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ß“π«‘®—¬π’È‡ªìπ°“√»÷°…“°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ° ‘́‡¥™—π¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë‡°‘¥¢÷Èπ‚¥¬ªØ‘°‘√‘¬“∑“ß‡§¡’ ·≈–

∑“ß™’«‡§¡’ ‚¥¬°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡ ‘́≈‘‡°µ‡æ◊ËÕªÑÕß°—π‰¡à„ÀâÕÕ°´‘‡®π‰ª —¡º— °—∫º‘«·√à·≈–ªÑÕß°—π¡‘„Àâ‡™◊ÈÕ

·∫§∑’‡√’¬¥Ÿ¥ —́∫∫πº‘«·√à „π°“√∑¥≈Õß„™â 0.001M Na2SiO3.9H2O ∑’Ë pH 1 3 5 ·≈– 7 ‡§≈◊Õ∫∫πº‘«Õ“√å‡´‚π‰æ‰√µå

(¢π“¥Õπÿ¿“§ < 300 ‰¡‚§√‡¡µ√ À√◊Õ§à“‡©≈’Ë¬ª√–¡“≥ 145 ‰¡‚§√‡¡µ√) ®“°°“√∑¥≈Õßæ∫«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë

‡§≈◊Õ∫º‘«∑’Ë pH 3 ·≈– 5 ‡ªìπ ¿“«–∑’Ë‡À¡“– ¡ ‡π◊ËÕß®“°µ√«®æ∫ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ„π “√≈–≈“¬¡’

ª√‘¡“≥πâÕ¬°«à“ ¿“«–Õ◊Ëπ ‡¡◊ËÕπ”Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬ 0.001M Na2SiO3.9H2O ∑’Ë pH 3 ·≈– 5 ¡“

∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’¥â«¬ 0.145M H2O2 ∑’Ë pH 2 4 ·≈– 5 æ∫

«à“º‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«∑’Ë pH 3 ¡’ª√– ‘∑∏‘¿“æ∑πµàÕ°“√ÕÕ°´‘‡¥™—π∑“ß‡§¡’¥’°«à“°“√‡§≈◊Õ∫º‘«∑’Ë pH 5

πÕ°®“°π—Èπ„π°“√∑¥≈Õß¥Ÿ¥´—∫¢Õß®ÿ≈‘π∑√’¬å∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«‚¥¬„™âThiobacillus

ferrooxidans æ∫«à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∫πº‘«Õ“√å‡´‚π‰æ‰√µå¡’§«“¡·µ°µà“ß°—π ·≈–‡π◊ËÕß®“°°“√¥Ÿ¥´—∫

¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Õ¥§≈âÕß°—∫·∫∫®”≈Õß°“√¥Ÿ¥´—∫¢Õß·≈ß‡¡’¬√å ¥—ßπ—Èπ®÷ß “¡“√∂À“§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ

·∫§∑’‡√’¬ Ÿß ÿ¥ (maximum adsorption capacity, XAM)  ∫πº‘«Õ“√å‡´‚π‰æ‰√µå‰¥â ́ ÷Ëßæ∫«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«

·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«¡’§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Ÿß ÿ¥ ‡∑à“°—∫ 4.710x109 ·≈– 7.231x109 ‡´≈≈åµàÕ°√—¡

Õ“√å‡´‚π‰æ‰√µå  µ“¡≈”¥—∫ · ¥ß„Àâ‡ÀÁπ«à“°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡ ‘́≈‘‡°µ “¡“√∂≈¥°“√¥Ÿ¥ —́∫¢Õß Thiobacillus

ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå
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Abstract

1
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The   chemical  and  biochemical  oxidation of  arsenopyrite  caused  the  release  of  arsenic  to  environment.
In this work, we studied the inhibition arsenopyrite oxidation by coating with sodium silicate. In the experiment,
0.001M  Na

2
SiO

3
.9H

2
O  at pH 1,  3,  5 and  7  was used to coat on the particles  (size < 300 µm or average size

145 µm) of arsenopyrite mineral. We chose pH at pH 3 and 5 as appropriate condition for the coating since the
amount of iron and arsenic detected in solution was less than other condition  (Fe conc. < 0.02 ppm, As conc.
< 0.05 ppm)  Arsenopyrite particles coated with 0.001M  Na

2
SiO

3
.9H

2
O  at  pH 3 and 5 were subject to test for

the surface resistance to chemical oxidation by 0.145M H
2
O

2
 at pH 2, 4 and 5. It was found surface coating at

pH 3 resisted to chemical oxidation superior than that of coating at pH 5. In the microbial adsorption experiment
on arsenopyrite coated and uncoated surfaces using Thiobacillus ferrooxidans, it demonstrated that there was
some difference in the number adsorbed cells. Since the adsorption followed the Langmuir adsorption isotherm,
therefore we could analyze the maximum adsorption capacity  (XAM)  of the particle surface. It was found XAM

for the coated and uncoated arsenopyrite surface was 4.710 x 109 and 7.231 x 109 cells/g  of FeAsS respectively.
So we concluded that coated sodium silicate suppressed the adsorption of Thiobacillus ferrooxidans.
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1. ∫∑π”

°√≥’ªí≠À“°“√·æ√à°√–®“¬¢Õß “√ÀπŸ∑’ËÕ”‡¿Õ√àÕπæ‘∫Ÿ≈¬å ®—ßÀ«—¥π§√»√’∏√√¡√“™ ´÷Ëß¡’°“√ªπ‡ªóôÕπ

¢Õß “√ÀπŸ∑—Èß„π¥‘π·≈–„ππÈ”„π√–¥—∫∑’Ë§«“¡‡¢â¡¢âπ Ÿß ®π∑”„Àâ√“…Æ√∑’ËÕ“»—¬Õ¬Ÿà„πæ◊Èπ∑’Ë¥—ß°≈à“«‡°‘¥°“√‡®Á∫ªÉ«¬

‡ªìπ‚√§‰¢â¥” [1] Õπß§å [2] √“¬ß“π«à“°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸæ∫«à“‡°‘¥¡“®“°°“√≈–≈“¬¢Õß·√àÕ“√å‡´‚π‰æ‰√µå

∑’Ë·¬°ÕÕ°¡“®“°·√à¥’∫ÿ°„π°√–∫«π°“√·µàß·√à‚¥¬·√à®–∂Ÿ°°Õß∑‘Èß‰«â„π‡¢µ‡À¡◊Õß·√à ‚¥¬°“√°Õß·√à‡ªìπ‰ªÕ¬à“ß

‰¡à‡À¡“– ¡ À√◊Õ‡°‘¥®“°‡À¡◊Õß∑’Ëªî¥·≈â« ÷́Ëß¬—ß¡’·√àÕ“√å‡´‚π‰æ‰√µåÕ¬Ÿàπ—Èπ‰¡à¡’°“√ªÑÕß°—π¡‘„Àâ —¡º— °—∫Õ“°“»·≈–πÈ”

÷́Ëß∑”„Àâ·√àÕ“√å‡´‚π‰æ‰√µå‡°‘¥°“√ÕÕ° ‘́‡¥™—π∑”„Àâ “√ÀπŸ·æ√à°√–®“¬ÕÕ°¡“·≈–∂Ÿ°π”æ“≈ß Ÿà∫àÕπÈ” Õ¬à“ß‰√°Áµ“¡

Silverman ·≈–§≥– [3] æ∫«à“ “√ÀπŸ∑’Ë·æ√à°√–®“¬ÕÕ°¡“π—Èπ‡°‘¥®“°ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–™’«‡§¡’¥—ß

π—ÈπºŸâ«‘®—¬®÷ß¡’·π«§‘¥∑’Ë®–≈¥°“√·æ√à°√–®“¬¢Õß “√ÀπŸ∑’Ë·À≈àß°”‡π‘¥´÷Ëß‰¥â·°à ‡À¡◊Õß·√à¥’∫ÿ°∑’Ëª≈àÕ¬√â“ßÀ√◊Õ°Õß

¢’È·√à∑’Ë¬—ß‰¡à∫”∫—¥ ‰¡à„Àâ·æ√àÕÕ°‰ª Ÿà ¿“«–·«¥≈âÕ¡ ‚¥¬∑”°“√»÷°…“«‘∏’°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå

∑’Ëºà“π¡“ Evangelou ·≈–§≥– [4] ‰¥â∑”°“√«‘®—¬°“√¬—∫¬—ÈßÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå∑“ß‡§¡’‚¥¬∑”°“√

‡§≈◊Õ∫º‘«‰æ‰√µå¥â«¬‡øÕ√å√‘°øÕ ‡øµ (FePO4) ́ ÷Ëß‡¡◊ËÕ “√≈–≈“¬ leaching ‰À≈ºà“π≈ß‰ª∂÷ßº‘«¢Õß‰æ‰√µå ‰Œ‚¥√‡®π

‡ªÕ√åÕÕ°‰´¥å®–ÕÕ° ‘́‰¥ ǻº‘«¢Õß‰æ‰√µå‡°‘¥‡À≈Á°‡øÕ√å√‘° (Fe3+) ·≈–√«¡µ—«°—∫øÕ ‡øµ (PO4
3-) ‡°‘¥µ–°Õπ

‡øÕ√å√‘°øÕ ‡øµ‡§≈◊Õ∫∑’Ëº‘«‰æ‰√µå ®“°π—Èππ”‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈â«¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬—∫¬—Èß

ÕÕ°´‘‡¥™—π∑“ß‡§¡’‚¥¬„™â‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å  æ∫«à“°“√‡§≈◊Õ∫º‘«‰æ‰√µå‡æ◊ËÕ„Àâ‡°‘¥µ–°Õπ‡øÕ√å√‘°øÕ ‡øµ‚¥¬„™â

‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) 0.029 ‚¡≈µàÕ≈‘µ√ „π‚æ·∑ ‡´’¬¡‰Œ‚¥√‡®πøÕ ‡øµ (KH2PO4) 10
-3 ‚¡≈µàÕ

≈‘µ√ ‚¥¬¡’‚´‡¥’¬¡§≈Õ‰√¥å (NaCl) 0.2 ‚¡≈µàÕ≈‘µ√‡ªìπ “√≈–≈“¬Õ‘‡≈°‚∑√‰≈µå  “¡“√∂¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π

¢Õß‰æ‰√µå‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

Zhang ·≈–§≥– [5] ∑”°“√«‘®—¬°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå∑“ß‡§¡’‚¥¬∑”°“√‡§≈◊Õ∫º‘«

‰æ‰√µå¥â«¬‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å (Fe[OH]3) ‡¡◊ËÕ “√≈–≈“¬ leaching ‰À≈ºà“π≈ß‰ª∂÷ßº‘«¢Õß‰æ‰√µå ®–∑”„Àâ‡°‘¥

µ–°Õπ¢Õß‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å‡§≈◊Õ∫∑’Ëº‘«¢Õß‰æ‰√µå ®“°π—Èππ”‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈â«¡“∑¥ Õ∫§«“¡ “¡“√∂„π

°“√¬—∫¬—ÈßÕÕ° ‘́‡¥™—π∑“ß‡§¡’‚¥¬„™â‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å æ∫«à“°“√‡§≈◊Õ∫º‘«‰æ‰√µå‡æ◊ËÕ„Àâ‡°‘¥µ–°Õπ‡øÕ√å√‘°

‰Œ¥√Õ°‰´¥å‚¥¬„™â ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) 0.147 ‚¡≈µàÕ≈‘µ√ ‚¥¬¡’‚´‡¥’¬¡§≈Õ‰√¥å (NaCl) 0.1 ‚¡≈µàÕ

≈‘µ√ ‡ªìπ “√≈–≈“¬Õ‘‡≈°‚∑√‰≈µå ·≈–‚´‡¥’¬¡Õ–´‘‡µµ (NaOAC) 0.01 ‚¡≈µàÕ≈‘µ√ ‡ªìπ “√≈–≈“¬∫—ø‡øÕ√å ∑’Ë  pH

4-6   “¡“√∂¬—∫¬—Èß°“√‡°‘¥ÕÕ° ‘́‡¥™—π¢Õß‰æ‰√µå‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–º‘«‡§≈◊Õ∫∑’Ë‰¥â “¡“√∂∑π°√¥‰¥â‡≈Á°πâÕ¬

Zhang ·≈–§≥– [6] ∑”°“√«‘®—¬°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå∑“ß‡§¡’‚¥¬∑”°“√‡§≈◊Õ∫º‘«

‰æ‰√µå¥â«¬ Ferric hydroxide-Silica ®“°π—Èππ”‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈â«¡“∑¥ Õ∫§«“¡ “¡“√∂„π°“√¬—∫¬—Èß

ÕÕ°´‘‡¥™—π∑“ß‡§¡’‚¥¬„™â‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å æ∫«à“°“√‡§≈◊Õ∫º‘«‰æ‰√µå‡æ◊ËÕ„Àâ‡°‘¥µ–°Õπ‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å

‚¥¬„™â ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) 0.145 ‚¡≈µàÕ≈‘µ√ °—∫‚´‡¥’¬¡‡¡µ“´‘≈‘‡°µ (Na2SiO3.9H2O) 0.001 ‚¡≈

µàÕ≈‘µ√‚¥¬¡’‚´‡¥’¬¡§≈Õ‰√¥å (NaCl) 0.1 ‚¡≈µàÕ≈‘µ√ ‡ªìπ “√≈–≈“¬Õ‘‡≈°‚∑√‰≈µå ·≈–‚´‡¥’¬¡Õ–´‘‡µµ (NaOAC)

0.01 ‚¡≈µàÕ≈‘µ√‡ªìπ “√≈–≈“¬∫—ø‡øÕ√å ∑’Ë pH 4-6   “¡“√∂¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

æ∫«à“ ∑’Ë pH 2 ´‘≈‘‡°µ¡’º≈µàÕ°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå·≈–º≈¢Õß°“√∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õßº‘«

‡§≈◊Õ∫
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Vandiviere ·≈–§≥– [7] ∑”°“√«‘®—¬°“√‡ª√’¬∫‡∑’¬∫°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå∑“ß‡§¡’

·≈–∑“ß™’«‡§¡’‚¥¬∑”°“√‡§≈◊Õ∫º‘«‰æ‰√µå·∫∫µà“ßÊ „π ¿“«–∏√√¡™“µ‘‡æ◊ËÕ∑¥ Õ∫§«“¡∑π∑“π¢Õßº‘«‡§≈◊Õ∫ ‚¥¬

„Àâ  “√≈–≈“¬ leaching ‰À≈ºà“π§Õ≈—¡πåæ’«’´’ (PVC) „π°“√∑¥≈Õßπ’Èª√–°Õ∫¥â«¬§Õ≈—¡πå§«∫§ÿ¡ ‰¡à¡’°“√‡§≈◊Õ∫

º‘«·≈–‰¡à„ àªŸπ¢“« §Õ≈—¡πå phosphate coating §Õ≈—¡πå  silica+limestone  coating ·≈–§Õ≈—¡πå limestone

coating °àÕπ„™â “√≈–≈“¬ leaching 24 ™—Ë«‚¡ß „π·µà≈–§Õ≈—¡πåµâÕß leaching ¥â«¬ di-H2O 1 ≈‘µ√ ‡¡◊ËÕ “√≈–≈“¬

leaching ‰À≈ºà“π§Õ≈—¡πå®πÀ¡¥∑‘Èß‰«â 1-3  —ª¥“Àå ®“°π—Èππ”§Õ≈—¡πå‰ªµ—Èß‰«â°≈“ß·®âß ‡¡◊ËÕ‡«≈“ºà“π‰ª 4-7 ‡¥◊Õπ

‡µ‘¡‡™◊ÈÕ T. ferrooxidans ‡æ◊ËÕ∑¥ Õ∫ª√– ‘∑∏‘¿“æ„π°“√ªÑÕß°—π°“√ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå∑“ß™’«‡§¡’ À≈—ß®“° 21

‡¥◊Õπ ®“°º≈°“√∑¥≈Õßæ∫«à“°“√‡§≈◊Õ∫º‘«‰æ‰√µå¥â«¬´‘≈‘‡°µ  “¡“√∂¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå‰¥âÕ¬à“ß

¡’ª√– ‘∑∏‘¿“æ¡“°°«à“«‘∏’Õ◊Ëπ

®“°°“√ ”√«®ß“π«‘®—¬∑’Ëºà“π¡“ æ∫«à“°“√‡§≈◊Õ∫º‘«‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ “¡“√∂¬—∫¬—Èß°“√‡°‘¥

ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå‰¥â¥’°«à“«‘∏’Õ◊Ëπ „πß“π«‘®—¬π’È®÷ßπ”«‘∏’°“√¬—∫¬—Èß°“√‡°‘¥ÕÕ°´‘‡¥™—π¢Õß‰æ‰√µå‚¥¬°“√‡§≈◊Õ∫

º‘«¡“„™â‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå‡æ◊ËÕ¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–∑“ß™’«‡§¡’

2. ∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß

2.1 °“√ÕÕ°´‘‡¥™—π∑“ß‡§¡’

 “√ÀπŸ„π√ŸªÕ“√å‡´‚π‰æ‰√µåÀ√◊Õ„π√ŸªÕ◊Ëπ∑’Ë¡’´—≈‰ø¥åª√–°Õ∫ª°µ‘®–‰¡à≈–≈“¬À√◊Õ≈–≈“¬‰¥âπâÕ¬¡“° ·µà

‡¡◊ËÕ‰¥â√—∫§«“¡√âÕπ §«“¡™◊Èπ ·≈–Õ“°“»®“°∏√√¡™“µ‘ ®– “¡“√∂‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’∑”„Àâ‡°‘¥ “√ÀπŸ

Õ“√å´’‰π´å·≈– “√ÀπŸÕ“√å´’‡πµ·æ√à°√–®“¬ Ÿà ‘Ëß·«¥≈âÕ¡ ¥—ß ¡°“√∑’Ë 1 ∂÷ß 4 [8]

2.2  °“√ÕÕ°´‘‡¥™—π∑“ß™’«‡§¡’

T. ferrooxidans ‡ªìπ·∫§∑’‡√’¬™π‘¥·°√¡≈∫ √Ÿª√à“ß∑àÕπ —Èπ¢π“¥ 0.5-1.5 ‰¡‚§√‡¡µ√ ¡—°Õ¬Ÿà‡ªìπ‡´≈≈å

‡¥’Ë¬« ∫“ß‚Õ°“ Õ“®Õ¬Ÿà‡ªìπ§Ÿà  “¡“√∂æ∫‰¥â∑—Ë«‰ª„π·√à‰æ‰√µå Õ“√å‡´‚π‰æ‰√µå À√◊Õ·√à∑’Ë¡’´—≈‡øÕ√å‡ªìπÕß§åª√–°Õ∫

 “¡“√∂‡®√‘≠‰¥â∑’ËÕÿ≥À¿Ÿ¡‘ 30-35 Õß»“‡´≈‡´’¬  Õ“»—¬Õ¬Ÿà„π ¿“æ·«¥≈âÕ¡∑’Ë‡ªìπ°√¥ ‰¥â√—∫æ≈—ßß“π„π°“√‡µ‘∫‚µ

®“°°“√ÕÕ°´‘‰¥´å‡À≈Á°‡øÕ√å√—  (Fe2+) „™â§“√å∫Õπ‰¥ÕÕ°‰´¥å‡ªìπ·À≈àß§“√å∫Õπ

4FeAsS+11O2+6H2O     4FeSO4 +4H3AsO3 (1)(1)(1)(1)(1)

H3AsO3+2Fe
3++H2O     H3AsO4 +2Fe

2++ 2H+ (2)(2)(2)(2)(2)

4Fe2++4H++O2     Fe3++2H2O (3)(3)(3)(3)(3)

2FeAsS+13Fe3++7H2O     15Fe2++H2SO4+H3As2O3+9H
+ (4)(4)(4)(4)(4)
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Torma, A. E. [9] ·≈– Fernandez ·≈–§≥– [10] ‰¥âÕ∏‘∫“¬°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß™’«‡§¡’¢Õß

Õ“√å‡´‚π‰æ‰√µå‚¥¬‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ¥—ßπ’È

Fe3+ ‰ÕÕÕπ∑’Ë‰¥â®“° ¡°“√ (9)  “¡“√∂√«¡µ—«°—∫°√¥Õ“√å´’π‘° (H3AsO4) ‡°‘¥µ–°Õπ‡øÕ√å√‘°Õ“√å´’‡πµ

(FeAsO4)

Anodic oxidation :

‚¥¬ As3+ ‰ÕÕÕπ„π ¡°“√∑’Ë (5)  “¡“√∂≈–≈“¬πÈ”‡°‘¥‡ªìπ°√¥Õ“√å´’π—  (arsenous acid) ¥—ß ¡°“√∑’Ë (7)

À≈—ß®“°π—Èπ·∫§∑’‡√’¬®–ÕÕ° ‘́‰¥ ǻ°√¥Õ“√ǻ ’π—  (H3AsO3) ∑’Ë‰¥â®“° ¡°“√∑’Ë (7) Fe2+·≈– S ∑’Ë‰¥â®“° ¡°“√∑’Ë

(5) ¥—ß ¡°“√∑’Ë (8) ·≈– ¡°“√∑’Ë (10)

Cathodic oxidation :

FeAsS Fe2++As3++S+7e- (5)(5)(5)(5)(5)

1
2

¥—ßπ—Èπ‡¡◊ËÕÕ“√å‡´‚π‰æ‰√µå‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π‚¥¬‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ®–‡°‘¥‡ªìπ As3+ „π

H3AsO3 ´÷Ëß≈–≈“¬πÈ”‰¥â ®“° ¡°“√∑’Ë (7) As5+ „π H3AsO4 ´÷Ëß‡ªìπµ–°Õπ®“° ¡°“√∑’Ë (8) ·≈–πÈ”¡’ ¿“æ

‡ªìπ°√¥‡π◊ËÕß®“° H2SO4 ®“° ¡°“√∑’Ë (10)

2.3  ·∫∫®”≈Õß°“√¥Ÿ¥´—∫ (Adsorption Isotherm)
‡π◊ËÕß®“°®ÿ≈‘π∑√’¬å·µà≈–™π‘¥·≈– adsorbent ·µà≈–™π‘¥ ¡’ ¡¥ÿ≈°“√¥Ÿ¥´—∫∑’Ë·µ°µà“ß°—π ®÷ßµâÕß»÷°…“

 ¡°“√ adsorption isotherm ‡æ◊ËÕ„™â„π°“√‡ª√’¬∫‡∑’¬∫ª√‘¡“≥®ÿ≈‘π∑√’¬å∑’Ë¥Ÿ¥´—∫∫πº‘« adsorbent ·µà≈–™π‘¥  ¡°“√

adsorption isotherm ∑’Ëπ‘¬¡π”¡“„™âÕ∏‘∫“¬ ¡¥ÿ≈°“√¥Ÿ¥´—∫¢Õß®ÿ≈‘π∑√’¬å∫πº‘« adsorbent §◊Õ ·∫∫®”≈Õß¢Õß

·≈ß‡¡’¬√å (Langmuir Adsorption Isotherm) ‡π◊ËÕß®“°∑”§«“¡‡¢â“„®‰¥âßà“¬ ·≈– “¡“√∂Õ∏‘∫“¬°“√¥Ÿ¥´—∫‰¥â¥’

3   O2+14H
++7e-       7H2O (6)(6)(6)(6)(6)

Fe3++H3AsO4   FeAsO4+3H
+ (11)(11)(11)(11)(11)

H3AsO3+   O2 H3AsO4 (8)(8)(8)(8)(8)

Fe2+ Fe3++ e- (9)(9)(9)(9)(9)

S0+1  O2+H2O H2SO4 (10)(10)(10)(10)(10)

As3++3H2O  H3AsO3+ 3H
+ (7)(7)(7)(7)(7)

bacteria

bacteria

bacteria

bacteria

bacteria

1
2

1
2
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 ¡¡µ‘∞“π¢Õß∑ƒ…Æ’π’È¡’·π«§«“¡§‘¥®“°·∫∫®”≈Õß monolayer ¥—ßπ’È

°. ®ÿ≈‘π∑√’¬å “¡“√∂¥Ÿ¥´—∫∑’Ë∑ÿ°Ê µ”·Àπàßº‘« —¡º— ∫π adsorbent

¢. ·µà≈–‡´≈≈å¢Õß®ÿ≈‘π∑√’¬å‰¡à¡’º≈°√–∑∫µàÕ°—π √«¡∂÷ßµ”·Àπàß¢Õß®ÿ≈‘π∑√’¬å‰¡à¡’º≈µàÕÕ—µ√“°“√

             ¥Ÿ¥´—∫

§. æ≈—ßß“π·≈–°≈‰°°“√¥Ÿ¥´—∫¢Õß∑ÿ°Ê‡´≈≈å∫πº‘« adsorbent ‡°‘¥¢÷Èπ‡À¡◊Õπ°—π

ß. °“√¥Ÿ¥´—∫¢Õß®ÿ≈‘π∑√’¬å∫π·µà≈–æ◊Èπ∑’Ëº‘« adsorbent ®–‡°‘¥‡ªìπ·∫∫ monolayer

 ¡°“√· ¥ß§«“¡ —¡æ—π∏å°“√¥Ÿ¥´—∫¢Õß®ÿ≈‘π∑√’¬å∫πº‘« adsorbent

    Langmuir Adsorption Isotherm °”Àπ¥„Àâ

   cell + adsorbent       cell - adsorbent (12)(12)(12)(12)(12)

‚¥¬∑’Ë

 X
A

§◊Õ §«“¡‡¢â¡¢âπ¢Õß®ÿ≈‘π∑√’¬å∑’Ë¥Ÿ¥´—∫∫πº‘« adsorbent (‡´≈≈åµàÕ°√—¡)

X
AM

§◊Õ §«“¡‡¢â¡¢âπ¢Õß®ÿ≈‘π∑√’¬å∑’Ë “¡“√∂¥Ÿ¥´—∫∫πº‘« adsorbent ∑’Ë¡“°∑’Ë ÿ¥ (‡´≈≈åµàÕ°√—¡)

 θ §◊Õ  —¥ à«π¢Õßæ◊Èπ∑’Ëº‘«∑’Ë∂Ÿ°ª°§≈ÿ¡¥â«¬®ÿ≈‘π∑√’¬åµàÕæ◊Èπ∑’Ëº‘«∑’Ë∂Ÿ°¥Ÿ¥´—∫∑—ÈßÀ¡¥

Õ—µ√“°“√¥Ÿ¥´—∫ (adsorption) µàÕÀπà«¬æ◊Èπ∑’Ëº‘«∑—ÈßÀ¡¥· ¥ß¥—ß ¡°“√∑’Ë 14

‚¥¬∑’Ë  ka   §◊Õ §à“§ß∑’Ë¢Õß°“√¥Ÿ¥´—∫

 XL   §◊Õ §«“¡‡¢â¡¢âπ¢Õß®ÿ≈‘π∑√’¬å„π “√≈–≈“¬ (‡´≈≈åµàÕ¡‘≈≈‘°√—¡)

Õ—µ√“°“√À≈ÿ¥≈Õ° (desorption) µàÕÀπà«¬æ◊Èπ∑’Ëº‘«∑—ÈßÀ¡¥· ¥ß¥—ß ¡°“√∑’Ë 15

ra = kaXL (1 - θ ) (14)(14)(14)(14)(14)

rd = kdθ (15)(15)(15)(15)(15)

‚¥¬∑’Ë    kd  §◊Õ §à“§ß∑’Ë¢Õß°“√À≈ÿ¥≈Õ°

‡¡◊ËÕ§‘¥∑’Ë ¿“«– ¡¥ÿ≈ (equilibrium)

θ = (13)(13)(13)(13)(13)
XA
XAM
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‚¥¬°”Àπ¥„Àâ

ka XL(1 - θ) = kdθ (16)(16)(16)(16)(16)

             θ = (17)(17)(17)(17)(17)
ka XL

(kd + ka XL)

   ®–‰¥â ¡°“√

®—¥„ÀâÕ¬Ÿà„π√Ÿª ¡°“√‡ âπµ√ß‰¥â‡ªìπ

    K =        (equilibrium constant)          (18)(18)(18)(18)(18)

‡¡◊ËÕæ≈ÁÕµ°√“ø√–À«à“ß  °—∫   ®–‰¥â ¡°“√‡ âπµ√ß´÷Ëß¡’§«“¡™—π‡ªìπ ·≈–®ÿ¥µ—¥·°π

X §◊Õ        [16]

3. °“√¥”‡π‘πß“π«‘®—¬

3.1 Õÿª°√≥å°“√∑¥≈Õß·≈– “√‡§¡’

Õÿª°√≥åª√–°Õ∫¥â«¬ §Õ≈—¡πå∑”®“°Õ–§√’≈‘§ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 5 ‡´πµ‘‡¡µ√  Ÿß 14.5 ‡´πµ‘‡¡µ√

∂—ßªÑÕπ “√≈–≈“¬ (feed tank) ∂—ßπÈ”∑‘Èß (waste water tank) ·≈–ªíö¡√’¥ “¬ (peristaltic pump) ¥—ß√Ÿª∑’Ë 1

   XA = (19)(19)(19)(19)(19)

XL

XA

XL
1

XAM
1

KXAM

      =        + (20)(20)(20)(20)(20)
XL

XA

XL

XAM

1
KXAM

ka
kd

XAM KXL
(1+ KXL)



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2546114

 “√‡§¡’∑’Ë„™â‰¥â·°à °√¥‰Œ‚¥√§≈Õ√‘° (HCl) ∫√‘…—∑ JT Baker °√¥‰Œ‚¥√ø≈ŸÕÕ√‘° (HF) ∫√‘…—∑ APS

Finechem ‚´‡¥’¬¡Õ–´‘‡µµ (CH3COONa.3H2O) ∫√‘…—∑ Merck ‚´‡¥’¬¡§≈Õ‰√¥å (NaCl) ∫√‘…—∑ Carlo Erba

Reagent ‚´‡¥’¬¡‡¡µ“´‘≈‘‡°µ (Na2SiO3.9H2O) ∫√‘…—∑ Wako ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) ∫√‘…—∑ Carlo Erba

Reagent ∑—ÈßÀ¡¥‡ªìπ‡°√¥ AR (analytical reagent)

‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∑’Ë„™â„πß“π«‘®—¬π’È‡ªìπ‡™◊ÈÕ·∫§∑’‡√’¬∑’Ë§—¥·¬°‰¥â®“°‡À¡◊Õß∂à“πÀ‘π·¡à‡¡“–

®—ßÀ«—¥≈”ª“ß ‡™◊ÈÕ·∫§∑’‡√’¬π’È¡’≈—°…≥–∑“ß —≥∞“π·≈– √’√–§≈â“¬§≈÷ß°—∫ T. ferrooxidans

 “√Õ“À“√ Ÿµ√ 9K „™â‡≈’È¬ß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ª√–°Õ∫¥â«¬ ‚æ·∑ ‡´’¬¡‰Œ‚¥√‡®πøÕ ‡øµ

(KH2 PO4) ∫√‘…—∑ Carlo Erba Reagent ·Õ¡‚¡‡π’¬¡´—≈‡øµ ((NH4)2SO4) ∫√‘…—∑ Carlo Erba Reagent ·¡°π’‡´’¬¡

´—≈‡øµ (MgSO4) ∫√‘…—∑ Carlo Erba Reagent  Õ¬à“ß≈– 0.4 °√—¡/≈‘µ√ ª√—∫ pH ¥â«¬°√¥´—≈øŸ√‘° (H2SO4) ∫√‘…—∑

JT Baker ∑—ÈßÀ¡¥‡ªìπ‡°√¥ AR

µ—«Õ¬à“ß·√àÕ“√å‡´‚π‰æ‰√µå —Ëß´◊ÈÕ®“°∫√‘…—∑ Geoprime Minerals & Earth Materials CO. ª√–‡∑»

 À√—∞Õ‡¡√‘°“ ¡’Õß§åª√–°Õ∫¢Õß‡À≈Á°√âÕ¬≈– 34.29 ‚¥¬¡«≈  “√ÀπŸ√âÕ¬≈– 37.23 ‚¥¬πÈ”Àπ—° ·≈– —́≈‡øÕ√å√âÕ¬≈–

15.11 ‚¥¬πÈ”Àπ—° («‘‡§√“–Àå‚¥¬°Õß«‘‡§√“–Àå °√¡∑√—æ¬“°√∏√≥’) ¢π“¥Õπÿ¿“§πâÕ¬°«à“ 300 ‰¡‚§√‡¡µ√ À√◊Õ

§à“‡©≈’Ë¬ª√–¡“≥ 145 ‰¡‚§√‡¡µ√ ‚¥¬„™â Molecular Sieve

√Ÿª∑’Ë 1 §Õ≈—¡πå∑’Ë„™â„π°“√∑¥≈Õß
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3.2 «‘∏’°“√∑¥≈Õß

°“√»÷°…“ pH ∑’Ë‡À¡“– ¡„π°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå

„ à∑√“¬ (¢π“¥Õπÿ¿“§πâÕ¬°«à“ 300 ‰¡‚§√‡¡µ√ À√◊Õ§à“‡©≈’Ë¬ª√–¡“≥ 145 ‰¡‚§√‡¡µ√) 60 °√—¡ ≈ß

„π§Õ≈—¡πåÕ–§√‘≈‘§ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 5 ‡´πµ‘‡¡µ√ ¢ÕßÕÿª°√≥å°“√∑¥≈Õß∑’Ë· ¥ß„π√Ÿª∑’Ë 1 ®“°π—Èπ®÷ß„ à

Õ“√å‡´‚π‰æ‰√µå 10 °√—¡ (¢π“¥Õπÿ¿“§πâÕ¬°«à“ 300 ‰¡‚§√‡¡µ√§à“‡©≈’Ë¬ª√–¡“≥ 145 ‰¡‚§√‡¡µ√) ·≈–„ à∑√“¬

60 °√—¡ªî¥∑—∫ ·≈â«®÷ß≈â“ß∑√“¬·≈–Õ“√å‡´‚π‰æ‰√µå¥â«¬ 2M HCl 1 ≈‘µ√ 2M HF 1 ≈‘µ√ ·≈–πÈ” DI 2 ≈‘µ√ ¥â«¬

Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ®“°π—Èπ‡µ√’¬¡ “√≈–≈“¬‡§≈◊Õ∫º‘«ª√‘¡“µ√ 6 ≈‘µ√ ´÷Ëßª√–°Õ∫¥â«¬ 0.01M

CH3COONa.3H2O  0.1M  NaCl  0.001M  Na2SiO3.9H2O ·≈– 0.145M H2O2 ª√—∫ pH ¢Õß “√‡§≈◊Õ∫º‘«

‡∑à“°—∫ 1 ‚¥¬„™â 12 M H2SO4 π” “√≈–≈“¬‡§≈◊Õ∫º‘«‰À≈ºà“π§Õ≈—¡πå¥â«¬Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ‡ªìπ

‡«≈“ª√–¡“≥ 18 ™—Ë«‚¡ß ·≈–∑‘Èß‰«âª√–¡“≥ 1 Õ“∑‘µ¬å (√–À«à“ß°“√‡§≈◊Õ∫º‘« ¡’‡À≈Á°·≈– “√ÀπŸ≈–≈“¬ÕÕ°¡“

æ√âÕ¡°—∫ “√‡§≈◊Õ∫∫â“ß) ·≈â«π” 0.145M H2O2 ª√‘¡“µ√ 6 ≈‘µ√ ‰À≈ºà“π§Õ≈—¡πå¥â«¬Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√

µàÕπ“∑’ À≈—ß®“°π—Èπ‡°Á∫µ—«Õ¬à“ß¢Õß “√≈–≈“¬®“°§Õ≈—¡πå ª√–¡“≥ 5 ¡‘≈≈‘≈‘µ√‡æ◊ËÕ‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥‡À≈Á°

·≈– “√ÀπŸ ¥â«¬‡§√◊ËÕß Atomic Adsorption Spectrophotometer (AAS) GBC 932AA ∑’Ë§«“¡¬“«§≈◊Ëπ 248.3

‰¡‚§√‡¡µ√·≈– 193.7 ‰¡‚§√‡¡µ√ µ“¡≈”¥—∫ ∑ÿ°Ê 1 ™—Ë«‚¡ß ‡ªìπ‡«≈“ª√–¡“≥ 18 ™—Ë«‚¡ß ∑”°“√∑¥≈Õß‡™àπ

‡¥’¬«°—∫¢â“ßµâπ ·µà‡ª≈’Ë¬π pH ¢Õß “√≈–≈“¬‡§≈◊Õ∫º‘«‡ªìπ 3 5 ·≈– 7 ·≈–∑”°“√∑¥≈Õß™ÿ¥§«∫§ÿ¡ ”À√—∫

Õ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«‡æ◊ËÕ„™â„π°“√‡ª√’¬∫‡∑’¬∫

°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√‡§≈◊Õ∫º‘«µàÕ°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’

„ à∑√“¬ 60 °√—¡ ≈ß„π§Õ≈—¡πå „ àÕ“√å‡´‚π‰æ‰√µå 10 °√—¡ ·≈–„ à∑√“¬ 60 °√—¡ ¥—ß√Ÿª∑’Ë 1 ≈â“ß∑√“¬

·≈–Õ“√å‡´‚π‰æ‰√µå¥â«¬ 2M HCl 1 ≈‘µ√ 2M HF 1 ≈‘µ√ ·≈–πÈ” DI 2 ≈‘µ√ ¥â«¬Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’

®“°π—Èπ‡µ√’¬¡ “√≈–≈“¬‡§≈◊Õ∫º‘«ª√‘¡“µ√ 6 ≈‘µ√ ́ ÷Ëßª√–°Õ∫¥â«¬ 0.01M CH3COONa.3H2O 0.1M NaCl 0.001M

Na2SiO3.9H2O ·≈– 0.145M H2O2 ª√—∫ pH ‡∑à“°—∫ 3 ‚¥¬„™â conc. H2SO4 π” “√≈–≈“¬‡§≈◊Õ∫º‘«‰À≈ºà“π

§Õ≈—¡πå¥â«¬Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ‡°Á∫µ—«Õ¬à“ß‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ ∑ÿ°Ê 1 ™—Ë«‚¡ß

‡ªìπ‡«≈“ª√–¡“≥ 18 ™—Ë«‚¡ß ·≈–∑‘Èß‰«âª√–¡“≥ 1 Õ“∑‘µ¬å ·≈â«π” 0.145M H2O2 ª√—∫ pH ‡∑à“°—∫ 2 ‚¥¬„™â 12M

H2SO4 ª√‘¡“µ√ 6 ≈‘µ√ ‰À≈ºà“π§Õ≈—¡πå¥â«¬Õ—µ√“°“√‰À≈ 5 ¡‘≈≈‘≈‘µ√µàÕπ“∑’ ®“°π—Èπ‡°Á∫µ—«Õ¬à“ß‰ª«‘‡§√“–ÀåÀ“

ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ ∑ÿ°Ê 1 ™—Ë«‚¡ß ‡ªìπ‡«≈“ª√–¡“≥ 18 ™—Ë«‚¡ß ∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫¢â“ßµâπ·µà‡ª≈’Ë¬π

pH ¢Õß 0.145M H2O2 ‡ªìπ 4 ·≈– 5 µ“¡≈”¥—∫ ·≈–∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫¢â“ßµâπ‚¥¬‡ª≈’Ë¬π pH ¢Õß

 “√≈–≈“¬‡§≈◊Õ∫º‘«‡ªìπ 5

°“√»÷°…“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈–‰¡à‰¥â

‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ

‡µ√’¬¡¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡‘≈≈‘≈‘µ√ 7 „∫ ‡µ‘¡ “√Õ“À“√ 9K medium ª√‘¡“≥ 90 ¡‘≈≈‘≈‘µ√ ‡µ‘¡‡™◊ÈÕ

·∫§∑’‡√’¬ T. ferrooxidans ∑’Ë‰¥â®“°°“√∑” starter ∑’Ë§«“¡‡¢â¡¢âπ√âÕ¬≈– 10 ·≈–„ àÕ“√å‡´‚π‰æ‰√µå 0.4 °√—¡ ≈ß

„π·µà≈–¢«¥π”‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 50 √Õ∫µàÕπ“∑’ ‡°Á∫µ—«Õ¬à“ß∑’Ë‡«≈“ 0 20 40 60 80 100
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·≈– 120 π“∑’ ·≈â«π”µ—«Õ¬à“ß«‘‡§√“–ÀåÀ“§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å∑’Ë·¢«π≈Õ¬Õ¬Ÿà„π “√≈–≈“¬ (‚¥¬«‘∏’ directing

counting À√◊Õ°“√π—∫®”π«π‡´≈≈å ‚¥¬„™â bacteria counting chamber) ‡æ◊ËÕÀ“‡«≈“∑’Ë‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans

‡¢â“ Ÿà°“√¥Ÿ¥´—∫Õ¬à“ß ¡¥ÿ≈ °“√∑¥≈Õßπ’È∑”‡æ◊ËÕ„Àâ∑√“∫«à“°“√¥Ÿ¥´—∫‡°‘¥¢÷ÈπÕ¬à“ß ¡¥ÿ≈µâÕß„™â‡«≈“π“π‡∑à“‰√ ´÷Ëß

∑√“∫‰¥â«à“„™â‡«≈“ª√–¡“≥ 60 π“∑’ ®÷ß‰¥â∑”°“√∑¥≈Õß‡æ‘Ë¡‡µ‘¡‚¥¬‡ª≈’Ë¬πµ—«·ª√¢Õß§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß‡™◊ÈÕ

·∫§∑’‡√’¬ T. ferrooxidans  ∑’Ë‰¥â®“°°“√∑” starter ∑’Ë§«“¡‡¢â¡¢âπµà“ßÊ ª√‘¡“≥√âÕ¬≈–  2  4  6   8  10  12 ·≈–

14 ≈ß„π·µà≈–¢«¥ π”‰ª‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 50 √Õ∫µàÕπ“∑’ ‡°Á∫µ—«Õ¬à“ß·µà≈–¢«¥‡¡◊ËÕ‡«≈“ºà“π

‰ª 60 π“∑’ π”µ—«Õ¬à“ß‰ªπ—∫®”π«π‡´≈≈å ·≈–π”¡“æ≈ÁÕµ°√“ø√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß·∫§∑’‡√’¬∑’Ë¥Ÿ¥´—∫∫π

Õ“√å‡´‚π‰æ‰√µå, XA °—∫§«“¡‡¢â¡¢âπ¢Õß·∫§∑’‡√’¬, XL „π “√≈–≈“¬ ·≈–∑”°“√∑¥≈ÕßÕ’°§√—Èß‡À¡◊Õπ¢â“ßµâπ ·µà

‡ª≈’Ë¬π‡ªìπÕ“√å‡´‚π‰æ‰√µå∑’Ëºà“π°“√‡§≈◊Õ∫º‘«¥â«¬ 0.001M Na2SiO3.9H2O ∑’Ë pH 3

4. º≈°“√∑¥≈Õß·≈–«‘®“√≥å

°“√»÷°…“°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå‡æ◊ËÕÀ“ pH ∑’Ë‡À¡“– ¡

°“√ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–∑“ß™’«‡§¡’‡ªìπ “‡Àµÿ∑’Ë∑”„Àâ “√ÀπŸ·æ√à°√–®“¬ Ÿà ‘Ëß·«¥≈âÕ¡ ®÷ß∑”°“√

¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–∑“ß™’«‡§¡’‚¥¬∑”°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ ∑’Ë

pH 1 3 5 ·≈– 7 ‚¥¬„π°“√‡§≈◊Õ∫∫πº‘«Õ“√å‡´‚π‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ®–‡ªìπ°“√¬—∫¬—Èß°“√ÕÕ°´‘‡¥™—π∑“ß

‡§¡’·≈–∑“ß™’«‡§¡’¢ÕßÕ“√å‡´‚π‰æ‰√µå ‡π◊ËÕß®“°°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ®–‡ªìπ°“√ªÑÕß°—πº‘«¢Õß

Õ“√å‡´‚π‰æ‰√µå‰¡à„Àâ —¡º— °—∫πÈ” ÕÕ°´‘‡®π ·≈–®ÿ≈‘π∑√’¬å ´÷Ëß‡ªìπ “‡Àµÿ∑”„ÀâÕ“√å‡´‚π‰æ‰√µå∂Ÿ°ÕÕ°´‘‡¥™—π∑“ß

‡§¡’·≈–∑“ß™’«‡§¡’ ‡¡◊ËÕπ”Õ“√å‡´‚π‰æ‰√µå∑’Ëºà“π°“√‡§≈◊Õ∫º‘«·≈â«‰ª∑¥ Õ∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’ ‚¥¬

„™â‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) pH ª√–¡“≥ 5 ́ ÷Ëß®–‡À¡◊Õπ°—∫°“√ÕÕ°´‘‡¥™—π¥â«¬ÕÕ°´‘‡®π·≈–πÈ” [11], [12]

®“°√Ÿª∑’Ë 2 ∂÷ß√Ÿª∑’Ë 3 æ∫«à“ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ∑’Ëµ√«®æ∫„π “√≈–≈“¬¡’ª√‘¡“≥πâÕ¬∑’Ë ÿ¥‡¡◊ËÕ∑”°“√‡§≈◊Õ∫

º‘«Õ“√å‡´‚π‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ·≈– 5 ‚¥¬‡ª√’¬∫‡∑’¬∫°—∫ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ∑’Ëµ√«®æ∫„π

 “√≈–≈“¬„π°“√∑¥ Õ∫ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 1 3

5 7 ·≈–Õ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥âºà“π°“√‡§≈◊Õ∫º‘«  ·≈–ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ∑’Ëµ√«®æ∫„π “√≈–≈“¬¢Õßº‘«‡§≈◊Õ∫∑’Ë

pH 3 ·≈– 5 π—Èπ¡’ª√‘¡“≥πâÕ¬°«à“„πÕ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«¡“° · ¥ß„Àâ‡ÀÁπ«à“°“√‡§≈◊Õ∫º‘«

Õ“√å‡´‚π‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ·≈– 5 ‡ªìπ pH ∑’Ë‡À¡“– ¡„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π

‚¥¬Õ“°“»·≈–πÈ”
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√Ÿª∑’Ë 2   §«“¡ —¡æ—π∏å√–À«à“ß‡À≈Á°°—∫‡«≈“ ¢≥–∑¥ Õ∫Õ“√å‡´‚π‰æ‰√µå‡¡◊ËÕ‡§≈◊Õ∫º‘«∑’Ë pH 1 3 5 ·≈– 7 ·≈–
          ‰¡à‰¥â‡§≈◊Õ∫º‘«¥â«¬ 0.145M H2O2

  √Ÿª∑’Ë 3   §«“¡ —¡æ—π∏å√–À«à“ß “√ÀπŸ°—∫‡«≈“ ¢≥–∑¥ Õ∫Õ“√å‡´‚π‰æ‰√µå‡¡◊ËÕ‡§≈◊Õ∫º‘«∑’Ë pH 1 3 5 ·≈– 7
            ·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«¥â«¬ 0.145M H2O2
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°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µµàÕ°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘

‡¥™—π∑“ß‡§¡’

‡¡◊ËÕπ”Õ“√å‡´‚π‰æ‰√µå∑’Ë∑”°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ·≈– 5 ¡“∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õß

º‘«‡§≈◊Õ∫„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–°“√∑π°√¥ ‚¥¬„Àâ‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2) 0.145

‚¡≈µàÕ≈‘µ√ ∑’Ë pH 2 4 ·≈– 5 ‰À≈ºà“π§Õ≈—¡πå ·≈–‡°Á∫µ—«Õ¬à“ß‰ª«‘‡§√“–Àå À“ª√‘¡“≥§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬

‡À≈Á°·≈– “√ÀπŸ ®“°√Ÿª∑’Ë 4 ·≈–√Ÿª∑’Ë 5 æ∫«à“º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ¡’

ª√– ‘∑∏‘¿“æ„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–°“√∑π°√¥ ¥’°«à“º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«

¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 5 ‡π◊ËÕß®“°§«“¡‡¢â¡¢âπ¢Õß‡À≈Á°·≈– “√ÀπŸ∑’Ëµ√«®æ∫„π “√≈–≈“¬®“°°“√∑¥ Õ∫º‘«

‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 °“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π‚¥¬„™â‰Œ‚¥√‡®π‡ªÕ√å

ÕÕ°‰´¥å∑’Ë pH 2 4 ·≈– 5 ¡’ª√‘¡“≥πâÕ¬°«à“º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 5 ·≈–®“°°“√

‡ª√’¬∫‡∑’¬∫ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ„π “√≈–≈“¬¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë ‰¡à‰¥âºà“π°“√‡§≈◊Õ∫º‘«·≈–

Õ“√å‡´‚π‰æ‰√µå∑’Ë∑”°“√‡§≈◊Õ∫º‘«∑’Ë pH 3 ·≈– 5 ∑’Ë∑”°“√∑¥ Õ∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’ æ∫«à“º‘«

‡§≈◊Õ∫∑’Ë pH 3 ·≈– 5  “¡“√∂¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’‰¥â‡π◊ËÕß®“°ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ„π

 “√≈–≈“¬¡’ª√‘¡“≥πâÕ¬°«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥âºà“π°“√‡§≈◊Õ∫º‘«¡“°

®“°°“√»÷°…“¢Õß Olson ·≈–§≥– [15]  æ∫«à“ “√ª√–°Õ∫‡™‘ß ấÕπ¢Õß‚´‡¥’¬¡ ‘́≈‘‡°µ,  FeOSi(OH)3
2+

 “¡“√∂‡°‘¥¢÷Èπ‰¥â„π™à«ß pH √–À«à“ß 1.5-3.0  ¥—ß ¡°“√∑’Ë (12) - (14)

      Fe3++Si(OH)
4

      FeSiO(OH)
3
2+ (12)(12)(12)(12)(12)

· ¥ß«à“°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 πà“®–‡°‘¥ “√ª√–°Õ∫‡™‘ß´âÕπ¢Õß‚´‡¥’¬¡´‘≈‘‡°µ,

FeOSi(OH)32+ ‡§≈◊Õ∫∫πº‘«Õ“√å‡´‚π‰æ‰√µå ́ ÷Ëß®“°°“√»÷°…“¢Õß Evangelou „π°“√‡§≈◊Õ∫º‘«‰æ‰√µå¥â«¬‚´‡¥’¬¡)-

(´‘≈‘‡°µ æ∫«à“º‘«‡§≈◊Õ∫‚´‡¥’¬¡ ‘́≈‘‡°µ “¡“√∂∑π§«“¡‡ªìπ°√¥∑’Ë pH 2.5-4.0 [15] ´÷Ëß Õ¥§≈âÕß°—∫º≈°“)√

∑¥≈Õß¢â“ßµâπ ·≈–®“°°“√»÷°…“¢Õß Zhang ·≈–§≥– [6] æ∫«à“∑’Ë pH 4-6  “¡“√∂‡°‘¥‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å

‡§≈◊Õ∫∫πº‘«‰æ‰√µå  · ¥ß«à“°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 5 πà“®–‡°‘¥‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å‡§≈◊Õ∫∫πº‘«

Õ“√å‡´‚π‰æ‰√µå ·≈–°“√≈–≈“¬‡øÕ√å√‘°‰Œ¥√Õ°‰´¥å®–‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ§«“¡‡ªìπ°√¥‡æ‘Ë¡¡“°¢÷Èπ [12] ´÷Ëß Õ¥§≈âÕß°—∫

º≈°“√∑¥≈Õß¢â“ßµâπ∑’Ëπ”Õ“√å‡´‚π‰æ‰√µå∑’Ë∑”°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 5 ‰ª∑¥ Õ∫°“√ÕÕ°´‘‡¥™—π

·≈–§«“¡∑π°√¥æ∫«à“ ‡¡◊ËÕ§«“¡‡ªìπ°√¥‡æ‘Ë¡¡“°¢÷Èπª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ„π “√≈–≈“¬¡’ª√‘¡“≥‡æ‘Ë¡¡“°¢÷Èπ¥â«¬

¥—ßπ—Èπ°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ®÷ß¡’ª√– ‘∑∏‘¿“æ„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“

ÕÕ°´‘‡¥™—π∑“ß‡§¡’·≈–°“√∑π°√¥¥’°«à“º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«∑’Ë pH 5
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        √Ÿª∑’Ë 4  §«“¡ —¡æ—π∏å√–À«à“ß‡À≈Á°°—∫‡«≈“ ¢≥–∑¥ Õ∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’¢Õß

                  Õ“√å‡´‚π‰æ‰√µå¥â«¬ 0.145M H2O2 ∑’Ë pH 2 4 ·≈– 5 ¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë∑”°“√‡§≈◊Õ∫º‘«

                  ∑’Ë pH 3 ·≈– 5 ·≈–Õ“√å‡´‚π‰æ‰√µå ∑’Ë‰¡à‰¥âºà“π°“√‡§≈◊Õ∫º‘«
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        √Ÿª∑’Ë 5   §«“¡ —¡æ—π∏å√–À«à“ß “√ÀπŸ°—∫‡«≈“ ¢≥–∑¥ Õ∫°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’¢Õß

                   Õ“√å‡´‚π‰æ‰√µå¥â«¬ 0.145M H2O2 ∑’Ë pH 2 4 ·≈– 5 ¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë∑”°“√‡§≈◊Õ∫º‘«

        ∑’Ë pH 3 ·≈– 5 ·≈–Õ“√å‡´‚π‰æ‰√µå ∑’Ë‰¡à‰¥âºà“π°“√‡§≈◊Õ∫º‘«
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°“√»÷°…“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Thiobacillus ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«

¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ·≈–∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«

‡¡◊ËÕ»÷°…“°“√¥Ÿ¥ —́∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∫πÕ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡ ‘́≈‘‡°µ∑’Ë

pH 3 ·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«∑’Ë§«“¡‡¢â¡¢âπ¢Õß‡´≈≈å‡√‘Ë¡µâπ√âÕ¬≈– 10 ·≈–Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈–‰¡à‰¥â

‡§≈◊Õ∫º‘«√âÕ¬≈– 0.4 πÈ”Àπ—°µàÕª√‘¡“µ√ ‡ªìπ‡«≈“ 120 π“∑’ æ∫«à“§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ T. ferrooxidans „π

 “√≈–≈“¬≈¥≈ßµ“¡‡«≈“ ®π∂÷ß‡«≈“ª√–¡“≥ 60 π“∑’ §«“¡‡¢â¡¢âπ·∫§∑’‡√’¬„π “√≈–≈“¬‡√‘Ë¡‡¢â“ Ÿà ∂“π–§ßµ—«

¥—ß· ¥ß„π√Ÿª∑’Ë 6 ®“°°√“ø®–‡ÀÁπ‰¥â«à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ T. ferrooxidans µàÕÀπà«¬πÈ”Àπ—°∫πº‘«Õ“√å‡´‚π‰æ‰√µå

∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ¡’ª√‘¡“≥πâÕ¬°«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«

‡æ◊ËÕ„Àâ∑√“∫«à“ T. ferrooxidans ¥Ÿ¥´—∫µàÕÀπà«¬πÈ”Àπ—°∫πº‘«¢ÕßÕ“√å‡´‚π‰æ‰√µå‰¥â Ÿß ÿ¥‡∑à“‰√ ®÷ß‰¥â

∑”°“√∑¥≈ÕßÀ“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ T. ferrooxidans ∑’Ë¥Ÿ¥´—∫∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë

‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå (XA) °—∫§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ T. ferrooxidans

∑’ËÕ‘ √–·¢«π≈Õ¬Õ¬Ÿà„π “√≈–≈“¬ (XL) ¥—ß· ¥ß„π√Ÿª∑’Ë 6 ´÷Ëß®“°º≈°“√∑¥≈Õßæ∫«à“§«“¡ —¡æ—π∏åÕ∏‘∫“¬‰¥â¥’

¥â«¬·∫∫®”≈Õß·≈ß‡¡’¬√å ¥—ßπ’È

√Ÿª∑’Ë 6  °“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∫πæ◊Èπº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«
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‚¥¬∑’Ë

XAM =  §à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Ÿß ÿ¥ (‡´≈≈åµàÕ°√—¡Õ“√å‡´‚π‰æ‰√µå)

K  =  §à“ ¡¥ÿ≈°“√¥Ÿ¥´—∫ (¡‘≈≈‘≈‘µ√µàÕ‡´≈≈å)

‡¡◊ËÕ®—¥√Ÿª ¡°“√∑’Ë 13 „À¡à®–‰¥â

XA = (13)(13)(13)(13)(13)
XAM KXL
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      =        +++++ (14)(14)(14)(14)(14)
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11111
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√Ÿª∑’Ë 7   equilibrium adsorption isotherm ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«

          ·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«
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‡¡◊ËÕæ≈ÁÕµ°√“ø√–À«à“ß XL/XA °—∫ XL ®–‰¥â ¡°“√‡ âπµ√ß´÷Ëß¡’§«“¡™—π‡ªìπ 1/XAM ·≈– ®ÿ¥µ—¥·°π X

§◊Õ 1/KXAM [16] ¥—ß· ¥ß„π√Ÿª∑’Ë 8 ‡¡◊ËÕ§”π«≥·≈â«æ∫«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ∑’Ë pH 3 ¡’

§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Ÿß ÿ¥, XAM = 4.710x109 ‡´≈≈åµàÕ°√—¡Õ“√å‡´‚π‰æ‰√µå ·≈–§à“ ¡¥ÿ≈°“√¥Ÿ¥´—∫, K =

2.654x10-8 ¡‘≈≈‘≈‘µ√µàÕ‡´≈≈å  à«πÕ“√å‡´‚π‰æ‰√∑å∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«¡’§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Ÿß ÿ¥, XAM =

7.231x109 ‡´≈≈åµàÕ°√—¡Õ“√å‡´‚π‰æ‰√µå ·≈–§à“ ¡¥ÿ≈°“√¥Ÿ¥´—∫, K = 4.609x10-8 ¡‘≈≈‘≈‘µ√µàÕ‡´≈≈å µà“ß°—πÕ¬à“ß

¡’π—¬ ”§—≠ ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“°“√‡§≈◊Õ∫º‘«¡’ à«π≈¥ª√‘¡“≥°“√¥Ÿ¥´—∫µàÕÀπà«¬πÈ”Àπ—°¢Õß‡™◊ÈÕ T. ferrooxidans

∫πº‘«Õ“√å‡´‚π‰æ‰√µå‰¥â√–¥—∫Àπ÷Ëß º≈°“√∑¥≈Õßπ’È°Á‡ªìπ°“√¬◊π¬—π«à“ °“√‡§≈◊Õ∫Õ“√å‡´‚π‰æ‰√µå¡’ à«π™à«¬¬—∫¬—Èß

°“√‡°‘¥ªØ‘°‘√‘¬“™’«‡§¡’Õ—π‡π◊ËÕß¡“®“°ªí®®—¬°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ T. ferrooxidans

5.   √ÿªº≈°“√∑¥≈Õß

®“°º≈°“√∑¥≈Õß·≈–«‘®“√≥å∑’Ë‰¥â “¡“√∂ √ÿª‰¥â«à“

1. ®“°°“√»÷°…“°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå‡æ◊ËÕÀ“ pH ∑’Ë‡À¡“– ¡ æ∫«à“°“√‡§≈◊Õ∫º‘«Õ“√å‡´‚π‰æ‰√µå

¥â«¬‚´‡¥’¬¡ ‘́≈‘‡°µ (Na2SiO3.9H2O) ∑’Ë pH 3 ·≈– 5 ‡ªìπ ¿“«–∑’Ë‡À¡“– ¡‡π◊ËÕß®“°ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ∑’Ë

µ√«®æ∫„π “√≈–≈“¬¡’ª√‘¡“≥πâÕ¬∑’Ë ÿ¥ ‡¡◊ËÕ∑¥ Õ∫¥â«¬‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å · ¥ß«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«∑’Ë

pH 3 ·≈– 5  “¡“√∂¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’‰¥â

√Ÿª∑’Ë 8  §«“¡ —¡æ—π∏å√–À«à“ß XL/XA °—∫ XL¢ÕßÕ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«·≈–‰¡à‰¥â‡§≈◊Õ∫º‘«
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2. ®“°°“√»÷°…“ª√– ‘∑∏‘¿“æ¢Õß°“√‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µµàÕ°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“

ÕÕ°´‘‡¥™—π∑“ß‡§¡’ ‡¡◊ËÕπ”Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ (Na2SiO3.9H2O) ∑’Ë pH 3 ·≈– 5 ¡“

∑¥ Õ∫ª√– ‘∑∏‘¿“æ¢Õßº‘«‡§≈◊Õ∫∑’Ë¡’µàÕ°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’ ·≈–§«“¡∑π°√¥‚¥¬„™â

‰Œ‚¥√‡®π‡ªÕ√åÕÕ°‰´¥å (H2O2∑’Ë pH 2 4 ·≈– 5 æ∫«à“º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«∑’Ë pH 3 ¡’ª√– ‘∑∏‘¿“æ¥’°«à“

º‘«‡§≈◊Õ∫∑’Ë∑”°“√‡§≈◊Õ∫º‘«∑’Ë pH 5 ‡π◊ËÕß®“°ª√‘¡“≥‡À≈Á°·≈– “√ÀπŸ∑’Ëµ√«®æ∫„π “√≈–≈“¬¡’ª√‘¡“≥πâÕ¬∑’Ë ÿ¥

· ¥ß«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«∑’Ë pH 3 ¡’ª√– ‘∑∏‘¿“æ„π°“√¬—∫¬—Èß°“√‡°‘¥ªØ‘°‘√‘¬“ÕÕ°´‘‡¥™—π∑“ß‡§¡’‰¥â¥’

°«à“Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«∑’Ë pH 5

3. ®“°°“√»÷°…“°“√¥Ÿ¥ —́∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬

‚´‡¥’¬¡´‘≈‘‡°µ (Na2SiO3.9H2O) ∑’Ë pH 3  ·≈–‰¡à‰¥â‡§≈◊Õ∫º‘« æ∫«à“¢âÕ¡Ÿ≈ Õ¥§≈âÕß°—∫·∫∫®”≈Õß¢Õß·≈ß‡¡’¬√å

‚¥¬Õ“√å‡´‚π‰æ‰√µå∑’Ë‡§≈◊Õ∫º‘«¥â«¬‚´‡¥’¬¡´‘≈‘‡°µ (Na2SiO3.9H2O) ∑’Ë pH 3 ¡’§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬

 Ÿß ÿ¥‡∑à“°—∫ 4.710x109 ‡´≈≈åµàÕ°√—¡Õ“√å‡´‚π‰æ‰√µå ·≈–§à“ ¡¥ÿ≈°“√¥Ÿ¥´—∫‡∑à“°—∫ 2.654x10-8 ¡‘≈≈‘≈‘µ√µàÕ‡´≈≈å

·≈–Õ“√å‡´‚π‰æ‰√µå∑’Ë‰¡à‰¥â‡§≈◊Õ∫º‘«¡’§à“°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Ÿß ÿ¥‡∑à“°—∫ 7.231x109 ‡´≈≈åµàÕ°√—¡

Õ“√å‡´‚π‰æ‰√µå ·≈–§à“ ¡¥ÿ≈°“√¥Ÿ¥ —́∫‡∑à“°—∫ 4.609x10-8 ¡‘≈≈‘≈‘µ√µàÕ‡´≈≈å · ¥ß„Àâ‡ÀÁπ«à“°“√‡§≈◊Õ∫º‘« “¡“√∂

≈¥ª√‘¡“≥°“√¥Ÿ¥´—∫¢Õß‡™◊ÈÕ·∫§∑’‡√’¬ Thiobacillus ferrooxidans ∫πº‘«Õ“√å‡´‚π‰æ‰√µå‰¥â π—Ëπ§◊Õ “¡“√∂≈¥

°“√ÕÕ°´‘‡¥™—π∑“ß™’«‡§¡’‚¥¬‡™◊ÈÕ·∫§∑’‡√’¬ T. ferrooxidans

6. ‡Õ° “√Õâ“ßÕ‘ß

1. °√¡§«∫§ÿ¡¡≈æ‘… °√–∑√«ß«‘∑¬“»“ µ√å ‡∑§‚π‚≈¬’·≈– ‘Ëß·«¥≈âÕ¡ ·≈–∫√‘…—∑‡ÕÁπ«‘´‘  ®”°—¥, 2541,

√“¬ß“π©∫—∫ ¡∫Ÿ√≥å ‚§√ß°“√ ”√«®·≈–«‘‡§√“–Àå‡æ◊ËÕ®—¥∑”·ºπªØ‘∫—µ‘°“√øóôπøŸ ¿“æ°“√ªπ‡ªóôÕπ¢Õß “√ÀπŸ∑’Ë

Õ”‡¿Õ√àÕπæ‘∫Ÿ≈¬å ®—ßÀ«—¥π§√»√’∏√√¡√“™, Àπâ“ 1-45.

2. Õπß§å ‰æ®‘µ√ª√–¿“¿√≥å, 2540, °“√»÷°…“µ‘¥µ“¡ªí≠À“·≈–°“√·°â‰¢°“√·æ√à°√–®“¬¢Õß “√ÀπŸ Õ”‡¿Õ

√àÕπæ‘∫Ÿ≈¬å ®—ßÀ«—¥π§√»√’∏√√¡√“™, °Õß ‘Ëß·«¥≈âÕ¡∑√—æ¬“°√∏√≥’ °√¡∑√—æ¬“°√∏√≥’, Àπâ“ 1-13.

3. Silverman, P. M. and Ehrlich, H. L., 1964, çMicrobial Formation and Degradation of Minerals,é

Advance of Applied Microbial, Vol. 6, pp. 153-206.

4. Evangelou, V. P., 1995, çPotential Microencapsulation of Pyrite by Artificial Inducement of

Ferric Phosphate Coatings,é Journal of Environmental Quality, Vol. 24, pp. 535-542.

5. Zhang, Y. L. and Evangelou, V. P., 1996, çInfluence of Iron Oxide Forming Conditions on

Pyrite Oxidation,é Soil Science, Vol. 161, pp. 852-864.

6. Zhang, Y. L. and Evangelou, V. P., 1998, çFormation of Ferric Hydroxide-Silica Coating on

Pyrite and its Oxidation Behavior,é Soil Science, Vol. 163, pp. 53-62.



«“√ “√«‘®—¬·≈–æ—≤π“ ¡®∏. ªï∑’Ë 26 ©∫—∫∑’Ë 1 ¡°√“§¡-¡’π“§¡ 2546124

7. Vandiviere, M. M. and Evangelou, V. P., 1998, çComparative Testing between Conventional

and Microencapsulation Approaches in Controlling Pyrite Oxidation,é Journal of Geochemical Explora-

tion, Vol. 64, pp. 161-176.

8. Barrett, J., Hughes, M. N., Karavaiko, G. I., and Spencer, P. A., 1993, Metal Extraction by

Bacterial Oxidation of Minerals, Ellis Horwood Limited, England, pp. 103-126.

9. Torma, A. E., 1988, çLeaching of Metals,é  Biotechnology,  Vol. 6b, Edited by Rehen, H.J. and

Reed, G., Weihiem, VHC Publisher, pp. 367-399.

10. Fernandez, M. G., Mustin, C., Donato, P., Barres, O., Marion, P., and Berthelin, J., 1995,

çOccurrences at Minerals-Bacteria Interface During Oxidation of Arsenopyrite by T. ferrooxidans,é

Biotechnology and Bioengineering, Vol. 46, pp. 13-21.

11. OûShay, T., Hossner, L. R., and Dixco, J. B., 1990, çA Modified Hydrogen Peroxide Oxidation

for Determination Potential Acidity in Pyritic Overburden,é Journal of Environmental Quality, Vol. 19,

pp. 778-782.

12. Jennings, S. R., Dollhopf, D. J., and Inskeep, 2000, çAcid Production from Sulfide Minerals

using Hydrogen Peroxide Weathering,é Applied Geochemistry, Vol. 15, pp. 235-243.

13. Weber, W. J. and Stumm, W., 1964, çFormation of a Silicato-Iron(III) Complex in Dilute

Aqueous Solution,é Journal of Nuclear Chemistry, Vol. 27, pp. 237-239.

14. Olson, L. L. and Omelia, C. R., 1977, çThe Interactions of Fe(III) with Si(OH)
4
,é Journal of

Nuclear Chemistry, Vol. 35, pp. 1977-1985.

15. Evangelou, V. P., Feb. 27, 1996, US. Patent No. 5494702 : Oxidation Proof Silicate Surface

Coating on Iron Sulfide, pp. 1-8.

16. ¬ÿ§≈∏√ ©—µ√ ÿ«√√≥, 2539, ç°“√°”®—¥°”¡–∂—π„π∂à“πÀ‘π≈‘°‰πµå¥â«¬®ÿ≈‘π∑√’¬å,é «‘∑¬“π‘æπ∏åª√‘≠≠“

«‘»«°√√¡»“ µ√¡À“∫—≥±‘µ, ¿“§«‘™“«‘»«°√√¡‡§¡’,  ∂“∫—π‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’, Àπâ“ 28-84.




