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°“√∫”∫—¥·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ¥â«¬´’‚Õ‰≈µå —ß‡§√“–Àå®“°‡∂â“·°≈∫

·≈–µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å

Ammonium Ion Removal Using Zeolite Synthesized from Rice Husk Ash

and Aluminium Hydroxide Sludge

¿—∑√æ√√≥  √—°…«‘≥  ·≈–  ÿ«‘¡≈ Õ—»«æ‘»‘…∞

Phattraphan Raksawin and Suwimol Asavapisit

Abstract

This research investigated the removal of ammonium ion using zeolite synthesized from rice husk ash
collected from brick making industry and aluminium hydroxide sludge. Rice husk ash, sodium hydroxide and
aluminium hydroxide sludge were prepared at the ratios of 1:3:1 and 1:1.2:1 and fused at 700 ÌC for 1 hour. The
fused materials were then used for hydrothermal processes. Concentration of sodium hydroxide (1 and 3 M NaOH),
reaction temperature (60 and 90 ÌC) and reaction time (6, 9 and 12 hours) were studied. Adsorption of ammonium
ion was tested by using 20 mg/l ammonium chloride. Results showed that adsorption of ammonium ion by products
from the synthesis have reached the equilibrium at 8 hours. The product obtained from the synthesis of rice husk
ash, sodium hydroxide and aluminium hydroxide sludge which were prepared at the ratio of 1:3:1, reacted with 1M
NaOH for 12 hours at temperature of 90 ÌC and gave the highest ammonium removal efficiency of 83.22%. In
addition, x-ray diffraction analysis of the product found that zeolite type A and P were formed.
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∫∑§—¥¬àÕ

ß“π«‘®—¬π’È»÷°…“°“√∫”∫—¥·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ¥â«¬´’‚Õ‰≈µå —ß‡§√“–Àå®“°‡∂â“·°≈∫∑’Ë‰¥â®“°°“√‡º“Õ‘∞¡Õ≠·≈–µ–°Õπ
Õ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å ‚¥¬∑”°“√‡µ√’¬¡‡∂â“·°≈∫ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å·≈–µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å∑’ËÕ—µ√“ à«π 1:3:1 ·≈–
1:1.2:1 ·≈–À≈Õ¡∑’ËÕÿ≥À¿Ÿ¡‘ 700 Õß»“‡´≈‡´’¬  ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß ®“°π—Èπ®÷ßπ”¡“ —ß‡§√“–Àå¥â«¬°√–∫«π°“√‰Œ‚¥√‡∑Õ√å¡Õ≈
‚¥¬∑”°“√·ª√‡ª≈’Ë¬π§«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å (1 ·≈– 3 ‚¡≈“√å) Õÿ≥À¿Ÿ¡‘„π°“√∑”ªØ‘°‘√‘¬“ (60 ·≈–
90 Õß»“‡´≈‡´’¬ ) ·≈–√–¬–‡«≈“„π°“√∑”ªØ‘°‘√‘¬“ (6 9 ·≈– 12 ™—Ë«‚¡ß) º≈°“√∑¥ Õ∫°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ„π “√
≈–≈“¬·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å —ß‡§√“–Àå §«“¡‡¢â¡¢âπ 20 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ æ∫«à“º≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå„™â‡«≈“‡¢â“ Ÿà
 ¡¥ÿ≈°“√¥Ÿ¥´—∫∑’Ë 8 ™—Ë«‚¡ß ‚¥¬º≈‘µ¿—≥±å∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå®“°‡∂â“·°≈∫ ‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å·≈–µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡-
‰Œ¥√Õ°‰´¥å∑’ËÕ—µ√“ à«π 1:3:1 ‡¡◊ËÕ∑”ªØ‘°‘√‘¬“‰Œ‚¥√‡∑Õ√å¡Õ≈°—∫ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å§«“¡‡¢â¡¢âπ 1 ‚¡≈“√å ‡ªìπ‡«≈“
12 ™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 90 Õß»“‡´≈‡´’¬  ¡’ª√– ‘∑∏‘¿“æ„π°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ‰¥â Ÿß ÿ¥∂÷ß 83.22‡ªÕ√å‡´Áπµå ·≈–‡¡◊ËÕ
∑”°“√«‘‡§√“–Àå™π‘¥ ¢Õßº≈‘µ¿—≥±å∑’Ë‰¥â¥â«¬‡§√◊ËÕß‡ÕÁ°´å‡√¬å¥‘ø·ø√°™—Ëπæ∫«à“‡ªìπ´’‚Õ‰≈µå™π‘¥ A ·≈– P Õ¬Ÿà√«¡°—π

§” ”§—≠ : ´’‚Õ‰≈µå ‡∂â“·°≈∫ Õ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å ·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ °“√¥Ÿ¥´—∫

¿“§«‘™“‡∑§‚π‚≈¬’ ‘Ëß·«¥≈âÕ¡ §≥–æ≈—ßß“π ‘Ëß·«¥≈âÕ¡·≈–«— ¥ÿ ¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’æ√–®Õ¡‡°≈â“∏π∫ÿ√’ ·¢«ß∫“ß¡¥
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∫∑π”

ªí®®—¬°“√‡≈’È¬ß —µ«åπÈ”‚¥¬∑—Ë«‰ª ‚¥¬‡©æ“–
∏ÿ√°‘®°“√‡æ“–‡≈’È¬ß°ÿâß®–¡’°“√√«¡µ—«°—π„πæ◊Èπ∑’Ë®”°—¥
 à«π„À≠à®–‡≈’È¬ß„π√–∫∫ªî¥‡æ◊ËÕ°“√§â“ ®÷ß¡’°“√ – ¡°—π
¢Õß¢Õß‡ ’¬∑’Ë°ÿâß¢—∫∂à“¬ÕÕ°¡“ √«¡∑—Èß¡’°“√ª≈àÕ¬≈Ÿ°°ÿâß
√–¥—∫§«“¡Àπ“·πàπ Ÿß ·≈–¡’°“√„ÀâÕ“À“√„πª√‘¡“≥¡“°
∑”„Àâ„π∫àÕ‡≈’È¬ß°ÿâß¡’ª√‘¡“≥‡»…Õ“À“√∑’Ë‡À≈◊Õ „π√Ÿª¢Õß
 “√ª√–°Õ∫‰π‚µ√‡®π∑’Ë∂Ÿ°¢—∫∂à“¬ÕÕ°¡“®“°°ÿâß®–Õ¬Ÿà
„π√Ÿª¢Õß·Õ¡‚¡‡π’¬ ´÷Ëß “√ª√–°Õ∫¥—ß°≈à“«π’ÈÀ“°¡’
§«“¡‡¢â¡¢âπ Ÿß¡“°Ê ®–°àÕ„Àâ‡°‘¥§«“¡‡ªìπæ‘…µàÕ°ÿâß·≈–
 —µ«åπÈ”‰¥â ¡’º≈µàÕ°“√‡®√‘≠¢Õß°ÿâß  ”À√—∫·Õ¡‚¡‡π’¬
∑’Ëæ∫„π·À≈àßπÈ”π—Èπ¡’Õ¬Ÿà 2 √Ÿª·∫∫ §◊Õ Õ‘ÕÕπ‰π ǻ
·Õ¡‚¡‡π’¬ (ionized ammonia, NH

4
+) À√◊Õ ·Õ¡‚¡‡π’¬¡

Õ‘ÕÕπ·≈–Õ—πÕ‘ÕÕπ‰π´å·Õ¡‚¡‡π’¬ (unionized ammonia,
NH

3
)

πÕ°®“°π—Èπ§«“¡‡§Á¡¬—ß¡’º≈µàÕ§«“¡‡ªìπæ‘…
¢Õß·Õ¡‚¡‡π’¬ „π°“√‡æ“–‡≈’È¬ß —µ«åπÈ”„π·À≈àßπÈ”°√àÕ¬
¥â«¬ ´÷Ëßªí®®ÿ∫—π¡’°“√‡≈’È¬ß°ÿâß∑’Ë√–¥—∫§«“¡‡§Á¡µË”„π∫“ß
æ◊Èπ∑’Ë¢Õßª√–‡∑»‰∑¬ ‡™àπ  ÿæ√√≥∫ÿ√’ √“™∫ÿ√’·≈–π§√ª∞¡

°“√°”®—¥¢Õß‡ ’¬·Õ¡‚¡‡π’¬¡·≈–·Õ¡‚¡‡π’¬
„π·À≈àßπÈ”¡—°∑”‰¥âÀ≈“¬«‘∏’ ‰¥â·°à °“√‡µ‘¡ªŸπ¢“« ªŸπ
¡“√å≈ °“√‡µ‘¡ “√‡§¡’ °“√·≈°‡ª≈’Ë¬πÕ‘ÕÕπ‚¥¬‡©æ“–
´’‚Õ‰≈µå ´÷Ëß¡’§ÿ≥ ¡∫—µ‘„π°“√®—¥‡√’¬ß‚¡‡≈°ÿ≈¡’™àÕß«à“ß
 ¡Ë”‡ ¡Õ®”π«π¡“° ®÷ß¡’§«“¡π‘¬¡π”¡“„™â‡ªìπµ—«
¥Ÿ¥´—∫„π∫àÕ‡≈’È¬ß°ÿâßÀ√◊Õ„π°“√∫”∫—¥ ¿“æπÈ” ·µà́ ’‚Õ‰≈µå
∑’Ë „™â‡µ‘¡≈ß‰ªπ—Èπ à«π¡“°®–‡ªìπ´’‚Õ‰≈µå∏√√¡™“µ‘∑’Ë¡’
Õß§åª√–°Õ∫‰¡à ¡Ë”‡ ¡Õ·≈–¡’°“√ªπ‡ªóôÕπ¢Õß ·√àÀ‘π
¥‘π ™π‘¥Õ◊ËπÊ ®÷ß®”‡ªìπµâÕßÀ“·π«∑“ß„π°“√°”®—¥
·Õ¡‚¡‡π’¬¡Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ·≈–µâπ∑ÿπµË” ‚¥¬°“√
„™â´’‚Õ‰≈µå∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå

´’‚Õ‰≈µå §◊Õ °≈ÿà¡·√à∑’Ë¡’‚§√ß √â“ß∑’Ë¡’§«“¡‡ªìπ
º≈÷° Ÿß ¡’‚§√ß √â“ßæ◊Èπ∞“π‡ªìπ‚§√ß¢à“¬Õ≈Ÿ¡‘‚π´‘≈‘‡°µ
∑’Ë¡’ª√–®ÿ≈∫ (anionic aluminosilicate framework)
∑’Ë·¢Áß·√ß ¡’√Ÿæ√ÿπ (cavities À√◊Õ pore) ·≈–√–∫∫™àÕß
«à“ß∑’ËµàÕ‡π◊ËÕß°—π (channel) ∑’Ë¡’¢π“¥‡©æ“–‡®“–®ß¡“°Ê
‚¥¬¿“¬„π√Ÿæ√ÿπ·≈–√–∫∫™àÕß«à“ß∑’ËµàÕ‡π◊ËÕß°—ππ—Èπ
®–‡ªìπ∑’ËÕ¬Ÿà¢ÕßÕ‘ÕÕπ∫«°¢Õß‚≈À– ‡™àπ Na+ ·≈– K+

∑’Ë‡°“–Õ¬ŸàÕ¬à“ßÀ≈«¡Ê °—∫‚§√ß¢à“¬Õ≈Ÿ¡‘‚π ‘́≈‘‡°µ∑’Ë¡’
ª√–®ÿ≈∫ „™â‡ªìπ “√¥Ÿ¥´—∫ (sorption agent) (Fig. 1)

Fig. 1 Aluminosilicate structures have channels with very difference pore size (°ÿ≈«¥’, 2545).

´’‚Õ‰≈µå —ß‡§√“–Àå‡ªìπ·π«∑“ß∑’Ë¥’„π°“√π”¡“
∫”∫—¥·Õ¡‚¡‡π’¬¡ ‡π◊ËÕß®“° ’́‚Õ‰≈µå —ß‡§√“–Àå‡ªìπ
´’‚Õ‰≈µå∑’Ë “¡“√∂º≈‘µ¢÷Èπ‡Õß„πÀâÕßªØ‘∫—µ‘°“√ ́ ÷Ëß„π°“√
 —ß‡§√“–Àå®–„™â«—µ∂ÿ¥‘∫∑’Ë¡’Õß§åª√–°Õ∫¢ÕßÕ≈Ÿ¡‘π“·≈–

´‘≈‘°“·≈–∑”°“√§«∫§ÿ¡ ¿“«–„π°“√ —ß‡§√“–Àå ‡æ◊ËÕ
„Àâ‰¥ấ ’‚Õ‰≈µå∑’Ë¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫·≈–·≈°‡ª≈’Ë¬π
·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ ÷́Ëß„π°“√ —ß‡§√“–Àå´’‚Õ‰≈µå§√—Èßπ’È
‰¥âπ”¢’È‡∂â“·°≈∫®“°°“√‡º“Õ‘∞¡Õ≠‡ªìπ·À≈àß´‘≈‘°“
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√à«¡°—∫µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å ́ ÷Ëß®–‡ªìπ·π«∑“ß
„π°“√„™âª√–‚¬™πå®“°¢Õß‡ ’¬·≈–‡ªìπ∑“ß‡≈◊Õ°„π°“√
∫”∫—¥πÈ”‡ ’¬®“°∑’Ë‡ªìπ¡‘µ√°—∫ ‘Ëß·«¥≈âÕ¡

«‘∏’°“√»÷°…“

°“√ —ß‡§√“–Àå´’‚Õ‰≈µå
π”¢’È‡∂â“·°≈∫∑’Ëºà“π°“√√àÕπ°”®—¥ ‘Ëß‡®◊Õªπ

·≈â«‰ª«‘‡§√“–ÀåÕß§åª√–°Õ∫∑“ß‡§¡’¥â«¬ X-ray Fluo-
rescence (XRF) ‡æ◊ËÕ∑√“∫ª√‘¡“≥Õß§åª√–°Õ∫ÕÕ°‰´¥å
¢Õß´‘≈‘°“·≈–Õ≈Ÿ¡‘π“·≈–»÷°…“‚§√ß √â“ß¥â«¬‡§√◊ËÕß
X-ray Diffraction (XRD)¡“‡µ√’¬¡‡ªìπ “√µ—Èßµâπ ‚¥¬

°“√∑”°“√º ¡°—∫‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å·≈–µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡
‰Œ¥√Õ°‰´¥å „πÕ—µ√“ à«π (RHA:NaOH:Al(OH)

3
)

∑’Ë 1:3:1 ·≈– 1:1.2:1 ·≈–∑”°“√º ¡„Àâ‡ªìπ‡π◊ÈÕ‡¥’¬«°—π
·≈–∑”°“√‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 700 ÌC ‡ªìπ‡«≈“ 1 ™—Ë«‚¡ß
„π‡µ“‡º“‰øøÑ“ ‡æ◊ËÕπ”¡“‡ªìπ “√µ—Èßµâπ„π°“√ —ß‡§√“–Àå
´’‚Õ‰≈µå∑’Ë ¿“«–µà“ßÊ ‚¥¬„™â “√µ—Èßµâπ 12 °√—¡ ‡µ‘¡πÈ”
250 ¡‘≈≈‘≈‘µ√ ·≈– “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å 150
¡‘≈≈‘≈‘µ√ ·≈–π”‰ªª√–°Õ∫‡¢â“°—∫™ÿ¥ªØ‘°√≥å µàÕ‡¢â“°—∫
¡Õ‡µÕ√å·≈–™ÿ¥Õÿª°√≥å„Àâ§«“¡√âÕπµàÕ‡∑Õ√å‚¡§—æ‡ªî≈
‡¢â“°—∫‡§√◊ËÕßªØ‘°√≥å (Fig. 2) »÷°…“µ—«·ª√µà“ßÊ µ“¡
 ¿“«– (Table 1)

°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ
‡µ√’¬¡πÈ”‡ ’¬ —ß‡§√“–Àå∑’Ë„™â„π°“√¥Ÿ¥´—∫®“°·Õ¡‚¡‡π’¬¡§≈Õ‰√¥å (NH

4
Cl) §«“¡‡¢â¡¢âπ 20-800 ¡‘≈≈‘°√—¡

µàÕ≈‘µ√

Fig. 2  Reactor for synthesize zeolite.

Table 1 Conditions for synthesized zeolite.
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°“√À“‡«≈“‡¢â“ Ÿà ¡¥ÿ≈(Equilibrium time)
„™âπÈ”‡ ’¬ —ß‡§√“–Àåª√‘¡“µ√ 100 ¡‘≈≈‘≈‘µ√

¡’§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ 20 ¡‘≈≈‘°√—¡µàÕ≈‘µ√
º ¡°—∫´’‚Õ‰≈µå∑’Ë‰¥â®“°°“√ —ß‡§√“–Àå 0.1 °√—¡ ‡¢¬à“
¥â«¬‡§√◊ËÕß‡¢¬à“§«“¡‡√Á« 200 √Õ∫µàÕπ“∑’ ‡ªìπ‡«≈“ 15
30 45 π“∑’·≈– 1 2 4 8 16 ·≈– 24 ™—Ë«‚¡ß
π”πÈ”„ ∑’Ë‰¥â®“°°“√°√Õß‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥§«“¡
‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ∑’Ë‡À≈◊ÕÕ¬Ÿà ‚¥¬«‘∏’‡π ‡≈Õ-
‰√‡´™—π (APHA AWWA, 1989)§”π«≥ª√– ‘∑∏‘¿“æ
°“√°”®—¥ (Kadir S., 2006) (%Removal efficiency)
®“° ¡°“√∑’Ë (1)

 % Removal efficiency =

     C
o
  §◊Õ §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡√‘Ë¡µâπ (mg/l)

     C
e
  §◊Õ §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡¡◊ËÕ‡¢â“ ¿“«–

 ¡¥ÿ≈ (mg/l)

°“√À“‰Õ‚´‡∑Õ¡°“√¥Ÿ¥ —́∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ
(Adsorption Isotherm)

™—Ëß´’‚Õ‰≈µå®“°°“√ —ß‡§√“–Àå 0.1 °√—¡ µàÕ
 “√≈–≈“¬πÈ”‡ ’¬ —ß‡§√“–Àå 100 ¡‘≈≈‘≈‘µ√ ∑’Ë§«“¡
‡¢â¡¢âπ¢Õß “√≈–≈“¬·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ §◊Õ 20 40  60
80 100 400 ·≈– 800 ¡‘≈≈‘°√—¡µàÕ≈‘µ√ π”‰ª‡¢¬à“
∑’Ë‡«≈“‡¢â“ Ÿà ¡¥ÿ≈‚¥¬„™â ¡°“√ Langmuir ·≈– Freundlich
¥—ß ¡°“√∑’Ë (2) ·≈– (3) µ“¡≈”¥—∫‡ª√’¬∫‡∑’¬∫§«“¡
 Õ¥§≈âÕß°—π¢Õß ¡°“√„π°“√¥Ÿ¥ —́∫ “√≈–≈“¬·Õ¡‚¡-
‡π’¬¡Õ‘ÕÕπ¥â«¬´’‚Õ‰≈µåµà“ßÊ ∑’Ë —ß‡§√“–Àå‰¥â®“°§«“¡
 —¡æ—π∏åµà“ßÊ ∑’Ë‰¥â®“° ¡°“√ Langmuir ·≈– Freundlich

- Langmuir  „™â°—∫°“√¥Ÿ¥´—∫¥â«¬µ—«¥Ÿ¥´—∫
∑’Ë¡’æ◊Èπº‘«‡ªìπ·∫∫ homogeneous · ¥ß‰¥â¥—ß ¡°“√∑’Ë (2)

q
e
  =  X

m
bC

e
/(1+bC

e
) (2)

     ‡¡◊ËÕ  x  §◊Õ ª√‘¡“≥¢Õßµ—«∂Ÿ°¥Ÿ¥ —́∫∑’Ë∂Ÿ°¥Ÿ¥ —́∫ (mg)
M §◊Õ ª√‘¡“≥¢Õßµ—«¥Ÿ¥´—∫∑’Ë„™â (mg)

Xm §◊Õ ª√‘¡“≥ Ÿß ÿ¥¢Õßµ—«∂Ÿ°¥Ÿ¥´—∫ (mg/g)
b §◊Õ §à“§ß∑’Ë∑’Ë —¡æ—π∏å°—∫ bonding strength
qe §◊Õ ª√‘¡“≥¢Õßµ—«∂Ÿ°¥Ÿ¥´—∫∑’Ë∂Ÿ°¥Ÿ¥´—∫

µàÕπÈ”Àπ—°¢Õßµ—«¥Ÿ¥´—∫ (mg/g)
Ce §◊Õ §«“¡‡¢â¡¢âπ¢Õß “√≈–≈“¬‡¡◊ËÕ‡¢â“

 ¿“«– ¡¥ÿ≈ (mg/l)

- Freundlich „™âÕ∏‘∫“¬‰Õ‚´‡∑Õ¡¢Õß°“√
¥Ÿ¥´—∫¿“¬„µâ ¡¡µ‘∞“π∑’Ë«à“æ◊Èπº‘«¢Õßµ—«¥Ÿ¥´—∫‡ªìπ·∫∫
heterogenous  ¡°“√∑’Ë (3) (π‘æπ∏å, 2550)

 qe   =   x/m   =   KC
e
1/n    (3)

‡¡◊ËÕ K §◊Õ  —¡ª√– ‘∑∏‘Ï¢Õß°“√·æ√à°√–®“¬
n §◊Õ correcting factor

º≈°“√»÷°…“

„π°“√ —ß‡§√“–Àå∑’Ë ¿“«–µà“ßÊ ¢Õß¢’È‡∂â“·°≈∫
∑—Èß ÕßÕ—µ√“ à«π RHA:NaOH:Al(OH)

3
 ∑’Ë 1:3:1 ·≈–

1:1.2:1 °—∫ “√≈–≈“¬‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å∑’Ë§«“¡‡¢â¡¢âπ
1 ·≈– 3 ‚¡≈“√å ∑’ËÕÿ≥À¿Ÿ¡‘ 60 ·≈– 90 ÌC ‡ªìπ‡«≈“ 6
9 ·≈– 12 ™—Ë«‚¡ß µ“¡≈”¥—∫ ‚¥¬°“√∑”ªØ‘°‘√‘¬“‰Œ‚¥√-
‡∑Õ√å¡Õ≈ (Hydrothermal) ·≈–π”º≈‘µ¿—≥±å∑’Ë‰¥â¡“À“
ª√– ‘∑∏‘¿“æ¢Õßº≈‘µ¿—≥±å¥â«¬°“√π”¡“¥Ÿ¥´—∫·Õ¡‚¡-
‡π’¬¡Õ‘ÕÕπ·≈–§—¥‡≈◊Õ°º≈‘µ¿—≥±å„π·µà≈– ¿“«–  ‡æ◊ËÕ
«‘‡§√“–Àå¥â«¬‡§√◊ËÕß X-ray diffraction ‚¥¬°“√ ÿà¡
µ—«Õ¬à“ß„π·µà≈– ¿“«–∑’Ë “¡“√∂¥Ÿ¥´—∫‰¥â¥’∑’Ë ÿ¥·≈–
µ—«Õ¬à“ß∑’Ë¥Ÿ¥´—∫‰¥âª“π°≈“ß‰ª«‘‡§√“–Àå ´÷Ëß‰¥âº≈°“√
«‘‡§√“–Àå¥—ßµ“√“ß∑’Ë 2 æ∫«à“ ∑’Ë ¿“«–Õ—µ√“ à«π RHA:
NaOH:Al(OH)

3 
1:3:1 Õÿ≥À¿Ÿ¡‘ 90 ÌC §«“¡‡¢â¡¢âπ

NaOH 1 ‚¡≈“√å ‡«≈“ 12 ™—Ë«‚¡ß ‡°‘¥´’‚Õ‰≈µå§◊Õ Zeolite
A ·≈– Zeolite P (‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫¡“µ√∞“π ’́‚Õ‰≈µå
A ¥—ß√Ÿª∑’Ë 3  à«πµ—«Õ¬à“ß∑’Ë —ß‡§√“–Àå∑’Ë ¿“«–Õ—µ√“ à«π
RHA:NaOH:Al(OH)

3
 1:3:1 Õÿ≥À¿Ÿ¡‘ 60 ÌC §«“¡

‡¢â¡¢âπ NaOH 1 ‚¡≈“√å ‡«≈“ 9 ™—Ë«‚¡ß æ∫≈—°…≥–
¢Õßæ’§„π√Ÿª¢ÕßÕ —≥∞“π·≈– ’́‚Õ‰≈µåæ’√«¡∑—Èß¢Õß·¢Áß
Õ —≥∞“π

C
o
 - C

e
 x 100 (1)

    C
o
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πÕ°®“°π—Èπ‰¥âπ”µ—«Õ¬à“ß∑’Ë«‘‡§√“–Àå¥â«¬°≈âÕß
®ÿ≈∑√√»πåÕ‘‡≈Á°µ√Õπ àÕß°√“¥ (SEM) æ∫«à“∑’Ë ¿“«–
Õ—µ√“ à«π RHA:NaOH:Al(OH)

3
 1:3:1 Õÿ≥À¿Ÿ¡‘ 90 ÌC

1 ‚¡≈“√å ‡ªìπ‡«≈“ 12 ™—Ë«‚¡ß ¡’√Ÿª√à“ßº≈÷°‡ªìπ√Ÿª

Fig. 3 XRD result of synthesized products (A is an A zeolite and P is P zeolite).

Table 2 Result of  zeolite type that found on these experiments.

 ’Ë‡À≈’Ë¬¡≈Ÿ°∫“»°å (cubic) ®”π«π¡“°´÷Ëß‡ªìπ√Ÿª∑√ß¢Õß
º≈÷°´’‚Õ‰≈µå‡Õ·≈–‡¡◊ËÕ‡æ‘Ë¡°”≈—ß¢¬“¬‡ªìπ 10,000 ‡∑à“
æ∫«à“ ¡’º≈÷°∑√ß°≈¡‡°‘¥¢÷Èπª–ªπÕ¬Ÿà‡≈Á°πâÕ¬´÷Ëß
 —ππ‘…∞“π«à“‡ªìπ√Ÿª¢Õß´’‚Õ‰≈µåæ’π—Ëπ‡Õß (Fig. 4, 5)
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º≈°“√»÷°…“√–¬–‡«≈“‡¢â“ Ÿà ¡¥ÿ≈(Equilibrium time)
®“°°“√∑¥≈Õß∑”„Àâ∑√“∫√–¬–‡«≈“‡¢â“ Ÿà ¡¥ÿ≈

¢Õß°“√¥Ÿ¥´—∫ ´÷Ëßæ∫«à“Õ—µ√“°“√¥Ÿ¥ —́∫®–‡°‘¥¢÷ÈπÕ¬à“ß
√«¥‡√Á«„π™à«ß 15 π“∑’·√° ‚¥¬≈—°…≥–¢Õß°√“ø∑’Ë¡’
§«“¡™—π Ÿß¡“°·≈–À≈—ß®“°π—ÈπÕ—µ√“°“√¥Ÿ¥´—∫®–‡°‘¥
™â“≈ß·≈–§ß∑’Ë ∑’Ë‡«≈“ 8 ™—Ë«‚¡ß ‡π◊ËÕß®“°„π™à«ßµâπ¢Õß
°“√¥Ÿ¥´—∫¡’°“√·æ√àÕ¬à“ß√«¥‡√Á«¢ÕßÕ‘ÕÕπ„π “√≈–≈“¬
‰ª∫√‘‡«≥º‘«¥â“ππÕ°¢Õßµ—«¥Ÿ¥´—∫ (external surface)
·≈–·æ√à°√–®“¬‡¢â“‰ª¿“¬„π√Ÿæ√ÿπ¢Õßµ—«¥Ÿ¥´—∫Õ¬à“ß
√«¥‡√Á«®π§ß∑’Ë·≈–‡¢â“ Ÿà ¡¥ÿ≈ (Dogan K., 2006)
æ∫«à“ º≈‘µ¿—≥±å®“°°“√ —ß‡§√“–Àǻ ’‚Õ‰≈µå “¡“√∂¥Ÿ¥´—∫
‰¥â¥’∑’Ë§«“¡‡¢â¡¢âπµË”Ê ‡π◊ËÕß®“°„πµ“√“ß· ¥ß„Àâ‡ÀÁπ

Õ¬à“ß™—¥‡®π«à“ º≈‘µ¿—≥±å®“°°“√ —ß‡§√“–Àå ´’‚Õ‰≈µå
‡°◊Õ∫∑ÿ°µ—«Õ¬à“ß¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥ Ÿß ÿ¥∑’Ë§«“¡
‡¢â¡¢âπ 20 mg/l §◊Õ ‚¥¬ à«π„À≠à “¡“√∂¥Ÿ¥´—∫‰¥â
¡“°°«à“ 60% ¬°‡«âπµ—«Õ¬à“ß∑’Ë —ß‡§√“–Àå∑’Ë ¿“«–
Õ—µ√“ à«π RHA:NaOH:Al(OH)

3
 ∑’Ë 1:1.2:1 3M NaOH

60 ÌC 6 ™—Ë«‚¡ß ·≈–∑’Ë 3M NaOH 60 ÌC 9 ™—Ë«‚¡ß
∑’Ë¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥‡æ’¬ß 54.44 % ·≈– 58.28 %
µ“¡≈”¥—∫·≈–Õ—µ√“ à«π RHA:NaOH:Al(OH)

3
 ∑’Ë 1:3:1

1M NaOH 90 ÌC 12 ™—Ë«‚¡ß ¡’ª√– ‘∑∏‘¿“æ°“√°”®—¥
 Ÿß ÿ¥‡∑à“°—∫ 83.22 % ‡π◊ËÕß®“°µ—«Õ¬à“ß¥—ß°≈à“«
‡°‘¥‡ªìπ´’‚Õ‰≈µå‡Õ (Fig. 6, 9)

Fig. 4 SEM picture from the sample that synthesize at ratios 1:3:1 1M NaOH at 90 ÌC for 12
hours.

Fig. 5 SEM picture from the sample that synthesize at ratios 1:3:1 1M NaOH at 90 ÌC for 12
hours in 10,000 enlarged power.
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Fig. 6 Ammonium ion uptake equilibrium time
onto ratio RHA:NaOH:Al(OH)

3
 1:3:1

at 90 ÌC.

Fig. 7 Ammonium ion uptake equilibrium time
onto ratio RHA:NaOH:Al(OH)

3
 1:3:1

at 60 ÌC.

º≈°“√»÷°…“ Adsorption isotherm
æ∫«à“°“√¥Ÿ¥ —́∫¢Õß·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ∑’Ë

Õ—µ√“ à«π 1:3:1 ≥ Õÿ≥À¿Ÿ¡‘ 60 ·≈– 90 ÌC  à«π„À≠à
 Õ¥§≈âÕß‡¢â“°—π‰¥â°—∫ ¡°“√ Freundlich (r2 = 0.955-
0.995) ‡™àπ‡¥’¬«°—π°—∫°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ
∑’ËÕ—µ√“ à«π 1:1.2:1 ≥ Õÿ≥À¿Ÿ¡‘ 60 ·≈– 90 ÌC ´’Ëß¡’
·π«‚πâ¡‡¢â“°—∫ ¡°“√ Freundlich (r2 = 0.910-0.966)
¡“°°«à“ ¡°“√ Langmuir (r2 = 0.432-0.782) ¥â«¬
‡™àπ°—π ¥—ßπ—Èπ „π°“√æ‘®“√≥“º≈°“√∑¥≈Õß§√—Èßπ’È®÷ß„™â
§à“§ß∑’Ë¢Õß ¡°“√ Freundlich Õ∏‘∫“¬º≈ ®“°º≈°“√
∑¥≈Õß¡’§«“¡ Õ¥§≈âÕß°—∫ ¡°“√ Freundlich ®÷ß∑”„Àâ

∑√“∫«à“ µ—«¥Ÿ¥´—∫∑’Ë —ß‡§√“–Àå¢÷Èππ—Èπ¡’æ◊Èπº‘«¢Õßµ—«¥Ÿ¥´—∫
‡ªìπ·∫∫ heterogenous ·≈–‡¡◊ËÕæ‘®“√≥“§à“ 1/n æ∫«à“
°“√¥Ÿ¥´—∫∑—ÈßÀ¡¥¡’§à“ 1/n<1 §◊Õ Õ¬Ÿà„π™à«ß (1/n=0.428-
0.686) · ¥ß«à“´’‚Õ‰≈µå®“°°“√ —ß‡§√“–Àå¥Ÿ¥´—∫‰¥â¥’
∑’Ë§«“¡‡¢â¡¢âπµË”À√◊Õ Ÿß‰¡àµà“ß°—π¡“°π—°·≈–®–‡°‘¥¢÷Èπ
µàÕ‰ª‡√◊ËÕ¬Ê µ√“∫‡∑à“∑’Ë§«“¡‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ
À√◊Õ‚¡‡≈°ÿ≈„π “√≈–≈“¬ Ÿß¢÷Èπ

πÕ°®“°π’È‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫´’‚Õ‰≈µå∑’Ë‰¥â®“°
°“√∑¥≈Õß Hui K., el al., 2005 ∑’Ë„™â commercial
Zeolite 4A „π°“√¥Ÿ¥´—∫Õ‘ÕÕπ¢Õß‚≈À–À≈“¬Ê ™π‘¥
æ∫«à“ ¡’§«“¡ Õ¥§≈âÕß°—∫ ¡°“√ Langmuir ÷́Ëß

Fig. 8 Ammonium ion uptake equilibrium time
onto ratio RHA:NaOH:Al(OH)

3
 1:1.2:1

at 60 ÌC.

Fig. 9 Ammonium ion uptake equilibrium time
onto ratio RHA:NaOH:Al(OH)

3
 1:1.2:1

at 90 ÌC.
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·µ°µà“ß°—π ‡π◊ËÕß®“°„π°“√Õ∏‘∫“¬æƒµ‘°√√¡°“√¥Ÿ¥´—∫
¢Õßµ—«¥Ÿ¥ —́∫æ∫«à“„™â§à“ r2 „π°“√æ‘®“√≥“§«“¡πà“‡™◊ËÕ∂◊Õ
¡“Õ∏‘∫“¬°“√¥Ÿ¥´—∫ ¥—ß‡™àπ‡¥’¬«°—∫°“√»÷°…“¢Õß
El-Kamash A., el al., 2005 ‰¥â∑”°“√»÷°…“°≈‰°
¢Õß°“√°”®—¥ —ß°– ’·≈–·§¥‡¡’¬¡¥â«¬ ’́‚Õ‰≈µå‡Õ
 —ß‡§√“–Àå æ∫«à“ „π°“√¥Ÿ¥´—∫°”®—¥‚≈À–Àπ—°∑—Èß Õß™π‘¥
¡’§à“ r2 ¢Õß∑—Èß ¡°“√ Langmuir ·≈– Freundlich ¡’§à“
r2 „°≈â‡§’¬ß°—π§◊Õ r2 = 0.999 ®÷ßπ”§à“§ß∑’Ë∑’Ë‰¥â®“°
 ¡°“√∑—Èß 2 ¡“„™âÕ∏‘∫“¬√à«¡°—π‡™àπ‡¥’¬«°—∫°“√∑¥≈Õß
¢Õß Purna G., el al., 2006 ∑”°“√»÷°…“°“√¥Ÿ¥´—∫
‚≈À– —ß°– ’·≈–·§¥‡¡’¬¡¥â«¬ Zeolite 4A æ∫«à“
„π°“√¥Ÿ¥´—∫ Õ¥§≈âÕß°—∫ ¡°“√ Freundlich ¡“°°«à“
·µà°Á¡’§à“ ¡°“√ Langmuir ¡’§à“ r2 ´÷Ëß¡’§«“¡πà“‡™◊ËÕ∂◊Õ
¢Õß¢âÕ¡Ÿ≈¥â«¬‡™àπ°—π ¥—ßπ—Èπ „π°“√Õ∏‘∫“¬∂÷ßæƒµ‘°√√¡
°“√¥Ÿ¥´—∫∑’Ë‡°‘¥¢÷Èπ‚¥¬„™â´’‚Õ‰≈µå —ß‡§√“–Àå®“°¢’È‡∂â“
·°≈∫·≈–µ–°ÕπÕ≈Ÿ¡‘‡π’¬¡‰Œ¥√Õ°‰´¥å ‡ªìπµ—«¥Ÿ¥´—∫
„π§√—Èßπ’È ®÷ßÕ∏‘∫“¬°“√¥Ÿ¥´—∫∑’Ë‡°‘¥¢÷Èπ¥â«¬ ¡°“√
Langmuir ·≈– ¡°“√ Freundlich √à«¡°—π

À“°æ‘®“√≥“°√“ø§«“¡ —¡æ—π∏å√–À«à“ß§«“¡
‡¢â¡¢âπ¢Õß·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ∑’Ë‡À≈◊ÕÕ¬Ÿà„π “√≈–≈“¬
„π ¿“«– ¡¥ÿ≈ (C

e
) ‡ªìπ·°π x °—∫ª√‘¡“≥·Õ¡‚¡‡π’¬¡

Õ‘ÕÕπ∑’Ë∂Ÿ°¥Ÿ¥´—∫µàÕπÈ”Àπ—°¢Õßµ—«¥Ÿ¥´—∫ (q
e
) ‡ªìπ·°π

y ¥—ß√Ÿª∑’Ë 10 ®–‡ÀÁπ°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ¡’
≈—°…≥–‰Õ‚´‡∑Õ¡°“√¥Ÿ¥´—∫‡ªìπ·∫∫ L-curve isotherm
„π√–¬–∑’Ë 4 §◊Õ §«“¡™—π„π™à«ß‡√‘Ë¡µâπ®– Ÿß¡“°·≈â«®–
§àÕ¬Ê≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ Ÿß¢÷Èπ æƒµ‘°√√¡°“√¥Ÿ¥´—∫
‡™àππ’È “¡“√∂Õ∏‘∫“¬‰¥â«à“ “√¥Ÿ¥´—∫¡’·√ß¥÷ß¥Ÿ¥À√◊Õ¡’
§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ “√À√◊ÕÕ‘ÕÕπ„π “√≈–≈“¬
∑’Ë§«“¡‡¢â¡¢âπµË”·≈–≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ Ÿß¢÷Èπ ‡π◊ËÕß®“°
æ◊Èπ∑’Ë«à“ß„π°“√¥Ÿ¥´—∫¡’πâÕ¬≈ß·≈–µ—«¥Ÿ¥´—∫¡’≈—°…≥–
°“√¥Ÿ¥´—∫‰¥âÀ≈“¬™—Èπ ∑”„ÀâÀ≈—ß®“°‡°‘¥°“√ª°§≈ÿ¡º‘«
¢Õßµ—«¥Ÿ¥´—∫·∫∫ Õß™—Èπ®π∂÷ß®ÿ¥Õ‘Ë¡µ—«·≈â«°Á®–‡°‘¥°“√
¥Ÿ¥´—∫‡æ‘Ë¡¢÷Èπ‡ªìπ™—Èπ∑’Ë 3 ·≈– 4 µ“¡≈”¥—∫ ́ ÷Ëß Õ¥§≈âÕß
°—∫ ¡°“√ Freundlich ∑’Ë«à“æ◊Èπº‘«¢Õßµ—«¥Ÿ¥´—∫‡ªìπ
·∫∫À≈“¬™—Èπ

A B
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     √ÿªº≈°“√∑¥≈Õß

„π°“√ —ß‡§√“–Àå´’‚Õ‰≈µå®“°¢’È ‡∂â“·°≈∫
®“°°“√‡º“Õ‘∞¡Õ≠ ‡æ◊ËÕπ”¡“„™â„π°”®—¥·Õ¡‚¡‡π’¬¡
Õ‘ÕÕπ¥â«¬°“√¥Ÿ¥ —́∫π—Èπ®“°°“√»÷°…“°“√¥Ÿ¥ —́∫
·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ¥â«¬´’‚Õ‰≈µå∑’Ë —ß‡§√“–Àå‰¥â æ∫«à“
°“√¥Ÿ¥´—∫‡¢â“ Ÿà ¡¥ÿ≈∑’Ë‡«≈“ 8 ™—Ë«‚¡ß ®“°π—Èπ®÷ß‰¥â»÷°…“
‰Õ‚´‡∑Õ¡°“√¥Ÿ¥´—∫‚¥¬„™â ¡°“√ Langmuir ·≈–
 ¡°“√ Freundlich æ∫«à“¢âÕ¡Ÿ≈®“°°“√∑¥≈Õß Õ¥§≈âÕß
°—∫ ¡°“√ Freundlich ‚¥¬¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫
·∫∫À≈“¬™—Èπ·≈–¥Ÿ¥´—∫‰¥â¥’∑’Ë§«“¡‡¢â¡¢âπµË”´÷Ëß°√“ø
®–¡’§«“¡™—π¡“°·≈â«®–§àÕ¬Ê ≈¥≈ß‡¡◊ËÕ§«“¡‡¢â¡¢âπ
 Ÿß¢÷Èπ ‡π◊ËÕß®“°æ◊Èπ∑’Ë«à“ß„π°“√¥Ÿ¥´—∫¡’πâÕ¬≈ß ́ ÷ËßÀ≈—ß®“°
‡°‘¥°“√ª°§≈ÿ¡º‘«¢Õß«— ¥ÿ¥Ÿ¥´—∫·∫∫ Õß™—Èπ®π∂÷ß®ÿ¥
Õ‘Ë¡µ—«·≈–æ∫«à“´’‚Õ‰≈µå∑’Ë —ß‡§√“–Àå‰¥â∑’ËÕ—µ√“ à«π RHA:
NaOH:Al(OH)

3
 1:3:1 Õÿ≥À¿Ÿ¡‘ 90 ÌC 1M NaOH 12

™—Ë«‚¡ß (®“°º≈°“√«‘‡§√“–Àå¥â«¬ XRD æ∫«à“ ‡°‘¥
´’‚Õ‰≈µå A ·≈– P ª–ªπ°—πÕ¬Ÿà) ¡’ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫
·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ‰¥â Ÿß ÿ¥∑’Ë√âÕ¬≈– 83.22 ‡¡◊ËÕ
‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°—∫¢’È‡∂â“·°≈∫∑’Ë‡ªìπ«—µ∂ÿ¥‘∫
¡’ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡Õ‘ÕÕπ‡æ’¬ß√âÕ¬≈–

23.40 ®“°º≈°“√∑¥≈Õß “¡“√∂ √ÿª‰¥â«à“ ‡«≈“ Õÿ≥À¿Ÿ¡‘
·≈–§«“¡‡¢â¡¢âπ¢Õß‚´‡¥’¬¡‰Œ¥√Õ°‰´¥å ¡’º≈µàÕ°“√‡°‘¥
´’‚Õ‰≈µå·≈– àßº≈µàÕª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫·Õ¡‚¡‡π’¬¡
Õ‘ÕÕπ ‚¥¬æ∫«à“º≈‘µ¿—≥±å∑’Ë‡°‘¥‡ªìπ´’‚Õ‰≈µåπ—Èπ
¡’ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫‰¥â¥’°«à“º≈‘µ¿—≥±å∑’Ë‰¡à‡°‘¥º≈÷°
´’‚Õ‰≈µå

‡Õ° “√Õâ“ßÕ‘ß

°ÿ≈«¥’  √—ß…’«—≤π“ππ∑å. 2545. ç°“√ —ß‡§√“–Àå·≈–
°“√»÷°…“ ¡∫—µ‘∑“ß°“¬¿“æ¢Õß ’́‚Õ‰≈µå‡Õ
‡æ◊ËÕ‡ªìπ “√·≈°‡ª≈’Ë¬πÕ‘ÕÕπ‡®“–®ßé √“¬ß“π
°“√«‘®—¬¡À“«‘∑¬“≈—¬‡∑§‚π‚≈¬’ ÿ√π“√’.

Lenore S., E. Arnold.and R. Rhodes. 1989. APHA,
AWWA WPCF. Standard Method For the
Examination of water and wastewater,
American Public Health Association,
Weshington DC.

Kadir S., S. Ahmet and A. Mehmet. 2006. Removal
of ammonium ion from aqueous solution
by natural Turkish (Yildizeli) zeolite for

Fig. 10  The relative of  C
e
 and q

e
 in ammonium ion uptake equilibrium time onto ratios

RHA:NaOH:Al(OH)
3
 by

 (a) 1:3:1 at 60  ÌC    (b) 1:3:1 at 90  ÌC   (c) 1:1.2:1 at 60  ÌC   (d) 1:1.2:1 at 90  ÌC

C D



·°àπ‡°…µ√10 ªï∑’Ë 36 ©∫—∫æ‘‡»…  2551

environment quality. Journal of Hazardous
Materials. 141: 258-263.

π‘æπ∏å µ—ß§≥“πÿ√—°…å. 2550. À≈—°°“√«‘‡§√“–Àå§ÿ≥¿“æπÈ”
∑“ß‡§¡’, ¡À“«‘∑¬“≈—¬‡°…µ√»“ µ√å. °√ÿß‡∑æœ.
281 Àπâ“.

Dogan K., K. Yunus, T. Mustafa and A. Bulent.
2006. Removal of ammonium ion from
aqueous solution using natural Turkish
clinoptilolite. Journal of Hazardous
Materials. 136: 604-609.

Hui K., C. Chao and S. Kot. 2005. Removal of
mixed heavy metal ions in wastewater by
zeolite 4A and residual products from
recycled coal fly ash. Journal of Hazardous
Materials. 127: 89-101.

El-Kamash A., A. Zaki and M. Abed El Geleel.
2005. Modeling batch kinetics and
thermodynamics of zinc and cadmium ions
removal from waste solution using
synthetic zeolite A. Journal of Hazardous
Materials. 127: 211-220.

Purna G., S. Satyaveni, A. Ramesh, K. Seshaiah.,
K. Murthy and K. Choudary. 2006. Sorption
of cadmium and zinc from agueous
solutions by zeolite 4A zeolite 13X and
bentonite. Journal of Environmental
Management. 81: 265-272.


