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Abstract
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Utilization of Roselle charcoal as nitrate-nitrogen adsorbent
Songklanakarin J. Sci. Technol., 2006, 28(6) : 1375-1382

Recently, the attempts have been made by utilizing natural material as an adsorbent for wastewater

treatment due to its low cost, low energy requirement and the fewer chemicals used. In this study, Roselle

(Hibiscus sabdariffa L. var. altissima) was prepared to use as a charcoal adsorbent in the treatment process.

The nitrate-nitrogen adsorption capacities of Roselle charcoal with 2 different particle sizes, A (4.75-6.30

mm) and B (2.00-4.75 mm) were measured and compared with an activated carbon (AC). The equilibrium

data fitted well with the Freundlich Isotherm. The K values related to the capacity of adsorbent for nitrate-

nitrogen of such charcoal studied were in the following orders: AC > B > A expressed as 0.0321, 0.0147 and

0.0071 respectively. In addition, activated carbon required less contact time to reach equilibrium than both

of Roselle charcoal A and B. Although removal efficiency of activated carbon was higher than that of Roselle

charcoal, Roselle charcoal is an interesting alternative adsorbent due to the lower cost of its production.
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ªí®®ÿ∫—π‰¥â¡’§«“¡æ¬“¬“¡„π°“√π”«— ¥ÿ∏√√¡™“µ‘¡“„™âª√–‚¬™πå‡ªìπµ—«¥Ÿ¥´—∫„π°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬

‡π◊ËÕß®“°¡’√“§“‰¡à·æß „™âæ≈—ßß“πµË” ·≈–¬—ß™à«¬≈¥ª√‘¡“≥°“√„™â “√‡§¡’≈ß‰¥â  „π°“√»÷°…“§√—Èßπ’È‰¥âπ”µâπªÕ·°â«

(Hibiscus sabdariffa L. var. altissima) ¡“º≈‘µ‡ªìπ∂à“π ‡æ◊ËÕ»÷°…“°“√„™â∂à“πªÕ·°â«‡ªìπµ—«¥Ÿ¥´—∫„π°√–∫«π°“√

∫”∫—¥πÈ”‡ ’¬ ‚¥¬«—¥§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‰π‡µ√∑-‰π‚µ√‡®π¢Õß∂à“πªÕ·°â«´÷Ëß¡’¢π“¥Õπÿ¿“§·µ°µà“ß°—π 2

¢π“¥ ‰¥â·°à ∂à“πªÕ·°â« A (4.75-6.30 ¡¡.) ·≈– B (2.00-4.75 ¡¡.) ‡ª√’¬∫‡∑’¬∫°—∫∂à“π°—¡¡—πµå (AC) æ∫«à“°“√

¥Ÿ¥ —́∫‰π‡µ√∑-‰π‚µ√‡®π¢Õßµ—«Õ¬à“ß∂à“π “¡“√∂Õ∏‘∫“¬‰¥â¥â«¬ Freundlich isotherm ·≈–§à“ K ÷́Ëß· ¥ß∂÷ß§«“¡

 “¡“√∂„π°“√¥Ÿ¥´—∫‡√’¬ß≈”¥—∫®“°¡“°‰ªπâÕ¬¥—ßµàÕ‰ªπ’È AC > B > A ¥—ß§à“∑’Ë· ¥ß§◊Õ 0.0321, 0.0147 ·≈– 0.0071

µ“¡≈”¥—∫ ·≈–®“°º≈°“√»÷°…“°“√‡¢â“ Ÿà ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫‰π‡µ√∑-‰π‚µ√‡®π æ∫«à“∂à“π°—¡¡—πµå AC ®–‡¢â“ Ÿà

 ¿“«– ¡¥ÿ≈‰¥â‡√Á«°«à“∂à“πªÕ·°â«∑—Èß 2 ¢π“¥ ∂÷ß·¡â«à“ª√– ‘∑∏‘¿“æ°“√°”®—¥‰π‡µ√∑-‰π‚µ√‡®π¢Õß∂à“π°—¡¡—πµå

AC ®– Ÿß°«à“∂à“πªÕ·°â« ∂à“πªÕ·°â«®÷ß‡ªìπµ—«¥Ÿ¥´—∫∑’Ë‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß∑’Ëπà“ π„®‡π◊ËÕß®“°§à“„™â®à“¬„π°“√º≈‘µ

‰¡à Ÿß

√–∫∫∫”∫—¥πÈ”‡ ’¬‚¥¬∑—Ë«‰ª∑’Ë „™âÕ¬Ÿà „πªí®®ÿ∫—π
 “¡“√∂∫”∫—¥ “√Õ‘π∑√’¬å‰¥â‡ªìπ à«π„À≠à    à«π “√
ª√–°Õ∫‰π‚µ√‡®π·≈–øÕ øÕ√— ®–∂Ÿ°°”®—¥‰¥âπâÕ¬¡“°
®÷ß°àÕ„Àâ‡°‘¥ªí≠À“¬Ÿ‚∑√øî‡§™—π (eutrophication) °—∫·À≈àß
πÈ”∏√√¡™“µ‘‰¥â  “√ª√–°Õ∫‰π‚µ√‡®πæ∫„π·À≈àßπÈ”„π
√ŸªÕ‘π∑√’¬å‰π‚µ√‡®π  ·Õ¡‚¡‡π’¬  ‰π‰µ√∑å  ·≈–‰π‡µ√∑
„π·À≈àßπÈ”∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß‰π‡µ√∑ Ÿß®–¡’º≈°√–∑∫
µàÕ ÿ¢¿“æ‚¥¬∑”„Àâ¡’‚Õ°“ ‡ ’Ë¬ß„π°“√‡°‘¥‚√§ ‡™àπ ‚√§
methemoglobinemia „π‡¥Á°‡°‘¥„À¡à¡“°¢÷Èπ (Wasik et

al., 2001; Mizuta et al., 2004)  «‘∏’°“√°”®—¥‰π‡µ√∑-
‰π‚µ√‡®π‚¥¬∑—Ë«‰ª¡—°„™â«‘∏’°“√¥’‰π∑√‘øî‡§™—π (denitri-

fication) ·≈–°“√·≈°‡ª≈’Ë¬πª√–®ÿ (ion exchange) ´÷Ëß
«‘∏’°“√¥’‰π∑√’øî‡§™—π¡—°®–¡’ªí≠À“„π°“√√—°…“ ¿“«–„Àâ
‡À¡“– ¡°—∫·∫§∑’‡√’¬ ·≈–°“√°”®—¥‡´≈·∫§∑’‡√’¬∑’Ëµ“¬
·≈â« (Wasik et al., 2001)  à«π«‘∏’°“√·≈°‡ª≈’Ë¬πª√–®ÿ
®–¡’ªí≠À“‡√◊ËÕß “√√∫°«πµà“ßÊ ‡™àπ ´—≈‡øµÕ‘ÕÕπ ·≈–
°“√‡°‘¥πÈ”‡°≈◊Õ (brine) ‡π◊ËÕß®“°°√–∫«π°“√øóôπøŸ ¿“æ
(regeneration) ¢Õß “√·≈°‡ª≈’Ë¬πª√–®ÿ (Bae et al.,

2002; Koparal and Ogutveren, 2002) ¥—ßπ—Èπ°“√°”®—¥
‰π‡µ√∑-‰π‚µ√‡®π‚¥¬„™â«‘∏’°“√¥Ÿ¥´—∫®÷ß‡ªìπ∑“ß‡≈◊Õ°Àπ÷Ëß
∑’Ëπà“ π„® ‡π◊ËÕß®“°¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥‰π‡µ√∑

ßà“¬µàÕ°“√¥”‡π‘π°“√  (Mizuta et al., 2004) ¡’§à“„™â®à“¬
µË” ·≈–‰¡àµâÕß„™âæ≈—ßß“πÀ√◊Õ “√‡§¡’„¥ (Kim, 2004)

∂à“π°—¡¡—πµå‡ªìπ«— ¥ÿ¥Ÿ¥ —́∫∑’Ëπ‘¬¡„™â„πªí®®ÿ∫—π ·µà‡π◊ËÕß
®“°¡’§à“„™â®à“¬ Ÿß∂â“µâÕß°“√∫”∫—¥πÈ”‡ ’¬∑’Ë¡’ª√‘¡“≥¡“°
(Gumermen et al., 1997; Ozturk and Bektas, 2004)

°√–∫«π°“√º≈‘µ§àÕπ¢â“ß¬ÿàß¬“° ·≈–¡’§à“„™â®à“¬ ”À√—∫
°√–∫«π°“√øóôπøŸ ¿“æ∂à“π°—¡¡—πµå‡æ◊ËÕπ”°≈—∫¡“„™â„À¡à
(Agbanobi, 1999)  ¥—ßπ—Èπ®÷ß§«√¡’°“√»÷°…“¡“°¢÷Èπ
 ”À√—∫°“√π”«— ¥ÿ∏√√¡™“µ‘¡“„™âª√–‚¬™πå‡ªìπµ—«¥Ÿ¥´—∫
·≈–æ∫«à“«— ¥ÿ®“°∏√√¡™“µ‘¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√π”¡“
„™â‡ªìπµ—«¥Ÿ¥´—∫ (Abe et al., 2001) „πªí®®ÿ∫—π‰¥â¡’§«“¡
æ¬“¬“¡„π°“√∑’Ë®–π”∂à“π ÷́Ëß “¡“√∂º≈‘µ‰¥â¿“¬„π™ÿ¡™π
¡“„™â„π°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬®“°™ÿ¡™π·≈–°“√ª√—∫
ª√ÿß§ÿ≥¿“æπÈ”®“°·À≈àßπÈ”º‘«¥‘π (Imaoka et al., 1994;

Yatagai et al., 1995) ·≈–®“°º≈°“√»÷°…“¢Õß Mizuta

et al. (2004) æ∫«à“∂à“π´÷Ëßº≈‘µ®“°‰ºà¡’ª√– ‘∑∏‘¿“æ„π
°“√¥Ÿ¥´—∫‰π‡µ√∑-‰π‚µ√‡®π∑’Ë™à«ß§«“¡‡¢â¡¢âπ 0-10 ¡°./
≈‘µ√ Ÿß°«à“∂à“π°—¡¡—πµå  ‰¥â¡’°“√π”æ◊™™π‘¥µà“ßÊ ¡“º≈‘µ
‡ªìπ∂à“π‡æ◊ËÕπ”¡“„™â„π°“√¥Ÿ¥ —́∫¡≈æ‘…®“°πÈ”‡ ’¬¡“°¢÷Èπ
µâπªÕ·°â« (Hibiscus sabdariffa L. var. altissima) ‡ªìπ
æ◊™∑’Ëª≈Ÿ°‡æ◊ËÕº≈‘µ‡ âπ„¬‡ªìπ°“√§â“„πªí®®ÿ∫—π  ‰¥â¡’°“√
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π”‰ª„™âª√–‚¬™πå„πÕÿµ “À°√√¡º≈‘µ°√–¥“…·≈–‡¬◊ËÕ
°√–¥“… Õ“À“√ —µ«å ·≈–„™â‡ªìπ«— ¥ÿ¥Ÿ¥´—∫πÈ”¡—π ‡ªìπµâπ
(Sameshima et al., 1998) ‰¥â¡’°“√»÷°…“π”µâπªÕ‰ª„™â
¥Ÿ¥´—∫¡≈æ‘…®“°πÈ”‡ ’¬ æ∫«à“¡’ª√– ‘∑∏‘¿“æ„π°“√°”®—¥
‰π‚µ√‡®π‡∑à“°—∫ 1.3-1.7 °√—¡/µ√.‡¡µ√/«—π ·≈–øÕ øÕ√— 
‡∑à“°—∫ 0.24-0.26 °√—¡/µ√.‡¡µ√/«—π ·≈– “¡“√∂π”‰ª
„™âª√–‚¬™πåÕ¬à“ßÕ◊ËπÀ≈—ß®“°„™â„π√–∫∫∫”∫—¥πÈ”‡ ’¬·≈â«
(Abe et al., 1997; Abe and Ozaki, 1998) ·≈–®“°°“√
»÷°…“¢Õß Aoi (2000) π”‡Õ“·°π¢ÕßµâπªÕ‰ªº≈‘µ‡ªìπ
∂à“π°—¡¡—πµå°“√§â“ æ∫«à“¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫ ’
 Ÿß°«à“∂à“π°—¡¡—πµå°“√§â“∑’Ëº≈‘µ¢“¬µ“¡∑âÕßµ≈“¥  ∂à“π
ªÕ·°â«‡ªìπ∂à“π´÷Ëßº≈‘µ®“°‰¡â‡π◊ÈÕÕàÕπ®÷ß¡’§«“¡æ√ÿπ¡“°
°«à“∂à“π´÷Ëßº≈‘µ®“°‰¡â‡π◊ÈÕ·¢Áß ·≈–™ÿ¡™π “¡“√∂º≈‘µ
„™â‰¥â‡Õßµ“¡°√–∫«π°“√‡º“∂à“π¢Õß™ÿ¡™π πÕ°®“°π’È
∂à“πªÕ·°â«¬—ß “¡“√∂π”¡“„™â‡ªìπ‡™◊ÈÕ‡æ≈‘ßÀ≈—ß®“°„™â„π
°√–∫«π°“√∫”∫—¥πÈ”‡ ’¬·≈â« ‚§√ß°“√«‘®—¬π’È¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕ»÷°…“°“√π”µâπªÕ·°â«º≈‘µ‡ªìπ∂à“π‡æ◊ËÕ„™â ”À√—∫
‡ªìπ«— ¥ÿ¥Ÿ¥´—∫√“§“∂Ÿ° ‡æ◊ËÕπ”‰ª„™â„π°√–∫«π°“√¥Ÿ¥´—∫
·≈–°“√°√Õß¡≈æ‘…®“°πÈ”‡ ’¬

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

1. °“√‡µ√’¬¡µ—«Õ¬à“ß·≈–®”·π°≈—°…≥–®”‡æ“–

1.1 π”·°π¢ÕßªÕ·°â«∑’Ë≈Õ°‡ª≈◊Õ°ÕÕ°·≈â«¡“
ºà“π°√–∫«π°“√‡º“‰À¡â ‚¥¬º≈‘µ„π ¿“æÕ“°“»®”°—¥∑’Ë
Õÿ≥À¿Ÿ¡‘ª√–¡“≥ 300ºC π”¡“∫¥„Àâ¡’¢π“¥‡≈Á°≈ß ·≈â«
®÷ßπ”‰ª®”·π°¢π“¥¢Õßµ—«Õ¬à“ß∂à“πªÕ·°â«·≈–∂à“π
°—¡¡—πµå°“√§â“ ‚¥¬„™â«‘∏’ Sieve Analysis (¡“µ√∞“π
ASTM  E  11)  (American  Society  for  Testing  and

Materials, 2000)

1.2 °“√®”·π°¢π“¥∂à“π
1) π”∂à“πªÕ·°â«∑’Ë∫¥≈–‡Õ’¬¥·≈â«¡“§—¥

¢π“¥„Àâ‰¥â¢π“¥µ—Èß·µà 4.75-6.30 ¡¡. ‡√’¬°«à“∂à“πªÕ·°â«
A ·≈–µ—Èß·µà 2.00-4.75 ¡¡. ‡√’¬°«à“∂à“πªÕ·°â« B

2) π”∂à“π°—¡¡—πµå°“√§â“¡“®”·π°¢π“¥æ∫
«à“¡’¢π“¥ 0.85-4.75 ¡¡. ‡√’¬°«à“∂à“π°—¡¡—πµå°“√§â“ AC

1.3 π”∂à“πªÕ·°â«·≈–∂à“π°—¡¡—πµå°“√§â“∑’Ë®”·π°
¢π“¥‰¥â‰ª≈â“ß·≈–·™àπÈ”°≈—Ëπ®π°√–∑—ËßπÈ”∑’Ë„™â‰¡à¡’µ–°Õπ

·¢«π≈Õ¬ ®÷ßπ”‰ªÕ∫‡æ◊ËÕ∑”„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ 90ºC ®π
°√–∑—ËßπÈ”Àπ—°¢Õß∂à“π§ß∑’Ë ·≈â«∑‘Èß„Àâ‡¬Áπ„π‚∂¥Ÿ¥§«“¡™◊Èπ

2. »÷°…“≈—°…≥–∑“ß°“¬¿“æ¢Õßµ—«Õ¬à“ß∂à“π

∑”°“√«‘‡§√“–Àå≈—°…≥–∑“ß°“¬¿“æ¢Õß∂à“π
°—¡¡—πµå°“√§â“·≈–∂à“πªÕ·°â« ‡™àπ °“√«—¥æ◊Èπ∑’Ëº‘«®”‡æ“–
¢Õßµ—«Õ¬à“ß∂à“π™π‘¥µà“ßÊ ‚¥¬«‘∏’ BET («’√–»—°¥‘Ï ·≈–
§≥–, 2543) ‚¥¬„™â‡§√◊ËÕß«—¥æ◊Èπ∑’Ëº‘«®”‡æ“– (specific

surface area analysis; √ÿàπ: autosorb 1 ∫√‘…—∑ Quan-

tachrome Corporation) «—¥§à“§«“¡Àπ“·πàπ·Àâß (dry

density) Õ—µ√“ à«π™àÕß«à“ß (void ratio) ·≈–§à“§«“¡
æ√ÿπ¢Õß∂à“π (porosity) ( ∂“æ√, 2541)

3. »÷°…“≈—°…≥– ¡∫—µ‘∑“ß‡§¡’¢Õßµ—«Õ¬à“ß∂à“π

∑”°“√«‘‡§√“–Àå∏“µÿµà“ßÊ ∑’Ë¡’Õ¬Ÿà„πµ—«Õ¬à“ß∂à“π §◊Õ
§“√å∫Õπ ‰π‚µ√‡®π ·≈–´—≈‡øÕ√å ‚¥¬„™â‡§√◊ËÕß¡◊Õ CNS

Analyzer (∫√‘…—∑ LECO, Model CNS 2000) «‘‡§√“–Àå
‡æ◊ËÕÀ“√âÕ¬≈–ª√‘¡“≥‡∂â“ „™â«‘∏’°“√«‘‡§√“–Àåµ“¡¡“µ√∞“π
ASTM D3174 (American Society for Testing and

Materials, 2000)

4. «—¥§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß∂à“π

π”  100  ¡≈.  ¢Õß “√≈–≈“¬¡“µ√∞“π‰π‡µ√∑-
‰π‚µ√‡®π§«“¡‡¢â¡¢âπ  5  ¡°./≈‘µ√  ´÷Ëß‡µ√’¬¡®“° “√
ª√–°Õ∫‚ªµ— ‡´’¬¡‰π‡µ√∑ (KNO

3
) „ à„π∫‘°‡°Õ√å∑’Ë∫√√®ÿ

∂à“πªÕ·°â«∑—Èß 2 ¢π“¥·≈–∂à“π°—¡¡—πµå°“√§â“ πÈ”Àπ—°
µ—Èß·µà 1-10 °√—¡ µ“¡≈”¥—∫  π”‰ª‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫
250 √Õ∫/π“∑’  ‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß  ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–
§à“ pH ‡ªìπ°≈“ß ®“°π—Èπ«—¥§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬
¡“µ√∞“π‰π‡µ√∑-‰π‚µ√‡®π∑’Ë‡À≈◊ÕÕ¬Ÿà ‚¥¬„™â«‘∏’°“√«—¥
§à“°“√¥Ÿ¥°≈◊π· ß‚¥¬„™â‡§√◊ËÕß ‡ª§‚µ‚ø‚µ¡‘‡µÕ√å (spec-

trophotometer) (APHA, AWWA and WPCF, 1995)

5. °“√À“‡«≈“‡¢â“ Ÿà ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫‰π‡µ√∑-

‰π‚µ√‡®π

‡µ√’¬¡ “√≈–≈“¬¡“µ√∞“π‰π‡µ√∑-‰π‚µ√‡®π
§«“¡‡¢â¡¢âπ 5 ¡°. /≈‘µ√ ª√‘¡“µ√ 500 ¡≈. ≈ß„π∫‘°‡°Õ√å
∑’Ë∫√√®ÿ∂à“πªÕ·°â«·µà≈–¢π“¥  ·≈–∂à“π°—¡¡—πµå°“√§â“
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πÈ”Àπ—° 25 °√—¡ π”‰ª‡¢¬à“∑’Ë§«“¡‡√Á«√Õ∫ 250 √Õ∫/π“∑’
∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß·≈–§à“ pH ‡ªìπ°≈“ß «—¥§«“¡‡¢â¡¢âπ¢Õß
 “√≈–≈“¬¡“µ√∞“π‰π‡µ√∑-‰π‚µ√‡®π∑’Ë‡À≈◊ÕÕ¬Ÿà„π∑ÿ°Ê
30 π“∑’®π°√–∑—Ëß§«“¡‡¢â¡¢âπ§ß∑’Ë

º≈°“√«‘®—¬·≈–°“√Õ¿‘ª√“¬º≈

1. ≈—°…≥– ¡∫—µ‘∑“ß°“¬¿“æ¢Õßµ—«Õ¬à“ß∂à“π

®“°º≈°“√»÷°…“≈—°…≥– ¡∫—µ‘∑“ß°“¬¿“æ
 “¡“√∂®”·π°¢π“¥¢Õß∂à“πªÕ·°â«ÕÕ°‡ªìπ 2 ¢π“¥
‚¥¬∂à“πªÕ·°â« A ¡’¢π“¥„À≠à°«à“∂à“πªÕ·°â« B ·≈–
∂à“π°—¡¡—πµå°“√§â“ AC  ¡’¢π“¥Õ¬Ÿà√–À«à“ß 0.85-4.75

¡¡. ¥—ß· ¥ß„π Table 1 ·≈–‡¡◊ËÕπ”µ—«Õ¬à“ß∂à“π¡“«—¥
æ◊Èπ∑’Ëº‘«®”‡æ“–æ∫«à“¡’æ◊Èπ∑’Ëº‘«®”‡æ“–‡√’¬ß≈”¥—∫®“°¡“°
‰ªπâÕ¬¥—ßµàÕ‰ªπ’È ∂à“π°—¡¡—πµå°“√§â“ AC ‡∑à“°—∫ 695.5

µ√.‡¡µ√/°√—¡   ∂à“πªÕ·°â« B ‡∑à“°—∫ 336.6 µ√.‡¡µ√/
°√—¡  ·≈–∂à“πªÕ·°â« A ‡∑à“°—∫ 148.4 µ√.‡¡µ√/°√—¡
µ“¡≈”¥—∫  ´÷Ëß‚¥¬ª°µ‘·≈â« “√¥Ÿ¥´—∫∑’Ë¥’§«√¡’æ◊Èπ∑’Ëº‘«
®”‡æ“–Õ¬Ÿà„π™à«ß 100-1000 µ√.‡¡µ√/°√—¡ (McKay,

1995) ·≈–º≈≈—°…≥– ¡∫—µ‘∑“ß°“¬¿“æÕ◊ËπÊ ∑”„Àâ‡ÀÁπ
§«“¡·µ°µà“ß∑“ß°“¬¿“æ¢Õß∂à“πªÕ·°â«·≈–∂à“π°—¡¡—πµå
°“√§â“¥—ßµàÕ‰ªπ’È   §à“§«“¡∂à«ß®”‡æ“–¢Õß∂à“π°—¡¡—πµå
°“√§â“ AC ·≈–∂à“πªÕ·°â«‡∑à“°—∫ 2.15 ·≈– 1.47 µ“¡
≈”¥—∫  §à“§«“¡Àπ“·πàπ·Àâß¢Õßµ—«Õ¬à“ß∂à“π‡√’¬ß≈”¥—∫

®“°¡“°‰ªπâÕ¬¥—ßµàÕ‰ªπ’È ∂à“π°—¡¡—πµå°“√§â“ AC ‡∑à“°—∫
0.6115 °√—¡/≈∫.´¡. ∂à“πªÕ·°â« B ‡∑à“°—∫ 0.1031 °√—¡/
≈∫.´¡. ·≈–∂à“πªÕ·°â« A ‡∑à“°—∫ 0.1000 °√—¡/≈∫.´¡.
µ“¡≈”¥—∫ ·≈–§à“Õ—µ√“ à«π™àÕß«à“ß¢Õßµ—«Õ¬à“ß∂à“π‡√’¬ß
≈”¥—∫®“°¡“°‰ªπâÕ¬¥—ßµàÕ‰ªπ’È  ∂à“πªÕ·°â« A ‡∑à“°—∫
21.4699  ∂à“πªÕ·°â« B ‡∑à“°—∫ 19.8243  ·≈–∂à“π
°—¡¡—πµå°“√§â“ AC ‡∑à“°—∫ 1.4006 µ“¡≈”¥—∫ ´÷Ëß· ¥ß
„Àâ‡ÀÁπ«à“∂à“πªÕ·°â«¡’ —¥ à«πª√‘¡“µ√Õ“°“»¡“°°«à“
ª√‘¡“µ√¢Õß à«π∑’Ë‡ªìπ¢Õß·¢Áß ‚¥¬®–¡’§«“¡ —¡æ—π∏å‚¥¬
µ√ß°—∫§à“§«“¡æ√ÿπ¢Õß∂à“π ‚¥¬§à“§«“¡æ√ÿπ‡√’¬ß≈”¥—∫
®“°¡“°‰ªπâÕ¬¥—ßµàÕ‰ªπ’È ∂à“πªÕ·°â« A ‡∑à“°—∫ 95.55%

∂à“πªÕ·°â« B ‡∑à“°—∫ 95.20% ·≈–∂à“π°—¡¡—πµå°“√§â“
AC ‡∑à“°—∫ 58.34% µ“¡≈”¥—∫ ¡’°“√»÷°…“æ∫«à“™àÕß«à“ß
¿“¬„π∂à“π‡À¡“–‡ªìπ∑’ËÕ¬Ÿà ”À√—∫®ÿ≈‘π∑√’¬å·≈–¡’º≈µàÕ
§«“¡ “¡“√∂„π°“√∫”∫—¥¡≈æ‘…®“°πÈ”‡ ’¬¢Õß∂à“π‰¥â
(Abe et al., 1993; Imaoka et al., 1994; Agbanobi,

1999)  ÷́Ëß®“°º≈°“√»÷°…“Õ—µ√“ à«π™àÕß«à“ß¢Õß∂à“π
ªÕ·°â« Ÿß°«à“ 50% ®÷ß¡’·π«‚πâ¡∑’Ë∂à“πªÕ·°â«®– “¡“√∂
‡æ‘Ë¡§«“¡ “¡“√∂„π°“√°”®—¥ “√Õ‘π∑√’¬å„ππÈ”‡ ’¬‰¥â

2. ≈—°…≥– ¡∫—µ‘∑“ß‡§¡’¢Õßµ—«Õ¬à“ß∂à“π

®“°º≈°“√»÷°…“≈—°…≥– ¡∫—µ‘∑“ß‡§¡’ æ∫«à“∂à“π
ªÕ·°â«¡’ª√‘¡“≥§“√å∫Õπ‡∑à“°—∫ 90.36% ·≈–∂à“π°—¡¡—πµå
‡∑à“°—∫ 89.77%  ¥—ß· ¥ß„π Table 2  ®–‡ÀÁπ‰¥â«à“∂à“π

Table 1. Physical characteristic of charcoal samples

Sample Particle size (mm) Surface Area (m2/g) Dry density (g/cm3) Porosity (%) Void ratio

A 4.75 < A< 6.30 148.4 0.1000 95.55 21.4699
B 2.00 < B < 4.75 336.6 0.1031 95.20 19.8243

AC 0.85< AC < 4.75 695.5 0.6115 58.34 1.4006

Sample A and B are Roselle charcoal and sample AC is activated carbon

Table 2. Contents of C, N, S and ash of Roselle charcoals and

activated carbon (% oven-dried weight)

       Sample Carbon (%) Nitrogen (%) Sulfur (%)

Roselle charcoal 90.36 1.5 0.001
activated Carbon 89.77 0.6 0.26
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ªÕ·°â«¡’ª√‘¡“≥§“√å∫Õπ„°≈â‡§’¬ß°—∫∂à“π°—¡¡—πµå   à«π
§à“ª√‘¡“≥‡∂â“¢Õß∂à“πªÕ·°â«‡∑à“°—∫ 4% ·≈–∂à“π°—¡¡—πµå
‡∑à“°—∫ 13% ¡’°“√»÷°…“æ∫«à“«— ¥ÿ¥Ÿ¥´—∫∑’Ë¥’§«√¡’ª√‘¡“≥
§“√å∫Õπ Ÿß (Bansal et al., 1988; Chen et al., 2002)

·≈–ª√‘¡“≥‡∂â“∑’Ë Ÿß®–¡’º≈∑”„Àâ∂à“π°—¡¡—πµå¡’§«“¡
 “¡“√∂„π°“√¥Ÿ¥ —́∫≈¥≈ß (Linares-Solano et al.,2000)

¥—ßπ—Èπ®“°≈—°…≥– ¡∫—µ‘∑“ß‡§¡’¢Õß∂à“πªÕ·°â« ®÷ßπ—∫«à“
∂à“πªÕ·°â«¡’·π«‚πâ¡‡ªìπ«— ¥ÿ¥Ÿ¥´—∫∑’Ë¥’‰¥â

3. §«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õß∂à“π

®“°º≈°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ßª√‘¡“≥
‰π‡µ√∑-‰π‚µ√‡®π∑’Ë∂Ÿ°¥Ÿ¥´—∫‰¥âµàÕπÈ”Àπ—°∂à“πªÕ·°â«
¢π“¥µà“ßÊ  ·≈–∂à“π°—¡¡—πµå°“√§â“∑’Ë„™â„π°√–∫«π°“√
¥Ÿ¥´—∫ π”¡“∑¥ Õ∫‰Õ‚´‡∑Õ¡°“√¥Ÿ¥´—∫·∫∫ Langmuir

isotherm ·≈–·∫∫ Freundlich isotherm °“√¥Ÿ¥´—∫
‰π‡µ√∑-‰π‚µ√‡®π®“° “√≈–≈“¬‚¥¬∂à“π¢Õß°“√¥Ÿ¥ —́∫
·∫∫ Langmuir · ¥ß¥—ß ¡°“√∑’Ë 1

Ce

X =
1

bXm
+

Ce

Xm
(1)

‚¥¬∑’Ë X = Õ—µ√“ à«π¢ÕßπÈ”Àπ—°¢Õß‰π‡µ√∑-‰π‚µ√‡®π
∑’Ë∂Ÿ°¥Ÿ¥ —́∫µàÕπÈ”Àπ—°¢Õß∂à“π∑’Ë„™â„π°“√¥Ÿ¥ —́∫ (¡°./°√—¡)

C
e
  =  §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‰π‡µ√∑-‰π‚µ√‡®π∑’Ë

 ¿“«– ¡¥ÿ≈ (¡°./≈‘µ√)  b = §à“§ß∑’Ë¢Õßæ≈—ßß“π„π°“√
¥Ÿ¥´—∫  X

m
 = ª√‘¡“≥¢Õßµ—«∂Ÿ°¥Ÿ¥´—∫∑’Ë‡√’¬ß·∫∫™—Èπ‡¥’¬«

(Monolayer) „π≈—°…≥–ª°§≈ÿ¡º‘«¢Õßµ—«¥Ÿ¥´—∫µàÕÀπà«¬
πÈ”Àπ—°¢Õß “√¥Ÿ¥´—∫ (¡°./≈‘µ√)  ·≈–‡¡◊ËÕπ”‰ª‡¢’¬π
°√“ø√–À«à“ß§à“ C

e
/X °—∫§à“ C

e
 ®–‰¥â ¡°“√‡ âπµ√ß·≈–

 “¡“√∂À“§à“§ß∑’Ë X
m
 ·≈– b ‰¥â®“°§«“¡™—π·≈–®ÿ¥µ—¥

·°π¢Õß ¡°“√·∫∫ Langmuir ¥—ß· ¥ß„π Table 3 ·≈–
‡¡◊ËÕπ”º≈°“√∑¥≈Õß¡“∑¥ Õ∫‰Õ‚´‡∑Õ¡°“√¥Ÿ¥´—∫·∫∫
Freundlich · ¥ß¥—ß ¡°“√∑’Ë 2

x
m = X = K ⋅Ce

1
n (2)

‚¥¬∑’Ë x = πÈ”Àπ—°¢Õß‰π‡µ√∑-‰π‚µ√‡®π∑’Ë∂Ÿ°¥Ÿ¥
´—∫ (¡°.)  m = πÈ”Àπ—°¢Õß∂à“π∑’Ë„™â„π°“√¥Ÿ¥´—∫ (°√—¡)

X = Õ—µ√“ à«π¢ÕßπÈ”Àπ—°¢Õß‰π‡µ√∑-‰π‚µ√‡®π∑’Ë∂Ÿ°
¥Ÿ¥´—∫µàÕπÈ”Àπ—°¢Õß∂à“π∑’Ë„™â„π°“√¥Ÿ¥´—∫ (¡°./°√—¡)  C

e

= §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‰π‡µ√∑-‰π‚µ√‡®π∑’Ë ¿“«–
 ¡¥ÿ≈ (¡°./≈‘µ√)   K, n = §à“§ß∑’Ë¢Õß°“√¥Ÿ¥ —́∫¢Õß
Freundlich Isotherm ·≈–®“°·∫∫®”≈Õß¢Õß Freundlich

 “¡“√∂· ¥ß‡ªìπ ¡°“√‡ âπµ√ß · ¥ß¥—ß ¡°“√∑’Ë 3

log X  =  log K + 1/n log C
e

(3)

°√“ø§«“¡ —¡æ—π∏å√–À«à“ß log X ·≈– log C
e
 ¢Õß

∂à“πªÕ·°â«∑—Èß 2 ¢π“¥·≈–∂à“π°—¡¡—πµå°“√§â“ ¥—ß· ¥ß
„π Figure 1 ·≈–π”¡“§”π«≥À“§à“§ß∑’Ë¢Õß Freundlich

¥—ß· ¥ß„π Table 3 ·≈–‡¡◊ËÕæ‘®“√≥“§à“§ß∑’Ë®–‡ÀÁπ‰¥â«à“
§à“§ß∑’Ë¢Õß Langmuir isotherm ∑’Ë‰¥â¡’§à“µ‘¥≈∫  · ¥ß
„Àâ‡ÀÁπ«à“ Langmuir isotherm ‰¡à‡À¡“–∑’Ë®–„™âÕ∏‘∫“¬
°√–∫«π°“√¥Ÿ¥´—∫π’È‰¥â (Ramakrishna and Viraragha-

van, 1997) ·≈–‡¡◊ËÕæ‘®“√≥“§à“ coefficient of determ-

inations (r2) ¡’§à“Õ¬Ÿà„π™à«ß 0.3877-0.7487 ¡’§à“πâÕ¬°«à“
¢Õß Freundlich ´÷ËßÕ¬Ÿà„π™à«ß 0.8728-0.9830  Ozturk

and Bektas (2004) °≈à“««à“·∫∫®”≈Õß∑“ß§≥‘µ»“ µ√å
∑’Ë‡À¡“– ¡ §«√æ‘®“√≥“‡ª√’¬∫‡∑’¬∫®“°§à“ coefficient

Table 3. Freundlich and Langmuir constants and coefficient of determinations

(r2) from Roselle charcoals and activated carbon adsorption tested

     Langmuir Constants Freundlich constants
Sample Particle

X
m

b r2 K n r2

A 4.75 < A < 6.30 -0.0843 -0.1011 0.3877 0.0071 0.6612 0.8728
B 2.00 < B < 4.75 -0.1355 -0.1142 0.7199 0.0147 0.6911 0.9675

AC 0.85< AC< 4.75 -0.2203 -0.1346 0.7487 0.0321 0.7191 0.9830
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of determinations ¥—ßπ—Èπ„π°“√»÷°…“«‘®—¬π’È Freundlich

isotherm ®÷ß‡À¡“– ¡°«à“„π°“√π”¡“Õ∏‘∫“¬°√–∫«π°“√
¥Ÿ¥ —́∫§√—Èßπ’È

®“°§à“§ß∑’Ë¢Õß Freundlich §à“ K ¢Õßµ—«Õ¬à“ß
∂à“π´÷Ëß· ¥ß∂÷ßª√‘¡“≥µ—«∂Ÿ°≈–≈“¬∑’Ë∂Ÿ°¥Ÿ¥´—∫µàÕÀπà«¬
πÈ”Àπ—°¢Õß “√¥Ÿ¥´—∫ æ∫«à“§à“ K ¢Õß∂à“π°—¡¡—πµå°“√
§â“ AC > ∂à“πªÕ·°â« B > ∂à“πªÕ·°â« A · ¥ß„Àâ‡ÀÁπ
«à“∂à“π°—¡¡—πµå°“√§â“ AC ¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫
‰π‡µ√∑-‰π‚µ√‡®π Ÿß°«à“∂à“πªÕ·°â« B ·≈– A µ“¡≈”¥—∫
·≈–§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¢Õßµ—«Õ¬à“ß∂à“π¡’§«“¡
 —¡æ—π∏å‚¥¬µ√ß°—∫æ◊Èπ∑’Ëº‘«®”‡æ“–¥—ß· ¥ß„π Table 1 ´÷Ëß
 Õ¥§≈âÕß°—∫ß“π«‘®—¬°—∫ß“π«‘®—¬¢Õß Faust ·≈– Aly

(1987) æ∫«à“ æ◊Èπ∑’Ëº‘«‡ªìπªí®®—¬Àπ÷Ëß∑’Ë¡’Õ‘∑∏‘æ≈µàÕ°“√

¥Ÿ¥´—∫ ‚¥¬¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫§«“¡ “¡“√∂„π°“√
¥Ÿ¥´—∫  ·≈–®“°º≈°“√»÷°…“‡«≈“°“√‡¢â“ Ÿà ¡¥ÿ≈¢Õß°“√
¥Ÿ¥ —́∫‰π‡µ√∑-‰π‚µ√‡®π¢Õßµ—«Õ¬à“ß∂à“π  ¥—ß· ¥ß„π
Figure 2 ®–‡ÀÁπ‰¥â«à“∂à“π°—¡¡—πµå°“√§â“ AC ‡¢â“ Ÿà ¡¥ÿ≈
‡√Á«∑’Ë ÿ¥¿“¬„π‡«≈“ 180 π“∑’  à«π∂à“πªÕ·°â« A ·≈– B
‡¢â“ Ÿà ¡¥ÿ≈¿“¬„π™à«ß‡«≈“ 210-240 π“∑’ ®“°°“√»÷°…“
¢Õß Gregg ·≈– Sing (1982) æ∫«à“ §à“§«“¡æ√ÿπ®–¡’
º≈µàÕÕ—µ√“°“√¥Ÿ¥´—∫∑“ß°“¬¿“æ ‚¥¬µ—«¥Ÿ¥´—∫∑’Ë¡’§«“¡
æ√ÿπ Ÿß®–∑”„ÀâÕ—µ√“°“√¥Ÿ¥´—∫™â“≈ß‡æ√“–∂Ÿ°®”°—¥¥â«¬
Õ—µ√“‡√Á«¢Õß°“√·æ√à¿“¬„π√Ÿæ√ÿπ  ·≈–®“°º≈°“√»÷°…“
≈—°…≥– ¡∫—µ‘∑“ß°“¬¿“æ¢Õßµ—«Õ¬à“ß∂à“πæ∫«à“§à“§«“¡
æ√ÿπ¢Õß∂à“πªÕ·°â« A > ∂à“πªÕ·°â« B > ∂à“π°—¡¡—πµå
°“√§â“ AC µ“¡≈”¥—∫ (Table 1)

Figure 2. Nitrate-nitrogen concentration at equilibrium versus initial concentration (C
e
/C

o
)

and adsorption time (min) Kenaf charcoals: A (4.75 < A < 6.30), B (2.00 < B < 4.75

and activated carbon: AC (0.85 < AC< 4.75)

Figure 1. Freundlich isotherm of nitrate-nitrogen on Kenaf charcoals: A (4.75 < A< 6.30),

B (2.00 < B < 4.75 and activated carbon: AC (0.85 < AC< 4.75)
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‡¡◊ËÕπ”º≈°“√»÷°…“°“√«—¥Õ—µ√“°“√¥Ÿ¥´—∫¡“‡æ◊ËÕ
§”π«≥ª√– ‘∑∏‘¿“æ°“√°”®—¥‰π‡µ√∑-‰π‚µ√‡®π∑’Ë‡¢â“ Ÿà
 ¿“«– ¡¥ÿ≈ æ∫«à“ª√– ‘∑∏‘¿“æ°“√°”®—¥‰π‡µ√∑-
‰π‚µ√‡®π¢Õßµ—«Õ¬à“ß∂à“π°—¡¡—πµå°“√§â“ AC 66%  ∂à“π
ªÕ·°â« B 52% ·≈–∂à“πªÕ·°â« A 38% ∑’Ë§«“¡‡¢â¡¢âπ
‡√‘Ë¡µâπ¢Õß “√≈–≈“¬‰π‡µ√∑-‰π‚µ√‡®π‡∑à“°—∫ 5 ¡°./
≈‘µ√ ®–‡ÀÁπ‰¥â«à“ª√– ‘∑∏‘°“√°”®—¥‰π‡µ√∑-‰π‚µ√‡®π¢Õß
∂à“π°—¡¡—πµå°“√§â“ Ÿß°«à“∂à“πªÕ·°â«  B  ª√–¡“≥  14%

¥—ßπ—Èπ®÷ßπ—∫‰¥â«à“∂à“πªÕ·°â«‡ªìπµ—«¥Ÿ¥´—∫¡≈æ‘…®“°πÈ”
‡ ’¬∑’Ëπà“ π„® ‡π◊ËÕß®“°§à“„™â®à“¬„π°“√º≈‘µµË”‡π◊ËÕß®“°„™â
§«“¡√âÕπµË”°«à“ ·≈–°√–∫«π°“√º≈‘µ‰¡à¬ÿàß¬“°  “¡“√∂
º≈‘µ„™â‰¥â‡Õß„π™ÿ¡™π

 √ÿªº≈°“√∑¥≈Õß

§«“¡ “¡“√∂„π°“√¥Ÿ¥ —́∫‰π‡µ√∑-‰π‚µ√‡®π‡√’¬ß
≈”¥—∫®“°¡“°‰ªπâÕ¬¥—ßµàÕ‰ªπ’È ∂à“π°—¡¡—πµå AC ∂à“πªÕ
·°â« B ·≈–∂à“πªÕ·°â« A µ“¡≈”¥—∫ ·≈–§«“¡ “¡“√∂
„π°“√¥Ÿ¥´—∫¡’§«“¡ —¡æ—π∏å‚¥¬µ√ß°—∫æ◊Èπ∑’Ëº‘«®”‡æ“–
¢Õßµ—«¥Ÿ¥´—∫  ·≈–‡«≈“„π°“√‡¢â“ Ÿà ¡¥ÿ≈¢Õß°“√¥Ÿ¥´—∫
 “√≈–≈“¬‰π‡µ√∑-‰π‚µ√‡®π¢Õß∂à“π°—¡¡—πµå°“√§â“ AC

‡∑à“°—∫ 180 π“∑’ ·≈–∂à“πªÕ·°â« B ·≈– A ‡∑à“°—∫ 210-

240 π“∑’  ÷́Ëß‡«≈“„π°“√‡¢â“ Ÿà ¡¥ÿ≈¡’§«“¡ —¡æ—π∏å‚¥¬
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∑¥≈Õßª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫¢Õß∂à“π°—¡¡—πµå°“√§â“
®– Ÿß°«à“∂à“πªÕ·°â« B ª√–¡“≥ 14%  ∂à“πªÕ·°â«®—¥
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‡§¡’∑’Ë¡’·π«‚πâ¡‡ªìπ«— ¥ÿ¥Ÿ¥´—∫∑’Ë¥’‰¥â  Õ’°∑—Èß∂à“πªÕ·°â«
¡’§à“„™â®à“¬„π°“√º≈‘µµË”  ·≈– “¡“√∂π”‰ª‡º“„™â‡ªìπ
‡™◊ÈÕ‡æ≈‘ßÀ≈—ß®“°„™â„π°√–∫«π°“√¥Ÿ¥ —́∫

¢âÕ‡ πÕ·π–

‡π◊ËÕß®“°„πß“π«‘®—¬π’È∂à“πªÕ·°â«∑—Èß Õß¢π“¥¬—ß
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