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Abstract

The aim of this research was to investigate the feasibility of utilizing Montmorillonite and Organo-clays
for the removal of organic compounds from aqueous solution. The Quaternary Ammonim Cations
(QACs) used in the surface modification of Organo-clays were Tetramethylammonium (TMA),
Hexadecyltrimethylammonium (HDTMA), Tetradecyltrimethylhexadecylammonium (TDMA) and
Benzyldimethylammonium (BDHDMA). The targets of the removal were humic acid, methylene blue,
methyl orange, phenol, 3-chlorophenol and naphthalene. From batch adsorption results, Montmorillonite
clays and Organo-clays were able to uptake the studied organic compounds from aqueous solution.
Organo-clays (HDTMA-clays, TDMA-clays and BDHDMA-clays) had the higher efficiency than
Montmorillonite clay. From fixed-bed adsorption results, the capacity of adsorption depended on
the contact time between the adsorbent and adsorbate. The capacity of adsorption increared with the
contact time.
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¥Ÿ¥ —́∫®“°πÈ”¡’ ¡∫—µ‘‡©æ“–µ—«∑’Ë·µ°µà“ß°—π ‡™àπ

°√¥Œ‘«¡‘§ (Humic acid) ‡ªìπ “√Õ‘π∑√’¬å∑’Ëæ∫

∑—Ë«‰ª„π·À≈àßπÈ”∏√√¡™“µ‘´÷Ëß “¡“√∂∑”ªØ‘°‘√‘¬“

°—∫§≈Õ√’π∑’Ë„™â∑—Ë«‰ª„π√–∫∫∫”∫—¥πÈ”‡ ’¬ ·≈â«

‡°‘¥‡ªìπ “√°àÕ¡–‡√Áß ‡¡∏‘≈’π∫≈Ÿ (Methylene blue)

‡ªìπ ’Õ‘π∑√’¬å (Dye) ∑’Ë¡’ª√–®ÿ∫«° ‡¡∏‘≈ÕÕ‡√π®å

(Methyl orange) ‡ªìπ ’Õ‘π∑√’¬å∑’Ë¡’ª√–®ÿ≈∫

 ’Õ‘π∑√’¬å∑—Èß Õß™π‘¥π’Èæ∫¡“°„πÕÿµ “À°√√¡

øÕ°¬âÕ¡·≈– ‘Ëß∑Õ øïπÕ≈ (Phenol) 3-§≈Õ‚√øïπÕ≈

(3-Chorophenol) ·≈–·πø∏“≈’π (Naphthalene)

‡ªìπ “√Õ‘π∑√’¬å —ß‡§√“–Àå∑’Ëª√–°Õ∫¥â«¬«ß‡∫π´’π

(Benzene Ring) æ∫„ππÈ”¬“∑”§«“¡ –Õ“¥

«— ¥ÿ Õÿª°√≥å ·≈–«‘∏’°“√

 “√‡§¡’∑’Ë„™â„π°“√∑¥≈Õß

1. ·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘∑’Ë„™â
„π°“√∑¥≈Õß‰¥â√—∫§«“¡Õπÿ‡§√“–Àå®“°∫√‘…—∑
‰∑¬π‘ªªÕπ‡§¡’¿—≥±åÕÿµ “À°√√¡ ®”°—¥
Õß§åª√–°Õ∫∑“ß‡§¡’ (µ“√“ß∑’Ë 1)

2.  “√Õ‘π∑√’¬å QACs ∑’Ë„™â‰¥â·°à TMA
HDTMA TDMA ·≈– BDHDMA ®“° ∫√‘…—∑ øŸ≈°“
‡§¡’°“ ®”°—¥ ´÷Ëß¡’≈—°…≥–‚§√ß √â“ß¥—ß√Ÿª∑’Ë 2-5

3.   “√Õ‘π∑√’¬å∑’ËµâÕß°“√¥Ÿ¥´—∫ 6 ™π‘¥ ‰¥â·°à
°√¥Œ‘«¡‘§ (C36H30O15N2nH2O) ‡¡∏‘≈’π∫≈Ÿ
‡¡∏‘≈ÕÕ‡√π®å øïπÕ≈ 3-§≈Õ‚√øïπÕ≈ ·≈–·πø∏“≈’π
´÷Ëß¡’≈—°…≥–‚§√ß √â“ß¥—ß√Ÿª∑’Ë 6-10

Figure 1. Ideal structure of Montmorillonite clays. Small black circles are Si4+, big black
circles are Al3+ or Mg2+, open circles oxygen atoms. Exchange cations are water
occupies the interlayer region.
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Table 1. Chemical composition (%w) of Montmorillonite clays.

SiO2 56-60 MgO 1.5-2.0

Al2O3 16-18 CaO 1.9-2.1

Fe2O3 5-7 K2O3 0.3-0.5

Na2O 2.4-3 TiO2 1.2-1.5

Figure 2. Structure of TMA. Figure 3. Structure of HDTMA.

Figure 4. Structure of TDMA. Figure 5. Structure of BDHDMA.

Figure 6. Structure of Methylene blue. Figure 7. Structure of Methyl orange.

Figure 8. Structure of Phenol. Figure 9. Structure of 3-Chorophenol.

Figure 10. Structure of Naphthalene.
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«‘∏’°“√∑¥≈Õß

°“√‡µ√’¬¡ Organo-clays

‡√‘Ë¡®“°§”π«≥À“ª√‘¡“≥ QACs ∑’ËµâÕß„™â
„π°“√ª√—∫ª√ÿß ¡∫—µ‘æ◊Èπº‘«¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈

‚≈‰πµå∏√√¡™“µ‘®“° ¡°“√µàÕ‰ªπ’È
ª√‘¡“≥ QACs ∑’ËµâÕß„™â
(g) = AxBxCxD

‡¡◊ËÕ A §◊Õ ®”π«π‡∑à“¢Õß§à“ Cat ion
Exchange Capacity (CEC) ¢Õß
·√à ¥‘ π¡Õπµå ¡Õ√‘ ≈ ‚≈‰πµå

∏√√¡™“µ‘∑’ËµâÕß°“√ª√—∫ª√ÿß
 ¿“ææ◊Èπº‘«

B §◊Õ §à“ CEC ¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈

‚≈‰πµå∏√√¡™“µ‘ ¡’§à“‡∑à“°—∫
0.8 meq

C §◊Õ ª√‘¡“≥·√à¥‘π¡Õπµå¡Õ√‘≈-

‚≈‰πµå∏√√¡™“µ‘∑’ËµâÕß°“√
ª√—∫ª√ÿß ¿“ææ◊Èπº‘« (g)

D §◊Õ πÈ”Àπ—°‚¡‡≈°ÿ≈¢Õß “√ QACs

∑’ËµâÕß„™â

®“°π—Èππ” “√ QACs µ“¡ª√‘¡“≥∑’Ë§”π«≥

‰¥â‰ª≈–≈“¬πÈ”°≈—Ëπ 1 ≈‘µ√ π” “√≈–≈“¬∑’Ë‰¥â‰ª

g

‡¢¬à“√«¡°—∫·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∑’Ë‡µ√’¬¡‰«â¥â«¬

‡§√◊ËÕß‡¢¬à“·π«√“∫∑’Ë§«“¡‡√Á«√Õ∫ 200 √Õ∫µàÕπ“∑’

‡ªìπ‡«≈“ 1 §◊π ®“°π—Èπ≈â“ß¥â«¬πÈ”°≈—Ëπ®π°√–∑—Ëß

§à“°“√π”‰øøÑ“‡À≈◊ÕπâÕ¬°«à“ 1.5 µS °√Õß¥â«¬‡§√◊ËÕß

°√Õß ÿ≠≠“°“» ª≈àÕ¬„Àâ·Àâß∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·≈â«

π”‰ª∫¥„Àâ≈–‡Õ’¬¥ ‡™àπ °“√‡µ√’¬¡ Organo-clays

(100%CEC-TMA-clay) ª√‘¡“≥ TMA ∑’ËµâÕß„™â

§◊Õ

πÈ”Àπ—°¢Õß TMA =

1X0.8 
 meq  

 X 20 (g) X 109.6 
  g  

 X 
mole  

X 
    eq     

 = 1.7536 g

®“°π—Èπ»÷°…“À“≈—°…≥–∑“ß°“¬¿“æ·≈–∑“ß

‡§¡’¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·≈–
Organo-clays ‚¥¬„™â‡§√◊ËÕß Automatic Surface
Analyzer ASAP 2010 Micromeritics (‡æ◊ËÕ»÷°…“

æ◊Èπ∑’Ëº‘« ·≈–¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬) ‡§√◊ËÕß Mastersizer
(¢π“¥Õπÿ¿“§) ‡§√◊ËÕß X-Ray Diffraction Bruker
5005 system (‡æ◊ËÕ»÷°…“À“√–¬–Àà“ß√–À«à“ß

™—Èπ‚§√ß √â“ß) ·≈– ‡§√◊ËÕß CHNS Analyzer
CNS-2000 LECO (‡æ◊ËÕ»÷°…“À“ª√‘¡“≥§“√å∫Õπ)
(µ“√“ß∑’Ë 2)

Table 2. Physical and chemical properties of Montmorillonite clays and Organo-clays.

Carbon content

(g/100 g of

adsorbent)

Adsorbents BET
Surface

area (m2/g)

Average
pore (ηηηηηm)

Particle
size (µµµµµm)

d
001, A

O

Montmorillonite clay 55.80 6.3 9.70 13.143                   none

100%CEC-TMA-clay 82.60 3.9 9.22 14.718 0.2643

200%CEC-TMA-clay 97.70 3.7 12.72 14.623 -

50%CEC-HDTMA-clay 12.50 15.7 27.10 17.381 10.03

100%CEC-HDTMA-clay 9.00 17.9 57.20 21.325 16.51

200%CEC-HDTMA-clay 2.00 32.1 49.10 22.872 22.57

50%CEC-TDMA-clay 12.00 22.4 41.50 18.019 13.08

100%CEC-TDMA-clay 7.40 20.9 50.60 21.325 14.33

200%CEC-TDMA-clay 9.30 24.2 65.20 21.639 14.71

100%CEC-BDHDMA-clay 11.31 25.2 72.34 24.253 20.17

g mole 1000meqeq
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°“√∑¥ Õ∫·∫∫°–

π”µ—«¥Ÿ¥´—∫ (µ“√“ß∑’Ë 2) ‡¢¬à“√«¡°—∫
 “√≈–≈“¬Õ‘π∑√’¬å·µà≈–™π‘¥∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ
µà“ß Ê °—π ¥â«¬‡§√◊ËÕß‡¢¬à“·π«√“∫∏√√¡¥“∑’Ë
Õÿ≥À¿Ÿ¡‘ÀâÕß‚¥¬„™â§«“¡‡√Á«√Õ∫ 200 √Õ∫µàÕπ“∑’
‡ªìπ‡«≈“ 1 §◊π ‡æ◊ËÕ„Àâ√–∫∫‡¢â“ àŸà ¿“«– ¡¥ÿ≈ ´÷Ëß
√–¬–‡«≈“‡¢â“ àŸà ¡¥ÿ≈ª√–¡“≥ 15-120 π“∑’  ”À√—∫
µ—«¥Ÿ¥´—∫·µà≈–™π‘¥ (µ“√“ß∑’Ë 3) ®“°π—Èππ” “√
≈–≈“¬∑’Ë‰¥â‰ªªíòπ‡À«’Ë¬ß·¬°∑’Ë§«“¡‡√Á«√Õ∫ 3,000
√Õ∫µàÕπ“∑’ ‡æ◊ËÕ·¬°·√à¥‘π®“° “√≈–≈“¬‡ªìπ‡«≈“
30 π“∑’ π” “√≈–≈“¬∑’Ë‰¥â‰ª«—¥§à“°“√¥Ÿ¥°≈◊π
· ß¥â«¬‡§√◊ËÕß UV-VIS-NIR Spectrophotometer √àÿàπ
Cary 5E ¢Õß Varian ∑’Ë§«“¡¬“«§≈◊Ëπ (λmax) (µ“√“ß
∑’Ë 4) ‡æ◊ËÕÀ“§«“¡‡¢â¡¢âπ∑’Ë‡À≈◊Õ„π “√≈–≈“¬

πÕ°®“°π—Èπ¬—ß»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ
√–∫∫°“√¥Ÿ¥´—∫‚¥¬∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—π·µà
‡ª≈’Ë¬π®“°‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“·π«√“∫∏√√¡¥“

‡ªìπ‡¢¬à“¥â«¬‡§√◊ËÕß‡¢¬à“·π«√“∫·∫∫§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘
√«¡∑—Èß∑”°“√»÷°…“º≈¢Õß§«“¡‡ªìπ°√¥-¥à“ßµàÕ
√–∫∫°“√¥Ÿ¥´—∫‚¥¬∑”°“√∑¥≈Õß‡™àπ‡¥’¬«°—∫
°√≥’°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ·µàª√—∫
§à“§«“¡‡ªìπ°√¥-¥à“ß¢Õß “√≈–≈“¬Õ‘π∑√’¬å ‚¥¬„™â
HCl 0.1 M ·≈– NaOH 0.1 M

°“√∑¥≈Õß·∫∫‡∫¥π‘Ëß

π”·√à¥‘π∑’Ë„™â‡ªìπµ—«¥Ÿ¥´—∫º ¡∑√“¬§«Õ´

‡¢¬à“„Àâ‡¢â“°—π („™â∑√“¬§«Õ´ 26 ·≈– 52 °√—¡

 ”À√—∫§«“¡ Ÿß¢Õß‡∫¥π‘Ëß 10 ·≈– 20 ‡´πµ‘‡¡µ√

µ“¡≈”¥—∫) ·≈â«∫√√®ÿ„π§Õ≈—¡πå·°â«¢π“¥‡ âπºà“

»Ÿπ¬å°≈“ß 15 ¡‘≈≈‘‡¡µ√  Ÿß 40 ‡´πµ‘‡¡µ√ ‚¥¬

„™â„¬·°â«√Õß√—∫µ—«¥Ÿ¥´—∫º ¡∑√“¬‡æ◊ËÕªÑÕß°—π

°“√Õÿ¥µ—π ®“°π—Èπª≈àÕ¬ “√≈–≈“¬Õ‘π∑√’¬å‰À≈

ºà“π§Õ≈—¡πå ‚¥¬„™âªíö¡‰¥Õ–·ø√¡∑’Ë·√ß¥—πªíö¡

‡∑à“°—∫»Ÿπ¬å  ‚µ√°‡∑à“°—∫ “¡ (ªíö¡¢Õß Prominent

Table 3.  Equilibrium of Montmorillonite clays and Organo-clays.

k2

(g/min-mg)

Solutions Adsorbents Initial
concentration

(mg/L)

Equilibrium
time,
(min)

R2

Humic acid Montmorillonite clay 160 20 0.9951 0.0095

200 20 0.9791 0.0023

100%CEC-HDTMA-clay 160 90 0.9934 0.0024

Methylene Montmorillonite clay 100 15 0.9302 0.0032

200 15 0.9911 0.0013

50%CEC-HDTMA-clay 100 120 0.9020 0.0147

200 120 0.9303 0.0106

Methyl orange 100%CEC-HDTMA-clay 40 200 0.9806 0.0006

80 300 0.5489 0.0001

Phenol 100%CEC-HDTMA-clay 60 60 0.9989 2.0916

120 240 0.7346 0.0975

3-Chorophenol 200%CEC-HDTMA-clay 100 120 0.9478 0.0004

200 120 0.9715 0.0014

Naphthalene 150%CEC-HDTMA-clay 10 40 0.9957 0.0351

20 40 0.9985 0.0519
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Table 4. UV maximum wavelength (λ max) of adsorbate studied.

Adsorbates Humic acid Methylene blue Methyl orange Phenol 3-Chlorophenol Napthalene

λmax (ηm) 400.00 698.00 463.33 268.89 277.00 275.00

Fluid Contr. √àÿàπ CONBO806PP108A101) ‡°Á∫

µ—«Õ¬à“ß “√≈–≈“¬∑’ËÕÕ°®“°§Õ≈—¡πå∑’Ë√–¬–‡«≈“

µà“ß Ê °—π ·≈â«π”‰ª«‘‡§√“–ÀåÀ“ª√‘¡“≥ “√

Õ‘π∑√’¬å∑’Ë‡À≈◊Õ„π “√≈–≈“¬

º≈°“√∑¥≈Õß

°“√»÷°…“≈—°…≥–∑“ß°“¬¿“æ¢Õßµ—«¥Ÿ¥´—∫

®“°°“√»÷°…“≈—°…≥–∑“ß°“¬¿“æ·≈–

∑“ß‡§¡’¢Õßµ—«¥Ÿ¥´—∫∑’Ë„™â„π°“√∑¥≈Õß (µ“√“ß∑’Ë 2)

æ∫«à“ Organo-clays ¡’æ◊Èπ∑’Ëº‘«πâÕ¬°«à“·√à¥‘π

¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘·≈–¡’√Ÿæ√ÿπ‡©≈’Ë¬

°«â“ß¢÷Èπ ‡π◊ËÕß®“° QACs ‡¢â“‰ªÕ¬àŸà„π√Ÿæ√ÿπ¢Õß

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå ∑”„Àâæ◊Èπ∑’Ëº‘«Õ‘ √–¢Õß

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘≈¥≈ß ∑”„Àâ

¢π“¥√Ÿæ√ÿπ‡©≈’Ë¬·≈–¢π“¥Õπÿ¿“§‡©≈’Ë¬¡’¢π“¥

„À≠à¢÷Èπ ¬°‡«âπ TMA-clays ∑’Ë¡’æ◊Èπ∑’Ëº‘«¡“°°«à“

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ‡π◊ËÕß®“°

¢π“¥ª√–®ÿ∫«°¢Õß TMA ¡’¢π“¥‡≈Á°∑”„Àâæ◊Èπ∑’Ë

º‘«·≈–√Ÿæ√ÿπ¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå‡æ‘Ë¡¢÷Èπ

(Kulladapu and Boyd, 1995) ®“°º≈°“√»÷°…“‚¥¬„™â

XRD æ∫«à“‡¡◊ËÕ QACs ‡¢â“‰ªÕ¬àŸà„π√Ÿæ√ÿπ¢Õß·√à

¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∑”„Àâ√–¬–Àà“ß√–À«à“ß™—Èπ

‚§√ß √â“ß (d001) ¢Õß Organo-clays ¡’§à“¡“°°«à“

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ‡¡◊ËÕæ‘®“√≥“

ª√‘¡“≥§“√å∫Õπ∫πµ—«¥Ÿ¥æ∫«à“ª√‘¡“≥§“√å∫Õπ∫π

Organo-clays ¢÷ÈπÕ¬àŸà°—∫ª√‘¡“≥§“√å∫Õπ„π

‚§√ß √â“ß¢Õß “√ QACs ∑’Ëπ”¡“ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘

‡™àπ Organo-clays ∑’Ë∂Ÿ°ª√—∫ª√ÿß¥â«¬ “√ QACs ‡ªìπ

ª√‘¡“≥Àπ÷Ëß‡∑à“¢Õß§à“ CEC (100%CEC-clays) ®–

¡’ª√‘¡“≥§“√å∫Õπ‡ªìπ¥—ßπ’È§◊Õ BDHDMA-clay >

HDTMA-clay > TDMA-clay > TMA-clay

πÕ°®“°π—Èπ·≈â«ª√‘¡“≥§“√å∫Õπ¬—ß¢÷ÈπÕ¬àŸà°—∫

ª√‘¡“≥ “√ QACs ∑’Ëπ”¡“ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘ ¥—ßπ’È

§◊Õ 200%CEC- > 100%CEC- > 50%CEC-

(HDTMA-clays ·≈– TDMA-clays) · ¥ß«à“  “√

QACs ∑’Ëπ”¡“ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘æ◊Èπº‘«‡°‘¥°“√

·≈°‡ª≈’Ë¬πª√–®ÿ∫«°°—∫ Na+ ·≈– Ca2+ ∑’Ë¡’Õ¬àŸà„π

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘®√‘ß

°“√»÷°…“ kinetics °“√¥Ÿ¥´—∫

®“°°“√»÷°…“ kinetics °“√¥Ÿ¥´—∫ “√

Õ‘π∑√’¬å¥â«¬·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·≈–

Organo-clays (µ“√“ß∑’Ë 3) æ∫«à“ √–¬–‡«≈“‡¢â“ àŸ

 ¿“«– ¡¥ÿ≈°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å¢Õß Organo-

clays π“π°«à“°“√¥Ÿ¥´—∫¥â«¬·√à¥‘π¡Õπµå¡Õ√‘≈

‚≈‰πµå∏√√¡™“µ‘ ·≈–æ∫«à“§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß

 “√≈–≈“¬Õ‘π∑√’¬å‰¡à¡’º≈µàÕ√–¬–‡«≈“‡¢â“ àŸà ¿“«–

 ¡¥ÿ≈ ¬°‡«âπ√–∫∫¢Õß‡¡∏‘≈ÕÕ‡√π®å ·≈–øïπÕ≈

‡¡◊ËÕ«‘‡§√“–Àå kinetics °“√¥Ÿ¥´—∫Õ¬à“ßßà“¬

µ“¡ ¡°“√ Pseudo›First Order Equation  ·≈–

Pseudo-Second Order Equation ÷́Ëß· ¥ß¥—ß

 ¡°“√ æ∫«à“≈—°…≥–°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å

™π‘¥µà“ß Ê ‡ªìπ·∫∫ Pseudo-Second Order ¬°‡«âπ

°“√¥Ÿ¥´—∫‡¡∏‘≈’π∫≈Ÿ¥â«¬ Organo-clays ‡ªìπ·∫∫

Pseudo-First Order

Pseudo›First Order Equation:

log(qe 
_ qt) = logqe _ 

k1t

Pseudo›Second Order Equation:

 t   =   1   +   1  t

‡¡◊ËÕ k1 ·≈– k2 §◊Õ §à“ Rate Constant ¢Õß°“√

¥Ÿ¥´—∫·∫∫ Pseudo›First Order ·≈– Pseudo-

Second Order µ“¡≈”¥—∫

2.303

qt      k2qe
2     qe
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qe §◊Õ ª√‘¡“≥°“√¥Ÿ¥´—∫ “√∑’Ë ¿“«–

 ¡¥ÿ≈ (mg/g)

qt §◊Õ ª√‘¡“≥°“√¥Ÿ¥ —́∫ “√∑’Ë ‡«≈“

t (mg/g)

t §◊Õ ‡«≈“∑’Ë∑”°“√¥Ÿ¥ —́∫¢≥–π—Èπ

(min)

°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‚¥¬°√–∫«π°“√¥Ÿ¥´—∫·∫∫°–

º≈°“√¥Ÿ¥ —́∫ “√Õ‘π∑√’¬å∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë

‡¡◊ËÕ»÷°…“§«“¡ “¡“√∂¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈

‚≈‰πµå∏√√¡™“µ‘ ·≈– Organo-clays „π°“√¥Ÿ¥

´—∫ “√Õ‘π∑√’¬å∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë æ∫«à“ à«π„À≠à

ª√‘¡“≥ “√Õ‘π∑√’¬å∑’Ë∂Ÿ°¥Ÿ¥´—∫‚¥¬ Organo-clays ®–

¡“°°«à“ª√‘¡“≥ “√Õ‘π∑√’¬å∑’Ë∂Ÿ°¥Ÿ¥´—∫¥â«¬·√à¥‘π

¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ¬°‡«âπ TMA-clays ∑’Ë

‰¡à “¡“√∂¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‰¥â ‡π◊ËÕß¡“®“°¢π“¥

ª√–®ÿ∫«°¢Õß TMA ¡’¢π“¥‡≈Á° ·≈–¡’§à“ Hydration

 Ÿß (Sanchez-Camazano and Sanchez-Martin, 1994)

º‘«¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘®“°

™Õ∫πÈ” (Hydrophilic) ‡ªìπ™Õ∫ “√Õ‘π∑√’¬å

(Organophilic) ‰¥â ¥—ßπ—Èπ≈—°…≥–æ◊Èπº‘«¢Õß

TMA-clays ®÷ß “¡“√∂¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‰¥â„π

ª√‘¡“≥πâÕ¬ ‡™àπ °“√¥Ÿ¥´—∫°√¥Œ‘«¡‘§ (√Ÿª∑’Ë 11)

πÕ°®“°π—Èπ¬—ßæ∫«à“≈—°…≥–¢ÕßÀ¡àŸàÕ—≈§‘≈ (Alkyl

Group) ∫π QACs ∑’Ë„™âª√—∫ª√ÿß ¡∫—µ‘¢Õß·√à¥‘π

¡Õπµå¡Õ√‘≈‚≈‰πµå¡’º≈µàÕª√‘¡“≥°“√¥Ÿ¥´—∫ “√

Õ‘π∑√’¬å ‡™àπ  100%CEC-BDHDMA-clay  “¡“√∂

¥Ÿ¥´—∫·πø∏“≈’π‰¥â¥’°«à“µ—«¥Ÿ¥´—∫™π‘¥Õ◊Ëπ ‡π◊ËÕß®“°

BDHDMA ¡’À¡àŸàÕ—≈§‘≈‡ªìπ«ß‡∫π ’́π  à«π

·πø∏“≈’π®–ª√–°Õ∫¥â«¬«ß‡∫π´’π Õß«ß‡™àπ

‡¥’¬«°—π ∑”„Àâ§«“¡ “¡“√∂¢Õßµ—«¥Ÿ¥´—∫™π‘¥π’È

¥’°«à“µ—«¥Ÿ¥´—∫™π‘¥Õ◊Ëπ  à«π„À≠à·≈â«µ—«¥Ÿ¥´—∫∑’Ë¡’

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‰¥â¥’§◊Õ

Organo-clays ∑’Ë∂Ÿ°ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘¥â«¬ “√ QACs

∑’Ë¡’À¡àŸàÕ—≈§‘≈¬“« ·≈–¡’ª√‘¡“≥ “√ QACs ∫π·√à

¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå¡“° °“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å

¢Õß Organo-clays ‡°‘¥®“°·√ß°√–∑”√–À«à“ß

 “√Õ‘π∑√’¬å°—∫À¡àŸàÕ—≈§‘≈¢Õß QACs ∫π·√à¥‘π

¡Õπµå¡Õ√‘≈‚≈‰πµå (Hydrophobic Interaction)

Figure 11. Adsorption isotherm of humic acid on various clays.
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·µà∑—Èßπ’ÈµâÕß¢÷ÈπÕ¬àŸà°—∫§ÿ≥ ¡∫—µ‘∑“ß‡§¡’¢Õß “√

Õ‘π∑√’¬å∑’ËµâÕß°“√¥Ÿ¥ —́∫¥â«¬ ‡™àπ °“√¥Ÿ¥ —́∫‡¡∏‘≈’π∫≈Ÿ

æ∫«à“ Organo-clays ¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫

‡¡∏‘≈’π∫≈Ÿ‰¥âπâÕ¬°«à“·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå

∏√√¡™“µ‘ π—Èπ‡ªìπ‡æ√“–«à“ QACs ∑’Ë„™âª√—∫ª√ÿß

§ÿ≥ ¡∫—µ‘·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘

∑”„Àâ§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‡¡∏‘≈’π∫≈Ÿ¡’§à“≈¥≈ß

‡π◊ËÕß®“°‡¡∏‘≈’π∫≈Ÿ‡ªìπ ’Õ‘π∑√’¬å¡’ª√–®ÿ∫«° ·≈–

°≈‰°°“√¥Ÿ¥´—∫‡¡∏‘≈’π∫≈Ÿ∫π·√à¥‘π¡Õπµå¡Õ√‘≈

‚≈‰πµå∏√√¡™“µ‘‡°‘¥¢÷Èπ¥â«¬°“√·≈°‡ª≈’Ë¬πª√–®ÿ

∫«°√–À«à“ß‡¡∏‘≈’π∫≈Ÿ°—∫ Na+ ·≈– Ca2+ ∑’Ë¡’Õ¬àŸà

„π·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·µà ”À√—∫

Organo-clays Na+ ·≈– Ca2+ ∑’Ë¡’Õ¬àŸà„π·√à¥‘π

¡Õπµå¡Õ√‘≈‚≈‰πµå QACs ‰ªÀ¡¥·≈â«®÷ß‰¡à‡À≈◊Õ

ª√–®ÿ∫«°¢Õß Na+ ·≈– Ca2+ ∫πæ◊Èπº‘«∑”„Àâ

§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫‡¡∏‘≈’π∫≈Ÿ‡°‘¥¢÷Èπ‰¥âπâÕ¬

(µ“√“ß∑’Ë 5)
Langmuir Adsorption Isotherm

‡ªìπ√Ÿª·∫∫°“√· ¥ß√–∫∫¢Õßµ—«¥Ÿ¥´—∫°—∫

µ—«∂Ÿ°¥Ÿ¥´—∫ µ—«∂Ÿ°¥Ÿ¥´—∫∂Ÿ°®”°—¥„Àâª°§≈ÿ¡µ—«

¥Ÿ¥´—∫‡æ’¬ßÀπ÷Ëß‚¡‡≈°ÿ≈‡∑à“π—Èπ ‰¡à¡’°“√ ấÕπ∑—∫

°—π¢Õß‚¡‡≈°ÿ≈ · ¥ß‰¥â¥—ß ¡°“√µàÕ‰ªπ’È

q =

‡¡◊ËÕ Ce §◊Õ §«“¡‡¢â¡¢âπ¢Õßµ—«∂Ÿ°≈–≈“¬∑’Ë

 ¡¥ÿ≈À≈—ß°“√¥Ÿ¥´—∫ (mgL-1)

q §◊Õ ª√‘¡“≥µ—«∂Ÿ°≈–≈“¬∑’Ë∂Ÿ°¥Ÿ¥´—∫

∫πº‘«¢Õßµ—«¥Ÿ¥´—∫ (mgg-1)

      a, b §◊Õ §à“§ß∑’Ë

 “¡“√∂®—¥„À¡à‰¥â‡ªìπ

‡¡◊ËÕ a/b §◊Õ maximum monolayer capacity

º≈¢ÕßÕÿ≥À¿Ÿ¡‘·≈–§«“¡‡ªìπ°√¥-¥à“ß¢Õß

√–∫∫

‡¡◊ËÕ»÷°…“º≈¢ÕßÕÿ≥À¿Ÿ¡‘µàÕ§«“¡ “¡“√∂

°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬åæ∫«à“°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å

Table 5.  Property of adsorbates and adsorbents, the best of adsorbent for each adsorbate.

Adsorbates:

Property of adsorbate

Humic acid:

substance has a part of hydrophobic

and hydrophilic

Methylene blue:

cation dye

Methyl orange:

anion dye

Phenol:

Benzene ring, height solubility

3-Chorophenol:

Benzene ring, low solubility

Naphthalene:

Benzene ring, ideal hydrophobic

* From Langmuir Adsorption Isotherm

Adsorbents:
Property of QACs

*Maximum monolayer
capacity (mg/g)

1,000.00

322.6

196.08

-

131.58

-

200%CEC-TDMA-clay

long alkyl group

Montmorillonite clays:

surface area is anion charge

200%CEC-HDTMA-clay

long alkyl group

Organo-clays:

they have long alkyl group

200%CEC-HDTMA-clay

long alkyl group

100%CEC-BDHDMA-clay

long alkyl group and benzene ring

1+bce

ace

q    a    a
ce = 1 + bce



48 °“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å®“°πÈ”‚¥¬„™â·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·≈– Organo-clays

¥â«¬·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·≈–

Organo-clays  “¡“√∂¥Ÿ¥ —́∫ “√Õ‘π∑√’¬å‰¥â¥’‡¡◊ËÕ

Õÿ≥À¿Ÿ¡‘¢Õß√–∫∫µË” ÷́Ëß‡ªìπªØ‘°‘√‘¬“§“¬§«“¡

√âÕπ‡À¡◊ÕπªØ‘°‘√‘¬“°“√¥Ÿ¥´—∫‚¥¬∑—Ë«‰ª  à«πº≈

¢Õß§«“¡‡ªìπ°√¥-¥à“ß¢Õß√–∫∫µàÕ§«“¡ “¡“√∂

°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å æ∫«à“®–·µ°µà“ß°—π‰ªµ“¡

≈—°…≥–¢Õßµ—«¥Ÿ¥´—∫·≈– “√∑’ËµâÕß°“√¥Ÿ¥´—∫

(µ“√“ß∑’Ë 6)

°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‚¥¬°√–∫«π°“√¥Ÿ¥´—∫·∫∫

‡∫¥π‘Ëß

®“°°“√»÷°…“§«“¡ “¡“√∂°“√¥Ÿ¥´—∫¢Õß·√à

¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘ ·≈– Organo-clays

„π√–∫∫µàÕ‡π◊ËÕß ‡™àπ „π√–∫∫‡∫¥π‘Ëß 100%CEC-

BDHDMA-clay  ”À√—∫°“√¥Ÿ¥´—∫ °√¥Œ‘«¡‘§

‡¡∏‘≈ÕÕ‡√π®å øïπÕ≈ 3-§≈Õ‚√øïπÕ≈ ·≈–·πø∏“≈’π

„π√–∫∫ÀÕ¥Ÿ¥´—∫  à«π°“√¥Ÿ¥´—∫‡¡∏‘≈’π∫≈Ÿ„™â

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘‡ªìπµ—«¥Ÿ¥´—∫

µ—«¥Ÿ¥ —́∫∑’Ë‡≈◊Õ°„™â„π°“√∑¥≈Õß·∫∫‡∫¥π‘Ëß¡“®“°

Table 6.  Property of adsorbates and adsorbents in the best condition.

The best condition

Acid

Base

pH didn't influence

the adsorption

Adsorbates:
Property of absorbate at best

condition

Humic acid:

Cation

Methylene blue:

Organic compound has cationic dye

Methylene blue:

Organic compound has caionic dye

Methyl orange:

Base: organic compound has anionic dye

Acid: methyl orange changes form

Naphthalene:

Acid: organic compound has benzene ring

Base: naphthalene changes form

Adsorbents:

Property of absorbent at best
condition

Montmorillonite clays:

Anion

50%CEC-HDTMA-clay and

100%CEC-HDTMA-clay

organophilic adsorbent

Montmorillonite clays:

Base: small spacing

Acid: competition between methylene

blue and hydrogen ion

100%CEC-HDTMA-clay

Organophilic adsorbent

200%CEC-HDTMA-clay

Organophilic adsorbent

º≈°“√∑¥≈Õß·∫∫°– ∑’Ë§«“¡ Ÿß‡∫¥π‘Ëß 20
‡´πµ‘‡¡µ√ Õ—µ√“°“√‰À≈ 9.7 ¡‘≈≈‘≈‘µ√µàÕπ“∑’
(µ“√“ß∑’Ë 7) ®“°º≈°“√∑¥≈Õßæ∫«à“ ‡¡◊ËÕ§«“¡
‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√≈–≈“¬Õ‘π∑√’¬å‡æ‘Ë¡¢÷Èπ®–∑”„Àâ
ª√‘¡“µ√∑’Ë®ÿ¥‡∫√§∑√Ÿ (®ÿ¥∑’Ëµ—«¥Ÿ¥´—∫À¡¥ ¿“æ„π
°“√¥Ÿ¥´—∫¡’§à“‡∑à“°—∫ 0.005 ‡∑à“¢Õß§«“¡‡¢â¡¢âπ
‡√‘Ë¡µâπ¢Õß “√ –≈“¬) ¡’§à“≈¥≈ß (√Ÿª∑’Ë 12)
‡π◊ËÕß®“°√–¬–‡«≈“ —¡º— √–À«à“ß “√≈–≈“¬Õ‘π∑√’¬å
°—∫µ—«¥Ÿ¥´—∫¡’§à“πâÕ¬≈ß∑”„Àâµ—«¥Ÿ¥´—∫ “¡“√∂
¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‰¥âπâÕ¬  ”À√—∫°“√¥Ÿ¥´—∫øïπÕ≈
¥â«¬ 100%CEC-BDHDMA-clay ‰¡à “¡“√∂À“
ª√‘¡“µ√∑’Ë®ÿ¥‡∫√§∑√Ÿ‰¥â‡π◊ËÕß®“°µ—«¥Ÿ¥´—∫∑’Ë„™â„π
°“√∑¥≈Õß¡’§«“¡ “¡“√∂„π°“√¥Ÿ¥´—∫øïπÕ≈‰¥âπâÕ¬

®“°°“√‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß·∫∫
‡∫¥π‘Ëß°—∫°“√∑¥≈Õß·∫∫°– æ∫«à“¡’§«“¡‡ªìπ‰ª
‰¥â„π °“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å„π√–∫∫ÀÕ¥Ÿ¥´—∫
·∫∫‡∫¥π‘Ëß ®–‡ÀÁπ«à“ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫Õ¬àŸà
„π™à«ß 50-80 ‡ªÕ√å‡ Á́πµå ¢÷ÈπÕ¬àŸà°—∫ ¿“«–°“√∑¥≈Õß
∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√ –≈“¬Õ‘π∑√’¬åµà”
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Figure 12. Breakthrough volume of methylene blue by Montmorillonite clays at height of
fixed bed 20 cm, 2% of Montmorillonite clays and volume flow rate 9.7 mL/min.
Breakthorugh concentration (BC) = 0.05* initial concentration (co).

Table 7.  The results of fixed bed at height of fixed bed 20 cm and flow rate 9.7 mL/min.

Solutions Amount of
adsorbent

(g)

Contact time,
(minL/mg)

Humic acid 40.00 2.7368 0.0920 4,060.5

73.38 2.7368 0.0488 1,873.0

Humic acid* 40.00 1.0612 0.0911 334.0

Methylene blue 2.50 1.0612 1.5146 93,680.0

15.00 1.0612 0.2402 6,918.0

Methyl orange 25.00 2.7368 0.1443 2,291.0

50.00 2.7368 0.0743 1,380.0

3-Chorophenol 20.00 2.7368 0.1826 881.0

50.50 2.7368 0.0732 349.0

Naphthalene 30.00 2.7368 0.1134 3,917.0

Initial
concentration

(mg/L)

Breakthrough
volume
(mL)

*Height of fixed bed 10 cm

Contact time8 =          
   volume  of  fixed  bed

(flow rate) (initial concentration)
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ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å®–¡’§à“¡“°°«à“
∑’Ë§«“¡‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√≈–≈“¬ Ÿß (µ“√“ß∑’Ë 8)

 √ÿªº≈°“√∑¥≈Õß

·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå ·≈– Organo-clays
 “¡“√∂¥Ÿ¥ —́∫ “√Õ‘π∑√’¬å®“°πÈ”‰¥â ·≈– Organo-
clays ∑’Ë∂Ÿ°ª√—∫ª√ÿß¥â«¬ QACs ∑’Ë¡’·¢π¢Õß
À¡àŸà Õ—≈§‘≈¬“« “¡“√∂¥Ÿ¥´—∫ “√Õ‘π∑√’¬å‰¥â¥’
‡π◊ËÕß®“°°“√ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘·√à¥‘π¡Õπµå¡Õ√‘≈-
‚≈‰πµå∏√√¡™“µ‘¥â«¬ “√ QACs ∑”„Àâ≈—°…≥–
æ◊Èπº‘«¢Õß·√à¥‘π¡Õπµå¡Õ√‘≈‚≈‰πµå∏√√¡™“µ‘
‡ª≈’Ë¬π‰ª®“°™Õ∫πÈ”‡ªìπ™Õ∫ “√Õ‘π∑√’¬å ´÷Ëßπ”
‰ª àŸà°“√‡æ‘Ë¡ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫ “√Õ‘π∑√’¬å
·µà∑—Èßπ’ÈµâÕß¢÷ÈπÕ¬àŸà°—∫™π‘¥¢Õß “√Õ‘π∑√’¬å Õÿ≥À¿Ÿ¡‘
·≈–§«“¡‡ªìπ°√¥-¥à“ß¢Õß√–∫∫  ”À√—∫°“√
∑¥≈Õß·∫∫‡∫¥π‘Ëßæ∫«à“ ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫
 “√Õ‘π∑√’¬å¢÷ÈπÕ¬àŸà°—∫ ¿“«–°“√∑¥≈Õß ‡™àπ §«“¡
‡¢â¡¢âπ‡√‘Ë¡µâπ¢Õß “√≈–≈“¬Õ‘π∑√’¬åµË”®–∑”„Àâ
ª√– ‘∑∏‘¿“æ°“√¥Ÿ¥´—∫ Ÿß ‡π◊ËÕß®“°¡’√–¬–‡«≈“

 —¡º— √–À«à“ßµ—«¥Ÿ¥ —́∫°—∫ “√≈–≈“¬¡’§à“¡“°

Table 8.  Comparison of adsorbate amount between batch and fixed bed adsorption.

Solutions Initial

concentration

(mg/L)

Amount of

adsorbent

(g)

Humic acid 40.00 10.00 1.0612 833.33 640.87 70.90

Methylene blue 2.50 20.00 1.0612 322.60 253.53 78.59

15.00 20.00 1.0612 322.60 138.38 42.90

Methyl orange 25.00 20.00 2.7368 126.58 70.32 55.55

50.00 20.00 2.7368 126.58 69.39 54.82

Fixed

bed

(cm)

Amount of adsorbate

per adsorbent (g/g)

Batch Fixed bed

Efficiency

(%)

Efficiency (%) =
amount of batch adsorption

(amount of batch adsorption-amount of fixed bed adsorption) *100

‡Õ° “√Õâ“ßÕ‘ß

Dentel, S.K., Jamrah, A.L. and Sparks, D.L.
(1998). Sorption and co-sorption of 1-2-
4-trichloro-benzene and tannic acid by
organo-clays. Water Research. 32:3689-
3697.

Gitipour, S., Bowers, M.T. and Bodocsi, A.
(1997). The use of modified Bentonite for
removal of aromatic organics from
contaminated soil. Journal of Colloid and
Interface Science. 196:191-198.

Kulladapu, R.K. and Boyd, S.A. (1995).
Tetramethylphosphonium-and Tetrame-
thylamethyl ammonium- Smectite
as adsorbents of aromatic and chlorinated
hydrocarbons: Effect of water on
adsorption efficiency. Clays and Clay
Minerals. 43:318-323.

McKay, G. (1996). Use of adsorbent for the
removal of pollutants from Wastewaters.
CRC Press Inc., New York.

Michot, L.J. and Pinnavaia, T.J. (1991).
Adsorption of chlorinated phenols from
aqueous solution by surfactant-modified
pillared clays. Clays and Clay Minerals.



51«“√ “√‡∑§‚π‚≈¬’ ÿ√π“√’ ªï∑’Ë 11 ©∫—∫∑’Ë 1, ¡°√“§¡-¡’π“§¡ 2547

39(6):634-641.
Wibulswas, R. (1999). Removal of organic

compounds from water using modified
montmorillonite [Ph.D. thesis].
Imperial College of Science Technology
& Medicine, University of London.

Sanchez-Camazano, M. and Sanchez-
Martin, M.J. (1994). Organo-clays as
adsorbents for azinphosmethyl and
dichlorvos in aqueous medium.
Water, Air and Soil Pollution.
74:19-28.


