥â«¬‡§√◊ËÕßøŸ√‘‡ÕÕ√å∑√“π øÕ√å¡

Õ‘πø√“‡√¥ ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å

°“√À“ ¿“«–∑’Ë‡À¡“– ¡·≈–§«“¡ “¡“√∂„π°“√°”®—¥

μ–°—Ë«¥â«¬‡∑§π‘§∂—ß·™à

‚≈À–∑’Ë„™â»÷°…“§√—Èßπ’È§◊Õ μ–°—Ë« (II) ∑’Ë¡’§«“¡‡¢â¡¢âπ

100 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ‚¥¬À“ ¿“«–∑’Ë‡À¡“– ¡„π°“√°”®—¥

μ–°—Ë« ‰¥â·°à ‡«≈“∑’Ë‡À¡“– ¡„π°“√°”®—¥μ–°—Ë« pH ¢Õß

 “√≈–≈“¬ ·≈–§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬μ–°—Ë«‡æ◊ËÕÀ“§à“

§«“¡®ÿ„π°“√°”®—¥ ‚¥¬™—Ëß«— ¥ÿ∑—Èß ’Ë™π‘¥ (´‘≈‘°“®“°‡∂â“·°≈∫

´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ́ ‘≈‘°“‡™‘ß°“√§â“ ·≈–

´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’) Àπ—° 0.05 °√—¡ „ à„π

¢«¥√Ÿª™¡æŸà ‡μ‘¡ “√≈–≈“¬μ–°—Ë«∑’Ëª√—∫ pH ‡ªìπ 1.0, 2.0,

3.0, 4.0, 5.0, ·≈– 6.0 ª√‘¡“μ√ 50 ¡‘≈≈‘≈‘μ√ π”‰ª‡¢¬à“∑’Ë

120 √Õ∫μàÕπ“∑’ ∑’Ë‡«≈“·μ°μà“ß°—π ‰¥â·°à 10, 20, 30, 60,

120, 180, 240, 300, ·≈– 360 π“∑’ μ“¡≈”¥—∫

π” “√≈–≈“¬ à«π„ ‰ª«‘‡§√“–ÀåÀ“μ–°—Ë« ¥â«¬‡§√◊ËÕßÕ–μÕ¡

¡‘°·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å ·≈–À“§«“¡‡¢â¡¢âπ

¢Õß “√≈–≈“¬μ–°—Ë« ‡æ◊ËÕ„™âÀ“§à“§«“¡®ÿ„π°“√°”®—¥μ–°—Ë«

‚¥¬™—Ëß«— ¥ÿ 0.05 °√—¡ ·™à„π “√≈–≈“¬μ–°—Ë«∑’Ë¡’§«“¡‡¢â¡¢âπ

μà“ß°—π√–À«à“ß 10 ∂÷ß 200 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ‡¢¬à“¥â«¬‡«≈“

∑’Ë‡À¡“– ¡ π” “√≈–≈“¬ à«π„ ‰ª«‘‡§√“–Àå¥â«¬‡§√◊ËÕß Õ–μÕ¡

¡‘°·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å π”¢âÕ¡Ÿ≈ ∑’Ë‰¥â

 ‰ªÀ“§«“¡®ÿ¢Õß°“√¥Ÿ¥´—∫‚¥¬Õ“»—¬ ¡°“√‰Õ‚´‡∑Õ√å¡¢Õß

ø√ÿπ¥≈‘´

°“√À“§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«¥â«¬‡∑§π‘§§Õ≈—¡πå

∑”°“√∫√√®ÿ«— ¥ÿ¥Ÿ¥´—∫∑—Èß ’Ë™π‘¥≈ß„π§Õ≈—¡πå∑’Ë¡’¢π“¥‡ âπºà“π

»Ÿπ¬å°≈“ß 8.0 ¡‘≈≈‘‡¡μ√ (Figure 1) ‚¥¬„Àâ·μà≈–§Õ≈—¡πå

∫√√®ÿ«— ¥ÿ Ÿß 5 ‡´πμ‘‡¡μ√ æ√âÕ¡∑—Èß™—ËßπÈ”Àπ—°«— ¥ÿ¥â«¬

‡§√◊ËÕß™—Ëß≈–‡Õ’¬¥ ºà“π “√≈–≈“¬μ–°—Ë«§«“¡‡¢â¡¢âπ

100 ¡‘≈≈‘°√—¡μàÕ≈‘μ√ ¥â«¬Õ—μ√“°“√‰À≈ (flow rate)

0.5 ¡‘≈≈‘≈‘μ√μàÕπ“∑’ ∑”°“√‡°Á∫ “√≈–≈“¬μ–°—Ë«∑’Ëºà“π

§Õ≈—¡πå§√—Èß≈– 25 ¡‘≈≈‘≈‘μ√ ®π§√∫ 1.0 ≈‘μ√ ®÷ßπ”

 “√≈–≈“¬‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥μ–°—Ë«¥â«¬‡§√◊ËÕßÕ–μÕ¡

¡‘°·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å ·≈–§”π«≥§à“

§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë« ‚¥¬°“√‡¢’¬π°√“ø

§«“¡ —¡æ—π∏å√–À«à“ß C
A
/C

AO
 °—∫ª√‘¡“μ√¢Õß “√≈–≈“¬

μ–°—Ë« (¡‘≈≈‘≈‘μ√)

Figure 1 Schematic of designed experiment

A = Storage wastewater tank

B = Column

C = Effluent collection
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°“√À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«®“°μ—«Õ¬à“ßπÈ”∑‘Èß
¥â«¬«— ¥ÿ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’

„π°“√∑¥≈Õßπ’È®–‡≈◊Õ°»÷°…“‡©æ“–«— ¥ÿ́ ‘≈‘°“®“°‡∂â“·°≈∫
∑’Ë¥—¥·ª√∑“ß‡§¡’‡∑à“π—Èπ ‚¥¬∫√√®ÿ≈ß„π§Õ≈—¡πå‡™àπ‡¥’¬«°—∫
°“√À“§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«·∫∫§Õ≈—¡πå ·≈–
ºà“π “√≈–≈“¬μ—«Õ¬à“ßπÈ”∑‘Èß®“°‡¢μ‡∑»∫“≈∑’Ë¡’°“√∑”
‡§√◊ËÕß∂¡ Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥π§√»√’∏√√¡√“™ ·≈–πÈ”∑‘Èß
®“°»Ÿπ¬å«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬√“™¿—Øπ§√»√’∏√√¡√“™
ª√‘¡“μ√ 1.0 ≈‘μ√ ¥â«¬Õ—μ√“°“√‰À≈ 0.5 ¡‘≈≈‘≈‘μ√μàÕπ“∑’
∑”°“√‡°Á∫ “√≈–≈“¬μ—«Õ¬à“ß∑’Ëºà“π§Õ≈—¡πå‰ª«‘‡§√“–ÀåÀ“
ª√‘¡“≥μ–°—Ë«¥â«¬‡§√◊ËÕßÕ–μÕ¡¡‘°·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø
‚μ¡‘‡μÕ√å ·≈–§”π«≥À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«

º≈°“√»÷°…“

°“√»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥´‘≈‘°“®“°‡∂â“·°≈∫

®“°°“√π”‡∂â“·°≈∫¡“»÷°…“ ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥
´‘≈‘°“‰¥â·°à §«“¡‡¢â¡¢âπ¢Õß°√¥ Õÿ≥À¿Ÿ¡‘·≈–‡«≈“∑’Ë„™â„π
°“√‡º“ ‰¥âº≈°“√∑¥≈Õß¥—ßπ’È

º≈¢Õß§«“¡‡¢â¡¢âπ°√¥ ®“°º≈°“√∑¥≈Õßæ∫«à“
·°≈∫∑’Ëμâ¡¥â«¬°√¥‰Œ‚¥√§≈Õ√‘°§«“¡‡¢â¡¢âπ 2.0, 4.0, 6.0,
·≈– 8.0 ‚¡≈μàÕ≈‘μ√ ‰¥âª√‘¡“≥´‘≈‘°“‰¡à¡’§«“¡·μ°μà“ß
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05) ·μà¡’§«“¡·μ°μà“ß
Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p<0.05) °—∫·°≈∫∑’Ëμâ¡¥â«¬
°√¥‰Œ‚¥√§≈Õ√‘°§«“¡‡¢â¡¢âπ 1.0 ‚¡≈μàÕ≈‘μ√ ‚¥¬ª√‘¡“≥
´‘≈‘°“‡©≈’Ë¬ ‡ªìπ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°‡∑à“°—∫ 84.65±1.39
96.57±1.57 96.77±1.47 96.93±1.02 ·≈– 97.23±1.16

μ“¡≈”¥—∫ (Table 1)

º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡º“ ®“°°“√ ∑¥≈Õßæ∫«à“

·°≈∫∑’Ë‡º“∑’Ë 600, 800, ·≈– 1,000 Õß»“‡´≈‡ ’́¬ 

‰¥âª√‘¡“≥ ‘́≈‘°“‰¡à·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(p>0.05) ·μà¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(p<0.05) ‡¡◊ËÕ‡º“∑’Ë 200 ·≈– 400 Õß»“‡´≈‡ ’́¬ 

‚¥¬ª√‘¡“≥¢Õß´‘≈‘°“‡©≈’Ë¬‡ªìπ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¡’§à“

‡∑à“°—∫ 60.10±2.15 83.74±3.05 97.80±1.35 97.22±2.26

·≈– 97.65±1.55 μ“¡≈”¥—∫ (Table 1)

º≈¢Õß‡«≈“∑’Ë„™â„π°“√‡º“ ®“°°“√∑¥≈Õßæ∫«à“

·°≈∫∑’Ë„™â‡«≈“„π°“√‡º“ 4.0, 6.0, 8.0, ·≈–10.0 ™—Ë«‚¡ß

‰¥âª√‘¡“≥´‘≈‘°“‰¡à¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(p>0.05) ·μà¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(p<0.05) ‡¡◊ËÕ„™â‡«≈“‡º“ 2.0 ™—Ë«‚¡ß ª√‘¡“≥´‘≈‘°“

‡©≈’Ë¬‡ªìπ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°¡’§à“‡∑à“°—∫ 71.9±1.80

98.34±1.04 97.96±1.70 98.19±1.54 ·≈– 98.38±1.05

μ“¡≈”¥—∫ (Table 1)

°“√¥—¥·ª√´‘≈‘°“‚¥¬„™â 3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈ Õ–¡‘‚π)-

‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-‰μ√‡¡∑Õ°´’ ‰´‡≈π

‡¡◊ËÕ∑”°“√ª√—∫ª√ÿß§ÿ≥¿“æ´‘≈‘°“®“°‡∂â“·°≈∫¥â«¬ ≈‘·°π¥å

3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈ Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-

‰μ√‡¡∑Õ°´’‰´‡≈π ·≈–π”‰ª«‘‡§√“–Àå¥â«¬‡§√◊ËÕßøŸ√‘‡ÕÕ√å

∑√“π øÕ√å¡Õ‘πø√“‡√¥ ‡ª°‚∑√‚ø‚μ¡‘‡μÕ√å æ∫À¡Ÿà

øíß°å™—π∑’Ë ”§—≠¥—ß· ¥ß„π Figure 2 ÷́Ëß Õ¥§≈âÕß°—∫º≈

°“√»÷°…“¢Õß Ibrahim DM ·≈–§≥–26

1.0 84.65a±1.39 200 60.10a±2.15 2.0 71.97a±1.80

2.0 96.57b±1.57 400 83.74b±3.05 4.0 98.34b±1.04

4.0 96.77b±1.47 600 97.80c±1.35 6.0 97.96b±1.70

6.0 96.93b±1.02 800 97.22c±2.26 8.0 98.19b±1.54

8.0 97.23b±1.16 1000 97.65c±1.55 10.0 98.38b±1.05

 Mean ± S.D. with different suberscripts in the same column are significantly different (p<0.05)

Table 1 Percentage of extractive silica from rice husk ash with different conditions

% SiO
2
 (by weight)

Concentration of HCl (mol/L) Burned temp (C) Burned time 4 (hr)
(burned temp 600C and (concentration of HCl 2.0 mol/L (concentration of HCl 2.0 mol/L

burned time 4 hr) and burned time 4 hr) and burned temp 600C)
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°“√À“ ¿“«–∑’Ë‡À¡“– ¡·≈–§«“¡ “¡“√∂„π°“√°”®—¥

μ–°—Ë«¥â«¬‡∑§π‘§∂—ß·™à

1. ‡«≈“∑’Ë‡À¡“– ¡μàÕ°“√°”®—¥μ–°—Ë«

®“°°“√»÷°…“æ∫«à“ ‘́≈‘°“®“°‡∂â“·°≈∫·≈–

´‘≈‘°“‡™‘ß°“√§â“„Àâº≈ Õ¥§≈âÕß°—π§◊Õ ‡¡◊ËÕ‡¢¬à“ “√≈–≈“¬

„π™à«ß‡«≈“ 60-360 π“∑’  “¡“√∂°”®—¥μ–°—Ë«‰¥â‚¥¬‰¡à¡’

§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05) ·μà‡¡◊ËÕ
„™â‡«≈“‡¢¬à“ 10, 20, ·≈– 30 π“∑’ ®– “¡“√∂°”®—¥μ–°—Ë«

‰¥â·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p<0.05) ª√‘¡“≥

μ–°—Ë«∑’Ë∂Ÿ°°”®—¥‚¥¬´‘≈‘°“®“° ‡∂â“·°≈∫·≈–´‘≈‘°“‡™‘ß

°“√§â“‡©≈’Ë¬‡∑à“°—∫ 1.54a±0.12 2.85b±0.13 3.88c±0.23

7.40d±0.10 7.36d±0.01 7.47d±0.19 7.34d±0.36 7.43d±0.36

7.47d±0.15 ¡‘≈≈‘°√—¡μàÕ°√—¡ ·≈–‡∑à“°—∫ 3.57a±0.32

5.43b±0.20 0.42c±0.34 19.79d±0.12 19.68d±0.26 19.72d±

0.15 19.68d±0.43 19.57d±0.68 19.79d±0.30 ¡‘≈≈‘°√—¡μàÕ°√—¡

μ“¡≈”¥—∫  à«π„π´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’·≈–

´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ æ∫«à“„Àâº≈ Õ¥§≈âÕß°—π§◊Õ

‡¡◊ËÕ‡¢¬à“„π™à«ß‡«≈“ 30-360 π“∑’  “¡“√∂°”®—¥μ–°—Ë«‰¥â

‚¥¬‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05)
·μà¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p<0.05) ‡¡◊ËÕ
„™â‡«≈“‡¢¬à“ 10 ·≈– 20 π“∑’ ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥

‚¥¬ ‘́≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈– ‘́≈‘°“‡™‘ß

°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’¡’§à“‡∑à“°—∫ 77.41a±2.18 77.98a±1.33

80.14b±1.11 80.82b±1.72 81.37b±0.74 81.03b±2.71

81.40b±0.49 81.89b±2.01 81.69b±2.65 ¡‘≈≈‘°√—¡μàÕ°√—¡

·≈–‡∑à“°—∫ 85.07a±2.73 87.04a±0.97 90.93b±1.76

91.15b±0.38 91.30b±2.22 91.33b±1.14 91.36b±1.29

91.72b±1.15 91.92b±2.83 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫

(Figure 3)

2. pH ∑’Ë‡À¡“– ¡μàÕ°“√°”®—¥μ–°—Ë«

®“°°“√»÷°…“æ∫«à“ ´‘≈‘°“®“°‡∂â“·°≈∫·≈–

´‘≈‘°“‡™‘ß°“√§â“ „Àâº≈°“√∑¥≈Õß Õ¥§≈âÕß°—π§◊Õ ‡¡◊ËÕª√—∫

 “√≈–≈“¬μ–°—Ë«„Àâ¡’ pH ‡∑à“°—∫ 3.0, 4.0, 5.0, ·≈– 6.0

 “¡“√∂°”®—¥μ–°—Ë«‰¥â‚¥¬‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘μ‘ (p>0.05) ·μà¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘μ‘ (p<0.05) °—∫ “√≈–≈“¬μ–°—Ë«∑’Ë¡’ pH

‡∑à“°—∫ 1.0 ·≈– 2.0 ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥‚¥¬„™â´‘≈‘°“

®“°‡∂â“·°≈∫·≈–´‘≈‘°“‡™‘ß°“√§â“ ‡©≈’Ë¬‡ªìπ¡‘≈≈‘°√—¡μàÕ

°√—¡¡’§à“‡∑à“°—∫ 6.30a±0.14 7.47b±0.12 8.30c±0.36

8.33c±0.56 8.42c±0.40 8.45c±0.76 ¡‘≈≈‘°√—¡μàÕ°√—¡ ·≈–

14.73a±1.38 18.99b±0.33 21.56c±0.40 21.60c±1.08

21.55c±0.44 21.54c±0.21 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫

 à«π´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’„Àâº≈°“√∑¥≈Õß

 Õ¥§≈âÕß°—∫´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’§◊Õ ‡¡◊ËÕª√—∫

 “√≈–≈“¬μ–°—Ë«„Àâ¡’pH‡∑à“°—∫ 4.0, 5.0, ·≈– 6.0  “¡“√∂

°”®—¥μ–°—Ë«‰¥â‚¥¬‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘μ‘ (p>0.05) ·μà¡’§à“·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘μ‘ (p<0.05) °—∫ “√≈–≈“¬μ–°—Ë«∑’Ë¡’ pH ‡∑à“°—∫ 1.0

2.0 ·≈– 3.0 ‚¥¬∑’Ëª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥‚¥¬„™â´‘≈‘°“

®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’·≈– ‘́≈‘°“‡™‘ß°“√§â“∑’Ë

¥—¥·ª√∑“ß‡§¡’‡∑à“°—∫ 74.45a±1.29 77.63b±0.78

79.37bc±1.11 81.17c±1.04 81.44c±0.60 81.69c±1.50

Figure 3 Effect of contact time on adsorption of lead
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Figure 2 FTIR spectra of silica produced from rice

husk ash (SRHA) and silica produced from

rice husk ash and modified with AEAEPTMS

(SRHA-AEAEPTMS)
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SRHA-AEAEPTMS

Wave Number (cm-1)
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¡‘≈≈‘°√—¡μàÕ°√—¡ ·≈–‡∑à“°—∫ 86.67a±1.52 88.50ab±0.45

89.67b±0.56 92.23c±0.40 92.46c±1.79 92.14c±1.03

¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫ (Figure 4)

3. °“√À“§à“§«“¡®ÿ„π°“√°”®—¥μ–°—Ë«

®“°°“√»÷°…“¢âÕ¡Ÿ≈‡æ◊ËÕÀ“§«“¡®ÿ¢Õß°“√¥Ÿ¥ —́∫

μ–°—Ë« ‚¥¬Õ“»—¬ ¡°“√‰Õ‚´‡∑Õ√å¡¢Õßø√ÿπ¥≈‘´„π√Ÿª

≈Õ°“≈‘∑÷¡2  ¡°“√§◊Õ log X/m = log K +1/n log C ‡¡◊ËÕ

X/m §◊Õª√‘¡“≥‚≈À–∑’Ë∂Ÿ°¥Ÿ¥´—∫∫π«— ¥ÿ (¡‘≈≈‘°√—¡μàÕ°√—¡)

C §◊Õ§«“¡‡¢â¡¢âπ¢Õß‚≈À–„π “√≈–≈“¬‡¡◊ËÕ°“√¥Ÿ¥´—∫‡¢â“

 Ÿà ¡¥ÿ≈ (¡‘≈≈‘°√—¡μàÕ≈‘μ√) K ·≈– 1/n §◊Õ§à“§ß∑’Ë ®“°§à“

log K  “¡“√∂§”π«≥À“§à“§«“¡®ÿ‰¥â æ∫«à“´‘≈‘°“®“°‡∂â“

·°≈∫ ‘́≈‘°“‡™‘ß °“√§â“ ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß

‡§¡’ ·≈– ‘́≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ “¡“√∂°”®—¥

μ–°—Ë«‰¥â Ÿß ÿ¥ 8.68 (R2=0.9784) 22.27 (R2=0.9177) 86.84

(R2=0.9023) ·≈– 94.23 (R2=0.9674) ¡‘≈≈‘°√—¡μàÕ°√—¡

μ“¡≈”¥—∫ (Table 2)

§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«¥â«¬‡∑§π‘§§Õ≈—¡πå

®“°°“√À“§«“¡ “¡“√∂ Ÿß ÿ¥„π°“√°”®—¥μ–°—Ë«¢Õß«— ¥ÿ

´‘≈‘°“®“°‡∂â“·°≈∫ ´‘≈‘°“‡™‘ß°“√§â“ ´‘≈‘°“®“°‡∂â“·°≈∫

∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈–´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ ¥â«¬

‡∑§π‘§·∫∫§Õ≈—¡πå ‚¥¬„™â (break through capacity)

®“°°√“ø§«“¡ —¡æ—π∏å√–À«à“ß C
A
/C

AO
 ·≈–ª√‘¡“μ√¢Õß

 “√≈–≈“¬μ–°—Ë« (¡‘≈≈‘≈‘μ√) (Figure 5)  ‡¡◊ËÕ C
A
 §◊Õ §«“¡

‡¢â¡¢âπ¢Õßμ–°—Ë«„π “√≈–≈“¬À≈—ßºà“π§Õ≈—¡πå ·≈– C
AO
 §◊Õ

§«“¡‡¢â¡¢âπ¢Õßμ–°—Ë«„π “√≈–≈“¬°àÕπºà“π§Õ≈—¡πå §«“¡

 “¡“√∂ Ÿß ÿ¥„π°“√°”®—¥μ–°—Ë«¢Õß«— ¥ÿμà“ß Ê À“‰¥â®“°

ª√‘¡“μ√¢Õß “√≈–≈“¬∑’Ë∑”„Àâ§à“ C
A
/C

AO
 ‡∑à“°—∫ 0.5 æ∫«à“

ª√‘¡“μ√¢Õß “√≈–≈“¬μ–°—Ë«∑’Ë∑”„Àâ§à“ C
A
/C

AO
 ‡∑à“°—∫ 0.5

¢Õß ‘́≈‘°“®“°‡∂â“·°≈∫ ́ ‘≈‘°“‡™‘ß°“√§â“ ́ ‘≈‘°“®“°‡∂â“·°≈∫

∑’Ë¥—¥·ª√∑“ß‡§¡’·≈–´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ §◊Õ

110, 260, 870, ·≈– 940 ¡‘≈≈‘≈‘μ√ μ“¡≈”¥—∫ ‡¡◊ËÕ§”π«≥

À“§«“¡ “¡“√∂ Ÿß ÿ¥„π°“√°”®—¥μ–°—Ë« æ∫«à“ ¡’§à“‡∑à“°—∫

9.78, 23.22, 88.23, ·≈– 95.56 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫

°“√À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«®“°μ—«Õ¬à“ßπÈ”∑‘Èß

¥â«¬«— ¥ÿ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’

®“°°“√À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«¢Õß«— ¥ÿ ´‘≈‘°“

®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ‚¥¬„™âμ—«Õ¬à“ßπÈ”∑‘Èß

®“°‡¢μ‡∑»∫“≈∑’Ë¡’°“√∑”‡§√◊ËÕß∂¡Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥

π§√»√’∏√√¡√“™ ·≈–μ—«Õ¬à“ßπÈ”∑‘Èß®“°»Ÿπ¬å«‘∑¬“»“ μ√å

¡À“«‘∑¬“≈—¬√“™¿—Øπ§√»√’∏√√¡√“™ ‰¥âº≈¥—ß· ¥ß„π

Table 3

Adsorbents Linear equation  R2 Adsorption capacity; K (mg/g)

SRHA Y = 0.0549 + 0.9387 0.9784 8.68

SC Y = 0.0078 + 1.3477 0.9177 22.27

SRHA-AEAEPTMS Y = 0.0251 + 1.9238 0.9023 86.84

SC-AEAEPTMS Y = 0.0723 + 1.9742 0.9674 94.23

Table 2 Lead adsorption capacity by batch method

Figure 4 Effect of pH variation on lead adsorption
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Figure 5 Break-through curve of lead
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«‘®“√≥å·≈– √ÿªº≈

 ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥´‘≈‘°“®“°‡∂â“·°≈∫

1. º≈¢Õß§«“¡‡¢â¡¢âπ°√¥

®“° Table 1 æ∫«à“ª√‘¡“≥ ‘́≈‘°“∑’Ë‰¥â®–·ª√º—π

μ√ß°—∫§«“¡‡¢â¡¢âπ¢Õß°√¥∑’Ë„™â°”®—¥ “√Õ‘π∑√’¬å ∑—Èßπ’È

‡π◊ËÕß®“°°√¥∑’Ë¡’§«“¡‡¢â¡¢âπ Ÿß®–¡’§«“¡ “¡“√∂„π°“√

°”®—¥ “√Õ‘π∑√’¬å‰¥â¥’ ®“°°“√»÷°…“§√—Èßπ’È‡≈◊Õ°„™â°√¥

‰Œ‚¥√§≈Õ√‘°∑’Ë‡¢â¡¢âπ 2.0 ‚¡≈μàÕ≈‘μ√ ´÷Ëß‡ªìπ§«“¡‡¢â¡¢âπ

°√¥∑’ËπâÕ¬∑’Ë ÿ¥ ∑’Ë “¡“√∂ °—¥ ‘́≈‘°“‰¥â Ÿß∂÷ß 96.57±1.57

‡ªÕ√å‡ Á́πμå‚¥¬πÈ”Àπ—° πÕ°®“°π’È¬—ßæ∫ «à“«‘∏’π’È  “¡“√∂

 °—¥´‘≈‘°“‰¥â Ÿß°«à“«‘∏’¢Õß Patel M·≈–§≥–27 ´÷Ëß‰¥â

∑¥≈Õßª√—∫ ¿“æ·°≈∫ ‚¥¬·™à¥â«¬ “√≈–≈“¬°√¥

‰Œ‚¥√§≈Õ√‘° (§«“¡‡¢â¡¢âπ 2-12 ‚¡≈μàÕ≈‘μ√) ∑’ËÕÿ≥À¿Ÿ¡‘

25 Õß»“‡´≈‡ ’́¬  π“π 5 ™—Ë«‚¡ß ‰¥âª√‘¡“≥´‘≈‘°“ 31 ∂÷ß 34

‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°·≈–¡’ª√‘¡“≥´‘≈‘°“„°≈â‡§’¬ß°—∫

«‘∏’¢Õß°π°Õ√ À— ‚√§å23 ´÷Ëß‰¥â»÷°…“ªí®®—¬¢Õß°√¥μàÕ

°√–∫«π°“√º≈‘μ´‘≈‘°“¢“«®“°·°≈∫ ‚¥¬ºà“π°√–∫«π°“√

∑“ß‡§¡’§«“¡‡¢â¡¢âπ¢Õß°√¥ 1 ∂÷ß 5 ‚¡≈μàÕ≈‘μ√ ∑’ËÕÿ≥À¿Ÿ¡‘

25 Õß»“‡´≈‡´’¬  ¿“¬„π‡«≈“ 0.5 ∂÷ß 2 ™—Ë«‚¡ß ‚¥¬„™â

 “√≈–≈“¬°√¥‰Œ‚¥√‚∫√¡‘° ‰Œ‚¥√§≈Õ√‘°·≈–‰πμ√‘° æ∫«à“

‰¥âª√‘¡“≥ ‘́≈‘°“ Ÿß ÿ¥ 98.35 ‡ªÕ√å‡ Á́πμå‚¥¬πÈ”Àπ—°

2. º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë„™â„π°“√‡º“

®“° Table 1 æ∫«à“ ª√‘¡“≥ ‘́≈‘°“®–·ª√º—π

μ√ß°—∫Õÿ≥À¿Ÿ¡‘∑’Ë„™â‡º“ ∑—Èßπ’È‡π◊ËÕß®“°∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß®–¡’

§«“¡ “¡“√∂„π°“√‡º“‰À¡â “√Õ‘π∑√’¬å‰¥â¥’ ®“°°“√»÷°…“

§√—Èßπ’È‡≈◊Õ°„™âÕÿ≥À¿Ÿ¡‘„π°“√‡º“∑’Ë 600 Õß»“‡´≈‡´’¬ 

´÷Ëß‡ªìπÕÿ≥À¿Ÿ¡‘∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë “¡“√∂„Àâª√‘¡“≥ ‘́≈‘°“‰¥â Ÿß

97.80±1.35 ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—° ·≈–¬—ßæ∫«à“«‘∏’π’È

 “¡“√∂„Àâª√‘¡“≥´‘≈‘°“ Ÿß°«à“«‘∏’¢Õß Adam F ·≈–§≥–25

´÷Ëß‰¥â»÷°…“§ÿ≥ ¡∫—μ‘¢Õß¢’È‡∂â“·°≈∫‡æ◊ËÕº≈‘μ´‘≈‘°“∫√‘ ÿ∑∏‘Ï

‚¥¬‡º“„π™à«ßÕÿ≥À¿Ÿ¡‘√–À«à“ß 450 ∂÷ß 540 Õß»“‡´≈‡´’¬ 

π“π 5 ™—Ë«‚¡ß ‰¥â´‘≈‘°“∫√‘ ÿ∑∏‘Ï Ÿß ÿ¥ 94 ‡ªÕ√å‡´Áπμå

‚¥¬πÈ”Àπ—° ·≈–¡’ª√‘¡“≥ ‘́≈‘°“„°≈â‡§’¬ß«‘∏’¢Õßπ√‘»√“

Õ—®©√‘¬“‡æÁ™√ ·≈–§≥–24 ´÷Ëß‰¥â»÷°…“«‘∏’°“√º≈‘μ´‘≈‘°“

§ÿ≥¿“æ Ÿß®“°·°≈∫„π‡μ“‡º“·∫∫ø≈ŸÕ‘‰¥‡´™—π æ∫«à“

¿“«–∑’Ë¡’ª√‘¡“≥·°≈∫ 100 ∂÷ß 150 °√—¡ Õ—μ√“°“√ªÑÕπÕ“°“»

0.15-0.27 ≈Ÿ°∫“»°å‡¡μ√μàÕπ“∑’ Õÿ≥À¿Ÿ¡‘¢Õß‡μ“ 700 Õß»“

‡´≈‡ ’́¬  ·≈–„™â‡«≈“‡º“ 3 ™—Ë«‚¡ß ‰¥â´‘≈‘°“∫√‘ ÿ∑∏‘Ï∂÷ß

99.6±0.2 ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—°

3. º≈¢Õß‡«≈“∑’Ë„™â„π°“√‡º“

®“° Table 1 æ∫«à“ ‡«≈“∑’Ë„™â‡º“®“° 4.0 ∂÷ß

10.0 ™—Ë«‚¡ß ‰¥âª√‘¡“≥´‘≈‘°“∑’Ë‰¡à¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’

π—¬ ”§—≠∑“ß ∂‘μ‘ ·≈–®“°º≈°“√∑¥≈Õß§√—Èßπ’È‡≈◊Õ°„™â‡«≈“

‡º“∑’Ë 4.0 ™—Ë«‚¡ß ´÷Ëß‡ªìπ™à«ß‡«≈“∑’Ë —Èπ∑’Ë ÿ¥ ∑’Ë„Àâ´‘≈‘°“‰¥â Ÿß

98.34±1.04 ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—° πÕ°®“°π’È¬—ßæ∫«à“

‡«≈“∑’Ë„™â‡º“‡∂â“·°≈∫§√—Èßπ’È  “¡“√∂º≈‘μ ´‘≈‘°“‰¥â Ÿß°«à“

«‘∏’¢Õß Adam F ·≈–§≥–25 ́ ÷Ëß„Àâ§«“¡∫√‘ ÿ∑∏‘Ï 94 ‡ªÕ√å‡´Áπμå

‚¥¬πÈ”Àπ—° ·≈–¡’ª√‘¡“≥ ‘́≈‘°“„°≈â‡§’¬ß«‘∏’¢Õßπ√‘»√“

Õ—®©√‘¬“‡æÁ™√ ·≈–§≥–24 ´÷Ëß‰¥â´‘≈‘°“ 99.6±0.2 ‡ªÕ√å‡´Áπμå

‚¥¬πÈ”Àπ—°

 ¿“«–∑’Ë‡À¡“–·≈–§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«¥â«¬

‡∑§π‘§∂—ß·™à

1. ‡«≈“∑’Ë‡À¡“– ¡μàÕ°“√°”®—¥μ–°—Ë«

®“° Figure 1 æ∫«à“´‘≈‘°“®“°‡∂â“·°≈∫·≈–

´‘≈‘°“‡™‘ß°“√§â“ „™â‡«≈“‡¢¬à“ “√≈–≈“¬ ·≈â«∑”„Àâ°“√¥Ÿ¥

´—∫μ–°—Ë«‡¢â“ Ÿà ¡¥ÿ≈∑’Ë 60 π“∑’ ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥Õ¬Ÿà

Wastewater sample 1* 36.52±0.75 3.29±0.46 90.99±0.51

Wastewater sample 2** 8.63±0.96 0.05±0.01 99.42±0.37

 * Wastewater from heavy metal analysis laboratory of science center Nakhon Si Thammarat Rajabhat University

** Wastewater of nielloware factory in municipal area Nakhon Si Thammarat province

Table 3 Percentage of lead removal from wastewater by using SRHA-AEAEPTMS as adsorbent

Wastewater sample Concentration of lead (mg/L)
Removal (%)

Before flow through column After flow through column
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√–À«à“ß 1.54±0.12 ∂÷ß 7.47±0.15 ·≈– 3.57±0.32 ∂÷ß

19.79±0.30 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫  à«π„π ‘́≈‘°“®“°

‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’·≈–´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√

∑“ß‡§¡’ æ∫«à“„™â‡«≈“‡¢¬à“ “√≈–≈“¬·≈â«∑”„Àâ°“√¥Ÿ¥´—∫

μ–°—Ë«‡¢â“ Ÿà ¡¥ÿ≈‡æ’¬ß 30 π“∑’ ‡∑à“π—Èπ ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°

°”®—¥¡’§à“Õ¬Ÿà√–À«à“ß 77.41±2.18 ∂÷ß 81.89±2.01 ·≈–

85.07±2.73 ∂÷ß 91.92±2.83 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫

‡¡◊ËÕæ‘®“√≥“®“° Figure 3 ®–‡ÀÁπ«à“„π™à«ß‡«≈“ 30 π“∑’

·√°«— ¥ÿ®– “¡“√∂°”®—¥μ–°—Ë«‰¥âÕ¬à“ß√«¥‡√Á« ∑—Èßπ’È‡π◊ËÕß®“°

æ◊Èπº‘«¢Õß«— ¥ÿ¬—ß«à“ßÕ¬Ÿà ®“°π—Èπª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥®–

§ß∑’Ë π—Ëπ§◊Õ°“√¥Ÿ¥ —́∫‡¢â“ Ÿà ¡¥ÿ≈ · ¥ß«à“æ◊Èπº‘«¢Õß«— ¥ÿ

∂Ÿ°ª°§≈ÿ¡¥â«¬‰ÕÕÕπ¢Õßμ–°—Ë«·≈–¬—ß§ß¡’°“√·≈°‡ª≈’Ë¬π

‰ÕÕÕπ¢Õßμ–°—Ë«√–À«à“ß‰ÕÕÕπ ∫πº‘« ¢Õß«— ¥ÿ°—∫‰ÕÕÕπ

„π “√≈–≈“¬μ≈Õ¥‡«≈“ ®“°°“√»÷°…“§√—Èßπ’È®÷ß‡≈◊Õ°„™â

‡«≈“‡¢¬à“ “√≈–≈“¬‡æ◊ËÕ„Àâ°“√¥Ÿ¥´—∫‡¢â“ Ÿà ¡¥ÿ≈∑’Ë 60, 60,

30 ·≈– 30 π“∑’  ”À√—∫ ‘́≈‘°“®“°‡∂â“·°≈∫ ‘́≈‘°“‡™‘ß

°“√§â“ ‘́≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’·≈– ‘́≈‘°“

‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ μ“¡≈”¥—∫ πÕ°®“°π’È¬—ßæ∫«à“

‡«≈“∑’Ë„™â„π°“√‡¢¬à“ “√≈–≈“¬ ‡æ◊ËÕ„Àâ°“√¥Ÿ¥´—∫μ–°—Ë«

‡¢â“ Ÿà ¡¥ÿ≈¢Õß ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈–

´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ ¡’§à“πâÕ¬°«à“´‘≈‘°“®“°

·°≈∫ ·≈– ‘́≈‘°“‡™‘ß°“√§â“ ∑—Èßπ’È‡π◊ËÕß®“° ‘́≈‘°“∑’Ë¥—¥·ª√

∑“ß‡§¡’®–¡’æƒμ‘°√√¡„π°“√¥Ÿ¥´—∫μ–°—Ë«∑—Èß·∫∫°“¬¿“æ

·≈–·∫∫‡§¡’§«∫§Ÿà°—π ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫‡«≈“∑’Ë„™â‡¢¬à“

 “√≈–≈“¬ ‡æ◊ËÕ„Àâ°“√¥Ÿ¥´—∫μ–°—Ë«¢Õß«— ¥ÿ∑—Èß ’Ë™π‘¥‡¢â“ Ÿà ¡¥ÿ≈

æ∫«à“ ¡’§à“πâÕ¬°«à“°“√„™â‡ª≈◊Õ°‰¢à6 ‡ªìπ«— ¥ÿ¥Ÿ¥´—∫ ´÷Ëß„™â

‡«≈“π“π∂÷ß 80 π“∑’

2. º≈¢Õß pH ∑’Ë‡À¡“– ¡μàÕ°“√°”®—¥μ–°—Ë«

„π°“√∑¥≈Õßπ’È®–‡≈◊Õ°»÷°…“∑’Ë™à«ß pH √–À«à“ß

1.0 ∂÷ß 6.0 ‡∑à“π—Èπ ∑—Èßπ’È‡π◊ËÕß®“°∑’Ë pH  Ÿß°«à“ 6.0 μ–°—Ë«

®–μ°μ–°Õπ„π√Ÿª‰Œ¥√Õ°‰´¥åÀ√◊ÕÕÕ°‰´¥å1,10 ®“° Figure 4

æ∫«à“ ‘́≈‘°“®“°‡∂â“·°≈∫ ·≈–´‘≈‘°“‡™‘ß°“√§â“  “¡“√∂

°”®—¥μ–°—Ë«‰¥â„πª√‘¡“≥ Ÿß ÿ¥ ‡¡◊ËÕ “√≈–≈“¬¡’ pH √–À«à“ß

3.0 ∂÷ß 6.0 ª√‘¡“≥μ–°—Ë«∑’Ë°”®—¥‰¥â¡’§à“√–À«à“ß 8.30±0.36

∂÷ß 8.45±0.76 ·≈– 21.56±0.40 ∂÷ß 21.55±0.44 ¡‘≈≈‘°√—¡

μàÕ°√—¡ μ“¡≈”¥—∫  à«π´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’

·≈–´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’  “¡“√∂°”®—¥μ–°—Ë«

‰¥â Ÿß ÿ¥ ‡¡◊ËÕ “√≈–≈“¬¡’ pH √–À«à“ß 4.0 ∂÷ß 6.0 ª√‘¡“≥

μ–°—Ë«∑’Ë°”®—¥‰¥â¡’§à“ 81.17±1.04 ∂÷ß 81.69±1.50 ·≈–

92.14±1.03 ∂÷ß 92.23±0.40 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫

®“°°“√»÷°…“æ∫«à“ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥®–·ª√º—πμ√ß°—∫

pH ¢Õß “√≈–≈“¬ ∑—Èßπ’È‡π◊ËÕß®“° “√≈–≈“¬∑’Ë¡’ pH μË”®–

¡’‰Œ‚¥√‡®π‰ÕÕÕπ®”π«π¡“° ®÷ßÕ“®∑”„Àâ H+ ‡°‘¥°“√·¢àß

¢—π°—∫ Pb2+ „π°“√‡¢â“®—∫°—∫«— ¥ÿ ª√‘¡“≥μ–°—Ë«∑’Ë∂Ÿ°°”®—¥

®÷ß≈¥≈ß ¥—ßπ—Èπ„π∑’Ëπ’È®÷ß‡≈◊Õ°ª√—∫ “√≈–≈“¬μ–°—Ë«„Àâ¡’ pH

Õ¬Ÿà√–À«à“ß 3.0 ∂÷ß 6.0  ”À√—∫´‘≈‘°“®“°‡∂â“·°≈∫ ´‘≈‘°“

‡™‘ß°“√§â“ ·≈– 4.0 ∂÷ß 6.0  ”À√—∫´‘≈‘°“®“°‡∂â“·°≈∫

∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈–´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’

μ“¡≈”¥—∫ ®–‡ÀÁπ«à“™à«ß pH ∑’Ë‡À¡“– ¡¢Õß “√≈–≈“¬μàÕ

°“√°”®—¥μ–°—Ë«¥â«¬«— ¥ÿ∑—Èß ’Ë™π‘¥„Àâº≈ Õ¥§≈âÕß°—∫°“√„™â

‡∂â“·°≈∫¥”1 ·≈–‡ª≈◊Õ°‰¢à6 ‡ªìπ«— ¥ÿ ´÷Ëßª√—∫ pH ¢Õß

 “√≈–≈“¬„π™à«ß 3.0 ·≈– 4.5 μ“¡≈”¥—∫

3. §«“¡‡¢â¡¢âπ∑’Ë‡À¡“– ¡°—∫§à“§«“¡®ÿ„π°“√

°”®—¥μ–°—Ë«¢Õß«— ¥ÿ

‚¥¬∑—Ë « ‰ª°“√∫àß™’È ≈—°…≥–À√◊Õæƒμ‘°√√¡

„π°“√¥Ÿ¥´—∫¢Õßμ—«∂Ÿ°¥Ÿ¥´—∫∫π«— ¥ÿ¥Ÿ¥´—∫π—Èπ π‘¬¡„™â

‰Õ‚´‡∑Õ√å¡°“√¥Ÿ¥´—∫‡ªìπÀ≈—°°“√Õâ“ßÕ‘ß‡™àπ ‰Õ‚´‡∑Õ√å¡

°“√¥Ÿ¥´—∫¢Õß·≈ß‡¡’¬√å (Langmuir adsorption isotherm)

‰Õ‚´‡∑Õ√å¡°“√¥Ÿ¥´—∫¢Õß∫’Õ’∑’ (Brunauer Emmett Teller

adsorption isotherm; BET) À√◊Õ‰Õ‚´‡∑Õ√å¡°“√¥Ÿ¥´—∫¢Õß

ø√ÿπ¥≈‘™ (Freundlich adsorption isotherm) ´÷Ëß°“√∑’Ë®–

π”‰Õ‚´‡∑Õ√å¡™π‘¥„¥¡“Õ∏‘∫“¬æƒμ‘°√√¡°“√¥Ÿ¥ —́∫∫π«— ¥ÿ

¥Ÿ¥´—∫„¥ Ê π—Èπ¢÷ÈπÕ¬Ÿà°—∫º≈°“√∑¥≈Õß∑’Ë‰¥â«à“ Õ¥§≈âÕß°—∫

‰Õ‚´‡∑Õ√å¡°“√¥Ÿ¥´—∫·∫∫„¥ ·≈–„π°“√«‘®—¬π’Èæ∫«à“º≈

∑’Ë‰¥â®“°°“√∑¥≈Õß Õ¥§≈âÕß°—∫ ‰Õ‚´‡∑Õ√å¡¢Õßø√ÿπ¥≈‘´

¥—ßπ—Èπ®÷ßÀ“§à“§«“¡®ÿ°“√¥Ÿ¥´—∫‚¥¬Õ“»—¬ ¡°“√‰Õ‚´‡∑Õ√å¡

¢Õßø√ÿπ¥≈‘´ ´÷Ëßæ∫«à“ ´‘≈‘°“®“°‡∂â“·°≈∫ ‘́≈‘°“‡™‘ß

°“√§â“ ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈– ‘́≈‘°“

‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’  “¡“√∂°”®—¥μ–°—Ë«‰¥â Ÿß ÿ¥ 8.68

(R2=0.9784) 22.27 (R2=0.9177) 86.84 (R2=0.9023) ·≈–

94.23 (R2=0.9674) ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫ ́ ÷Ëß¡’§à“¡“°°«à“

°“√„™â‡∂â“·°≈∫¥”‡ªìπ«— ¥ÿ¥Ÿ¥´—∫ (7.87 ¡‘≈≈‘°√—¡μàÕ°√—¡5)

§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«¥â«¬‡∑§π‘§§Õ≈—¡πå

®“° Figure 5 æ∫«à“ª√‘¡“μ√¢Õß “√≈–≈“¬μ–°—Ë«∑’Ë∑”„Àâ

§à“ C
A
/C

AO
 ‡∑à“°—∫ 0.5 ¢Õß ‘́≈‘°“®“°‡∂â“·°≈∫ ‘́≈‘°“

‡™‘ß°“√§â“ ‘́≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’·≈–´‘≈‘°“

‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’§◊Õ 110 260 870 ·≈– 940 ¡‘≈≈‘≈‘μ√
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μ“¡≈”¥—∫ ‡¡◊ËÕ§”π«≥À“§«“¡ “¡“√∂ Ÿß ÿ¥„π°“√°”®—¥

μ–°—Ë«¡’§à“‡∑à“°—∫ 9.78, 23.22, 88.23, ·≈– 95.56 ¡‘≈≈‘°√—¡

μàÕ°√—¡ μ“¡≈”¥—∫ ·≈–¬—ßæ∫«à“°“√°”®—¥μ–°—Ë«¥â«¬«‘∏’

§Õ≈—¡πå®–„Àâ§à“§«“¡ “¡“√∂„π°“√°”®—¥ Ÿß°«à“·∫∫∂—ß·™à

∑—Èßπ’È‡π◊ËÕß®“°„π°“√°”®—¥·∫∫§Õ≈—¡πå‰ÕÕÕπ¢Õßμ–°—Ë«¡’

‚Õ°“  —¡º— æ◊Èπº‘«¢Õß«— ¥ÿμ≈Õ¥‡«≈“ ´÷Ëß„Àâº≈ Õ¥§≈âÕß

°—∫°“√°”®—¥ª√Õ∑‚¥¬„™â‡ª≈◊Õ°¢ÕßŒ“√å¥«‘‡°’¬‰∫π“μâ“2

(Harwikia binata) ´÷Ëßæ∫«à“°“√°”®—¥·∫∫∂—ß·™à·≈–·∫∫

μàÕ‡π◊ËÕß (§Õ≈—¡πå) ¡’§à“ 1.05 ·≈– 21.00 ¡‘≈≈‘°√—¡μàÕ°√—¡

μ“¡≈”¥—∫

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«®“°μ—«Õ¬à“ßπÈ”∑‘Èß¥â«¬

´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’

®“° Table 3 æ∫«à“ ´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’

¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√°”®—¥μ–°—Ë« ‚¥¬ “¡“√∂°”®—¥

μ–°—Ë«„πμ—«Õ¬à“ßπÈ”∑‘Èß®“°‡¢μ‡∑»∫“≈∑’Ë¡’°“√∑”‡§√◊ËÕß∂¡

Õ”‡¿Õ‡¡◊Õß ®—ßÀ«—¥π§√»√’∏√√¡√“™·≈–μ—«Õ¬à“ßπÈ”∑‘Èß®“°

»Ÿπ¬å«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬√“™¿—Øπ§√»√’∏√√¡√“™‰¥â∂÷ß

90.99 ·≈– 99.42 ‡ªÕ√å‡ Á́πμå ∑—Èßπ’È‡π◊ËÕß®“°«— ¥ÿ∑’Ëºà“π°“√

¥—¥·ª√∑“ß‡§¡’π—Èπ “¡“√∂‡°‘¥°“√¥Ÿ¥´—∫‰¥â∑—Èß°“√¥Ÿ¥´—∫

∑“ß°“¬¿“æ (physisorption) ·≈–∑“ß‡§¡’ (chemisorption)

§«∫§Ÿà°—π ´÷ËßÕ“®¡’°“√¬÷¥®—∫√–À«à“ß´‘≈‘°“°—∫≈‘·°π¥å

3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈ Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-

‰μ√‡¡∑Õ°´’‰´‡≈π¥—ß· ¥ß„π Figure 6 ·≈–≈—°…≥–¢Õß

°“√¥Ÿ¥´—∫∑“ß‡§¡’√–À«à“ßμ–°—Ë«°—∫´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë

¥—¥·ª√∑“ß‡§¡’¥—ß· ¥ß„π Figure 7

®“° Figure 7 æ∫«à“≈—°…≥–¢Õß°“√¬÷¥®—∫®–‡°‘¥¢÷Èπ

„π à«π¢Õß‰π‚μ√‡®π ÷́Ëß‡ªìπÕ–μÕ¡ºŸâ„Àâ (donor atom)

¡’√Ÿª√à“ß‡ªìπ‡ âπμ√ß·≈–æ∫«à“≈‘·°π¥å 3-[2-(2-Õ–¡‘‚π‡Õ∑‘≈

Õ–¡‘‚π)-‡Õ∑‘≈Õ–¡‘‚π]-‚æ√æ‘≈-‰μ√‡¡∑Õ°´’ ‰´‡≈πÀπ÷Ëß

‚¡‡≈°ÿ≈®–¡’‰π‚μ√‡®π∂÷ß 3 Õ–μÕ¡ Õ¬à“ß‰√°Áμ“¡ ≈—°…≥–

°“√¬÷¥®—∫∑’Ë· ¥ß¥—ß Figure 7 ‡ªìπ‡æ’¬ß°“√§“¥§–‡π°“√

¬÷¥®—∫∑’Ë‡ªìπ‰ª‰¥â‡∑à“π—Èπ ¬—ß‰¡à¡’À≈—°∞“πÕâ“ßÕ‘ß‡æ‘Ë¡‡μ‘¡∂÷ß

≈—°…≥–°“√¬÷¥®—∫∑’Ë·πàπÕπ

„π°“√»÷°…“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥μ–°—Ë«„π

μ—«Õ¬à“ßπÈ”∑‘Èßπ—Èπ πÕ°®“°®– “¡“√∂‡°‘¥°“√¥Ÿ¥´—∫‰¥â∑—Èß

∑“ß°“¬¿“æ·≈–∑“ß‡§¡’·≈â« ¬—ßμâÕß§”π÷ß∂÷ßÕ’°À≈“¬

ªí®®—¬∑’Ë‡°’Ë¬«¢âÕß ‡™àπ º≈¢Õß·Õπ‰ÕÕÕπ·≈–·§∑‰ÕÕÕπ

º≈¢Õß “√Õ‘π∑√’¬å∑’ËÕ“®ªπ‡ªóôÕπ„ππÈ”‡ªìπμâπ

 √ÿªº≈

®“°°“√»÷°…“¢â“ßμâππ’È‰¥â ¿“«–∑’Ë‡À¡“– ¡„π°“√ °—¥´‘≈‘°“

®“°‡∂â“·°≈∫‰¥â·°à §«“¡‡¢â¡¢âπ¢Õß°√¥ ‰Œ‚¥√§≈Õ√‘°

2.0 ‚¡≈μàÕ≈‘μ√ Õÿ≥À¿Ÿ¡‘„π°“√‡º“ 600 Õß»“‡´≈‡´’¬  ·≈–

‡«≈“∑’Ë„™â‡º“ 4.0 ™—Ë«‚¡ß ÷́Ëß‡ªìπ ¿“«–∑’Ë “¡“√∂ °—¥

´‘≈‘°“‰¥â Ÿß ÿ¥ 98.34 ‡ªÕ√å‡´Áπμå‚¥¬πÈ”Àπ—° ‡¡◊ËÕπ”´‘≈‘°“∑’Ë

 °—¥®“°‡∂â“·°≈∫‰ªª√—∫ª√ÿß§ÿ≥¿“æ‚¥¬°“√¥—¥·ª√∑“ß

‡§¡’¥â«¬ 3-[2-(2-Õ–¡‘‚π ‡Õ∑‘≈Õ–¡‘‚π)-‡Õ∑‘≈ Õ–¡‘‚π]-

‚æ√æ‘≈-‰μ√‡¡∑Õ° ’́ ‰´‡≈π æ∫À¡Ÿàøíß°å™—π∑’Ë ”§—≠§◊Õ

Si-OH Si-O-Si Si-O N-H (wagging) N-H (scissoring)

-NH
3
 (salt primaryamine) C-H (stretchingaliphatic)

N-H (stretching asymmetry) N-H (stretching and

symmetry) ·≈–‡¡◊ËÕª√–¬ÿ°μå„™â°”®—¥μ–°—Ë«¥â«¬«‘∏’∂—ß·™àæ∫«à“

 ¿“«–∑’Ë‡À¡“– ¡„π°“√°”®—¥μ–°—Ë«§◊Õ ™à«ßæ’‡Õ™¢Õß

 “√≈–≈“¬ 4.0-6.0 ·≈–‡«≈“∑’Ë„™â‡¢¬à“ 30 π“∑’ ´‘≈‘°“®“°

‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’  “¡“√∂°”®—¥μ–°—Ë«‰¥â¡“°°«à“

´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë‰¡à‰¥â¥—¥·ª√∑“ß‡§¡’∂÷ß ‘∫‡∑à“§◊Õ

8.68 ·≈– 86.84 ¡‘≈≈‘°√—¡μàÕ°√—¡ μ“¡≈”¥—∫ ·≈–¬—ßæ∫«à“

§«“¡ “¡“√∂„π°“√°”®—¥μ–°—Ë«¢Õß ‘́≈‘°“®“°‡∂â“·°≈∫∑’Ë

¥—¥·ª√∑“ß‡§¡’ ¡’§à“„°≈â‡§’¬ß°—∫´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√

Figure 6 The structure of silica produced from rice
husk ash and modified with 3-[2-(2-aminoethyl
amino)-ethylamino]-propyl-trimethoxy silane
(SRHA-AEAEPTMS)

Figure 7 Characteristic of chemisorption between lead
and SRHA-AEAEPTMS
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∑“ß‡§¡’́ ÷Ëß “¡“√∂°”®—¥μ–°—Ë«‰¥â Ÿß∂÷ß 94.23 ¡‘≈≈‘°√—¡μàÕ°√—¡

πÕ°®“°π’È„π°“√°”®—¥μ–°—Ë«¥â«¬«‘∏’§Õ≈—¡πåæ∫«à“  “¡“√∂

°”®—¥μ–°—Ë«‰¥â¡“°°«à“∂—ß·™à (88.23 ·≈– 95.56 ¡‘≈≈‘°√—¡

μàÕ°√—¡  ”À√—∫´‘≈‘°“®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’ ·≈–

´‘≈‘°“‡™‘ß°“√§â“∑’Ë¥—¥·ª√∑“ß‡§¡’ μ“¡≈”¥—∫) ‡¡◊ËÕπ”´‘≈‘°“

®“°‡∂â“·°≈∫∑’Ë¥—¥·ª√∑“ß‡§¡’¡“ª√–¬ÿ°μå„™â„π°“√°”®—¥

μ–°—Ë«®“°μ—«Õ¬à“ßπÈ”∑‘Èß°Á “¡“√∂°”®—¥μ–°—Ë«‰¥â¡“°°«à“

90.99 ‡ªÕ√å‡´Áπμå

Õ¬à“ß‰√°Áμ“¡ ¿“«–μà“ß Ê ∑’Ë»÷°…“„π§√—Èßπ’È ‡ªìπ

 ¿“«–∑’Ë‰¥â®“°°“√∑¥≈Õß„πÀâÕßªØ‘∫—μ‘°“√ ¥—ßπ—Èπ®÷ß§«√

»÷°…“∂÷ß§«“¡‡ªìπ‰ª‰¥â„π°“√¢¬“¬¢π“¥À√◊Õ¢¬“¬ ‡°≈

„Àâ„À≠à¢÷Èπ ‡æ◊ËÕ “¡“√∂ª√–¬ÿ°μå„™â„πæ◊Èπ∑’Ë®√‘ß‰¥âμàÕ‰ª

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥  ∂“∫—π«‘®—¬·≈–æ—≤π“ ¡À“«‘∑¬“≈—¬√“™¿—Ø

π§√»√’∏√√¡√“™ ∑’Ë π—∫ πÿπ‡ß‘π∑ÿπ«‘®—¬§√—Èßπ’È ·≈–

¢Õ¢Õ∫§ÿ≥»Ÿπ¬å«‘∑¬“»“ μ√å·≈–§≥–«‘∑¬“»“ μ√å·≈–

‡∑§‚π‚≈¬’ ∑’ËÕ”π«¬§«“¡ –¥«°„π°“√„™â‡§√◊ËÕß¡◊Õ ®πß“π
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