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ABSTRACT

The objective of this research was to study the efficiency of lead and cadmium adsorption
from wastewater by using dregs of sago plam (Metroxylon sagu Rottb). The effect of particle
size of adsorbents, pH of wastewater, time required for equilibrium, temperature of wastewater
were investigated. It was found that the adsorption capacity of adsorbents for the metal increased
with decreasing particle size of adsorbents. The most suitable pH of wastewater, time required
for equilibrium, and temperature of wastewater for lead were 4.0 (pH), 24 (hours) and
roomtemperature, respectively. For cadmium, the results were 6.0 (pH), 12 (hours) and
roomtemperature, respectively. After being applied the optimum condition found from the
research to obtain the maximum adsorptive capacity of heavy metal from batch and column
methods by using Freundlich adsorption isotherm, we found that dregs of sago plam had
maximum adsorption of lead and cadmium at 0.95, 1.36, 1.92 and 6.98 mg/g for batch and
column methods, respectively.

Keywords: Lead, Cadmium, Adsorption, Wastewater
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∑—Èß Õß·¬°°—π ‚¥¬„Àâ‚≈À–·µà≈–™π‘¥¡’§«“¡‡¢â¡¢âπ
100††††¡‘≈≈‘°√—¡µàÕ≈‘µ√ ·≈–„π°“√»÷°…“§√—Èßπ’È‰¥â∑”°“√
«‘‡§√“–Àå “√≈–≈“¬µ—«Õ¬à“ß¥â«¬‡§√◊ËÕßÕ–µÕ¡¡‘°
·Õ∫´Õ√åæ™—π ‡ª°‚∑√‚ø‚µ¡‘‡µÕ√å (Atomic Absorp-
tion Spectrophotometer; AAS) Shimazu √ÿàπ
AA6501 F

1. °“√»÷°…“¢π“¥Õπÿ¿“§¢Õß°“° “§Ÿ∑’Ë

‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

™—Ëß«— ¥ÿ°“° “§Ÿ∑’Ë∑”°“√·¬°¢π“¥‡ªìπ 16 32
42 60 ·≈– 70 ‡¡™ ª√‘¡“≥ 0.2 °√—¡ ≈ß„π “√≈–≈“¬
µ–°—Ë«·≈–·§¥‡¡’¬¡§«“¡‡¢â¡¢âπ††††100††††¡‘≈≈‘°√—¡µàÕ≈‘µ√
ª√‘¡“µ√††††25††††¡‘≈≈‘≈‘µ√ µ—Èß∑‘Èß‰«â‡ªìπ‡«≈“††††48††††™—Ë«‚¡ß π”
 “√≈–≈“¬‰ª«—¥À“ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ¥â«¬‡§√◊ËÕß
Õ–µÕ¡¡‘°·Õ∫´Õ√åæ™—π  ‡ª°‚∑√‚ø‚µ¡‘‡µÕ√å ·≈–π”
«— ¥ÿ°“° “§Ÿ∑’Ë¡’¢π“¥Õπÿ¿“§∑’Ë‡À¡“– ¡‰ª∂à“¬¿“æ
¥â«¬°≈âÕß®ÿ≈∑√√»πå Õ‘‡≈§µ√Õπ·∫∫ ·°π‡æ◊ËÕ¥Ÿ
≈—°…≥–æ◊Èπº‘«

2. °“√»÷°…“√–¥—∫æ’‡Õ™∑’Ë‡À¡“– ¡µàÕ°“√

¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

™—Ëß«— ¥ÿ°“° “§Ÿ∑’Ë¡’¢π“¥Õπÿ¿“§∑’Ë‡À¡“– ¡
(®“°¢âÕ††††1) ª√‘¡“≥††††0.2††††°√—¡ ≈ß„π “√≈–≈“¬¢Õß
‚≈À–µ–°—Ë«·≈–·§¥‡¡’¬¡ ∑’Ë¡’√–¥—∫æ’‡Õ™††††1.0 2.0 3.0
4.0 5.0 ·≈– 6.0 µ—Èß∑‘Èß‰«â††††48††††™—Ë«‚¡ß ·¬°°“° “§Ÿ
ÕÕ°®“° “√≈–≈“¬ ·≈–«—¥ª√‘¡“≥‚≈À–Àπ—°∑’Ë‡À≈◊Õ
„π “√≈–≈“¬
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3. °“√»÷°…“√–¬–‡«≈“∑’Ë‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫

µ–°—Ë«·≈–·§¥‡¡’¬¡

™—Ëß°“° “§Ÿ∑’Ë¡’¢π“¥Õπÿ¿“§∑’Ë‡À¡“– ¡ (®“°
¢âÕ††††1) ≈ß„π “√≈–≈“¬µ–°—Ë«·≈–·§¥‡¡’¬¡ §«“¡‡¢â¡¢âπ
100 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ ∑’Ë√–¥—∫æ’‡Õ™∑’Ë‡À¡“– ¡ (®“°
¢âÕ††††2) «—¥ª√‘¡“≥‚≈À–µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë‡À≈◊Õ„π
 “√≈–≈“¬ ‡¡◊ËÕµ—Èß∑‘Èß‰«â∑’Ë√–¬–‡«≈“ 2.0 4.0 6.0 8.0 10.0
12.0 24.0 ·≈– 48.0 ™—Ë«‚¡ß

4. °“√»÷°…“Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫

µ–°—Ë«·≈–·§¥‡¡’¬¡

™—Ëß°“° “§Ÿ∑’Ë¡’¢π“¥Õπÿ¿“§∑’Ë‡À¡“– ¡ (®“°
¢âÕ††††1) ≈ß„π “√≈–≈“¬µ–°—Ë«·≈–·§¥‡¡’¬¡ §«“¡‡¢â¡¢âπ
100††††¡‘≈≈‘°√—¡µàÕ≈‘µ√ ∑’Ë√–¥—∫æ’‡Õ™∑’Ë‡À¡“– ¡ (®“°
¢âÕ††††2) ∫πÕà“ß„Àâ§«“¡√âÕπÕÿ≥À¿Ÿ¡‘ 30 40 ·≈– 50 Õß»“
‡´≈‡´’¬  µ—Èß‰«â®π°“√¥Ÿ¥´—∫‡¢â“ Ÿà ¡¥ÿ≈ (®“°¢âÕ††††3) «—¥
ª√‘¡“≥‚≈À–µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë‡À≈◊Õ„π “√≈–≈“¬

5. °“√»÷°…“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß«— ¥ÿ°“°

 “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ ·∫∫∂—ß·™à

(Batch)

™—Ëß«— ¥ÿ°“° “§Ÿª√‘¡“≥†††0.2†††°√—¡ ≈ß„π “√
≈–≈“¬µ–°—Ë«·≈–·§¥‡¡’¬¡ ª√‘¡“µ√††††25††††¡‘≈≈‘≈‘µ√ §«“¡
‡¢â¡¢âπ„π™à«ß††††25††††∂÷ß††††300††††¡‘≈≈‘°√—¡µàÕ≈‘µ√ ∑’Ë√–¥—∫
æ’‡Õ™·≈–Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡ (®“°¢âÕ††† †2†† † †·≈–††† †4)
µ—Èß‰«â®π°“√¥Ÿ¥´—∫‡¢â“ Ÿà ¡¥ÿ≈ ·¬°°“° “§ŸÕÕ°®“°
 “√≈–≈“¬ «—¥ª√‘¡“≥‚≈À–µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë‡À≈◊Õ
„π “√≈–≈“¬ ·≈–§”π«≥À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥

‚≈À–µ“¡«‘∏’¢Õß Deshkar ·≈–§≥– (Deshkar ·≈–
§≥–, 1990)

6. °“√»÷°…“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß«— ¥ÿ°“°

 “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ ·∫∫µàÕ‡π◊ËÕß

(Column)

ºà“ππÈ”‡ ’¬ —ß‡§√“–Àå¢Õßµ–°—Ë«·≈–·§¥‡¡’¬¡
§«“¡‡¢â¡¢âπ††††100††††¡‘≈≈‘°√—¡µàÕ≈‘µ√ ‡¢â“ Ÿà¥â“π∫π¢Õß
§Õ≈—¡πå∑’Ë∫√√®ÿ¥â«¬«— ¥ÿ°“° “§Ÿ††††1.0315††††°√—¡ §«“¡ Ÿß
15†† † †‡´πµ‘‡¡µ√ ¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß¿“¬„π†† † †8
¡‘≈≈‘‡¡µ√ ¥â«¬Õ—µ√“°“√‰À≈††††1.0††††¡‘≈≈‘≈‘µ√µàÕπ“∑’ ∑”
°“√‡°Á∫µ—«Õ¬à“ß∑’Ë‰À≈ºà“π§Õ≈—¡πå§√—Èß≈–††††25††††¡‘≈≈‘≈‘µ√
«—¥À“ª√‘¡“≥‚≈À–®π°√–∑—Ëß§«“¡‡¢â¡¢âπ¢Õß‚≈À–
„ππÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë‰À≈ºà“π§Õ≈—¡πå¡’§à“‡∑à“°—∫††††100
¡‘≈≈‘°√—¡µàÕ≈‘µ√ ®÷ß¬ÿµ‘°“√∑¥≈Õß π”º≈∑’Ë‰¥â¡“§”π«≥
À“ª√– ‘∑∏‘¿“æ„π°“√°”®—¥‚≈À–µ“¡«‘∏’¢Õß Deshkar
·≈–§≥– (Deshkar ·≈–§≥–, 1990)

º≈°“√«‘®—¬

®“°°“√»÷°…“ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫‚≈À–
µ–°—Ë«·≈–·§¥‡¡’¬¡®“°πÈ”‡ ’¬‚¥¬„™â°“° “§Ÿ‡ªìπ«— ¥ÿ
¥Ÿ¥´—∫ “¡“√∂· ¥ßº≈‰¥â¥—ßπ’È

1. º≈°“√»÷°…“¢π“¥Õπÿ¿“§¢Õß°“° “§Ÿ∑’Ë

‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

®“°°“√»÷°…“æ∫«à“ª√‘¡“≥°“√¥Ÿ¥´—∫µ–°—Ë«
·≈–·§¥‡¡’¬¡·ª√º°º—π°—∫¢π“¥Õπÿ¿“§¢Õß°“° “§Ÿ
π—Ëπ§◊Õ¢π“¥Õπÿ¿“§¢Õß«— ¥ÿ‡≈Á°≈ßª√‘¡“≥°“√¥Ÿ¥´—∫
‚≈À–®–‡æ‘Ë¡¢÷Èπ (¿“æ∑’Ë††††1) ‡π◊ËÕß®“°«— ¥ÿ∑’Ë¡’¢π“¥

¿“æ∑’Ë 1 ª√‘¡“≥µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫‚¥¬°“° “§Ÿ∑’Ë¡’¢π“¥Õπÿ¿“§·µ°µà“ß°—π
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2. º≈°“√»÷°…“√–¥—∫æ’‡Õ™∑’Ë‡À¡“– ¡µàÕ°“√

¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

°“√«‘®—¬§√—Èßπ’È‰¥â∑”°“√»÷°…“∑’Ë√–¥—∫æ’‡Õ™††††1.0
∂÷ß††††6.0††††‡∑à“π—Èπ ‡π◊ËÕß®“°√“¬ß“πº≈°“√«‘®—¬∑’Ëºà“π¡“
æ∫«à“∑’Ë√–¥—∫æ’‡Õ™¡“°°«à“†††††6.0 ®–∑”„Àâ‚≈À–µ–°—Ë«
·≈–·§¥‡¡’¬¡µ°µ–°Õπ (Õ—®©√“, 2545; Abollino
·≈–§≥–, 2000 Õâ“ß∂÷ß„π  ÿπ’√—µπå, 2547) ·≈–®“°º≈
°“√»÷°…“æ∫«à“«— ¥ÿ°“° “§Ÿ “¡“√∂¥Ÿ¥´—∫µ–°—Ë«·≈–
·§¥‡¡’¬¡‰¥â Ÿß ÿ¥∑’Ë√–¥—∫æ’‡Õ™¢Õß “√≈–≈“¬‡∑à“°—∫
4.0 ·≈– 6.0 µ“¡≈”¥—∫ (µ“√“ß∑’Ë††††1)  ”À√—∫·§¥‡¡’¬¡
æ∫«à“ª√‘¡“≥·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫®–·ª√º—πµ√ß°—∫
√–¥—∫æ’‡Õ™ ∑—Èßπ’È‡π◊ËÕß®“° “√≈–≈“¬∑’Ë¡’æ’‡Õ™µË”®–¡’
®”π«π‰Œ‚¥√‡®πÕ‘ÕÕπ¡“° ¥—ßπ—ÈπÕ“®‡ªìπ‰ª‰¥â«à“ H+

®–‡°‘¥°“√·¢àß¢—π°—∫ Cd2+ „π°“√‡¢â“®—∫°—∫°“° “§Ÿ
(Abollino ·≈–§≥–, 2000 Õâ“ß∂÷ß„π  ÿπ’√—µπå, 2547)
®÷ß∑”„Àâª√‘¡“≥·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫≈¥≈ß  à«πµ–°—Ë«

Õπÿ¿“§‡≈Á°æ◊Èπ∑’Ëº‘«„π°“√¥Ÿ¥´—∫®–¡“°°«à“«— ¥ÿ∑’Ë¡’
¢π“¥Õπÿ¿“§„À≠à ®÷ß∑”„Àâª√‘¡“≥°“√¥Ÿ¥´—∫‚≈À–‡æ‘Ë¡
¢÷Èπ¥â«¬ ·µà°“√»÷°…“§√—Èßπ’È‡≈◊Õ°«— ¥ÿ∑’Ë¡’¢π“¥Õπÿ¿“§
‡∑à“°—∫††††60†††‡¡™ ‡π◊ËÕß®“°«— ¥ÿ∑’Ë¡’¢π“¥‡≈Á°°«à“π’È ‰¡à
‡À¡“–„π°“√»÷°…“¥â«¬«‘∏’°“√·∫∫§Õ≈—¡πå‡æ√“–®–
∑”„ÀâÕ—µ√“°“√‰À≈¢Õß “√≈–≈“¬µË”´÷Ëßº≈®“°°“√
»÷°…“§√—Èßπ’Èæ∫«à“ Õ¥§≈âÕß°—∫º≈°“√¥Ÿ¥´—∫‚≈À–Àπ—°

‚¥¬„™â«— ¥ÿ™π‘¥Õ◊Ëπ ‡™àπ „¬¡–æ√â“« „¬‰À¡ ·≈–„¬‰¡â‰ºà
(√—µπ“, 2538)

‡¡◊ËÕπ”«— ¥ÿ∑’Ë¡’¢π“¥Õπÿ¿“§†††60†††‡¡™ ¡“∂à“¬¿“æ
¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ·∫∫ ·°πæ∫«à“ æ◊Èπº‘«
¢Õß«— ¥ÿ¡’™àÕß«à“ß¿“¬„π·≈–¡’≈—°…≥–°“√®—¥‡√’¬ßµ—«
‡ªìπ™—Èπ†Ê (¿“æ∑’Ë†††2) °“√®—¥‡√’¬ßµ—«„π≈—°…≥–¥—ß°≈à“«
‡ªìπ°“√‡æ‘Ë¡æ◊Èπ∑’Ëº‘«„π°“√¥Ÿ¥´—∫¢Õß«— ¥ÿ„Àâ¡“°¢÷Èπ

¿“æ∑’Ë 2 ¿“æ∂à“¬ SEM ¢Õß°“° “§Ÿ∑’Ë°”≈—ß¢¬“¬ 5,000 ‡∑à“

æ∫«à“∂Ÿ°¥Ÿ¥´—∫‰¥â¥’∑’Ëæ’‡Õ™††††4.0 · ¥ß«à“∑’Ë√–¥—∫æ’‡Õ™
¥—ß°≈à“«‚≈À–µ–°—Ë« “¡“√∂°√–®“¬µ—«„π√Ÿª¢ÕßÕ‘ÕÕπ
‰¥â¥’ ®÷ß∑”„ÀâÕ‘ÕÕπ¢Õß‚≈À–¡’‚Õ°“  —¡º— ∫πæ◊Èπº‘«
·≈–∂Ÿ°¥Ÿ¥´—∫‰¥â¥’¥â«¬ πÕ°®“°‡Àµÿº≈∑’Ë¬°¡“Õ∏‘∫“¬
¢â“ßµâπ·≈â«Õ“®¡’Õ’°À≈“¬ªí®®—¬∑’Ë¡’º≈µàÕæƒµ‘°√√¡
°“√¥Ÿ¥´—∫¢Õß‚≈À–∑—Èß Õß‡™àπ  ¿“æª√–®ÿ∫πæ◊Èπº‘«
¢Õß«— ¥ÿ°“° “§Ÿ

®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“√–¥—∫æ’‡Õ™¢Õß “√
≈–≈“¬∑’Ë‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫µ–°—Ë«¥â«¬°“° “§Ÿ¡’§à“
 Ÿß°«à“«— ¥ÿ‡∂â“·°≈∫¥”´÷Ëß¡’√–¥—∫æ’‡Õ™‡∑à“°—∫†† † †3.0
(Õ—®©√“, 2545) ·≈–¡’§à“µË”°«à“‡ âπº¡ ́ ÷Ëß¡’√–¥—∫æ’‡Õ™
√–À«à“ß††††6.0-7.0 (π—¬π“, 2536) ·≈–‡ª≈◊Õ°‰¢à´÷Ëß¡’
√–¥—∫æ’‡Õ™‡∑à“°—∫††††4.5 (ª√– ‘∑∏‘Ï, 2542)  à«π√–¥—∫
æ’‡Õ™∑’Ë‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫·§¥‡¡’¬¡¥â«¬°“° “§Ÿ
æ∫«à“¡’§à“„°≈â‡§’¬ß°—∫‡ª≈◊Õ°‰¢à ́ ÷Ëß¡’√–¥—∫æ’‡Õ™√–À«à“ß
5.0-6.0 (Õ—®©√“, 2545)
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µ“√“ß∑’Ë 1 §«“¡ “¡“√∂¢Õß°“° “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡®“° “√≈–≈“¬∑’Ë√–¥—∫æ’‡Õ™·µ°µà“ß°—π

ª√‘¡“≥‚≈À–∑’Ë∂Ÿ°¥Ÿ¥´—∫ (¡‘≈≈‘°√—¡µàÕ°√—¡)
√–¥—∫æ’‡Õ™¢Õß “√≈–≈“¬

µ–°—Ë« ·§¥‡¡’¬¡

1 0.15 ± 0.01 0.22 ± 0.03

2 0.19 ± 0.03 0.27 ± 0.01

3 0.31 ± 0.06 0.60 ± 0.02

4 0.67 ± 0.03 0.77 ± 0.03

5 0.52 ± 0.01 0.86 ± 0.04

6 0.49 ± 0.03 0.93 ± 0.03

À¡“¬‡Àµÿ ∑”°“√»÷°…“∑’Ë√–¥—∫æ’‡Õ™ 1 ∂÷ß 6 ‡∑à“π—Èπ ‡æ◊ËÕ„Àâ¡—Ëπ„®«à“‚≈À–Àπ—°‰¡àµ°µ–°Õπ‰Œ¥√Õ°‰´¥å ·≈–
· ¥ßº≈ (§à“‡©≈’Ë¬ ±  à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π)

3. º≈°“√»÷°…“√–¬–‡«≈“∑’Ë‡À¡“– ¡µàÕ°“√

¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

®“°°“√»÷°…“æ∫«à“ „π™à«ß††† †6††† †™—Ë«‚¡ß·√°
°“° “§Ÿ “¡“√∂¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡‰¥âÕ¬à“ß
√«¥‡√Á« ∑—Èßπ’È‡π◊ËÕß®“°æ◊Èπº‘«¢Õß«— ¥ÿ¬—ß«à“ßÕ¬Ÿà ®“°π—Èπ
æ∫«à“ª√‘¡“≥‚≈À–Àπ—°∑’Ë∂Ÿ°¥Ÿ¥´—∫‡√‘Ë¡§ß∑’Ë π—Ëπ§◊Õ°“√
¥Ÿ¥´—∫‡¢â“ Ÿà ¡¥ÿ≈††††††· ¥ß«à“æ◊Èπº‘«¢Õß°“° “§Ÿ∂Ÿ°ª°§≈ÿ¡
¥â«¬Õ‘ÕÕπ¢Õß‚≈À–Àπ—° ·≈–¬—ß§ß¡’°“√·≈°‡ª≈’Ë¬π
Õ‘ÕÕπ¢Õß‚≈À–Àπ—°√–À«à“ßÕ‘ÕÕπ∫πº‘«°“° “§Ÿ°—∫

Õ‘ÕÕπ„π “√≈–≈“¬Õ¬Ÿàµ≈Õ¥‡«≈“ ´÷Ëß°“√¥Ÿ¥´—∫µ–°—Ë«
‡¢â“ Ÿà ¡¥ÿ≈∑’Ë††††24††††™—Ë«‚¡ß ·≈–·§¥‡¡’¬¡∑’Ë†††12†††™—Ë«‚¡ß
À≈—ß®“°π’Èª√‘¡“≥‚≈À–Àπ—°‰¡à‡æ‘Ë¡¢÷ÈπÕ’° (¿“æ∑’Ë†††3)
º≈®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“√–¬–‡«≈“∑’Ë°“° “§Ÿ„™â„π
°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡®π∂÷ß ¡¥ÿ≈™â“°«à“
‡ª≈◊Õ°‰¢à ·≈–‡°≈Á¥ª≈“ ÷́Ëß„™â‡«≈“„π°“√¥Ÿ¥´—∫
‡∑à“°—∫†††80†††π“∑’ (ª√– ‘∑∏‘Ï, 2542) ·≈–°–≈“¡–§“‡¥‡¡’¬
„™â‡«≈“„π°“√¥Ÿ¥´—∫‡∑à“°—∫†††240†††π“∑’ (¢®√»—°¥‘Ï, 2546)

¿“æ∑’Ë 3 ª√‘¡“≥µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫‚¥¬°“° “§Ÿ∑’Ë√–¬–‡«≈“·µ°µà“ß°—π
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5. º≈°“√»÷°…“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß°“°

 “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ ·∫∫∂—ß·™à

(Batch)

°“√À“§à“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß°“° “§Ÿ„π
°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ Õ∏‘∫“¬‰¥â‚¥¬‰Õ‚´‡∑Õ√å¡
°“√¥Ÿ¥´—∫¢Õßø√ÿπ¥≈‘™ (Freundlich Adsorption
Isotherm) „π√Ÿª≈Õ°“≈‘∑÷¡ (Deshkar ·≈–§≥–, 1990)
§◊Õ ln qc = ln kF + 1/n ln C ‡¡◊ËÕ qc §◊Õª√‘¡“≥
‚≈À–∑’Ë∂Ÿ°¥Ÿ¥´—∫∫π°“° “§Ÿ (¡‘≈≈‘°√—¡µàÕ°√—¡) C §◊Õ
§«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°„π “√≈–≈“¬‡¡◊ËÕ°“√¥Ÿ¥´—∫
‡¢â“ Ÿà ¡¥ÿ≈ (¡‘≈≈‘°√—¡µàÕ≈‘µ√)  kF §◊Õ§à“§ß∑’Ë„π°“√
¥Ÿ¥´—∫‚≈À–Àπ—°

º≈®“°°“√»÷°…“æ∫«à“°“° “§Ÿ “¡“√∂¥Ÿ¥´—∫
‚≈À–Àπ—°µ–°—Ë«·≈–·§¥‡¡’¬¡‰¥â Ÿß ÿ¥‡∑à“°—∫ 0.95
(R2

 = 0.7150) ·≈–††††1.36 (R2
 = 0.7313) ¡‘≈≈‘°√—¡µàÕ

°√—¡ µ“¡≈”¥—∫ (¿“æ∑’Ë††††5††††·≈–††††6) ´÷Ëß¡’§à“¡“°°«à“
‡¡◊ËÕ„™â “À√à“¬·æ¥‘π“‰Œ‡∑’¬π´‘  (Padina Haitiensis)
‡ªìπ«— ¥ÿ¥Ÿ¥´—∫´÷Ëß¡’§à“‡∑à“°—∫ 146-314 ·≈– 13-175
‰¡‚§√°√—¡µàÕ°√—¡ µ“¡≈”¥—∫ (Wangkarn ·≈–§≥–,
2004) ·µà°“√¥Ÿ¥´—∫µ–°—Ë«¡’§à“πâÕ¬°«à“‡∂â“·°≈∫´÷Ëß¡’
§à“°“√¥Ÿ¥´—∫‡∑à“°—∫ 7.87 ¡‘≈≈‘°√—¡µàÕ°√—¡ (Mahachai
·≈–§≥–, 2003)

4. º≈°“√»÷°…“Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“– ¡µàÕ°“√

¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡

®“°°“√»÷°…“§√—Èßπ’Èæ∫«à“ª√‘¡“≥µ–°—Ë«·≈–
·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫¥â«¬°“° “§Ÿ·ª√º—πµ√ß°—∫Õÿ≥À¿Ÿ¡‘
π—Ëπ§◊Õ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπª√‘¡“≥‚≈À–∑’Ë∂Ÿ°¥Ÿ¥´—∫‡æ‘Ë¡
¢÷Èπ¥â«¬ (¿“æ∑’Ë††††4) ‡π◊ËÕß®“°‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷ÈπÕ‘ÕÕπ
¢Õß‚≈À–®–‰¥â√—∫æ≈—ßß“π¡“°¢÷Èπ ∑”„ÀâÕ‘ÕÕπ “¡“√∂

‡§≈◊ËÕπ∑’Ë‰¥â¡“°¢÷Èπ¥â«¬ ¥—ßπ—Èπ‚Õ°“ ∑’ËÕ‘ÕÕπ‡À≈à“π’È®–
‡§≈◊ËÕπ∑’Ë‰ª —¡º— æ◊Èπº‘«·≈–∂Ÿ°¥Ÿ¥´—∫∫π°“° “§Ÿ°Á¡“°
¥â«¬‡™àπ°—π

°“√»÷°…“§√—Èßπ’È‡≈◊Õ°»÷°…“∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß
‡π◊ËÕß®“°°“√§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘∑”‰¥âßà“¬·≈–ª√–À¬—¥
°«à“∑’ËÕÿ≥À¿Ÿ¡‘ Ÿß

¿“æ∑’Ë 4 ª√‘¡“≥µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë∂Ÿ°¥Ÿ¥´—∫‚¥¬°“° “§Ÿ∑’ËÕÿ≥À¿Ÿ¡‘·µ°µà“ß°—π
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6. º≈°“√»÷°…“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß°“°

 “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ ·∫∫µàÕ‡π◊ËÕß

(Column)

°“√À“§à“ª√– ‘∑∏‘¿“æ Ÿß ÿ¥¢Õß°“° “§Ÿ„π
°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡·∫∫µàÕ‡π◊ËÕß‚¥¬„™â
break-through capacity (Deshkar ·≈–§≥–, 1990)
‚¥¬‡¢’¬π°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß CA/CAO

·≈–ª√‘¡“µ√¢Õß “√≈–≈“¬∑’Ëºà“πÕÕ°®“°§Õ≈—¡πå
(¡‘≈≈‘≈‘µ√) ‡¡◊ËÕ CA §◊Õ §«“¡‡¢â¡¢âπ¢Õß‚≈À–Àπ—°„π
 “√≈–≈“¬À≈—ß®“°ºà“π§Õ≈—¡πå ·≈– CAO §◊Õ§«“¡
‡¢â¡¢âπ¢Õß‚≈À–Àπ—°„π “√≈–≈“¬°àÕπºà“π§Õ≈—¡πå
§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‚≈À–Àπ—°¢Õß°“° “§Ÿ¥â«¬
«‘∏’°“√¥Ÿ¥´—∫·∫∫µàÕ‡π◊ËÕßÀ“‰¥â®“°ª√‘¡“µ√¢Õß
 “√≈–≈“¬∑’Ë∑”„Àâ§à“ CA/CAO = 0.5 (¿“æ∑’Ë 7)

º≈®“°°“√»÷°…“æ∫«à“ª√‘¡“µ√¢Õß “√≈–≈“¬
µ–°—Ë«·≈–·§¥‡¡’¬¡∑’Ë∑”„Àâ§à“ CA/CAO = 0.5 §◊Õ 21
·≈– 72 ¡‘≈≈‘≈‘µ√ µ“¡≈”¥—∫  ‡¡◊ËÕ§”π«≥À“§à“§«“¡
 “¡“√∂„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡¢Õß°“° “§Ÿ
‡∑à“°—∫ 1.92 ·≈– 6.98 ¡‘≈≈‘°√—¡µàÕ°√—¡ µ“¡≈”¥—∫ ·≈–
æ∫«à“°“√¥Ÿ¥´—∫‚≈À–Àπ—°¥â«¬«‘∏’°“√·∫∫µàÕ‡π◊ËÕß¡’
§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫¡“°°«à“·∫∫∂—ß·™à ∑—Èßπ’È
‡π◊ËÕß®“°°“√¥Ÿ¥´—∫¥â«¬«‘∏’°“√·∫∫µàÕ‡π◊ËÕßÕ‘ÕÕπ¢Õß
‚≈À–Àπ—°¡’‚Õ°“ ‰¥â —¡º— æ◊Èπº‘«¢Õß«— ¥ÿ¥Ÿ¥´—∫µ≈Õ¥
‡«≈“ ´÷Ëßº≈°“√∑¥≈Õßπ’È Õ¥§≈âÕß°—∫°“√¥Ÿ¥´—∫ª√Õ∑
‚¥¬„™â‡ª≈◊Õ°¢ÕßŒ“√å¥«‘‡°’¬‰∫π“µâ“ (Hardwikia
Binata) (Deshkar ·≈–§≥–, 1990) æ∫«à“°“√¥Ÿ¥´—∫
·∫∫∂—ß·™à·≈–·∫∫µàÕ‡π◊ËÕß¡’§à“‡∑à“°—∫ 1.05 ·≈– 21.00
¡‘≈≈‘°√—¡µàÕ°√—¡ µ“¡≈”¥—∫

¿“æ∑’Ë 5 Freundlich Adsorption Isotherm ¢Õß°“° “§Ÿ„π°“√¥Ÿ¥´—∫·§¥‡¡’¬¡

¿“æ∑’Ë 6 Freundlich Adsorption Isotherm ¢Õß°“° “§Ÿ„π°“√¥Ÿ¥´—∫µ–°—Ë«
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 √ÿªº≈°“√«‘®—¬

°“° “§Ÿ‡ªìπ«— ¥ÿ¥Ÿ¥´—∫∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√
¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡ ‚¥¬¢π“¥Õπÿ¿“§¢Õß°“°
 “§Ÿ∑’Ë‡À¡“– ¡µàÕ°“√¥Ÿ¥´—∫§◊Õ††††60††††‡¡™ √–¥—∫æ’‡Õ™
¢Õß “√≈–≈“¬∑’Ë„Àâ§à“°“√¥Ÿ¥´—∫µ–°—Ë«·≈–·§¥‡¡’¬¡
 Ÿß ÿ¥§◊Õ††††4.0††††·≈–††††6.0††††µ“¡≈”¥—∫ Õÿ≥À¿Ÿ¡‘∑’Ë‡À¡“–
µàÕ°“√¥Ÿ¥´—∫§◊Õ Õÿ≥À¿Ÿ¡‘ÀâÕß ·≈–‡«≈“∑’Ë°“√¥Ÿ¥´—∫
µ–°—Ë«·≈–·§¥‡¡’¬¡‡¢â“ Ÿà ¡¥ÿ≈§◊Õ††††24††††·≈–††††12††††™—Ë«‚¡ß
µ“¡≈”¥—∫ §«“¡ “¡“√∂ Ÿß ÿ¥„π°“√¥Ÿ¥´—∫µ–°—Ë«·≈–
·§¥‡¡’¬¡¥â«¬«‘∏’·∫∫∂—ß·™à¡’§à“µË”°«à“·∫∫µàÕ‡π◊ËÕß§◊Õ
0.95, 1.36, 1.92 ·≈– 6.98 ¡‘≈≈‘°√—¡µàÕ°√—¡ µ“¡≈”¥—∫
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“° “§Ÿ°—∫«— ¥ÿ¥Ÿ¥´—∫™π‘¥Õ◊Ëπ†Ê æ∫«à“
°“° “§Ÿ “¡“√∂π”‰ª„™â„π°“√°”®—¥‚≈À–Àπ—°‰¥â‡ªìπ
Õ¬à“ß¥’ πÕ°®“°π’È¬—ß‡ªìπ°“√π”«— ¥ÿ‡À≈◊Õ∑‘Èß¡“„™â„Àâ
‡°‘¥ª√–‚¬™πå·≈–ª√–À¬—¥§à“„™â®à“¬
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