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Abstract
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Effects of temperature and volumetric loading rate on

phenol adsorption capacity by granular activated carbon
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The effects of temperature and volumetric loading rate on adsorption capacity of phenol by granular

activated carbon were studied using F-300 and C2-115 granular activated carbon. All the experiments were

conducted both in a batch study and a fixed-bed adsorption column study with the initial phenol concentra-

tion of 10 mg/l. In the batch study, the effects of temperature on the adsorption capacity and the rate of

adsorption were determined. The results from the batch study showed that the rate of adsorption of F-300

was higher than that of C2-115. Moreover, it was clearly shown that the adsorption capacity increased with

increasing temperature in both types of activated carbon at a contact time of 5 hours. In addition, the results

from the fixed-bed column study revealed that the adsorption capacity decreased with increasing volumetric

loading rate. Regression analysis expressed that the constants of Bohart-Adams Model ( K ) at volumetric

loading rate of 2.5 , 5.0 and 10.0 m
3
/m

2
-hr were 0.0027 , 0.0063 and 0.0128 l/mg-hr  for F-300 and 0.0021,

0.0071 and 0.0127 l/mg-hr for C2-115, respectively. N
0
 constant at volumetric loading rates of 2.5, 5.0 and

10.0 m
3
/ m

2
-hr were 30,393, 19,502 and 13,997 mg/l for F-300 and 27,752, 13,873 and 10,535 mg/l for C2-115,
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 “√ª√–°Õ∫øïπÕ≈ ‡™àπ øïπÕ≈∑”ªØ‘°‘√‘¬“°—∫§≈Õ√’π‰¥â
‡ªìπ “√ª√–°Õ∫§≈Õ‚√øïπÕ≈´÷Ëß¡’À≈“¬√Ÿª·∫∫ ·≈–¡’
§ÿ≥ ¡∫—µ‘‡ªìπ “√°àÕ¡–‡√Áß ´÷Ëß„ππÈ”‡ ’¬°ÁÕ“®®–¡’ “√
ª√–°Õ∫øïπÕ≈ª–ªπÕ¬ŸàÀ≈“¬™π‘¥ ®÷ß®”‡ªìπµâÕß¡’°“√
°”®—¥ “√ª√–°Õ∫¥—ß°≈à“«°àÕπ∑’Ë®–ª≈àÕ¬≈ß Ÿà·À≈àßπÈ”
 “∏“√≥– (Õ¿‘‡™…∞å, 2546)

„π°“√»÷°…“§√—Èßπ’È®–„™â∂à“π°—¡¡—πµå™π‘¥‡¡Á¥
(granular activated carbon, GAC) „π°“√∫”∫—¥πÈ”‡ ’¬
 —ß‡§√“–Àå ´÷Ëß¡’øïπÕ≈‡ªìπ à«πª√–°Õ∫ ·µà‡π◊ËÕß®“°∂à“π
°—¡¡—πµå∑’Ë„™â°—π‚¥¬∑—Ë«‰ª®–‰¥â¡“®“°µà“ßª√–‡∑» ÷́Ëß¡’√“§“
·æß ®÷ß‰¡à‡À¡“– ¡µàÕ°“√π”¡“„™â ”À√—∫ß“π∑“ß¥â“π
πÈ”‡ ’¬  ¥—ßπ—Èπ„π°“√»÷°…“§√—Èßπ’È ®÷ß‰¥â„™â∂à“π°—¡¡—πµå∑’Ë
º≈‘µ‚¥¬∫√‘…—∑´÷Ëßµ—ÈßÕ¬Ÿà∑’Ëπ‘§¡Õÿµ “À°√√¡≈”æŸπ ª√–‡∑»
‰∑¬ ´÷Ëß‡ªìπ°“√π”‡Õ“«— ¥ÿ‡À≈◊Õ„™â∑“ß°“√‡°…µ√¡“„™â„Àâ

respectively. Thus, it can be summarized that the performance of F-300 was higher than that of C2-115

activated carbon at the studied conditions.

Key words : adsorptive capacity, Bohart-Adams model, fixed-bed column, temperature,
volumetric loading rate
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¢®√»—°¥‘Ï ‚ ¿“®“√’¬å  Õ¿‘‡™…∞å °≈’∫°≈“ß ·≈– ª√–¥‘æ—∑∏å ∫”√ÿß»√’

º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–Õ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥

øïπÕ≈‚¥¬∂à“π°—¡¡—πµå™π‘¥‡¡Á¥

«. ß¢≈“π§√‘π∑√å «∑∑. 2547 26(©∫—∫æ‘‡»… 1) : 97-108

°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–Õ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ ∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈‚¥¬∂à“π

°—¡¡—πµå™π‘¥‡¡Á¥ F-300 ·≈– C2-115 ‚¥¬„™âπÈ”‡ ’¬ —ß‡§√“–ÀåøïπÕ≈∑’Ë¡’§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ 10 ¡°./≈. ‚¥¬∑”°“√

»÷°…“·∫∫·∫∑™å æ∫«à“Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ ·≈–æ∫«à“§à“

§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ∑’Ë‡«≈“ —¡º—  5 ™—Ë«‚¡ß πÕ°®“°π’È

„π°“√»÷°…“·∫∫ Fix-bed columns  æ∫«à“§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥‡æ‘Ë¡¢÷Èπ‡¡◊ËÕÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√

≈¥≈ß  ´÷Ëß¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß “¡“√∂«‘‡§√“–ÀåÀ“§à“§ß∑’Ë K µ“¡ ¡°“√¢Õß Bohart-Adams Model  ”À√—∫∂à“π

°—¡¡—πµå F-300 ·≈– C2-115 ∑’ËÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5  5.0 ·≈– 10.0 ≈∫.¡./µ√.¡.-™¡. §◊Õ 0.0027  0.0063

0.0128 ≈./¡°.-™¡. ·≈– 0.0021 0.0071 0.0127 ≈./¡°.-™¡. µ“¡≈”¥—∫  à«π§à“§ß∑’Ë N
0
  ”À√—∫ F-300 ‡∑à“°—∫ 30,393

19,502 ·≈– 13,997 ¡°./≈. „π¢≥–∑’Ë§à“§ß∑’Ë N
0
  ”À√—∫ C2-115 ‡∑à“°—∫ 27,752 13,873 ·≈– 10,535 ¡°./≈. ∑’ËÕ—µ√“

¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5  5.0 ·≈– 10.0 ≈∫.¡./µ√.¡.-™¡. µ“¡≈”¥—∫  ´÷Ëß· ¥ß„Àâ‡ÀÁπ«à“ ¡√√∂π–„π°“√°“√

¥Ÿ¥µ‘¥øïπÕ≈∑’Ë ¿“«–∑’Ë∑”°“√»÷°…“¢Õß∂à“π°—¡¡—πµå F-300  Ÿß°«à“ C2-115

ªí®®ÿ∫—π°“√¢¬“¬µ—«∑“ßÕÿµ “À°√√¡ ·≈–®”π«π
ª√–™“°√„πª√–‡∑»‰∑¬‰¥â‡æ‘Ë¡®”π«π¢÷ÈπÕ¬à“ß¡“° ´÷Ëß°àÕ
„Àâ‡°‘¥ªí≠À“µà“ßÊ Õ¬à“ß¡“°·°à ‘Ëß·«¥≈âÕ¡ ‡™àπ ¡≈¿“«–
Õ“°“» ¡≈¿“«–∑“ßπÈ” ‡ªìπµâπ ‚¥¬‡©æ“–πÈ”‡ ’¬∑’Ë¡“®“°
‚√ßß“πÕÿµ “À°√√¡∑’Ë¡’°“√ª≈àÕ¬ “√æ‘…µà“ßÊ ‡™àπ  “√
Õ‘π∑√’¬å ·≈– “√Õπ‘π∑√’¬å∑’Ë¬àÕ¬ ≈“¬‰¥â¬“° À√◊Õ¬àÕ¬
 ≈“¬‰¡à‰¥â≈ß‰ª„π·À≈àßπÈ”µà“ßÊ ®π°àÕ„Àâ‡°‘¥ªí≠À“°“√
‡πà“‡ ’¬¢Õß·À≈àßπÈ”‡À≈à“π—Èπ

πÈ”‡ ’¬®“°‚√ßß“πÕÿµ “À°√√¡∑’Ë¡’ “√øïπÕ≈‡ªìπ
 à«πª√–°Õ∫ ‡™àπ πÈ”‡ ’¬∑’Ë¡“®“°Õÿµ “À°√√¡°“√º≈‘µ∑’Ë
‡°’Ë¬«¢Õß°—∫‡¿ —™°√√¡·≈– ’¬âÕ¡ºâ“ π—∫«à“‡ªìπªí≠À“∑’Ë
 ”§—≠Õ’°Õ¬à“ßÀπ÷Ëß  ‡æ√“–øïπÕ≈‡ªìπ “√Õ‘π∑√’¬å∑’Ë
¬àÕ¬ ≈“¬‰¥â¬“°  ‡π◊ËÕß®“°‡ªìπ “√ª√–°Õ∫Õ–‚√¡“µ‘°
πÕ°®“°π’ÈøïπÕ≈¬—ß “¡“√∂∑”ªØ‘°‘√‘¬“°—∫ “√Õ◊Ëπ‰¥â‡ªìπ



«.  ß¢≈“π§√‘π∑√å «∑∑.

ªï∑’Ë 26 (©∫—∫æ‘‡»… 1) 2547 :
 ‘Ëß·«¥≈âÕ¡·≈–¢Õß‡ ’¬Õ—πµ√“¬

99

§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈

‚¥¬∂à“π°—¡¡—πµå™π‘¥‡¡Á¥

¢®√»—°¥‘Ï  ‚ ¿“®“√’¬å ·≈–§≥–

‡°‘¥ª√–‚¬™πå·≈–¡’√“§“µàÕÀπà«¬∑’ËµË” ‡ª√’¬∫‡∑’¬∫°—∫∂à“π
°—¡¡—πµå∑’Ëº≈‘µ‚¥¬∫√‘…—∑ Calgon ª√–‡∑» À√—∞Õ‡¡√‘°“
„π°“√°”®—¥ “√ª√–°Õ∫øïπÕ≈ÕÕ°®“°πÈ”‡ ’¬ ‚¥¬®–
∑”°“√»÷°…“∂÷ßº≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–Õ—µ√“¿“√–∫√√∑ÿ°‡™‘ß
ª√‘¡“µ√µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈√«¡∂÷ßÕ—µ√“
‡√Á«„π°“√¥Ÿ¥µ‘¥øïπÕ≈∑’Ë¿“«–°“√§«∫§ÿ¡µà“ßÊ

«‘∏’°“√»÷°…“

°“√»÷°…“§√—Èßπ’È·∫àßÕÕ°‡ªìπ 2 ·∫∫§◊Õ °“√»÷°…“
·∫∫·∫∑™å ·≈–°“√»÷°…“·∫∫µàÕ‡π◊ËÕß  „π°“√»÷°…“„™â
∂à“π°—¡¡—πµå 2 ™π‘¥§◊Õ ∂à“π°—¡¡—πµå F-300 ·≈–∂à“π¡—πµå
C2-115 ‚¥¬∑’Ë≈—°…≥– ¡∫—µ‘¢Õß∂à“π°—¡¡—πµå∑—Èß Õß™π‘¥
· ¥ß‰«â„π Table 1 πÈ”‡ ’¬∑’Ë„™â„π°“√»÷°…“‡ªìππÈ”‡ ’¬
 —ß‡§√“–ÀåøïπÕ≈∑’Ë¡’§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ 10 ¡≈./≈. ‚¥¬∑’Ë
Õÿª°√≥å∑’Ë„™â„π°“√»÷°…“·∫∫·∫∑™å·≈–°“√»÷°…“·∫∫
µàÕ‡π◊ËÕß· ¥ß„π Figure 1 ·≈– Figure 2 µ“¡≈”¥—∫

°“√»÷°…“·∫∫·∫∑™å

°“√»÷°…“·∫∫·∫∑™å‡æ◊ËÕÀ“º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ
§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥ ·≈–Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥
øïπÕ≈¢Õß∂à“π°—¡¡—πµå ‚¥¬·∫àß°“√∑¥≈Õß‡ªìπ 3 ¢—ÈπµÕπ
¥—ßπ’È

1. °“√∑¥≈ÕßÀ“‡«≈“ —¡º—  ‚¥¬„ à∂à“π°—¡¡—πµå
™π‘¥‡¡Á¥ª√‘¡“≥ 100 ¡°. ´÷Ëß‡ªìπª√‘¡“≥µË” ÿ¥∑’Ë„™â„π
°“√∑¥≈Õß ≈ß‰ª„π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡≈. ´÷Ëß∫√√®ÿ
πÈ”‡ ’¬ —ß‡§√“–Àåª√‘¡“≥ 100 ¡≈. À≈—ß®“°π—Èπ°Á∑”°“√

‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ ∑”°“√∑¥≈Õß∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC ‚¥¬
∑”°“√‡¢¬à“¢«¥∑’Ë‡«≈“µà“ßÊ °—π ¥—ßπ’È§◊Õ 30  60  120

180  240  300  360  420 ·≈– 480 π“∑’ µ“¡≈”¥—∫
À≈—ß®“°π—Èππ”‡Õ“πÈ”„ ∑’Ë‰¥â®“°°“√‡¢¬à“∑’Ë‡«≈“µà“ßÊ °—ππ’È
‰ªÀ“ª√‘¡“≥øïπÕ≈∑’Ë‡À≈◊ÕÕ¬Ÿà ‡æ◊ËÕÀ“‡«≈“ —¡º— ∑’Ë‡¢â“„°≈â
®ÿ¥ ¡¥ÿ≈¢Õß°“√¥Ÿ¥µ‘¥ ∑”°“√∑¥≈Õß È́”‚¥¬‡ª≈’Ë¬π™π‘¥
¢Õß∂à“π°—¡¡—πµå

2. °“√∑¥≈ÕßÀ“º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§à“§«“¡

 “¡“√∂„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå  ‚¥¬„™âπÈ”‡ ’¬
 —ß‡§√“–Àåª√‘¡“≥ 100 ¡≈. „ à≈ß‰ª„π¢«¥√Ÿª™¡æŸà ·≈â«
‡µ‘¡∂à“π°—¡¡—πµå≈ß‰ª„πª√‘¡“≥µà“ßÊ °—π¥—ßπ’È 100 200

300 400 ·≈– 500 ¡°. ·≈â«π”¡“‡¢¬à“‚¥¬„™â‡«≈“‡∑à“°—∫
‡«≈“ —¡º— ∑’ËÀ“‰¥â®“°¢âÕ ° À≈—ß®“°π—Èπ®–π”‡Õ“πÈ”„ ∑’Ë
‰¥â®“°°“√‡¢¬à“π’È‰ªÀ“ª√‘¡“≥øïπÕ≈∑’Ë‡À≈◊ÕÕ¬Ÿà  ®“°π—Èπ
À“§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå µ“¡
 ¡°“√¢Õß Freundlich isotherm ·≈– Langmuir iso-

therm ∑”°“√∑¥≈Õß È́” ‚¥¬‡ª≈’Ë¬π§à“Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡ ’¬
‡ªìπ 25  30  35  40 ·≈– 45ºC µ“¡≈”¥—∫ ·≈–‡ª≈’Ë¬π
™π‘¥¢Õß∂à“π°—¡¡—πµå

3. °“√∑¥≈ÕßÀ“º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕÕ—µ√“‡√Á«

„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå ‚¥¬„ à∂à“π°—¡¡—πµå™π‘¥‡¡Á¥
ª√‘¡“≥ 150 ¡°. ≈ß‰ª„π¢«¥√Ÿª™¡æŸà¢π“¥ 250 ¡≈. ´÷Ëß
∫√√®ÿπÈ”‡ ’¬ —ß‡§√“–Àåª√‘¡“≥ 100 ¡≈.  À≈—ß®“°π—Èπ°Á
∑”°“√‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“ ‚¥¬®–∑”°“√‡¢¬à“¢«¥∑’Ë‡«≈“
µà“ßÊ °—π ¥—ßπ’È§◊Õ 4  16  36  64  100  144  196 ·≈–
256 π“∑’ µ“¡≈”¥—∫  À≈—ß®“°π—Èπ®–π”‡Õ“πÈ”„ ∑’Ë‰¥â®“°
°“√‡¢¬à“∑’Ë‡«≈“µà“ßÊ °—ππ’È‰ªÀ“ª√‘¡“≥øïπÕ≈∑’Ë‡À≈◊ÕÕ¬Ÿà

Table 1. Properties of granular activated carbon. (F-300 and C2-115)

Property F-300 C2-115*

Raw material Bituminous Coal Coconut Shell

Size Larger than sieve #8 (2.38 mm) 8% Larger than sieve #8 (2.38 mm) 8%
Smaller than sieve #30 (0.59mm) 2% Smaller than sieve #30 (0.59mm) 2%

Physical properties Gray color, spherical shape Black color, non-spherical shape

Surface area, m
2
/g 900-1000 1000-1150

Iodine Number, mg/g 950 1150

*Sopajaree and Maneechot, 2003
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‡æ◊ËÕÀ“Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå  ∑”°“√
∑¥≈Õß È́”‚¥¬‡ª≈’Ë¬π§à“Õÿ≥À¿Ÿ¡‘¢ÕßπÈ”‡ ’¬‡ªìπ 25  30  35

40 ·≈– 45ºC µ“¡≈”¥—∫ ·≈–‡ª≈’Ë¬π™π‘¥¢Õß∂à“π°—¡¡—πµå

°“√»÷°…“·∫∫µàÕ‡π◊ËÕß

°“√»÷°…“·∫∫µàÕ‡π◊ËÕß‡æ◊ËÕÀ“º≈¢ÕßÕ—µ√“¿“√–
∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë¡’µàÕ°“√¥Ÿ¥µ‘¥øïπÕ≈ ́ ÷Ëß„™âÕ—µ√“¿“√–
∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë 2.5  5.0 ·≈– 10.0 ≈∫.¡./µ√.¡.-
™¡. πÈ”‡ ’¬ —ß‡§√“–ÀåøïπÕ≈®–∂Ÿ° Ÿ∫‚¥¬ªíô¡‰¥Õ–·ø√¡
‡¢â“ Ÿà§Õ≈—¡πǻ ÷Ëß∑”®“°∑àÕÕ–§√’≈‘§¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß
¿“¬„π 1.9 ́ ¡. „™â§«“¡≈÷°¢Õß™—Èπ∂à“π 12.5 ́ ¡.„π·µà≈–
§Õ≈—¡πå‚¥¬∑”°“√∑¥≈ÕßµàÕ‡π◊ËÕß ∑”°“√µ√«®«—¥ª√‘¡“≥
øïπÕ≈„ππÈ”‡¢â“ ·≈–πÈ”∑’ËÕÕ°®“°·µà≈–§Õ≈—¡πå ∑ÿ°Ê 3

™—Ë«‚¡ß ∑”°“√∑¥≈Õß´È”‚¥¬‡ª≈’Ë¬πÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ß
ª√‘¡“µ√ ·≈–™π‘¥¢Õß∂à“π°—¡¡—πµå

º≈°“√»÷°…“·≈–°“√«‘®“√≥åº≈

®“°°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘ ·≈–Õ—µ√“¿“√–
∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈
¢Õß∂à“π°—¡¡—πµå™π‘¥‡¡Á¥ ‚¥¬‰¥â∑”°“√»÷°…“∑—Èß·∫∫·∫∑™å
·≈–·∫∫µàÕ‡π◊ËÕß  “¡“√∂·¬°º≈°“√»÷°…“·≈–«‘®“√≥åº≈
‰¥â¥—ßπ’È

°“√À“‡«≈“ —¡º— ¢Õß∂à“π°—¡¡—πµå™π‘¥‡¡Á¥∑’Ë‰¥â®“°°“√

∑¥≈Õß·∫∫·∫∑™å

®“°º≈°“√∑¥≈Õßæ∫«à“ ‡«≈“ —¡º— ∑’Ë®ÿ¥ ¡¥ÿ≈¢Õß
∂à“π°—¡¡—πµå™π‘¥ F-300 ·≈–∂à“π°—¡¡—πµå™π‘¥ C2-115

¡’§à“„°≈â‡§’¬ß°—π§◊Õ 300 π“∑’ À√◊Õ 5 ™—Ë«‚¡ß ¥—ß· ¥ß„π
Figure 3 ‰¥â· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπøïπÕ≈
°—∫‡«≈“ —¡º— ¢Õß∂à“π°—¡¡—πµå F-300 ·≈– C2-115 ´÷Ëß
æ∫«à“∑’Ë‡«≈“ —¡º— ¥—ß°≈à“« ∂à“π°—¡¡—πµå™π‘¥ F-300 ®–
¥Ÿ¥µ‘¥øïπÕ≈‰¥â¡“°°«à“∂à“π°—¡¡—πµå™π‘¥ C2-115 ´÷Ëß‡ÀÁπ
‰¥â®“°§à“§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈§ß‡À≈◊ÕµË”°«à“‡¡◊ËÕ„™â∂à“π
°—¡¡—πµå™π‘¥ F-300

º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈

®“°º≈°“√∑¥≈Õß “¡“√∂À“§«“¡ “¡“√∂„π°“√
¥Ÿ¥µ‘¥øïπÕ≈∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—π‚¥¬°“√π”¢âÕ¡Ÿ≈¡“
«‘‡§√“–Àå§«“¡ —¡æ—π∏åµ“¡ ¡°“√¢Õß Langmuir ·≈–
Freundlich isotherm ¥—ß· ¥ß„π ¡°“√ 1 ·≈– 2 (Faust

and Aly, 1987) µ“¡≈”¥—∫ Figure 4 ·≈– Figure 5 · ¥ß
°“√«‘‡§√“–Àå§«“¡ —¡æ—π∏å¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√»÷°…“‚¥¬„™â
∂à“π°—¡¡—πµå F-300 ∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC  ¡°“√ 1 ·≈– 2

µ“¡≈”¥—∫

C
e

X / M
 =  

1

ab
+

1

a
C

e        (1)

Figure 1. Experimental set-up for the batch study. Figure 2. Experimental set-up for the continuous

(fixed-bed columns) study.
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¢®√»—°¥‘Ï  ‚ ¿“®“√’¬å ·≈–§≥–

‚¥¬∑’Ë X §◊Õ ª√‘¡“≥¢Õß “√∑’Ë∂Ÿ°¥Ÿ¥µ‘¥
M §◊Õ ª√‘¡“≥¢Õß “√¥Ÿ¥µ‘¥º‘«
a, b §◊Õ §à“§ß∑’Ë
C

e
§◊Õ §«“¡‡¢â¡¢âπ¢Õß “√∑’Ë∂Ÿ°¥Ÿ¥µ‘¥∑’Ë ¿“«–

 ¡¥ÿ≈

log
(C

o
− C

e
)

M
 =  log K +

1

n
logC

e        (2)

Figure 4 · ¥ß§«“¡ —¡æ—π∏åµ“¡ ¡°“√¢Õß
Langmuir isotherm   ”À√—∫∂à“π°—¡¡—πµå F-300 ∑’Ë
Õÿ≥À¿Ÿ¡‘ 25ºC  “¡“√∂À“§à“ 1/a ‰¥â®“°§«“¡™—π¢Õß
°√“ø ´÷Ëß§”π«≥‡ªìπ§à“§ß∑’Ë a ‡∑à“°—∫ 10.41 ¡°./°. ·≈–
§”π«≥À“§à“§ß∑’Ë b  ®“°®ÿ¥µ—¥·°π y ¢Õß°√“ø‰¥â§à“
§ß∑’Ë b ‡∑à“°—∫ 1.16 ≈‘µ√/¡°. „π¢≥–∑’Ë Figure 5 · ¥ß

§«“¡ —¡æ—π∏å√–À«à“ß log (X/M) ·≈– log Ce µ“¡ ¡°“√
¢Õß Freundlich isotherm  ”À√—∫∂à“π°—¡¡—πµå F-300

∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC  “¡“√∂À“§à“ 1/n ‰¥â®“°§«“¡™—π¢Õß
°√“ø ´÷Ëß¡’§à“§ß∑’Ë n ‡∑à“°—∫ 1.91 ·≈–§”π«≥À“§à“§ß∑’Ë
K ®“°®ÿ¥µ—¥·°π y ¢Õß°√“ø‰¥â§à“§ß∑’Ë K ‡∑à“°—∫ 5.15

(¡°./°.)(≈./¡°.)1/n ‚¥¬∑’ËÕÿ≥À¿Ÿ¡‘Õ◊Ëπ·≈–∂à“π°—¡¡—πµå
C2-115 °Á‰¥â„™â«‘∏’«‘‡§√“–Àå§à“§ß∑’Ë«‘∏’‡¥’¬«°—π ®“°§à“§ß∑’Ë
´÷ËßÀ“‰¥â “¡“√∂π”¡“·∑π§à“„π ¡°“√ 1 ·≈– 2 ‡æ◊ËÕ„™â
„π°“√ÕÕ°·∫∫∂—ßªØ‘°‘√‘¬“∑’Ë‡ªìπ·∫∫‡∑ (batch) ´÷Ëß®–À“
ª√‘¡“≥¢Õß∂à“π°—¡¡—πµå∑’ËµâÕß°“√‰¥â‚¥¬°“√„ à§à“¢Õß
§«“¡‡¢â¡µâπ¢ÕßøïπÕ≈‡√‘Ë¡µâπ·≈–§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈
 ÿ¥∑â“¬∑’ËµâÕß°“√„Àâ‡À≈◊ÕÕ¬Ÿà≈ß‰ª„π ¡°“√ §à“§ß∑’Ë®“°
°“√«‘‡§√“–Àåµ“¡ ¡°“√¢Õß Freundlich ·≈– Langmuir

isotherm §à“§«“¡ “¡“√∂„π°“√°“√¥Ÿ¥µ‘¥ §à“ À —¡æ—π∏å

Figure 3.  Relationship between phenol concentration and contact time of F-300 and C2-115.

Figure 4. Relationship  between  
C

e

X / M
  and  C

e

(Equation 1) of F-300 at 25ºC.

Figure 5. Relationship  between  log  (X/M)  and

log C
e
 (Equation 2) of F-300 at 25ºC.
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·≈–§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡æ—∑∏å‡©≈’Ë¬ ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
¢Õß∂à“π°—¡¡—πµå F-300 ·≈– C2-115 · ¥ß‰«â„π Table

2 ·≈– Table 3 µ“¡≈”¥—∫
®“°¢âÕ¡Ÿ≈„πµ“√“ß∑—Èß Õß· ¥ß„Àâ‡ÀÁπ«à“°“√¥Ÿ¥µ‘¥

Table 2. Constant values of Freundlich and Langmuir isotherm, maximum adsorp-

tive capacity, multiple correlation coefficient, and relative error of F-300

at various temperatures with initial phenol concentration of 10 mg/l.

T Isotherm K, mg
1-1/n

  L
1/n

 g
-1

Maximum X/M R
2 σσσσσ

(ºC) a, mg/g (mg/g)

b, L/mg

Freundlich K = 5.15 17.13 0.9652 0.1132
n = 1.91

25
Langmuir a = 10.41 9.58 0.8756 0.1576

b = 1.16

Freundlich K = 5.57 19.02 0.9735 0.0784
n = 1.88

30
Langmuir a = 11.17 10.32 0.9555 0.1178

b = 1.21

Freundlich K = 6.80 25.04 0.9902 0.0724
n = 1.77

35
Langmuir a = 12.24 11.43 0.9793 0.1183

b = 1.42

Freundlich K = 7.47 32.47 0.9900 0.0680
n = 1.57

40
Langmuir a = 13.83 12.78 0.9971 0.0417

b = 1.21

Freundlich K = 8.23 34.40 0.9984 0.0543
n = 1.61

45
Langmuir a = 13.97 13.06 0.9892 0.0694

b = 1.43

R = Multiple Correlation Coefficient

σσσσσ = Relative Error

Maximum X/M = Maximum Adsorption Capacity (mg (adsorbate )/g (adsorbent))

σσ =
1

n

q
obs

− q
cal

Q
obs

∑

q
obs

= Adsorptive Capacity
q

cal
= Calculated Adsorptive Capacity
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‚¥¬∂à“π°—¡¡—πµå™π‘¥‡¡Á¥

¢®√»—°¥‘Ï  ‚ ¿“®“√’¬å ·≈–§≥–

¢ÕßøïπÕ≈‚¥¬∂à“π°—¡¡—πµå F-300 ·≈– C2-115  “¡“√∂
Õ∏‘∫“¬¥â«¬ Freundlich ·≈– Langmuir isotherm ‰¥â

∑—Èßπ’Èæ‘®“√≥“®“°§à“ À —¡æ—π∏å (R2) ®–‡ÀÁπ‰¥â«à“¡’§à“
§àÕπ¢â“ß Ÿß∑—Èß Õß ¡°“√ · ¥ß«à“∑—Èß ¡°“√ Freundlich

Table 3. Constants of Freundlich and Langmuir isotherm, adsorptive capacity,

multiple correlation coefficient, and relative error of C2-115 at various

temperatures with initial phenol concentration of 10 mg/l.

T Isotherm K, mg
1-1/n

  L
1/n

 g
-1

Maximum X/M R
2 σσσσσ

(ºC) a, mg/g (mg/g)

b, L/mg

Freundlich K = 3.13 16.54 0.9954 0.0405
n = 1.38

25
Langmuir a = 16.34 11.60 0.9270 0.0588

b = 0.24

Freundlich K = 3.94 16.64 0.9972 0.0332
n = 1.60

30
Langmuir a = 12.39 10.37 0.9711 0.0713

b = 0.51

Freundlich K = 4.31 18.45 0.9952 0.0565
n = 1.58

35
Langmuir a = 12.22 10.50 0.9976 0.0408

b = 0.61

Freundlich K = 5.02 26.21 0.9985 0.0324
n = 1.39

40
Langmuir a = 16.47 13.59 0.9977 0.0335

b = 0.47

Freundlich K = 5.28 27.11 0.9940 0.0496
n = 1.41

45
Langmuir a = 16.00 13.46 0.9934 0.0291

b = 0.53

R = Multiple Correlation Coefficient

σσσσσ = Relative Error
Maximum X/M = Maximum Adsorption Capacity (mg (adsorbate )/g (adsorbent))

σσ =
1

n

q
obs

− q
cal

Q
obs

∑

q
obs

= Adsorptive Capacity
q

cal
= Calculated Adsorptive Capacity
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·≈– Langmuir isotherm  “¡“√∂„™â∑”π“¬º≈°“√¥Ÿ¥µ‘¥
øïπÕ≈¢Õß∂à“π°—¡¡—πµå‰¥â¥’ Mckey ·≈–§≥– (1985) ‰¥â
∑” °“√∑¥≈Õß°“√¥Ÿ¥µ‘¥øïπÕ≈ ·≈– P-Chlorophenol

æ∫«à“∑—Èß ¡°“√  Freundlich  ·≈–  Langmuir  isotherm

 “¡“√∂„™â∑”π“¬º≈°“√¥Ÿ¥µ‘¥øïπÕ≈‰¥â¥’ ·µà‡¡◊ËÕæ‘®“√≥“
§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡æ—∑∏å‡©≈’Ë¬·≈â«®–æ∫«à“ ¡°“√¢Õß
Freundlich ¡’§à“§«“¡§≈“¥‡§≈◊ËÕπ —¡æ—∑∏å‡©≈’Ë¬µË”°«à“
 ¡°“√¢Õß Langmuir · ¥ß«à“ ¡°“√¢Õß Freundlich

∑”π“¬º≈°“√¥Ÿ¥µ‘¥øïπÕ≈∑’Ë§«“¡‡¢â¡¢âπ 10 ¡°./≈. ™à«ß
Õÿ≥À¿Ÿ¡‘ 25-45ºC ¢Õß∂à“π°—¡¡—πµå™π‘¥ F-300 ·≈– C2-

115 ‰¥â¥’°«à“ ¡°“√¢Õß Langmuir ‚¥¬∑—Èßπ’È Langmuir

isotherm ∂Ÿ° √â“ß¢÷Èπ¿“¬„µâ ¡¡ÿµ‘∞“π∑’Ë«à“ °“√¥Ÿ¥µ‘¥º‘«
®–‡°‘¥¢÷Èπ‡æ’¬ß™—Èπ‡¥’¬«∫πº‘«¢Õß¢Õßµ—«¥Ÿ¥µ‘¥·≈–‚¡‡≈°ÿ≈
∑’Ë∂Ÿ°¥Ÿ¥µ‘¥ º‘«®–‰¡à “¡“√∂‡§≈◊ËÕπ∑’Ë¬â“¬‰ª¡“‰¥âÕ¬à“ß
Õ‘ √–√–À«à“ßæ◊Èπ∑’Ëº‘«À√◊Õ∑”ªØ‘°‘√‘¬“°—∫‚¡‡≈°ÿ≈Õ◊Ëπ∑’ËÕ¬Ÿà
„°≈â‡§’¬ß‚¥¬¡’æ≈—ßß“π„π°“√¥Ÿ¥µ‘¥‡∑à“°—π∑ÿ°Ê µ”·Àπàß
„π¢≥–∑’Ë Freundlich isotherm ∂Ÿ° √â“ß¢÷Èπ¿“¬„µâ
 ¡¡ÿµ‘∞“π∑’Ë«à“µ—«°≈“ß¥Ÿ¥µ‘¥º‘«™π‘¥Àπ÷ËßÊ ®–¡’æ◊Èπº‘«∑’Ë¡’
≈—°…≥–∑’Ë‰¡à‡ªìπ‡π◊ÈÕ‡¥’¬« (Heterogeneous) ∑”„Àâ∫√‘‡«≥
∑’Ë‡°‘¥°“√¥Ÿ¥´—∫¡’≈—°…≥–∑’Ë·µ°µà“ß°—π ·≈–°“√¥Ÿ¥µ‘¥º‘«
 “¡“√∂∑’Ë®–‡°‘¥¢÷Èπ‰¥â¡“°°«à“ 1 ™—Èπ

πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥
µ‘¥øïπÕ≈¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥ ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ ®–
æ∫«à“‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢÷Èπ§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥®–
‡æ‘Ë¡¢÷Èπ  ‚¥¬∂à“π°—¡¡—πµå  F-300  ¡’§à“ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘
45ºC ´÷Ëß¡’§à“‡∑à“°—∫ 34.40 ¡°./°. ·≈–¡’§à“≈¥≈ß‡À≈◊Õ
17.13 ¡°./≈. ∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC „π¢≥–∑’Ë∂à“π°—¡¡—πµå
C2-115 ¡’§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥ Ÿß ÿ¥∑’ËÕÿ≥À¿Ÿ¡‘
45ºC ‡∑à“°—∫ 27.11 ¡°./°. ·≈–¡’§à“≈¥≈ß‡À≈◊Õ 16.54

¡°./≈.  ∑’ËÕÿ≥À¿Ÿ¡‘  25ºC  (Freundlich  isotherm)

πÕ°®“°π’È‡¡◊ËÕæ‘®“√≥“®“°≈—°…≥–¢Õß°√“ø adsorption

isotherm ¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥ µ“¡ ¡°“√¢Õß
Freundlich ®–æ∫«à“§à“§ß∑’Ë n ®–¡’∑—Èß‡æ‘Ë¡·≈–≈¥‡¡◊ËÕ
Õÿ≥À¿Ÿ¡‘‡æ‘Ë¡¢÷Èπ ·µà°Á‡ª≈’Ë¬π·ª≈ßÕ¬Ÿà„π™à«ß·§∫Ê ´÷Ëß
Õÿ≥À¿Ÿ¡‘„π™à«ß∑’Ë∑”°“√∑¥≈Õß¡’º≈µàÕ°“√‡æ‘Ë¡À√◊Õ≈¥≈ß
¢Õß§à“§ß∑’Ë n ‰¡à™—¥‡®π ·µà‡¡◊ËÕæ‘®“√≥“§à“§ß∑’Ë K ®–
æ∫«à“§à“§ß∑’Ë K ®–‡æ‘Ë¡¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘ ´÷Ëß Õ¥§≈âÕß°—∫

§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥∑’Ë‡æ‘Ë¡¢÷Èπ  ¥—ß· ¥ß‰«â„π Fig-

ure 6

®“°º≈°“√∑¥≈Õß √ÿª‰¥â«à“ §à“§«“¡ “¡“√∂„π
°“√¥Ÿ¥µ‘¥∑’Ë®ÿ¥ ¡¥ÿ≈¢Õß∂à“π°—¡¡—πµå™π‘¥ F-300 ‡æ‘Ë¡¢÷Èπ
µ“¡Õÿ≥À¿Ÿ¡‘ ÷́Ëß√–∫ÿ„Àâ∑√“∫«à“ªØ‘°‘√‘¬“°“√¥Ÿ¥µ‘¥øïπÕ≈
∑’Ë§«“¡‡¢â¡¢âπ 10 ¡°./≈. ∑’ËÕÿ≥À¿Ÿ¡‘ 25-45ºC π—Èπ‡ªìπ
ªØ‘°‘√‘¬“¥Ÿ¥§«“¡√âÕπ ́ ÷Ëß·¡â«à“‡ªìπ∑’Ë∑√“∫°—π¥’«à“°√–∫«π
°“√¥Ÿ¥µ‘¥º‘« à«π„À≠à®–‡ªìπªØ‘°‘√‘¬“§“¬§«“¡√âÕπ ·µà
Õ¬à“ß‰√°Áµ“¡ ß“π«‘®—¬∫“ß à«π°≈—∫æ∫«à“°√–∫«π°“√
¥Ÿ¥µ‘¥º‘«π—Èπ‡ªìπªØ‘°‘√‘¬“∑’Ë¥Ÿ¥§«“¡√âÕπ ‚¥¬ß“π«‘®—¬¢Õß
Singh ·≈– Srivastava (1999) æ∫«à“°√–∫«π°“√¥Ÿ¥µ‘¥
º‘«¢Õß ’¬âÕ¡ºâ“∫π psidium guyava leaves π—Èπ‡ªìπ
ªØ‘°‘√‘¬“∑’Ë¥Ÿ¥§«“¡√âÕπ  ‡™àπ‡¥’¬«°—π°—∫ß“π«‘®—¬¢Õß
Ghash ·≈– Bhattacharyya (2002) ∑’Ëæ∫«à“°“√¥Ÿ¥µ‘¥º‘«
¢Õß methylene blue ∫π kaolinite π—Èπ°Á‡ªìπªØ‘°‘√‘¬“∑’Ë
¥Ÿ¥§«“¡√âÕπ ́ ÷Ëßº≈¢Õß°“√∑¥≈Õß§√—Èßπ’È°Á‰¥âº≈∑’Ë Õ¥§≈âÕß
°—∫ß“π«‘®—¬‡À≈à“π’È

®“°§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ
¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥ ‡¡◊ËÕπ”¡“‡ª√’¬∫‡∑’¬∫°—π ®–
‡ÀÁπ‰¥â«à“ ∂à“π°—¡¡—πµå F-300 ¡’§à“§«“¡ “¡“√∂„π°“√
¥Ÿ¥µ‘¥ Ÿß°«à“∂à“π°—¡¡—πµå C2-115 „π∑ÿ°Ê Õÿ≥À¿Ÿ¡‘ ‚¥¬
∑’Ë∂à“π°—¡¡—πµå F-300 ¡’§à“ Ÿß°«à“∂à“π°—¡¡—πµå C2-115

ª√–¡“≥ 1.04 -1.36 ‡∑à“

º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕÕ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß

∂à“π°—¡¡—πµå™π‘¥‡¡Á¥

®“°º≈°“√∑¥≈Õß´÷Ëß∑” 2 ´È” ‚¥¬„™â∂à“π°—¡¡—πµå
∑—Èß 2 ™π‘¥ ‡ªìπµ—«°≈“ß„π°“√¥Ÿ¥µ‘¥ ∑’ËÕÿ≥À¿Ÿ¡‘µà“ßÊ °—π
·≈–π”¢âÕ¡Ÿ≈¡“À“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡ “¡“√∂„π
°“√¥Ÿ¥µ‘¥ ·≈–√“°∑’Ë Õß¢Õß‡«≈“ —¡º—  ‡æ◊ËÕÀ“Õ—µ√“‡√Á«
„π°“√¥Ÿ¥µ‘¥ ‚¥¬∑’Ë§«“¡ —¡æ—π∏å¥—ß°≈à“«„™âÕ∏‘∫“¬„π°√≥’
°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå∑’Ë¡’≈—°…≥–√Ÿæ√ÿπ·∫∫ Micro-

pore (¡—Ëπ ‘π, 2539)  Figure 7 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß
§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥ ·≈–√“°∑’Ë Õß¢Õß‡«≈“ —¡º— 
 ”À√—∫∂à“π°—¡¡—πµå F-300 ∑’ËÕÿ≥À¿Ÿ¡‘ 25ºC ´÷Ëß∑’ËÕÿ≥À¿Ÿ¡‘
Õ◊Ëπ ·≈–∂à“π°—¡¡—πµå C2-115 °Á¥”‡π‘π°“√‚¥¬„™â«‘∏’‡¥’¬«
°—π
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§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈

‚¥¬∂à“π°—¡¡—πµå™π‘¥‡¡Á¥

¢®√»—°¥‘Ï  ‚ ¿“®“√’¬å ·≈–§≥–

®“°¢âÕ¡Ÿ≈∑’Ë‰¥â®–æ∫«à“Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥øïπÕ≈
∑’Ë§«“¡‡¢â¡¢âπ 10 ¡°./≈. „π™à«ßÕÿ≥À¿Ÿ¡‘ 25-45ºC ¢Õß
∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥ Ÿß¢÷Èπµ“¡Õÿ≥À¿Ÿ¡‘∑’Ë‡æ‘Ë¡¢÷Èπ ‡π◊ËÕß
®“°‡¡◊ËÕÕÿ≥À¿Ÿ¡‘ Ÿß¢Õß “√≈–≈“¬ Ÿß¢÷Èπ §«“¡Àπ◊¥„π
 “√≈–≈“¬≈¥≈ß ∑”„Àâ‚¡‡≈°ÿ≈¢Õß “√≈–≈“¬¡’Õ—µ√“°“√
·æ√à°√–®“¬¡“°¢÷Èπ  ‚¡‡≈°ÿ≈¢ÕßøïπÕ≈®÷ß “¡“√∂·æ√à
°√–®“¬‡¢â“ Ÿà√Ÿ‚æ√ß¿“¬„π¢Õß∂à“π°—¡¡—πµå‰¥â¡“°¢÷Èπ ´÷Ëß
 àßº≈„Àâ°“√‡°‘¥¥Ÿ¥µ‘¥¡“°¢÷Èπ ´÷ËßÕ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥
¢Õß∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥‰¥â· ¥ß„π Table 4

‡¡◊ËÕπ”§à“Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå∑—Èß
2 ™π‘¥ ¡“À“§«“¡ —¡æ—π∏åµ“¡ ¡°“√¢Õß Arrhenius

(Faust and Aly, 1987) ‚¥¬æ≈äÕµ§«“¡ —¡æ—π∏å√–À«à“ß
√–À«à“ß ln (K × 10) °—∫ 1/T ‚¥¬§à“§ß∑’Ë 10 ∑’Ë§Ÿ≥°—∫§à“
K π—Èπ‡ªìπµ—«‡≈¢∑’Ë„™â„π°“√ª√—∫§à“¢Õß·°π y ‡æ◊ËÕ„Àâ¡’
§à“∑’Ë‡ªìπ∫«° Figure 8 · ¥ß§«“¡ —¡æ—π∏å√–À«à“ß ln

(K × 10) °—∫ 1/T ¢Õß∂à“π°—¡¡—πµå F-300 ®“°°“√À“
§«“¡ —¡æ—π∏åµ“¡ ¡°“√¢Õß Arrhenius ∑”„Àâ‰¥â ¡°“√
∑’Ë„™â§”π«≥À“Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥¢Õß∂à“π°—¡¡—πµå
F-300 ·≈– C2-115 ∑’ËÕÿ≥À¿Ÿ¡‘„π™à«ß 25-45ºC ‰¥â¥—ß
· ¥ß„π ¡°“√ 3 ·≈– 4

K
2
 =  K

1
θ

F

(T2−T1)          (3)

‚¥¬ θ
F
 =  e(−981.79/T1T2)

K
2
 =  K

1
θ

C

(T2−T1)          (4)

‚¥¬ θ
C
 =  e(−556.11/T1T2)

‡¡◊ËÕ K1 §◊Õ Õ—µ√“°“√¥Ÿ¥µ‘¥∑’Ë T
1
 (¡°./°.-π“∑’ 0.5)

K2 §◊Õ Õ—µ√“°“√¥Ÿ¥µ‘¥∑’Ë T
2
 (¡°./°.-π“∑’ 0.5)

T1 §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë 1 (ºK)

T2 §◊Õ Õÿ≥À¿Ÿ¡‘∑’Ë 2 (ºK)

θ
F

§◊Õ §à“§ß∑’Ë¢Õß∂à“π°—¡¡—πµå F-300

θ
C

§◊Õ §à“§ß∑’Ë¢Õß∂à“π°—¡¡—πµå C2-115

§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈„ππÈ”∑’Ëºà“π

√–∫∫°—∫ª√‘¡“µ√πÈ”ÕÕ° – ¡ „π·µà≈–§Õ≈—¡πå∑’ËµàÕ°—π

·∫∫Õπÿ°√¡

®“°°“√∑¥≈Õß∑’Ë„™â∂à“π°—¡¡—πµå∑—Èß 2 ™π‘¥  “¡“√∂
π”¢âÕ¡Ÿ≈¡“À“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß
øïπÕ≈„ππÈ”∑’Ëºà“π√–∫∫°—∫ª√‘¡“µ√πÈ”ÕÕ° – ¡„π·µà≈–
§Õ≈—¡πå ∑’ËÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√µà“ßÊ Figure 9

· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈„ππÈ”∑’Ë
ºà“π√–∫∫°—∫ª√‘¡“µ√πÈ”ÕÕ° – ¡„π·µà≈–§Õ≈—¡πå    ”À√—∫
∂à“π°—¡¡—πµå F-300 ∑’ËÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5

≈∫.¡./µ√.¡.-™¡. ´÷Ëß∑’ËÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√Õ◊Ëπ
·≈–∂à“π°—¡¡—πµå C2-115 °“√«‘‡§√“–Àå¥”‡π‘π°“√‚¥¬„™â
«‘∏’‡¥’¬«°—π

Figure 6. Relationship between log (X/M) and

log C
e
 (Equation 2) of F-300 and C2-115

at various temperatures.

Figure 7. Relationship between X/M and time
0.5

for F-300 at 25ºC.
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®“°º≈°“√∑¥≈Õß “¡“√∂À“®ÿ¥‡∫√§∑√Ÿ∑’Ëª√‘¡“µ√
¢ÕßπÈ”ÕÕ°®“°√–∫∫¢Õß·µà≈–§Õ≈—¡πå ´÷Ëß®“°§à“ª√‘¡“µ√
πÈ”ÕÕ°∑’Ë®ÿ¥‡∫√§∑√Ÿ∑’Ë‰¥â®“°°√“ø‚¥¬°“√°”Àπ¥§«“¡
‡¢â¡¢âπ¢ÕßøïπÕ≈„ππÈ”ÕÕ° ÷́ËßÕ“®°”Àπ¥‚¥¬§à“¡“µ√∞“π
πÈ”∑‘Èß (1 ¡°./≈.) À√◊Õ‡ªÕ√å‡´Áπµå§«“¡‡¢â¡¢âπ¢ÕßøïπÕ≈
(Reed et al., 1996) ·≈â«®÷ßπ”‰ª§”π«≥‡ªìπ√–¬–‡«≈“
„π°“√‡¥‘π√–∫∫‰¥â ´÷Ëß®“°§à“‡«≈“∑’Ë‰¥â “¡“√∂π”¡“À“
§«“¡ —¡æ—π∏å√–À«à“ß§«“¡≈÷°¢Õß™—Èπ∂à“π·≈–√–¬–‡«≈“
‡¥‘π√–∫∫ µ“¡«‘∏’ bed depth-service time (BDST)

 ”À√—∫∂à“π°—¡¡—πµå™π‘¥ F-300 ‰¥â¥—ß· ¥ß„π Figure 10

‚¥¬· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß§«“¡≈÷°¢Õß™—Èπ∂à“π – ¡
·≈–√–¬–‡«≈“‡¥‘π√–∫∫  ”À√—∫∂à“π°—¡¡—πµå™π‘¥ F-300

´÷Ëß∂à“π°—¡¡—πµå C2-115 °Á„™â«‘∏’‡¥’¬«°—π

®“° ¡°“√‡ âπµ√ß∑’Ë‰¥â®“°°“√∑¥≈Õß  “¡“√∂
π”¡“À“§à“§ß∑’Ë  K  ·≈–  N

0
  µ“¡ ¡°“√¢Õß  Bohart-

Adams Model ´÷Ëß‰¥â· ¥ß„π ¡°“√ 5 ·≈–§à“§«“¡≈÷°
«‘°ƒµÀ“‰¥â®“° ¡°“√ 6 ´÷Ëß„π Table 5 ‰¥â· ¥ß§à“§ß∑’Ë
µ“¡ ¡°“√¢Õß Bohart-Adams Model (Faust and Aly,

1987)

t   =  
N

0

C
0
V

[D −
V

KN
0

ln(
C

0

C
B

−1)]        (5)

D
0

=  
V

KN
0

[ln(
C

0

C
B

−1)]          (6)

‚¥¬∑’Ë t = ‡«≈“°“√„™âß“π (™¡.)
V = Õ—µ√“‡√Á«¢ÕßπÈ” (¡./™¡.)

Table 4. Rate of adsorption of F-300 and C2-115 at various temperatures.

Temperature Rate of Adsorption Comparison Fraction
a

(ºC) (mg./g-min
0.5

)

F-300 C2-115

25 0.3961 0.3699 1.07
30 0.4078 0.3827 1.07
35 0.4261 0.3925 1.09
40 0.4647 0.4044 1.15
45 0.4809 0.4167 1.15

a
F-300/C2-115

Figure 8. Relationship  between  ln  (K×××××10)  and

1/T of F-300.

Figure 9. Relationship between phenol concen-

tration and accumulative effluent at

volume loading rate 2.5 m
3
/m

2
-hr.
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¢®√»—°¥‘Ï  ‚ ¿“®“√’¬å ·≈–§≥–

Table 5. K and N
0
 values of  F-300 and C2-115 analyzed from Bohart-Adams Model

at various volumetric loading rate

             F-300       C2-115

K N
0

D
0

K N
0

D
0

(L/mg-hr) (mg/L) (cm) (L/mg-hr) (mg/L) (cm)

2.5 0.0027 30393 6.7 0.0021 27752 9.4
5 0.0063 19502 8.9 0.0071 13873 11.1

10 0.0128 13997 12.2 0.0127 10535 16.3

Volumetric Loading Rate

(m
3
/m

2
-hr)

D = §«“¡≈÷°¢Õß™—Èπ∂à“π (¡.)
D

0
= §«“¡≈÷°«‘°ƒµ¢Õß™—Èπ∂à“π (¡.)

K = §à“§ß∑’Ë (≈./¡°.-™¡.)
N

0
= §à“§ß∑’Ë (¡°./≈.)

C
0

= §«“¡‡¢â¡¢âπ¢ÕßπÈ”‡¢â“ (¡°./≈.)
C

B
= §«“¡‡¢â¡¢âπ∑’Ë‡∫√§∑√Ÿ (¡°./≈.)

„π°“√„™âß“π “¡“√∂À“§à“ K ·≈– N
0
 ‰¥â®“°°“√

‡∑’¬∫∫—≠≠—µ‘‰µ√¬“ß§å À√◊Õ°√“ø√–À«à“ß§à“§ß∑’Ë °—∫Õ—µ√“
¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ ´÷Ëß “¡“√∂„™âÀ“§à“§à“ K ·≈–
N

0
 „π™à«ßÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5-10.0 ≈∫.¡./

µ√.¡.-™¡.
®“°¢âÕ¡Ÿ≈∑’Ë‰¥â„π°“√∑¥≈Õß·∫∫§Õ≈—¡πåÕπÿ°√¡

‡¡◊ËÕ«‘‡§√“–Àå‚¥¬«‘∏’ BDST æ∫«à“∂à“π°—¡¡—πµå F-300 ®–
¡’Õ“¬ÿ°“√„™âß“π Ÿß°«à“∂à“π°—¡¡—πµå C2-115 „π∑ÿ°Ê Õ—µ√“
¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë∑”°“√∑¥≈Õß  · ¥ß«à“∂à“π
°—¡¡—πµå™π‘¥ F-300 ¡’ ¡√√∂π–„π°“√¥Ÿ¥µ‘¥øïπÕ≈ Ÿß°«à“
∂à“π°—¡¡—πµå™π‘¥ C2-115 ´÷Ëß Õ¥§≈âÕß°—∫°“√∑¥≈Õß
·∫∫·∫∑™å

 √ÿªº≈°“√»÷°…“

„π°“√»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–Õ—µ√“¿“√–∫√√∑ÿ°
‡™‘ßª√‘¡“µ√ ∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß
∂à“π°—¡¡—πµå™π‘¥‡¡Á¥  “¡“√∂ √ÿªº≈°“√»÷°…“‰¥â¥—ßπ’È

 √ÿªº≈°“√»÷°…“·∫∫·∫∑™å

1. ‡«≈“ —¡º— ∑’Ë®ÿ¥ ¡¥ÿ≈¢Õß∂à“π°—¡¡—πµå æ∫«à“

‡«≈“ —¡º— ∑’Ë®ÿ¥ ¡¥ÿ≈¢Õß∂à“π°—¡¡—πµå F-300 ·≈–∂à“π
°—¡¡—πµå C2-115 ¡’§à“∑’Ë„°≈â‡§’¬ß°—π§◊Õª√–¡“≥ 5 ™—Ë«‚¡ß

2. º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥
µ‘¥øïπÕ≈∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ 10 ¡°./≈. „π™à«ßÕÿ≥À¿Ÿ¡‘
25-45ºC æ∫«à“ §à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈®–
‡æ‘Ë¡µ“¡Õÿ≥À¿Ÿ¡‘

3. º≈¢ÕßÕÿ≥À¿Ÿ¡‘∑’Ë¡’µàÕÕ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥
øïπÕ≈∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ 10 ¡°./≈. „π™à«ßÕÿ≥À¿Ÿ¡‘
25-45ºC æ∫«à“ Õ—µ√“‡√Á«„π°“√¥Ÿ¥µ‘¥øïπÕ≈®–‡æ‘Ë¡µ“¡
Õÿ≥À¿Ÿ¡‘

4. ®“°°“√∑¥≈Õß·∫∫·∫∑™å ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫§à“
§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈ ·≈–Õ—µ√“‡√Á«„π°“√¥Ÿ¥
µ‘¥øïπÕ≈ æ∫«à“ ∂à“π°—¡¡—πµå™π‘¥ F-300 ¡’§à“ Ÿß°«à“
∂à“π°—¡¡—πµå™π‘¥ C2-115

 √ÿªº≈°“√»÷°…“·∫∫µàÕ‡π◊ËÕß

1. „π°“√∑¥≈Õß·∫∫§Õ≈—¡πå‡¥’Ë¬«  ´÷Ëß„™â§«“¡
‡¢â¡¢âπ¢ÕßøïπÕ≈‡√‘Ë¡µâπ 10 ¡°./≈. æ∫«à“§«“¡ “¡“√∂
„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß∂à“π°—¡¡—πµå®–≈¥≈ß  ‡¡◊ËÕÕ—µ√“
¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√‡æ‘Ë¡¢÷Èπ ‚¥¬∑’ËÕ—µ√“¿“√–∫√√∑ÿ°
‡™‘ßª√‘¡“µ√ 2.5  5.0 ·≈– 10.0 ≈∫.¡./µ√.¡.-™¡. §à“
§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß∂à“π°—¡¡—πµå F-300

¡’§à“‡∑à“°—∫ 202.8 90.4 ·≈– 58.4 ¡°/°. µ“¡≈”¥—∫
„π¢≥–∑’Ë§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß∂à“π
°—¡¡—πµå C2-115 ¡’§à“‡∑à“°—∫ 188.8  76.7 ·≈– 49.0

¡°/°. µ“¡≈”¥—∫
2. „π°“√∑¥≈Õß·∫∫§Õ≈—¡πåÕπÿ°√¡ ÷́Ëß„™â§«“¡

‡¢â¡¢âπ¢ÕßøïπÕ≈‡√‘Ë¡µâπ 10 ¡°./≈. ‚¥¬∑”°“√∑¥≈Õß∑’Ë
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Õ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5  5.0 ·≈– 10.0 ≈∫.¡./
µ√.¡.-™¡. æ∫«à“‡¡◊ËÕ«‘‡§√“–Àå‚¥¬«‘∏’ BDST ®– “¡“√∂
§”π«≥Õ“¬ÿ°“√„™âß“π¢Õß√–∫∫‚¥¬ ¡°“√¢Õß Bohart-

Adams Model ´÷Ëß§à“∑’Ë¢Õß ¡°“√∑’ËÀ“‰¥â §◊Õ§à“ K ¢Õß
∂à“π°—¡¡—πµå F-300 ¡’§à“‡∑à“°—∫ 0.0027  0.0063 ·≈–
0.0128 ≈./¡°.-™¡. §à“ K ¢Õß∂à“π°—¡¡—πµå C2-115 ¡’
§à“‡∑à“°—∫ 0.0021  0.0071 ·≈– 0.0127 ≈./¡°.-™¡. ∑’Ë
Õ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5  5.0 ·≈– 10.0 ≈∫.¡./
µ√.¡.-™¡. µ“¡≈”¥—∫ §à“ N

0
 ¢Õß∂à“π°—¡¡—πµå F-300 ¡’

§à“‡∑à“°—∫ 30,393  19,502 ·≈– 13,997 ¡°./≈. §à“ N
0

¢Õß∂à“π°—¡¡—πµå C2-115 ¡’§à“‡∑à“°—∫ 27,752  13,873

·≈– 10,535 ¡°./≈. ∑’ËÕ—µ√“¿“√–∫√√∑ÿ°‡™‘ßª√‘¡“µ√ 2.5

5.0 ·≈– 10.0 ≈∫.¡./µ√.¡.-™¡. µ“¡≈”¥—∫
3. ®“°°“√∑¥≈Õß·∫∫µàÕ‡π◊ËÕß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫

§à“§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥ Õ“¬ÿ°“√„™âß“π¢Õß√–∫∫
·≈–Õ—µ√“°“√„™â§“√å∫Õπ¢Õß∂à“π°—¡¡—πµå F-300 ·≈–
C2-115  æ∫«à“ ¡√√∂π–„π°“√¥Ÿ¥µ‘¥øïπÕ≈¢Õß∂à“π
°—¡¡—πµå F-300  Ÿß°«à“∂à“π°—¡¡—πµå™π‘¥ C2-115

‡Õ° “√Õâ“ßÕ‘ß

¡—Ëπ ‘π µ—≥±ÿ≈‡«»¡å. 2539. «‘»«°√√¡°“√ª√–ª“ 2. æ‘¡æå§√—Èß
∑’Ë 2. °√ÿß‡∑æœ:  ”π—°æ‘¡æå®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬.

Õ¿‘‡™…∞å °≈’∫°≈“ß. 2546. º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–Õ—µ√“¿“√–
∫√√∑ÿ°‡™‘ßª√‘¡“µ√∑’Ë¡’µàÕ§«“¡ “¡“√∂„π°“√¥Ÿ¥µ‘¥
øïπÕ≈‚¥¬∂à“π°—¡¡—πµå™π‘¥‡¡Á¥. «‘∑¬“π‘æπ∏å«‘»«°√√¡
»“ µ√å¡À“∫—≥±‘µ ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à.

Faust, S.D., and Aly, O.M. 1987. Adsorption Process
for Water Treatment, Butterworth Publishers,
United States of America.

Ghosh, D. and Bhattacharyya, K.G. 2002. Adsorption
of Methylene blue on Kaolinite. Appl Clay Sci,
20: 295-300.

Mckay, G., Bino, M.J. and Altamemi, A.R. 1985. The
Adsorption of Various Pollutants from Aqueous
Solutionson to Activated Carbon. Water Re-
search, 19(4): 491-495.

Mollach, A.H. and Robinson, C.W. 1996. Pentachloro-
phenol Adsorption and Desorption Character-
istics of Granular Activated Carbon-Isotherms.
Water Research, 30(12): 2901-2906.

Reed, B.E., Jamil, M. and Thomus, B. 1996. Effect of
pH, Empty Bed Contact Time and Hydraulic
Loading Rate on Lead Removal by Granular
Activated Carbon Columns. Water Environ-
mental Research, 68: 877-882.

Singh, Dk and Srivastava, B. 1999. Removal of basic
dyes  from  aqueous  solutions  by  chemically
Psidium  guyava  leaves.  Indian  J  Environ  Hlth,
41: 333-345

Sopajaree,  K.  and  Maneechot.  2003.  Adsorption  of
Lead and Copper with Single and Binary Com-
ponents  in  Wastewater  by  Macadamia  Shell
Granular Activated Carbon. Proceedings of the
International Conference on Environmental
Management  and  Technology,  Putra Jaya,
Malaysia, August 4-6, 2003.


