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Abstract

Highly porous activated carbon was prepared from sugar-mill bagasse by chemical activation with

phosphoric acid in a tubular furnace. Effects of preparation conditions including, chemical-to-precursor

ratio, time and temperature of activation on the porous properties of activated carbon were investigated.

The maximum in BET surface area of  1,574  m2/g of carbon was achieved with a chemical weight ratio of

1 : 1, and time and temperature of  120 min and 400
o
C, respectively. The potential use of the prepared

activated carbon for the removal of chromium (VI) from potassium dichromate solution was studied.

Maximum removal efficiency of chromium (~82%) by adsorption at 30
o
C occurred at pH 2.5, where the

oxyanion  HCrO
-

4  was the dominant adsorbed species. The adsorption capacity of chromium was favored

by an increase in the adsorption temperature over the range of  30 - 40
o
C. Langmuir type of adsorption

isotherm was found to fit the adsorption of chromium by activated carbon reasonably well. The adsorption

kinetics of chromium from solution can be best described by the second-order rate model, with the value

of the rate constant being  11 xxxxx 10-5 g/mg-min.

Keywords: Activated carbon, chemical activation, chromium removal, adsorption
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È»÷°…“°“√‡µ√’¬¡∂à“π°—¡¡—πµå§«“¡æ√ÿπ Ÿß®“°™“πÕâÕ¬´÷Ëß‡ªìπ«— ¥ÿ‡À≈◊Õ∑‘Èß®“°‚√ßß“ππÈ”µ“≈

‚¥¬„™â«‘∏’°√–µÿâπ∑“ß‡§¡’¥â«¬°√¥øÕ øÕ√‘°„π‡µ“‡º“·∫∫∑àÕ ‰¥â»÷°…“º≈°√–∑∫¢Õß ¿“«–°“√‡µ√’¬¡  ‰¥â·°à

Õ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫ ‡«≈“ ·≈–Õÿ≥À¿Ÿ¡‘ µàÕ ¡∫—µ‘‚§√ß √â“ß√Ÿæ√ÿπ¿“¬„π¢Õß∂à“π°—¡¡—πµå∑’Ë

‡µ√’¬¡‰¥â æ∫«à“‰¥â∂à“π°—¡¡—πµå∑’Ë„Àâæ◊Èπ∑’Ëº‘«®”‡æ“– Ÿß ÿ¥‡∑à“°—∫ 1,574 µ“√“ß‡¡µ√µàÕ°√—¡∑’Ë ¿“«–

Õ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫‡∑à“°—∫ 1 : 1 ‚¥¬πÈ”Àπ—° ‡«≈“ 120 π“∑’·≈–Õÿ≥À¿Ÿ¡‘°“√°√–µÿâπ 400

Õß»“‡´≈‡´’¬  πÕ°®“°π’È¬—ß‰¥â»÷°…“°“√π”∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â‰ª„™â°”®—¥‚§√‡¡’¬¡ (VI) ‚¥¬„™â

 “√≈–≈“¬‚æ·∑ ‡ ’́¬¡‰¥‚§√‡¡µ‡ªìπµ—«·∑π‚¥¬Õ“»—¬À≈—°°“√¥Ÿ¥´—∫¢Õß∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡®“°ß“π

«‘®—¬π’È ‡¡◊ËÕ∑¥ Õ∫°“√¥Ÿ¥´—∫‚§√‡¡’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡ ’́¬  æ∫«à“‰¥âª√– ‘∑∏‘¿“æ°“√°”®—¥

 Ÿß ÿ¥‡∑à“°—∫ 82 ‡ªÕ√å‡´Áπµå ∑’Ë§à“§«“¡‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬ 2.5 ́ ÷Ëß‚§√‡¡’¬¡„π “√≈–≈“¬ à«π„À≠à

®–Õ¬Ÿà„π√Ÿª¢Õß‰ÕÕÕπ HCrO
-

4
 ·≈–æ∫«à“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‚§√‡¡’¬¡¢Õß∂à“π°—¡¡—πµå‡æ‘Ë¡µ“¡

Õÿ≥À¿Ÿ¡‘¢Õß°“√¥Ÿ¥´—∫„π™à«ßµ—Èß·µà 30 ∂÷ß 40 Õß»“‡´≈‡´’¬   ¡°“√·≈ß‡¡’¬√å “¡“√∂„™âÕ∏‘∫“¬

‰Õ‚´‡∑‘√å¡°“√¥Ÿ¥ —́∫‚§√‡¡’¬¡®“° “√≈–≈“¬‚¥¬∂à“π°—¡¡—πµå‰¥â¥’ ·≈–æ∫«à“®≈πæ≈»“ µ√å¢Õß°“√¥Ÿ¥´—∫

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

Õ—µ√“‡√Á«‡∑à“°—∫ 11 x 10
-5
 °√—¡µàÕ¡‘≈≈‘°√—¡-π“∑’

∫∑π”

∂à“π°—¡¡—πµå®—¥‡ªìπª√–‡¿∑Àπ÷Ëß¢Õß§“√å∫Õπ

Õ —≥∞“π ´÷Ëßº≈‘µ‰¥â®“°°“√π”«—µ∂ÿ¥‘∫∑’Ë¡’§“√å∫Õπ

‡ªìπÕß§åª√–°Õ∫À≈—°¡“ºà“π°√–∫«π°“√°àÕ°—¡¡—πµå

(activation) ∑”„Àâ‡°‘¥‚§√ß √â“ß∑’Ë¡’√Ÿæ√ÿπ®”π«π¡“°

 àßº≈„Àâ¡’æ◊Èπ∑’Ëº‘«¿“¬„π‡æ‘Ë¡¡“°¢÷Èπ ®÷ß‡ªìπ«— ¥ÿ

æ‘‡»…∑’Ë¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ Ÿß·≈–∂Ÿ°

π”‰ªª√–¬ÿ°µå„™â‡ªìπ “√¥Ÿ¥´—∫„πÕÿµ “À°√√¡

ª√–‡¿∑µà“ß Ê Õ¬à“ßÀ≈“°À≈“¬ ‡™àπ Õÿµ “À°√√¡

πÈ”µ“≈ Õ“À“√·≈–‡§√◊ËÕß¥◊Ë¡ µ≈Õ¥®πÕÿµ “À°√√¡

™ÿ∫‡§≈◊Õ∫‚≈À–  ‘Ëß∑Õ ·≈–Õ◊ËπÊ Õ’°¡“°

°√–∫«π°“√º≈‘µ∂à“π°—¡¡—πµå‚¥¬∑—Ë«‰ª¡’

 Õß«‘∏’ ‰¥â·°à «‘∏’„™âÕÿ≥À¿Ÿ¡‘ Ÿß (800 - 1,000 Õß»“

‡´≈‡ ’́¬ ) ¥â«¬°√–∫«π°“√ÕÕ° ‘́‡¥™—π ‡√’¬°«à“

«‘∏’°√–µÿâπ∑“ß°“¬¿“æ ‚¥¬ “√ÕÕ° ‘́‰¥´å∑’Ë„™â

¡“°‰¥â·°à ‰ÕπÈ”·≈–·°ä §“√å∫Õπ‰¥ÕÕ°‰´¥å

 à«πÕ’°«‘∏’Àπ÷Ëß‡ªìπ«‘∏’„™âÕÿ≥À¿Ÿ¡‘µË” (400 - 600

Õß»“‡´≈‡ ’́¬ ) ¥â«¬°√–∫«π°“√¥’‰Œ‡¥√™—π

‡√’¬°«à“ «‘∏’°√–µÿâπ∑“ß‡§¡’  “√‡§¡’∑’Ë„™â¡“°‰¥â·°à

´‘ß§å§≈Õ‰√¥å  (ZnCl2) ·≈–°√¥øÕ øÕ√‘° (H3PO4)

µ—«Õ¬à“ß«—µ∂ÿ¥‘∫∑’Ëπ”¡“„™â„π°“√º≈‘µ∂à“π°—¡¡—πµå

‰¥â·°àà ∂à“πÀ‘π ‰¡â ™“πÕâÕ¬ ·≈–°–≈“¡–æ√â“«

‡ªìπµâπ ª√–‡∑»‰∑¬¡’°“√„™â∂à“π°—¡¡—πµå„π

ª√‘¡“≥¡“°·≈–¡’·π«‚πâ¡„π°“√π”‡¢â“‡æ‘Ë¡¢÷Èπ∑ÿ°ªï

µ—«Õ¬à“ß‡™àπ „πªï æ.». 2547 ¡’°“√π”‡¢â“∂à“π

°—¡¡—πµå§‘¥‡ªìπ¡Ÿ≈§à“√«¡ 540 ≈â“π∫“∑ ‚¥¬π”‡¢â“

®“°ª√–‡∑» À√—∞Õ‡¡√‘°“¡“°∑’Ë ÿ¥§‘¥‡ªìπ —¥ à«π

32 ‡ªÕ√å‡´Áπµå (The Customs Department, 2005)

π—°«‘®—¬À≈“¬°≈ÿà¡Õ“∑‘‡™àπ Valix et al. (1999);

Castro et al. (2000); Selvi et al. (2001); Girgis et al.

(2002) ·≈– Kobya (2004) ‰¥â√“¬ß“πº≈ß“π«‘®—¬«à“

™“πÕâÕ¬·≈–«— ¥ÿ™’«¡«≈‡ªìπ«—µ∂ÿ¥‘∫∑’Ë “¡“√∂π”¡“

„™â‡µ√’¬¡∂à“π°—¡¡—πµå‰¥â¥’ ‚¥¬ à«π„À≠à„™â«‘∏’°“√

°√–µÿâπ∑“ß‡§¡’¥â«¬°√¥øÕ øÕ√‘° ∑”„Àâ‰¥â∂à“π

°—¡¡—πµå∑’Ë¡’æ◊Èπ∑’Ëº‘« Ÿß ¡’ ¡∫—µ‘°“√¥Ÿ¥ —́∫∑’Ë¥’

®“°°“√ ”√«®¢âÕ¡Ÿ≈æ∫«à“ „π·µà≈–ªï¡’™“πÕâÕ¬

‡À≈◊Õ∑‘Èß®“°°√–∫«π°“√º≈‘µπÈ”µ“≈∑√“¬¢Õß
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‚√ßß“ππÈ”µ“≈∑—Ë«ª√–‡∑» 46 ·Ààß ‡ªìπª√‘¡“≥

ª√–¡“≥ 15 ≈â“πµ—πµàÕªï (§‘¥∑’Ë§«“¡™◊Èπ 50

‡ªÕ√å‡´Áπµå‚¥¬πÈ”Àπ—°) ∂÷ß·¡â«à“√âÕ¬≈– 85 ¢Õß

™“πÕâÕ¬®–∂Ÿ°π”‰ª„™âª√–‚¬™πå‡ªìπ‡™◊ÈÕ‡æ≈‘ß

„π‚√ßß“πÀ√◊Õπ”‰ª„™â∑”‡¬◊ËÕ°√–¥“… ª√‘¡“≥∑’Ë

‡À≈◊Õ°Á¬—ßÕ“®π”‰ª„™âª√–‚¬™πå„π¥â“πÕ◊Ëπ Ê ‰¥âÕ’°

‡™àπ °“√π”‰ªº≈‘µ‡ªìπ∂à“π°—¡¡—πµå‡æ◊ËÕ‡ªìπµ—«

¥Ÿ¥´—∫∑’Ë “¡“√∂π”‰ª„™â„πÕÿµ “À°√√¡°“√º≈‘µ

À√◊Õ°“√∫”∫—¥¡≈æ‘…®“°Õ“°“»·≈–πÈ” ‡ªìπµâπ

¡≈æ‘…®“°‚≈À–Àπ—° ‡™àπ ·§¥‡¡’¬¡ µ–°—Ë«

π‘°‡°‘≈ ‚§√‡¡’¬¡ ·≈–Õ◊Ëπ Ê ́ ÷Ëßªπ‡ªóôÕπÕ¬Ÿà„ππÈ”∑‘Èß

®“°‚√ßß“πª√–‡¿∑µà“ß Ê ‡™àπ ‚√ßß“π™ÿ∫‡§≈◊Õ∫

‚≈À– ‚√ßß“πº≈‘µ‡À≈Á°°≈â“ ‚√ßß“πº≈‘µ ’  ‚√ßß“π

øÕ°¬âÕ¡ ·≈–‚√ßß“π ‘Ëß∑Õ ‡ªìπµâπ ‡ªìπªí≠À“

∑’Ë àßº≈°√–∑∫Õ¬à“ß√ÿπ·√ßµàÕ ¿“æ·«¥≈âÕ¡

À“°‰¡à¡’°“√∫”∫—¥·≈–§«∫§ÿ¡„ÀâÕ¬Ÿà„π¡“µ√∞“π

¢Õß∑“ß√“™°“√ „πª√–‡∑»‰∑¬‡©æ“–„π‡¢µ

°√ÿß‡∑æ¡À“π§√¡’‚√ßß“π™ÿ∫‡§≈◊Õ∫‚≈À–¡“°°«à“

2,000 ‚√ßß“π ÷́Ëß¡’πÈ”∑‘Èß∑’Ëªπ‡ªóôÕπ‚§√‡¡’¬¡

„πª√‘¡“≥¡“°∂÷ß 1,000 ≈Ÿ°∫“»°å‡¡µ√µàÕ«—π

(Punsuwan, 2002) ‚§√‡¡’¬¡∑’Ëæ∫„ππÈ”¡’Õ¬Ÿà Õß

√Ÿª·∫∫§◊Õ ‚§√‡¡’¬¡ (III) ·≈– ‚§√‡¡’¬¡ (VI)

‡π◊ËÕß®“°‚§√‡¡’¬¡ (VI) ¡’§«“¡ “¡“√∂„π°“√

≈–≈“¬πÈ” Ÿß ®÷ß¡’§«“¡‡ªìπæ‘…µàÕ ‘Ëß¡’™’«‘µ‰¥â¡“°

‚¥¬§«“¡‡ªìπæ‘…Õ“®‡ªìπ·∫∫‡©’¬∫æ≈—πÀ“°‰¥â√—∫

„πª√‘¡“≥¡“° À√◊Õ·∫∫ – ¡∑’≈–πâÕ¬‡ªìπ‡«≈“

π“π  ”À√—∫°√–∫«π°“√°”®—¥‚§√‡¡’¬¡ÕÕ°®“°

πÈ”∑‘Èß¡’Õ¬ŸàÀ≈“¬«‘∏’ (Punsuwan, 2002) ‰¥â·°à

°“√∑”„Àâµ°µ–°Õπ‚¥¬«‘∏’∑“ß‰øøÑ“·≈–«‘∏’∑“ß‡§¡’

°“√∫”∫—¥∑“ß™’«¿“æ °“√·≈°‡ª≈’Ë¬π‰ÕÕÕπ

°“√°√Õßºà“π‡¬◊ËÕ·ºàπ —ß‡§√“–Àå ·≈–°“√¥Ÿ¥´—∫

‡ªìπµâπ ∑—Èßπ’È·µà≈–«‘∏’°“√¡’¢âÕ¥’·≈–¢âÕ¥âÕ¬∑’Ë

·µ°µà“ß°—π‰ª ‡™àπ °“√µ°µ–°Õπ∑”„Àâ¡’ªí≠À“

°“√°”®—¥°“°µ–°Õπ∑’Ë‡°‘¥¢÷Èπ °“√·≈°‡ª≈’Ë¬π

‰ÕÕÕπ À√◊Õ°“√„™â‡¬◊ËÕ·ºàπ¡’µâπ∑ÿπ∑’Ë Ÿß  à«π°“√

¥Ÿ¥´—∫®–¡’ª√– ‘∑∏‘¿“æ Ÿß‰¥âµâÕß¡’ ¿“«–°“√

„™âß“π∑’Ë‡À¡“– ¡ À√◊ÕµâÕß‡≈◊Õ°„™â “√¥Ÿ¥ —́∫∑’Ë¡’

ª√– ‘∑∏‘¿“æ·≈–¡’√“§“∂Ÿ°‡ªìπµâπ

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß∂à“π°—¡¡—πµå

®–¢÷Èπ°—∫ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß∂à“π°—¡¡—πµå  ‰¥â·°à

æ◊Èπ∑’Ëº‘« ª√‘¡“µ√√Ÿæ√ÿπ·≈–°“√°√–®“¬¢π“¥¢Õß

√Ÿæ√ÿπ √«¡∂÷ß‚§√ß √â“ß∑“ß‡§¡’æ◊Èπº‘«¢Õß∂à“π

°—¡¡—πµå ‰¥â·°à ™π‘¥·≈–ª√‘¡“≥¢ÕßÀ¡Ÿàøíß°å™—π

µà“ßÊ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡®“°«—µ∂ÿ¥‘∫™π‘¥‡¥’¬«°—π

Õ“®„Àâ ¡∫—µ‘∑“ß°“¬¿“æ·≈–∑“ß‡§¡’æ◊Èπº‘«∑’Ë

·µ°µà“ß°—π‰¥â ∑—Èßπ’È¢÷Èπ°—∫«‘∏’°“√‡µ√’¬¡·≈– ¿“«–

°“√‡µ√’¬¡ ∑’Ë·µ°µà“ß°—π  ¡∫—µ‘∑“ß‚§√ß √â“ß∑“ß

°“¬¿“æ‡™àπ§«“¡æ√ÿπ®–‡°’Ë¬«¢âÕß°—∫§«“¡®ÿ¢Õß

°“√¥Ÿ¥´—∫ „π¢≥–∑’Ë≈—°…≥–‚§√ß √â“ß∑“ß‡§¡’

æ◊Èπº‘«®–¡’º≈µàÕÕ—πµ√°‘√‘¬“√–À«à“ß∂à“π°—¡¡—πµå

·≈– “√∂Ÿ°¥Ÿ¥´—∫™π‘¥¡’¢—È«·≈–‰¡à¡’¢—È«  Ouki  and

Neufeld (1997) ‰¥â√“¬ß“πº≈°“√«‘®—¬«à“„π°“√„™â

∂à“π°—¡¡—πµå‡æ◊ËÕ¥Ÿ¥´—∫‚§√‡¡’¬¡®“° “√≈–≈“¬π—Èπ

¡’ª√“°Ø°“√≥å‡°‘¥¢÷Èπ ÕßÕ¬à“ß¿“¬„µâ ¿“«–∑’Ë

 “√≈–≈“¬„ππÈ”¡’§à“§«“¡‡ªìπ°√¥¥à“ßµË” ‰¥â·°à

°“√¥Ÿ¥´—∫‰ÕÕÕπ‚§√‡¡’¬¡∫πæ◊Èπº‘«∑’Ë«àÕß‰«

·≈–ªØ‘°‘√‘¬“√’¥—°™—π¢Õß ‚§√‡¡’¬¡ (VI) ‰ª‡ªìπ

‚§√‡¡’¬¡ (III) °≈‰°¥—ß°≈à“«‰¥â∂Ÿ° √ÿª‰«â„π√“¬ß“π

«‘®—¬¢Õß Selomulya et al. (1999) «à“°≈‰°°“√°”®—¥

‚§√‡¡’¬¡®“° “√≈–≈“¬¥â«¬∂à“π°—¡¡—πµå®–¢÷Èπ°—∫

™π‘¥¢Õß∂à“π°—¡¡—πµå §à“§«“¡‡ªìπ°√¥¥à“ß¢Õß

 “√≈–≈“¬·≈–ª√‘¡“≥‚§√‡¡’¬¡∑’Ë¡’Õ¬Ÿà„π “√≈–≈“¬

‚¥¬§à“§«“¡‡ªìπ°√¥¥à“ß∑’Ë‡°’Ë¬«¢âÕß°—∫ª√– ‘∑∏‘¿“æ

„π°“√°”®—¥‚§√‡¡’¬¡π—Èπ µâÕßæ‘®“√≥“∑—Èß®“°‚§√ß √â“ß

∑“ß‡§¡’æ◊Èπº‘«·≈–ªØ‘°‘√‘¬“√’¥—°™—π®“°‚§√‡¡’¬¡

(VI) ‰ª‡ªìπ‚§√‡¡’¬¡ (III) ¥â«¬

ß“π«‘®—¬π’È‰¥â»÷°…“«‘∏’°“√‡µ√’¬¡∂à“π°—¡¡—πµå

®“°™“πÕâÕ¬‚¥¬°“√°√–µÿâπ¥â«¬°√¥øÕ øÕ√‘°

 ¿“«–∑’Ë»÷°…“ ‰¥â·°à ª√‘¡“≥ “√°√–µÿâπ Õÿ≥À¿Ÿ¡‘

·≈–‡«≈“¢Õß°“√°√–µÿâπ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â∂Ÿ°

π”‰ª«‘‡§√“–Àå‡æ◊ËÕµ√«® Õ∫≈—°…≥–æ◊Èπº‘« æ◊Èπ∑’Ëº‘«

®”‡æ“–·≈–‚§√ß √â“ß√Ÿæ√ÿπ¿“¬„π πÕ°®“°π’È¬—ß

»÷°…“°“√π”∂à“π°—¡¡—πµå∑’Ë ‡µ√’¬¡‰¥â‰ª„™â°”®—¥

‚§√‡¡’¬¡®“° “√≈–≈“¬ ªí®®—¬∑’Ë»÷°…“§◊Õ §à“§«“¡

‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬ §«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß

‚§√‡¡’¬¡„π “√≈–≈“¬·≈–Õÿ≥À¿Ÿ¡‘¢Õß°“√¥Ÿ¥´—∫
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ª√–¡“≥ (proximate analysis) ·≈–«‘‡§√“–Àå≈—°…≥–

‚§√ß √â“ß√Ÿæ√ÿπ ‡æ◊ËÕÀ“§à“æ◊Èπ∑’Ëº‘«®”‡æ“– ª√‘¡“µ√

·≈–°“√°√–®“¬¢π“¥¢Õß√Ÿæ√ÿπ ‚¥¬„™â¢âÕ¡Ÿ≈

‰Õ‚´‡∑‘√å¡°“√¥Ÿ¥´—∫·°ä ‰π‚µ√‡®π∑’ËÕÿ≥À¿Ÿ¡‘ -196

Õß»“‡´≈‡ ’́¬  ¥â«¬‡§√◊ËÕß«‘‡§√“–Àåæ◊Èπ∑’Ëº‘«¬’ËÀâÕ

Micromeritics √ÿàπ ASAP 2010 ‚¥¬¡’√“¬≈–‡Õ’¬¥

‡æ‘Ë¡‡µ‘¡¥—ßπ’È

- §à“æ◊Èπ∑’Ëº‘«®”‡æ“–§”π«≥¥â«¬ ¡°“√¢Õß

BET (Do, 1998)

- ª√‘¡“µ√√Ÿæ√ÿπ√«¡§”π«≥®“°ª√‘¡“µ√

¢Õß·°ä ‰π‚µ√‡®π∑’Ë∂Ÿ°¥Ÿ¥´—∫∑’Ë§à “§«“¡¥—π

 —¡æ—∑∏å‡∑à“°—∫ 0.98

- ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥‡≈Á° (< 2 π“‚π‡¡µ√)

§”π«≥‚¥¬„™â ¡°“√¢Õß Dubinin-Radushkevich

(Rouque rol et al., 1999)

- ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥°≈“ß (2 - 50 π“‚π‡¡µ√)

§”π«≥¥â«¬ ¡°“√ BJH (Allen, 1999)

- ª√‘¡“µ√√Ÿæ√ÿπ¢π“¥„À≠à (> 50 π“‚π‡¡µ√)

§”π«≥®“°ª√‘¡“µ√√Ÿæ√ÿπ√«¡≈∫¥â«¬ª√‘¡“µ√¢Õß

√Ÿæ√ÿπ¢π“¥°≈“ß·≈–¢π“¥‡≈Á°

- ¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬§”π«≥®“°  4V/A ‚¥¬∑’Ë

V §◊Õª√‘¡“µ√√Ÿæ√ÿπ√«¡·≈– A §◊Õ æ◊Èπ∑’Ëº‘«®”‡æ“–

(BET surface area)

°“√¥Ÿ¥´—∫‚§√‡¡’¬¡

∂à“π°—¡¡—πµå∑’Ëπ”‰ª„™â»÷°…“°“√¥Ÿ¥´—∫

‚§√‡¡’¬¡®“° “√≈–≈“¬‡ªìπ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

®“°™“πÕâÕ¬¥â«¬°√¥øÕ øÕ√‘°∑’Ë ¿“«–Õ—µ√“ à«π

¢Õß “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫‡∑à“°—∫ 1 : 1 Õÿ≥À¿Ÿ¡‘

°“√°√–µÿâπ 500 Õß»“‡´≈‡ ’́¬  π“π 60 π“∑’

‚¥¬»÷°…“‡ª√’¬∫‡∑’¬∫°—∫∂à“π°—¡¡—πµå‡°√¥°“√§â“

´÷Ëß‡µ√’¬¡®“°°–≈“¡–æ√â“«‚¥¬°“√°√–µÿâπ∑“ß°“¬¿“æ

¥â«¬‰ÕπÈ” (º≈‘µ¿—≥±å¢Õß∫√‘…—∑´’‰®·°πµ‘° ®”°—¥

®—ßÀ«—¥π§√√“™ ’¡“)

 “√≈–≈“¬‚§√‡¡’¬¡∑’Ë„™â»÷°…“ ‡µ√’¬¡®“°

‚æ·∑ ‡´’¬¡‰¥‚§√‡¡µ (K2Cr2O7) ‚¥¬¡’§«“¡

‡¢â¡¢âπ‡√‘Ë¡µâπ 100 ·≈– 500 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ (ppm)

°àÕππ”‰ª»÷°…“°“√¥Ÿ¥´—∫‚§√‡¡’¬¡®“° “√≈–≈“¬

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß™“πÕâÕ¬

„™â«‘∏’«‘‡§√“–Àå Õß«‘∏’ ‰¥â·°à °“√«‘‡§√“–Àå

·∫∫ª√–¡“≥ (proximate analysis) µ“¡«‘∏’°“√

ASTM (American Standard for Testing Materials)

‡æ◊ËÕÀ“ª√‘¡“≥√âÕ¬≈–¢Õß§«“¡™◊Èπ (ASTMD2867-

95, 1998)  “√√–‡À¬ (ASTM D5832-95, 1998)

‡∂â“ (ASTM D2866-95, 1998) ·≈–§“√å∫Õπ§ßµ—«

(by difference) ·≈–°“√«‘‡§√“–Àå·∫∫·¬°∏“µÿ

(ultimate analysis) ¥â«¬‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå∏“µÿ (C, H,

O, N, S analyzer, LECO)

°“√‡µ√’¬¡∂à“π°—¡¡—πµå

™“πÕâÕ¬∑’Ëπ”¡“‡ªìπ«—µ∂ÿ¥‘∫„πß“π«‘®—¬π’È

‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°∫√‘…—∑πÈ”µ“≈«—ß¢π“¬

Õ”‡¿Õ·°âß π“¡π“ß ®—ßÀ«—¥π§√√“™ ’¡“ ¢—Èπ·√°

π”™“πÕâÕ¬∑’Ë≈â“ß·≈–Õ∫·Àâß π‘∑·≈â«¡“«—¥°“√

°√–®“¬ ¢π“¥‚¥¬„™â™ÿ¥µ–·°√ß√àÕπæ∫«à“™“πÕâÕ¬

¡’¢π“¥Õπÿ¿“§‡©≈’Ë¬‡∑à“°—∫ 0.80 ¡‘≈≈‘‡¡µ√ ®“°π—Èπ

π”™“πÕâÕ¬πÈ”Àπ—°ª√–¡“≥ 10 °√—¡ ¡“º ¡°—∫

°√¥øÕ øÕ√‘°§«“¡‡¢â¡¢âπ√âÕ¬≈– 50 ‚¥¬πÈ”Àπ—°

‚¥¬ª√—∫„Àâ‰¥âÕ—µ√“ à«π‚¥¬πÈ”Àπ—°¢Õß‡π◊ÈÕ°√¥

µàÕ«—µ∂ÿ¥‘∫ ‡∑à“°—∫ 0.5 : 1.0, 1.0 : 1.0 ·≈– 1.5 : 1.0

·≈â«·™à∑‘Èß‰«â‡ªìπ‡«≈“ª√–¡“≥ 1 ™—Ë«‚¡ß ®“°π—Èπ

π”‰ª°√–µÿâπ„π‡µ“‡º“·∫∫∑àÕ∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘

‰¥â (Carbolite, U.K.) ‚¥¬„™âÕ—µ√“°“√„Àâ§«“¡√âÕπ∑’Ë

25 Õß»“‡´≈‡´’¬ µàÕπ“∑’ ¿“¬„µâ ¿“«–∫√√¬“°“»

¢Õß·°ä ‰π‚µ√‡®π∑’Ë‰À≈¥â«¬Õ—µ√“ 100 ¡‘≈≈‘≈‘µ√

µàÕπ“∑’ Õÿ≥À¿Ÿ¡‘°“√°√–µÿâπ∑’Ë»÷°…“ ‰¥â·°à 300, 400,

500 ·≈– 600 Õß»“‡´≈‡ ’́¬  ‚¥¬»÷°…“º≈¢Õß‡«≈“

°√–µÿâπ∑’Ë 60 ·≈– 120 π“∑’ ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â

π”¡“≈â“ß¥â«¬πÈ”®π«—¥§à“§«“¡‡ªìπ°√¥¥à“ß‰¥â¡“°°«à“

6.5 ®“°π—Èππ”‰ªÕ∫®π‰¥âπÈ”Àπ—°§ß∑’Ë ·≈â«§”π«≥

À“√âÕ¬≈–º≈º≈‘µ (yield) ¢Õß∂à“π°—¡¡—πµå∑’Ë‰¥â

°“√«‘‡§√“–Àå ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå

«—µ∂ÿ¥‘∫™“πÕâÕ¬·≈–∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â

®–π”‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫‚¥¬«‘∏’«‘‡§√“–Àå·∫∫
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Table  1.  Ultimate analysis of raw bagasse

Elements Weight %

C 48.1

H  7.5

N  0.3

S      0.02

O 44.1

∂à“π°—¡¡—πµå∑—Èß Õß™π‘¥®–∂Ÿ°∫¥·≈–§—¥¢π“¥‚¥¬„™â

µ–·°√ß√àÕπ„Àâ‰¥â¢π“¥‡≈Á°°«à“ 150 ‰¡‚§√‡¡µ√

(-100 ‡¡™)

°“√»÷°…“ ¡¥ÿ≈°“√¥Ÿ¥ —́∫‚§√‡¡’¬¡„™â°“√

»÷°…“„π√–∫∫°– (Batch) ‚¥¬„™â “√≈–≈“¬

‚æ·∑ ‡´’¬¡‰¥‚§√‡¡µ ª√‘¡“≥ 200 ¡‘≈≈‘°√—¡

º ¡°—∫∂à“π°—¡¡—πµå 0.20 °√—¡ ®“°π—Èπª√—∫

 “√≈–≈“¬„Àâ¡’§à“§«“¡‡ªìπ°√¥¥à“ß‡∑à“°—∫ 2.5

·≈â«π”‰ª‡¢¬à“∑’ËÕÿ≥À¿Ÿ¡‘ 30 Õß»“‡´≈‡´’¬  ¥â«¬

‡§√◊ËÕß‡¢¬à“·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ „™âÕ—µ√“°“√‡¢¬à“

150 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 72 ™—Ë«‚¡ß ´÷Ëß‡ªìπ√–¬–

‡«≈“π“πæÕ∑’Ë√–∫∫°“√¥Ÿ¥ —́∫‡¢â“ Ÿà ¿“«– ¡¥ÿ≈

 à«π°“√»÷°…“º≈¢Õß§«“¡‡ªìπ°√¥¥à“ß¢Õß “√

≈–≈“¬„™â “√≈–≈“¬‚§√‡¡’¬¡∑’Ë¡’§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ

100 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ª√‘¡“µ√ “√≈–≈“¬ 200

¡‘≈≈‘≈‘µ√ ·≈–ª√—∫§à“§«“¡‡ªìπ°√¥¥à“ß‡ªìπ 2, 2.5, 3,

4, 5, 6 ·≈– 7 ¥â«¬°√¥‰Œ‚¥√§≈Õ√‘°·≈–‚´‡¥’¬¡

‰Œ¥√Õ°‰´¥å  ”À√—∫°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘

‰¥â„™âÕÿ≥À¿Ÿ¡‘°“√¥Ÿ¥ —́∫∑’Ë 30, 35 ·≈– 40 Õß»“

‡´≈‡´’¬  °“√«‘‡§√“–Àåª√‘¡“≥¢Õß‚§√‡¡’¬¡∑—ÈßÀ¡¥

∑’Ë‡À≈◊Õ„π “√≈–≈“¬¿“¬À≈—ß°“√¥Ÿ¥´—∫„™â«‘∏’«‘‡§√“–Àå

µ“¡¡“µ√∞“π ASTM (ASTM D1687-92, 1998)

¥â«¬‡§√◊ËÕß¡◊Õ«‘‡§√“–Àå Atomic Absorption Spectro-

photometer (AAS) ª√‘¡“≥°“√¥Ÿ¥´—∫‚§√‡¡’¬¡

∑—ÈßÀ¡¥‚¥¬∂à“π°—¡¡—πµå§”π«≥‰¥â®“°º≈µà“ß¢Õß

§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ·≈–§«“¡‡¢â¡¢âπ„π “√≈–≈“¬

∑’Ë ¿“«– ¡¥ÿ≈¿“¬À≈—ß°“√¥Ÿ¥´—∫ „πß“π«‘®—¬π’È‰¡à‰¥â

«‘‡§√“–Àå‚§√‡¡’¬¡‰ÕÕÕπ„π “√≈–≈“¬∑’ËÕ¬Ÿà„π√Ÿª

µà“ß Ê

º≈°“√∑¥≈Õß·≈–Õ¿‘ª√“¬º≈

º≈°“√‡µ√’¬¡∂à“π°—¡¡—πµå

º≈°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫·∫∫·¬°∏“µÿ
¢Õß™“πÕâÕ¬· ¥ß„πµ“√“ß∑’Ë 1 æ∫«à“¡’§“√å∫Õπ
·≈–ÕÕ°´‘‡®π‡ªìπÕß§åª√–°Õ∫À≈—°´÷Ëß°“√¡’§“√å∫Õπ
„π‡ªÕ√å‡´Áπµå∑’Ë Ÿß ™’È«à“™“πÕâÕ¬¡’§«“¡‡À¡“– ¡
„π°“√π”‰ªæ—≤π“„Àâ‡ªìπ∂à“π°—¡¡—πµå‰¥â¥’  à«πº≈

°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫·∫∫ª√–¡“≥¢Õß™“πÕâÕ¬

·≈–¢Õß∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â · ¥ß„πµ“√“ß∑’Ë 2

æ∫«à“™“πÕâÕ¬¡’ª√‘¡“≥ “√√–‡À¬§àÕπ¢â“ß Ÿß

(88 ‡ªÕ√å‡´Áπµå) ·µàª√‘¡“≥§“√å∫Õπ§ßµ—«§àÕπ¢â“ßµË”

·µà‡¡◊ËÕπ”™“πÕâÕ¬¡“ºà“π°√–∫«π°“√°àÕ°—¡¡—πµå

®–æ∫«à“∑’Ë∑ÿ° ¿“«–°“√‡µ√’¬¡®–‰¥â∂à“π°—¡¡—πµå

∑’Ë¡’ª√‘¡“≥ “√√–‡À¬≈¥≈ß·≈–¡’ª√‘¡“≥§“√å∫Õπ

§ßµ—«‡æ‘Ë¡¢÷Èπ¡“°‡°◊Õ∫∂÷ß√âÕ¬≈– 80 ‡¡◊ËÕ‰¡à§‘¥§à“

§«“¡™◊Èπ º≈°“√»÷°…“∑’Ë∑ÿ° ¿“«–¢ÕßÕ—µ√“ à«π

¢Õß “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫æ∫«à“„π™à«ßÕÿ≥À¿Ÿ¡‘

®“° 300 ∂÷ß 400 Õß»“‡´≈‡ ’́¬  ∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

‰¥â¡’ª√‘¡“≥ “√√–‡À¬≈¥≈ß·≈–¡’ª√‘¡“≥§“√å∫Õπ

§ßµ—«‡æ‘Ë¡¢÷Èπ‰ªµ“¡Õÿ≥À¿Ÿ¡‘Õ¬à“ß™—¥‡®π ·µà°“√

‡µ√’¬¡„π™à«ßÕÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷Èπ®“° 500 ∂÷ß 600

Õß»“‡´≈‡´’¬  ∂à“π°—¡¡—πµå∑’Ë‰¥â¡’ª√‘¡“≥ “√√–‡À¬

·≈–§“√å∫Õπ§ßµ—«§àÕπ¢â“ß§ß∑’Ë · ¥ß„Àâ‡ÀÁπ«à“ “√

Õ‘π∑√’¬å∑’Ë ≈“¬µ—«‰¥âßà“¬ à«π„À≠à‰¥â√–‡À¬ÕÕ°‰ª

·≈â«µ—Èß·µàÕÿ≥À¿Ÿ¡‘µË”°«à“ 500 Õß»“‡´≈‡ ’́¬  ¥—ßπ—Èπ

Õÿ≥À¿Ÿ¡‘°“√°√–µÿâπ Ÿß ÿ¥∑’Ë§«√„™â®÷ß‰¡à§«√‡°‘π

500 Õß»“‡´≈‡ ’́¬  ‡¡◊ËÕ§”π÷ß∂÷ßª√– ‘∑∏‘¿“æ¢Õß

°“√„™âæ≈—ßß“π πÕ°®“°π’Èº≈°“√∑¥≈Õß¬—ß™’È«à“°“√

‡æ‘Ë¡‡«≈“À√◊Õ°“√‡æ‘Ë¡Õ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

‰¡à∑”„Àâ “√√–‡À¬·≈–§“√å∫Õπ§ßµ—«‡ª≈’Ë¬π·ª≈ß

¡“°π—°

 ”À√—∫º≈¢Õß√âÕ¬≈–º≈º≈‘µ´÷Ëß· ¥ß„π

µ“√“ß∑’Ë 2 æ∫«à“°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘·≈–‡«≈“„π°“√

°√–µÿâπ¡’º≈∑”„Àâ√âÕ¬≈–º≈º≈‘µ¢Õß∂à“π°—¡¡—πµå

≈¥≈ß ‡π◊ËÕß®“°¡’°“√ Ÿ≠‡ ’¬πÈ”Àπ—°¢Õß«—µ∂ÿ¥‘∫

¡“°¢÷Èπ¢≥–¡’°“√°√–µÿâπ Õ¬à“ß‰√°Á¥’°“√‡æ‘Ë¡Õ—µ√“
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Figure 1. Equilibrium isotherms for N
2

adsorption (-196
o
C) of chemically

activated carbon from bagasse

Table  2. Proximate analyses of bagasse and activated carbon and percentage yield of the

prepared activated carbon

0.5 60 300 50.2 6 37 57 12

400 41.8 5 21 74 12

500 41.5 5 19 76 11

600 39.2 10 15 75 21

1.0 60 300 48.2 6 37 57 12

400 44.3 5 25 70 12

500 42.7 9 19 72 21

600 41.5 8 19 73 11

1.5 60 300 53.9 5 33 62 12

400 42.0 6 18 76 8

500 41.1 7 16 77 12

600 39.7 7 16 77 15

1.0 120 400 35.3 6 25 69 24

500 32.3 5 20 75 28

600 31.0 11 21 68 24

Bagasse - 2 88 10 9

         Activation conditions Carbon

yield

(wt%)
Time

(min)

Proximate analysis

(wt%)
Moisture

content

(wt%)Ash Volatile

 matter

 Fixed

carbon

Temp

(
o
C)

H3PO4 : Bagasse

(wt : wt)

 à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫ àßº≈„Àâ√âÕ¬≈–º≈º≈‘µ

∑’Ë‰¥â·µ°µà“ß°—π‰¡à¡“° ́ ÷Ëß™’È„Àâ‡ÀÁπ«à“Õ—µ√“ à«π¢Õß

 “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫µË” ÿ¥∑’Ë„™â„π°“√∑¥≈ÕßÕ“®

‡ªìπª√‘¡“≥∑’ËæÕ‡æ’¬ß·≈â«  ”À√—∫√âÕ¬≈–º≈º≈‘µ

¡“°∑’Ë ÿ¥ª√–¡“≥ 54 ‡ªÕ√å‡´Áπµå ‰¥â®“° ¿“«–

°“√‡µ√’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 300 Õß»“‡´≈‡´’¬  π“π

60 π“∑’ ·≈–Õ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫‡∑à“°—∫

1.5 : 1.0

µ—«Õ¬à“ß°√“ø‰Õ‚´‡∑‘√å¡°“√¥Ÿ¥ —́∫·°ä 

‰π‚µ√‡®π¢Õß∂à“π°—¡¡—πµå®“°™“πÕâÕ¬· ¥ß„π

√Ÿª∑’Ë 1 æ∫«à“∑’ËÕÿ≥À¿Ÿ¡‘°“√°√–µÿâπµË” (300

Õß»“‡´≈‡ ’́¬ ) À√◊Õ„™âÕ—µ√“ à«π “√°√–µÿâπµàÕ

«—µ∂ÿ¥‘∫µË” (0.5 : 1.0) ‡ âπ°√“ø‰Õ‚´‡∑‘√å¡· ¥ß

≈—°…≥–‡ªìπ·∫∫∑’Ë 1 (Type I) µ“¡√–∫∫°“√®”·π°

¢Õß IUPAC (Gregg and Sing, 1982) · ¥ß«à“∂à“π

°—¡¡—πµå∑’Ë‡µ√’¬¡‰¥â¿“¬„µâ ¿“«–¥—ß°≈à“«ª√–°Õ∫

¥â«¬√Ÿæ√ÿπ¢π“¥‡≈Á° (< 2 π“‚π‡¡µ√) ‡ªìπ à«π„À≠à

 ”À√—∫∂à“π°—¡¡—πµå∑’Ë‰¥â®“°°“√‡µ√’¬¡‚¥¬„™â

Õÿ≥À¿Ÿ¡‘∑’Ë Ÿß¢÷ÈπÀ√◊Õ„™âÕ—µ√“ à«π “√°√–µÿâπ
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Table  3. Porous characteristics of activated carbon prepared from bagasse under different

activation conditions

0.5 60 300 855 0.26 0.11 0.05 0.42 1.97

400 1,279 0.39 0.15 0.08 0.62 1.92

500 1,008 0.28 0.13 0.08 0.49 1.95

600 901 0.28 0.10 0.05 0.43 1.91

1.0 60 300 1,024 0.27 0.18 0.07 0.52 2.05

400 1,399 0.12 0.53 0.19 0.84 2.42

500 1,500 0.13 0.56 0.21 0.90 2.40

600 1,294 0.18 0.38 0.16 0.72 2.23

1.5 60 300 1,002 0.25 0.19 0.07 0.51 2.05

400 1,527 0.06 0.87 0.20 1.13 2.98

500 1,467 0.05 0.96 0.18 1.19 3.24

600 1,474 0.04 0.97 0.21 1.22 3.30

1.0 120 400 1,574 0.18 0.58 0.19 0.95 2.42

500 1,434 0.33 0.27 0.13 0.73 2.06

600 1,294 0.17 0.40 0.17 0.74 2.30

Activation conditions

H3PO4 : Bagasse

(wt : wt)

Time

(min)

Temp

(oC)

Surface

area

(m2/g)

Pore volume (cm3/g)Average

pore size

(nm)

Micropore

(<2 nm)

Mesopore

(2-50 nm)

Macropore

(>50 nm)
Total

µàÕ«—µ∂ÿ¥‘∫ Ÿß¢÷Èπ‡ªìπ≈”¥—∫ (1.0 : 1.0, 1.5 : 1.0)

‡ âπ°√“ø‰Õ‚´‡∑‘√å¡¡’·π«‚πâ¡∑’Ë®–‡ª≈’Ë¬π‡ªìπ

·∫∫∑’Ë 2 (Type II) °≈à“«§◊Õ‡ âπ°√“ø¡’§«“¡™—π

¡“°¢÷Èπ·≈–¬—ß‡°‘¥ hysteresis loop √–À«à“ß‡ âπ

°“√¥Ÿ¥´—∫¢“¢÷Èπ·≈–¢“≈ß „π≈—°…≥–∑’Ë¡’§«“¡

°«â“ß¡“°¢÷Èπ¥â«¬ ´÷Ëß™’È„Àâ‡ÀÁπ«à“∂à“π°—¡¡—πµå‡µ√’¬¡

∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß¢÷ÈπÀ√◊Õ„™â —¥ à«π¢Õß “√°√–µÿâπ

∑’Ë¡“°¢÷Èπ ®–∑”„Àâ‡°‘¥ª√‘¡“µ√¢Õß√Ÿæ√ÿπ¢π“¥°≈“ß

(2 - 50 π“‚π‡¡µ√) ∑’Ë‡æ‘Ë¡¢÷Èπ¥â«¬

º≈¢Õß ¿“«–°√–µÿâπ∑’Ë¡’µàÕ§à“æ◊Èπ∑’Ëº‘«·≈–

ª√‘¡“µ√√Ÿæ√ÿπ · ¥ß √ÿª‰«â„πµ“√“ß∑’Ë 3 ·≈–„π

√Ÿª∑’Ë 2 ∂÷ß 4 µ“¡≈”¥—∫  ”À√—∫∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

‚¥¬„™âÕ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫µË” (0.5 : 1.0)

‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®“° 300 ‡ªìπ 400 Õß»“‡´≈‡ ’́¬ 

æ∫«à“æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–ª√‘¡“µ√√Ÿæ√ÿπ¡’§à“

‡æ‘Ë¡¢÷Èπ‚¥¬¡’°“√‡æ‘Ë¡ª√‘¡“µ√¢Õß√Ÿæ√ÿπ∑ÿ°¢π“¥

·µà‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡‰ª∑’Ë 500 Õß»“‡´≈‡´’¬  ∑—Èßæ◊Èπ∑’Ë

º‘«®”‡æ“–·≈–ª√‘¡“µ√√Ÿæ√ÿπ‡√‘Ë¡¡’§à“≈¥≈ß ‚¥¬∑’Ë

Õÿ≥À¿Ÿ¡‘ 600 Õß»“‡´≈‡´’¬  ®–¡’§à“≈¥≈ß®π„°≈â

‡§’¬ß°—∫§à“∑’Ë 300 Õß»“‡´≈‡´’¬   à«π∂à“π°—¡¡—πµå

∑’Ë‡µ√’¬¡‚¥¬„™âÕ—µ√“ à«π¢Õß “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

∑’Ë Ÿß¢÷Èπ (1.0 : 1.0 ·≈– 1.5 : 1.0) ‡¡◊ËÕ‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘®“°

300 ‰ª∑’Ë 400 ·≈– 500 Õß»“‡´≈‡´’¬  æ∫«à“

æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–ª√‘¡“µ√√Ÿæ√ÿπ¬—ß§ß¡’§à“‡æ‘Ë¡¢÷Èπ

·µà∑’ËÕÿ≥À¿Ÿ¡‘°√–µÿâπ 600 Õß»“‡´≈‡ ’́¬ 

∂à“π°—¡¡—πµå‡µ√’¬¡∑’ËÕ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

1 : 1 ¡’æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–ª√‘¡“µ√√Ÿæ√ÿπ≈¥≈ß

„π¢≥–∑’Ë°“√„™âÕ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

1.5 : 1.0 ¬—ß§ß„Àâæ◊Èπ∑’Ëº‘«·≈–ª√‘¡“µ√√Ÿæ√ÿπ„°≈â‡§’¬ß

°—∫∑’ËÕÿ≥À¿Ÿ¡‘ 500 Õß»“‡´≈‡ ’́¬   ”À√—∫º≈¢Õß

√–¬–‡«≈“„π°“√°√–µÿâπ æ∫«à“°“√°√–µÿâπ∑’ËÕÿ≥À¿Ÿ¡‘

400 Õß»“‡´≈‡´’¬  ·≈–Õ—µ√“ à«π “√°√–µÿâπµàÕ

«—µ∂ÿ¥‘∫ 1 : 1 °“√„™â‡«≈“°“√°√–µÿâππ“π¢÷Èπ®“°

60 ‡ªìπ 120 π“∑’  àßº≈„Àâæ◊Èπ∑’Ëº‘«®”‡æ“–·≈–

ª√‘¡“µ√√Ÿæ√ÿπ¡’·π«‚πâ¡‡æ‘Ë¡ Ÿß¢÷Èπ®“° 1,399 ‡ªìπ

1,574 ≈Ÿ°∫“»°å‡¡µ√µàÕ°√—¡ (‡æ‘Ë¡ 12.5 ‡ªÕ√å‡´Áπµå)

·≈–®“° 0.84 ‡ªìπ 0.95 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√µàÕ°√—¡

(‡æ‘Ë¡ 13.1 ‡ªÕ√å‡´Áπµå) µ“¡≈”¥—∫ ·µà∂â“°√–µÿâπ∑’Ë
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Figure 2. Effect of activation condition on

BET surface area of prepared

activated carbon

Figure 3. Effects of activation temperature

and chemical ratio on pore volume

of prepared activated carbon

(activation time : 60 min)

Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ 400 Õß»“‡´≈‡´’¬  °“√„™â‡«≈“

°√–µÿâππ“π¢÷Èπ ∑”„Àâæ◊Èπ∑’Ëº‘«®”‡æ“–·≈–ª√‘¡“µ√

√Ÿæ√ÿπ√«¡µà“ß°—ππâÕ¬¡“° (≈¥≈ß ~2 ‡ªÕ√å‡´Áπµå

∑’ËÕÿ≥À¿Ÿ¡‘ 500 Õß»“‡´≈‡´’¬  ·≈–§àÕπ¢â“ß§ß∑’Ë

∑’Ë 600 Õß»“‡´≈‡ ’́¬ )
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Figure 4. Effects of activation temperature

and time on pore volume of

prepared activated carbon (chemical

ratio: 1.0 : 1.0)

®“°º≈«‘®—¬∑’Ë‰¥âæ∫«à“°“√„™âÕ—µ√“ à«π “√

°√–µÿâπµàÕ«—µ∂ÿ¥‘∫∑’Ë¡“°®–™à«¬„Àâ°√¥øÕ øÕ√‘°

 “¡“√∂∑”ªØ‘°‘√‘¬“°—∫™“πÕâÕ¬‰¥â¡“°∑”„Àâ “√

Õ‘π∑√’¬åµà“ß Ê „π«—µ∂ÿ¥‘∫À≈ÿ¥ÕÕ°‰ª„π√Ÿª¢Õß‡À≈«

·≈–·°ä ‰¥â¡“° ¡’º≈∑”„Àâ§à“æ◊Èπ∑’Ëº‘«®”‡æ“–·≈–

ª√‘¡“µ√√Ÿæ√ÿπ¢Õß∂à“π°—¡¡—πµå¡’§à“‡æ‘Ë¡¢÷Èπµ“¡‰ª

¥â«¬·≈–¬—ß∑”„Àâ‚§√ß √â“ß√Ÿæ√ÿπ¢π“¥°≈“ß¡’

ª√‘¡“µ√¡“°¢÷Èπ  à«πº≈¢ÕßÕÿ≥À¿Ÿ¡‘π—Èπ √ÿª‰¥â«à“

∑’ËÕÿ≥À¿Ÿ¡‘°“√°√–µÿâπ Ÿß°«à“ 400 Õß»“‡´≈‡ ’́¬ 

®–‰¡à¡’º≈¡“°π—°µàÕ§à“æ◊Èπ∑’Ëº‘«®”‡æ“– ·≈–

ª√‘¡“µ√√Ÿæ√ÿπ¢Õß∂à“π°—¡¡—πµå‡µ√’¬¡∑’ËÕ—µ√“ à«π

 “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫∑’Ë Ÿß (1.5 : 1.0) ·µà¡’º≈∑”„Àâ

æ◊Èπ∑’Ëº‘«®”‡æ“–≈¥≈ß„π∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡‚¥¬„™â

Õ—µ√“ à«π¢Õß “√°√–µÿâπ∑’ËµË” (0.5 : 1.0) º≈∑’Ë‰¥âπ’È

Õ“®Õ∏‘∫“¬‰¥â«à“°“√°√–µÿâπ∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß ”À√—∫

™“πÕâÕ¬∑’Ë„™â°√¥øÕ øÕ√‘°„πª√‘¡“≥¡“°®–∑”„Àâ

‡°‘¥°“√‡™◊ËÕ¡‚¬ß‚§√ß √â“ßøÕ ‡øµ‡Õ ‡∑Õ√å

(Phosphate ester) „π™“πÕâÕ¬‰¥â¡“°¢÷Èπ  àßº≈„Àâ

‡°‘¥‚§√ß √â“ß·∫∫√‘®‘¥‡¡∑√‘°´å (Rigid matrix)

(Jagtoyen and Derbyshire, 1998) ÷́Ëß®–™à«¬≈¥

°“√À¥µ—«¢Õß‚§√ß √â“ß√Ÿæ√ÿπ„π∂à“π°—¡¡—πµå

¢≥–‡¥’¬«°—π¬—ß∑”„Àâ‚§√ß √â“ß√Ÿæ√ÿπ∂à“ßÕÕ°

‚¥¬øÕ ‡øµ‡Õ ‡∑Õ√å “¡“√∂°”®—¥ÕÕ°‰¥â‚¥¬

°“√≈â“ß ∑”„Àâ§«“¡æ√ÿπ¢Õß∂à“π°—¡¡—πµå‡æ‘Ë¡¢÷Èπ

‡°‘¥‡ªìπ√Ÿæ√ÿπ¢π“¥°≈“ß∑’Ë¡“°¢÷Èπ¥â«¬  à«π„π

™“πÕâÕ¬∑’Ë¡’°√¥øÕ øÕ√‘°Õ¬ŸàπâÕ¬‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß

‚§√ß √â“ß∂à“π°—¡¡—πµå®–‡°‘¥°“√À¥µ—«¡“°  àßº≈

„Àâæ◊Èπ∑’Ëº‘«®”‡æ“–≈¥≈ß‰¥â

√Ÿª∑’Ë 5 · ¥ß¿“æ∂à“¬ SEM ¢Õßæ◊Èπº‘«

√Ÿæ√ÿπ¢Õß«—µ∂ÿ¥‘∫™“πÕâÕ¬·≈–∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

®“°™“πÕâÕ¬ ‚¥¬°“√«‘‡§√“–Àå¥â«¬°≈âÕß®ÿ≈∑√√»πå

Õ‘‡≈Á°µ√Õπ·∫∫ àÕß°√“¥ æ∫«à“‡¡◊ËÕºà“π°“√°√–µÿâπ

·≈â«®–‰¥â∂à“π°—¡¡—πµå∑’Ë¡’§«“¡æ√ÿπ Ÿß·≈–‡¡◊ËÕ‡æ‘Ë¡

ª√‘¡“≥ “√‡§¡’∑’Ë„™â°√–µÿâπ„π™à«ß 0.5 : 1.0 ∂÷ß

1.5 : 1.0 æ∫«à“®–‰¥â∂à“π°—¡¡—πµå∑’Ë¡’¢π“¥·≈–

ª√‘¡“µ√√Ÿæ√ÿπ‡æ‘Ë¡¢÷Èπ

°“√¥Ÿ¥´—∫‚§√‡¡’¬¡¥â«¬∂à“π°—¡¡—πµå

º≈¢Õß§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ

∂à“π°—¡¡—πµå®“°™“πÕâÕ¬∑’Ëπ”‰ª»÷°…“°“√

¥Ÿ¥´—∫‚§√‡¡’¬¡®“° “√≈–≈“¬‡ªìπµ—«Õ¬à“ß∂à“π

°—¡¡—πµå‡µ√’¬¡∑’ËÕ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

1.0 : 1.0 Õÿ≥À¿Ÿ¡‘ 500 Õß»“‡´≈‡´’¬  ·≈–‡«≈“

60 π“∑’ ´÷Ëß¡’æ◊Èπ∑’Ëº‘«®”‡æ“– 1,500 µ“√“ß‡¡µ√

µàÕ°√—¡ ·≈–ª√‘¡“µ√√Ÿæ√ÿπ√«¡ 0.90 ≈Ÿ°∫“»°å

‡´πµ‘‡¡µ√µàÕ°√—¡ √Ÿª∑’Ë 6 · ¥ßº≈¢Õß‡«≈“µàÕ°“√

≈¥≈ß¢Õß§«“¡‡¢â¡¢âπ¢Õß‚§√‡¡’¬¡„π “√≈–≈“¬
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Figure 5. SEM micrographs of bagasse (a) and bagasse derived activated  carbon: (b) chem.

ratio 0.5 : 1/500
o
C/60 min; (c) 1.0 : 1.0/500

o
C/60  min, (d) 1.5 : 1.0/500

o
C/60 min

∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ‡∑à“°—∫ 100 ·≈– 500

¡‘≈≈‘°√—¡µàÕ≈‘µ√  ”À√—∫∂à“π°—¡¡—πµå‡°√¥°“√§â“

(æ◊Èπ∑’Ëº‘« 1,180 ≈Ÿ°∫“»°å‡¡µ√µàÕ°√—¡ ·≈–ª√‘¡“µ√

√Ÿæ√ÿπ√«¡ 0.60 ≈Ÿ°∫“»°å‡´πµ‘‡¡µ√µàÕ°√—¡) ·≈–

∂à“π°—¡¡—πµå®“°™“πÕâÕ¬ (æ◊Èπ∑’Ëº‘« 1,500 ≈Ÿ°∫“»°å

‡¡µ√µàÕ°√—¡ ·≈–ª√‘¡“µ√√Ÿæ√ÿπ√«¡ 0.90 ≈Ÿ°∫“»°å

‡¡µ√µàÕ°√—¡) æ∫«à“§«“¡‡¢â¡¢âπ¢Õß‚§√‡¡’¬¡

®–≈¥≈ßÕ¬à“ß√«¥‡√Á«„π™à«ß‡«≈“ 20 ™—Ë«‚¡ß·√°¢Õß

°“√¥Ÿ¥´—∫·≈–„™â‡«≈“ª√–¡“≥ 50 ™—Ë«‚¡ß ®÷ß‡¢â“ Ÿà

 ¿“«– ¡¥ÿ≈ º≈∑’Ë‰¥âæÕ √ÿª‰¥â«à“§«“¡‡¢â¡¢âπ

‡√‘Ë¡µâπ¢Õß “√≈–≈“¬∑—Èß Õß§à“‰¡à¡’º≈µàÕ‡«≈“∑’Ë‡¢â“ Ÿà

 ¡¥ÿ≈°“√¥Ÿ¥´—∫ ‡ªìπ∑’Ë —ß‡°µ«à“§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ

®–¡’º≈µàÕª√– ‘∑∏‘¿“æ„π°“√°”®—¥‚§√‡¡’¬¡

®“° “√≈–≈“¬‚¥¬‡¡◊ËÕ„™âπÈ”Àπ—°¢Õß∂à“π°—¡¡—πµå

§ß∑’Ëæ∫«à“∑’Ë ¿“«– ¡¥ÿ≈∂à“π°—¡¡—πµå®“°™“πÕâÕ¬

 “¡“√∂°”®— ¥‚§√ ‡¡’ ¬¡®“° “√≈–≈“¬¥â «¬

ª√– ‘∑∏‘¿“æ‡∑à“°—∫ 75 ·≈– 40 ‡ªÕ√å‡´Áπµå  ”À√—∫

§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß‚§√‡¡’¬¡‡∑à“°—∫ 100 ·≈– 500

¡‘≈≈‘°√—¡µàÕ≈‘µ√µ“¡≈”¥—∫ ·≈–∂à“π°—¡¡—πµå‡°√¥

°“√§â“¡’ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫‚§√‡¡’¬¡¥’°«à“

∂à“π°—¡¡—πµå®“°™“πÕâÕ¬‚¥¬‡©≈’Ë¬ª√–¡“≥ 10

‡ªÕ√å‡´Áπµå

(a) (b)

(c) (d)
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Figure 6. Variation of chromium concentration

in solution on adsorption with

activated carbon at two initial

chromium concentrations (tem-

perature: 30
o
C, pH = 2.5, volume

of solution: 200 cm3, carbon

weight: 0.20 g)
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 Figure7. Effect of pH on the removal of

chromium from solution by

activated carbons (temperature:

30
o
C, initial chromium concentra-

tion: 100 mg/L,volume of solution:

200 cm3, carbon weight: 0.20 g
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º≈¢Õß§«“¡‡ªìπ°√¥¥à“ß

º≈¢Õß§«“¡‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬µàÕ

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‚§√‡¡’¬¡¢Õß∂à“π°—¡¡—πµå

· ¥ß„π√Ÿª∑’Ë 7 º≈°“√»÷°…“æ∫«à“§«“¡‡ªìπ°√¥

¥à“ß¢Õß “√≈–≈“¬¡’Õ‘∑∏‘æ≈‡ªìπÕ¬à“ß¡“°µàÕ

ª√– ‘∑∏‘¿“æ„π°“√°”®—¥‚§√‡¡’¬¡ ∑—Èß®“°°“√„™â

∂à“π°—¡¡—πµå‡°√¥°“√§â“·≈–∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡

®“°™“πÕâÕ¬ ‚¥¬∂à“π°—¡¡—πµå∑—Èß Õß™π‘¥ “¡“√∂

°”®—¥‚§√‡¡’¬¡‰¥â¡“°°«à“ 50 ‡ªÕ√å‡ Á́πµå ‡¡◊ËÕ

§«“¡‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬¡’§à“µË”°«à“ 3.0

‚¥¬¡’√âÕ¬≈–°“√°”®—¥‚§√‡¡’¬¡ Ÿß ÿ¥ (82 ·≈– 90

‡ªÕ√å‡´Áπµå  ”À√—∫∂à“π°—¡¡—πµå®“°™“πÕâÕ¬·≈–

∂à“π°—¡¡—πµå‡°√¥°“√§â“µ“¡≈”¥—∫) ∑’Ë§à“§«“¡‡ªìπ

°√¥¥à“ß¢Õß “√≈–≈“¬‡∑à“°—∫ 2.5 Õ∏‘∫“¬‰¥â«à“∑’Ë

 ¿“«– “√≈–≈“¬¡’§à“§«“¡‡ªìπ°√¥¥à“ßµË”π—Èπ Cr (VI)

 à«π„À≠à®–Õ¬Ÿà„π√Ÿª¢Õß HCrO
-
4 (Selomulya

et al., 1999) ´÷Ëß “¡“√∂∂Ÿ°¥Ÿ¥´—∫¥â«¬∂à“π°—¡¡—πµå
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Table  4. Langmuir constants for adsorption of chromium from solution by bagasse

activated carbon at three different temperatures (pH of solution =  2.5)

30 103 0.1638 0.999

35 213 0.0434 0.995

40 250 0.0362 0.996

Temperature

(oC)

q
m

(mg/g)

b

(mg/L)-1

r2

‰¥â‚¥¬µ√ß ·≈–¬—ß¡’∫“ß à«π‡°‘¥ªØ‘°‘√‘¬“√’¥—°™—π¢Õß

Cr (VI) ‰ª‡ªìπ Cr (III) ¥—ß ¡°“√

HCrO 7H 3e Cr 4H O4
3

2
− + − ++ + → + (1)

‚¥¬ Cr3+ ∑’Ë‡°‘¥¢÷Èπ “¡“√∂∂Ÿ°¥Ÿ¥´—∫¥â«¬∂à“π

°—¡¡—πµå‰¥â‡™àπ°—π ªØ‘°‘√‘¬“√’¥—°™—π¥—ß°≈à“«‡°‘¥¢÷Èπ

‰¥â‡π◊ËÕß®“° Cr (VI) ‡ªìπµ—«ÕÕ° ‘́‰¥ ǻ∑’Ë·√ß·≈– “√

≈–≈“¬µâÕß¡’§«“¡‡ªìπ°√¥¥à“ßµË” ¡’‚ª√µ√Õπ  (H+)

„πª√‘¡“≥¡“° ·µà„π ¿“«–∑’Ë¡’§à“§«“¡‡ªìπ°√¥¥à“ß

 Ÿß¢÷Èπ‚ª√µ√Õπ®–¡’ª√‘¡“≥πâÕ¬≈ß®π‡°◊Õ∫‰¡à¡’

ªØ‘°‘√‘¬“√’¥—°™—π πÕ°®“°π’È Cr (VI) ¬—ßÕ¬Ÿà„π√Ÿª

  CrO4
2−  ·≈–   Cr O2 7

2− ‰¥â¥â«¬ ¥—ßπ—Èπ‡¡◊ËÕ‰ÕÕÕπ≈∫

‡À≈à“π’È∂Ÿ°¥Ÿ¥´—∫∫πæ◊Èπº‘«¢Õß∂à“π°—¡¡—πµå∫“ß à«π

·≈â«®–‡°‘¥°“√°’¥°—π´÷Ëß°—π·≈–°—π ‡π◊ËÕß®“°·√ßº≈—°

¢Õß‰ÕÕÕπ™π‘¥‡¥’¬«°—π πÕ°®“°π—Èπ “√≈–≈“¬¬—ß

¡’ª√‘¡“≥ OH−  Õ¬Ÿà¡“° ´÷ËßÕ“®‡¢â“·¬àßæ◊Èπ∑’Ë„π°“√

¥Ÿ¥´—∫‰¥â¥â«¬ ªí®®—¬∑—ÈßÀ¡¥π’ÈÕ“®ª√–°Õ∫°—π‡¢â“

 àßº≈„Àâ°“√¥Ÿ¥´—∫‚§√‡¡’¬¡‡°‘¥¢÷Èπ‰¥âπâÕ¬„π ¿“«–

∑’Ë “√≈–≈“¬¡’§à“§«“¡‡ªìπ°√¥¥à“ß Ÿß¢÷Èπ

‰Õ‚´‡∑‘√å¡¢Õß°“√¥Ÿ¥´—∫

√Ÿª∑’Ë 8 · ¥ß‰Õ‚´‡∑‘√å¡°“√¥Ÿ¥ —́∫‚§√‡¡’¬¡

¥â«¬∂à“π°—¡¡—πµå®“°™“πÕâÕ¬ æ∫«à“ª√‘¡“≥°“√

¥Ÿ¥´—∫‚§√‡¡’¬¡‡æ‘Ë¡¢÷ÈπÕ¬à“ß√«¥‡√Á«„π™à«ß·√°

® “°π—È πª √‘ ¡ “≥° “ √¥Ÿ ¥´— ∫¡’ ·π« ‚πâ ¡§ ß∑’Ë

´÷Ëß≈—°…≥–¢Õß‰Õ‚´‡∑‘√å¡∑’Ë‰¥âπ’Èπà“®–Õ∏‘∫“¬‰¥â

¥â«¬ ¡°“√¥Ÿ¥´—∫·∫∫·≈ß‡¡’¬√å (Langmuir

isotherm) ´÷Ëß¡’√Ÿª·∫∫¢Õß ¡°“√‡ªìπ¥—ßπ’È

q
bq C

1 bC
e

m e

e

=
+

(2)

´÷Ëß “¡“√∂®—¥„ÀâÕ¬Ÿà„π√Ÿª ¡°“√‡ âπµ√ß‰¥â‡ªìπ

Ce/qe  =  (1/bqm) + (Ce/qm) (3)

‡¡◊ËÕ Ce = §«“¡‡¢â¡¢âπ¢Õßµ—«∂Ÿ°¥Ÿ¥´—∫„π “√
≈–≈“¬∑’Ë ¡¥ÿ≈ (¡‘≈≈‘°√—¡µàÕ≈‘µ√)

qe = ª√‘¡“≥¥Ÿ¥´—∫∑’Ë ¿“«– ¡¥ÿ≈ (¡‘≈≈‘°√—¡
µàÕ°√—¡§“√å∫Õπ)

qm = ª√‘¡“≥°“√¥Ÿ¥´—∫ Ÿß ÿ¥ ”À√—∫°“√
¥Ÿ¥ —́∫·∫∫™—Èπ‡¥’¬« (¡‘≈≈‘°√—¡µàÕ°√—¡
§“√å∫Õπ)

b = §à“§ß∑’Ë¢Õß°“√¥Ÿ¥ —́∫ (¡‘≈≈‘°√—¡µàÕ≈‘µ√)-1

‡¡◊ËÕ‡¢’¬π°√“ø§«“¡ —¡æ—π∏å√–À«à“ß Ce/qe °—∫
Ce ‰¥â°√“ø‡ªìπ‡ âπµ√ß¥—ß· ¥ß„π√Ÿª∑’Ë 9 ÷́Ëß· ¥ß
«à“ ¡°“√·≈ß‡¡’¬√å “¡“√∂„™âÕ∏‘∫“¬≈—°…≥–‰Õ‚´‡∑‘√å¡
¢Õß°“√¥Ÿ¥´—∫‚§√‡¡’¬¡‰¥â §à“ qm ·≈– b
∑’Ë§”π«≥®“°§«“¡™—π·≈–®ÿ¥µ—¥·°π¢Õß°√“ø
· ¥ß„πµ“√“ß∑’Ë 4 æ√âÕ¡°—∫§à“ —¡ª√– ‘∑∏‘Ï°“√∂¥∂Õ¬
(regression coefficient, r2) ®–‡ÀÁπ«à“§«“¡ “¡“√∂
„π°“√¥Ÿ¥´—∫‚§√‡¡’¬¡„π√Ÿª¢Õß q

m
 ¡’§à“‡æ‘Ë¡¢÷Èπ

µ“¡Õÿ≥À¿Ÿ¡‘¢Õß°“√¥Ÿ¥´—∫„π™à«ßÕÿ≥À¿Ÿ¡‘ 30 ∂÷ß
40 Õß»“‡´≈‡ ’́¬  ¥—ßπ—Èπ √ÿª‰¥â«à“°“√¥Ÿ¥´—∫‚§√‡¡’¬¡
¥â«¬∂à“π°—¡¡—πµå‡ªìπ°“√¥Ÿ¥´—∫·∫∫¥Ÿ¥§«“¡√âÕπ
·≈–‡°’Ë¬«¢âÕß°—∫°“√¥Ÿ¥´—∫∑“ß‡§¡’¡“°°«à“‡ªìπ°“√
¥Ÿ¥´—∫∑“ß°“¬¿“æ‡æ’¬ßÕ¬à“ß‡¥’¬« ´÷Ëßº≈°“√
∑¥≈Õßπ’È Õ¥§≈âÕß°—∫º≈°“√»÷°…“‚¥¬  Singh and
Tiwari (1997)
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Figure 8. Effect of temperature on equilibrium

isotherms for adsorption of

chromium from solution by

bagasse activated carbon (pH = 2.5,

initial chromium concentration

= 100 mg/L)

Figure 9. Langmuir isotherm plots for the

adsorption of chromium from

solution by bagasse activated

carbon (pH = 2.5)

Õ—µ√“‡√Á«·∫∫Õ—π¥—∫Àπ÷Ëß®–‰¥â

  

dq

dt
k q qe= −( )1 (5)

‡¡◊ËÕÕ‘π∑‘‡°√µ ¡°“√ (5) ·≈â«®—¥ ¡°“√„ÀâÕ¬Ÿà„π

√Ÿª ¡°“√‡ âπµ√ß®–‰¥â

log (q
e 
- q) = log q

e
-(k1t/2.303) (6)

‚¥¬∑’Ë k1 §◊Õ§à“§ß∑’Ë¢ÕßÕ—µ√“‡√Á«°“√¥Ÿ¥´—∫·≈–À“

§à“‰¥â®“°§à“§«“¡™—π¢Õß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß

log (q
e
-q) °—∫‡«≈“ (t)

∂â“Õ—µ√“‡√Á«°“√¥Ÿ¥´—∫‡ªìπ‰ªµ“¡ ¡°“√

Õ—µ√“‡√Á«·∫∫Õ—π¥—∫ Õß  ¡°“√ (4) ‡¢’¬π‰¥â‡ªìπ

  

dq

dt
k q qe= −( )2

2

(7)

®≈πæ≈»“ µ√å¢Õß°“√¥Ÿ¥´—∫

πÕ°®“°»÷°…“ ¡¥ÿ≈°“√¥Ÿ¥´—∫‚§√‡¡’¬¡

®“° “√≈–≈“¬·≈â« ß“π«‘®—¬π’È¬—ß‰¥â«‘‡§√“–Àå

®≈πæ≈»“ µ√å¢Õß°“√¥Ÿ¥´—∫‚§√‡¡’¬¡ (¢âÕ¡Ÿ≈°“√

¥Ÿ¥´—∫‚§√‡¡’¬¡°àÕπ‡¢â“ Ÿà ¿“«– ¡¥ÿ≈) ‚¥¬„™â√Ÿª·∫∫

¢Õß ¡°“√Õ—µ√“‡√Á«ªØ‘°‘√‘¬“Õ—π¥—∫ n (Hamadi et al.,

2000) ¥—ß ¡°“√

dq

dt
k q qn e n

n
= −( ) (4)

‡¡◊ËÕ q = ª√‘¡“≥°“√¥Ÿ¥´—∫∑’Ë ‡«≈“ t „¥ Ê
(¡‘≈≈‘°√—¡µàÕ°√—¡)

k = §à“§ß∑’Ë¢ÕßÕ—µ√“‡√Á«°“√¥Ÿ¥ —́∫
n = Õ—π¥—∫¢Õß ¡°“√Õ—µ√“‡√Á«

∂â“„Àâ®≈πæ≈»“ µ√å°“√¥Ÿ¥´—∫‡ªìπ‰ªµ“¡ ¡°“√
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Figure 10. Testing of first- and second- order

rate model for the adsorption

kinetics of chromium in solution

by bagasse activated carbon

(adsorption temperature: 30
o
C,

pH = 2.5, initial chromium concen-

tration: 100 mg/L, volume of

solution: 200 cm3, carbon weight:

0.20 g)

À≈—ß®“°Õ‘π∑‘‡°√µ·≈–®—¥„ÀâÕ¬Ÿà„π√Ÿª¢Õß ¡°“√

‡ âπµ√ß®–‰¥â

  
t q k q t qe e/ / /( ) = ( ) + ( )1 2

2 (8)

‚¥¬∑’Ë k2 §”π«≥‰¥â®“°§«“¡™—π·≈–®ÿ¥µ—¥·°π y

¢Õß°√“ø§«“¡ —¡æ—π∏å√–À«à“ß t/q °—∫‡«≈“ (t)

®“°°“√∑¥ Õ∫√Ÿª·∫∫¢Õß ¡°“√Õ—µ√“‡√Á«

∑—Èß Õß·∫∫°—∫°“√¥Ÿ¥´—∫‚§√‡¡’¬¡∑’ËÕÿ≥À¿Ÿ¡‘ 30

Õß»“‡´≈‡ ’́¬  §à“§«“¡‡ªìπ°√¥¥à“ß¢Õß “√≈–≈“¬

2.5 ·≈–§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√≈–≈“¬‡∑à“°—∫

100 ¡‘≈≈‘°√—¡‚§√‡¡’¬¡µàÕ≈‘µ√‚¥¬„™â∂à“π°—¡¡—πµå

®“°™“πÕâÕ¬ æ∫«à“ ¡°“√Õ—µ√“‡√Á«·∫∫Õ—π¥—∫ Õß

 “¡“√∂Õ∏‘∫“¬¢âÕ¡Ÿ≈®≈πæ≈»“ µ√å¢Õß°“√¥Ÿ¥´—∫

‰¥â¥’∑’Ë ÿ¥ (√Ÿª∑’Ë 10) ·≈–§à“ k2 ∑’Ë§”π«≥‰¥â‡∑à“°—∫

11 x 10-5 °√—¡µàÕ¡‘≈≈‘°√—¡-π“∑’  ”À√—∫∂à“π°—¡¡—πµå

‡°√¥°“√§â“‰¥â§à“ k2 ‡∑à“°—∫ 7.8 x 10-5 °√—¡µàÕ

¡‘≈≈‘°√—¡-π“∑’ §à“ k2 ∑’ËÀ“‰¥âπ’È¡’§à“Õ¬Ÿà„π™à«ß‡¥’¬«

°—∫§à“∑’Ë√“¬ß“π‚¥¬ Kobya (2004) k2 = 7 x 10
-5

°√—¡µàÕ¡‘≈≈‘°√—¡-π“∑’ ́ ÷Ëß‰¥â»÷°…“°“√°”®—¥‚§√‡¡’¬¡

‚¥¬„™â∂à“π°—¡¡—πµå∑’Ë‡µ√’¬¡®“°‡ª≈◊Õ°¢Õß Hazelnut

‚¥¬«‘∏’°√–µÿâπ¥â«¬°√¥´—≈øî«√‘° §«“¡·µ°µà“ß

¢Õß§à“ k2 ‡ªìπº≈¡“®“°§«“¡·µ°µà“ß¢Õß≈—°…≥–

‚§√ß √â“ß√Ÿæ√ÿπ¿“¬„π¢Õß∂à“π°—¡¡—πµå ´÷Ëß¢÷Èπ°—∫

™π‘¥¢Õß«—µ∂ÿ¥‘∫·≈–«‘∏’·≈– ¿“«–°“√‡µ√’¬¡

∫∑ √ÿª

™“πÕâÕ¬‡ªìπ«—µ∂ÿ¥‘∫µ—Èßµâπ∑’Ë¡’»—°¬¿“æ Ÿß„π°“√

π”¡“º≈‘µ‡ªìπ∂à“π°—¡¡—πµå¥â«¬°√¥øÕ øÕ√‘°

‚¥¬ ¿“«–°“√‡µ√’¬¡∑’Ë‡À¡“– ¡∑’Ë∑”„Àâ‰¥âæ◊Èπ∑’Ëº‘«

®”‡æ“– Ÿß ÿ¥‡∑à“°—∫ 1,574 µ“√“ß‡¡µ√µàÕ°√—¡ ‰¥â·°à

∑’Ë ¿“«–Õ—µ√“ à«π “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫ 1.0 : 1.0

Õÿ≥À¿Ÿ¡‘ 400 Õß»“‡´≈‡ ’́¬ ·≈–√–¬–‡«≈“ 120 π“∑’

°“√‡æ‘Ë¡Õÿ≥À¿Ÿ¡‘·≈–‡«≈“¢Õß°“√°√–µÿâπ„π°“√

‡µ√’¬¡∂à“π°—¡¡—πµå∑”„Àâ√âÕ¬≈–º≈º≈‘µ∑’Ë‰¥â≈¥≈ß

 ”À√—∫°“√‡æ‘Ë¡Õ—µ√“ à«π¢Õß “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫

æ∫«à“‰¡à¡’º≈µàÕ√âÕ¬≈–º≈º≈‘µ·µà¡’º≈∑”„Àâæ◊Èπ∑’Ëº‘«



157«“√ “√‡∑§‚π‚≈¬’ ÿ√π“√’ ªï∑’Ë 13 ©∫—∫∑’Ë 2 ‡¡…“¬π - ¡‘∂ÿπ“¬π 2549

®”‡æ“–‡æ‘Ë¡¢÷Èπ·≈–∑”„Àâ‡°‘¥√Ÿæ√ÿπ¢π“¥°≈“ß¡“°
¢÷Èπ¥â«¬ °“√„™âÕÿ≥À¿Ÿ¡‘°√–µÿâπ∑’Ë Ÿß°«à“ 400  Õß»“
‡´≈‡ ’́¬ ‰¡à∑”„Àâ‡°‘¥°“√‡ª≈’Ë¬π·ª≈ß¢Õßæ◊Èπ∑’Ëº‘«
®”‡æ“–·≈–ª√‘¡“µ√√Ÿæ√ÿπ¡“°π—° ·µà°“√„™â
Õÿ≥À¿Ÿ¡‘ Ÿß°«à“ 400 Õß»“‡´≈‡´’¬  ·≈–Õ—µ√“ à«π
 “√°√–µÿâπµàÕ«—µ∂ÿ¥‘∫∑’ËµË”¡’º≈∑”„Àâæ◊Èπ∑’Ëº‘«
®”‡æ“–≈¥≈ß‰¥â

 ”À√—∫°“√π”∂à “π°—¡¡—πµå ‰ª„™â°”®—¥
‚§√‡¡’¬¡®“° “√≈–≈“¬‚¥¬°√–∫«π°“√¥Ÿ¥ —́∫π—Èπ
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