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Abstract

Theaim of thisresearch wastoinvestigatethefeasibility of utilizing Montmorilloniteand Or gano-clays
for the removal of organic compounds from aqueous solution. The Quaternary Ammonim Cations
(QACSs) used in the surface modification of Organo-clays were Tetramethylammonium (TMA),
Hexadecyltrimethylammonium (HDTMA), Tetradecyltrimethylhexadecylammonium (TDMA) and
Benzyldimethylammonium (BDHDMA). Thetar gets of the removal were humic acid, methylene blue,
methyl orange, phenol, 3-chlorophenol and naphthalene. From batch adsor ption results, Montmorillonite
clays and Organo-clays were able to uptake the studied organic compounds from aqueous solution.
Organo-clays (HDTMA-clays, TDMA-clays and BDHDM A-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 adsor bate. The capacity of adsorption increared with the
contact time.
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C axis

Figure 1.

b axis 1

Ideal structure of Montmorillonite clays. Small black circles are Si**, big black

circlesare AI* or Mg™, open circles oxygen atoms. Exchange cations are water

occupiestheinterlayer region.
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Figure 6. Structure of Methylene blue.
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Figure 8. Structure of Phenal.
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Figure 3. Structure of HDTMA.
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Figure 7. Structure of Methyl orange.
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Figure9. Structure of 3-Chorophenal.

Figure 10. Structure of Naphthalene.

Table 1. Chemical composition (%ow) of Montmorillonite clays.

SOz 56-60
Al,O3 16-18
Fe,0, 5-7

Na,0 24-3

MgO 15-2.0
Ca0 1921
KOs 0.3-0.5
Tio, 1.2-15
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Table 2. Physical and chemical properties of Montmorillonite clays and Organo-clays.

Adsorbents BET Average Particle dom, A°  Carbon content
Surface pore (1m) size (Wm) (9/200 g of
area (m%q) adsor bent)
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 2.00 321 49.10 22.872 2257
50%CEC-TDMA-clay 12.00 224 41.50 18.019 13.08
100%CEC-TDMA-clay 7.40 20.9 50.60 21.325 14.33
200%CEC-TDMA-clay 9.30 242 65.20 21.639 14.71
100%CEC-BDHDMA-clay 11.31 25.2 72.34 24.253 20.17
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Table 3. Equilibrium of Montmorillonite clays and Organo-clays.

Solutions Adsorbents Initial Equilibrium  R? K,
concentration time, (g/min-mg)
(mg/L) (min)

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 (A ... of adsorbate studied.
Adsorbates  Humicacid Methyleneblue Methyl orange Phenol 3-Chlorophenol  Napthalene
Amax (M) 400.00 698.00 46333 268.89 277.00 275.00
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Table 5. Property of adsorbates and adsor bents, the best of adsorbent for each adsor bate.

Adsorbates: Adsorbents: *Maximum monolayer
Property of adsorbate Property of QACs capacity (mg/g)
Humic acid: 200%CEC-TDMA-clay 1,000.00
substance has a part of hydrophobic long akyl group

and hydrophilic

Methylene blue: Montmorillonite clays: 322.6
cation dye surface areais anion charge

Methyl orange: 200%CEC-HDTMA-clay 196.08
anion dye long alkyl group

Phenol: Organo-clays: -
Benzene ring, height solubility they have long alkyl group

3-Chorophenol: 200%CEC-HDTMA-clay 131.58

Benzenering, low solubility

long alkyl group

Naphthalene:
Benzenering, idea hydrophobic

100%CEC-BDHDMA-clay -
long alkyl group and benzenering

* From Langmuir Adsorption Isotherm
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Table 6. Property of adsorbates and adsorbentsin the best condition.
Thebest condition ~ Adsorbates: Adsor bents:
Property of absorbate at best Property of absorbent at best
condition condition
Acid Humic acid: Montmorillonite clays:
Cation Anion
Base Methylene blue: 50%CEC-HDTMA-clay and

Organic compound has cationic dye

100%CEC-HDTMA-clay
organophilic adsorbent

pH didn't influence
the adsorption

Methylene blue:

Organic compound has caionic dye

Montmorillonite clays:

Base: small spacing

Acid: competition between methylene
blue and hydrogen ion

Methyl orange:

Base: organic compound has anionic dye

100%CEC-HDTMA-clay
Organophilic adsorbent

Acid: methyl orange changes form

Naphthalene:

Acid: organic compound hasbenzenering

200%CEC-HDTMA-clay
Organophilic adsorbent

Base: naphthal ene changes form
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Table 7. Theresults of fixed bed at height of fixed bed 20 cm and flow rate 9.7 mL/min.

Solutions Initial Amount of Contact time,  Breakthrough
concentration adsor bent (minL/mg) volume
(mg/L) ) (mL)
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
“Height of fixed bed 10 cm
Contact time® = volume of fixed bed

(flow rate) (initial concentration)

g
E 3 16 °
i a)¢,;~2.5 mg/L o b)c,;~ 15 mg/L 50097
g o 12 R
LR BC=0.125 mg/L BC=0.75 me/L 4
> 2 o
g o °
E o 8 4
s ° °
E11 . . R
£ & °
£ gyt 0000 o
3 0 ' pooos T T (U o M0 Moy T T
0 30000 60000 90000 120000 150000 0 5000 10000 15000 20000
Collection volume at outlet (mL) Collection volume at outlet (mL)

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 (c,).
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Table 8. Comparison of adsor bate amount between batch and fixed bed adsor ption.

Solutions Initial Fixed Amount of Amount of adsor bate Efficiency
concentration bed adsor bent per adsorbent (g/g) (%)

(mg/L) (cm) (©) Batch Fixed bed

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

. (amount of batch adsorption-amount of fixed bed adsorption) *100
Efficiency (%) =

amount of batch adsorption
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