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Abstract

Na-X and Na-A zeolites that give high adsorption capacity for heavy metals in an aqueous system were synthesized from
the coal fly ash obtained from a thermoelectric power plant using a fusion method. The characteristics and Cu(II) adsorption
capacity of the synthetic zeolites were also compared to those of using a commercial zeolite. For the selection of optimum
conditions of zeolite synthesis, the effects of major parameters in the fusion method such as a dosage ratio of NaOH, aging
time, hydrothermal reaction time, and also the dosage ratio of NaAlO, (Na-A) on the characteristics and Cu(Il) adsorption
capacity of the synthetic zeolites were studied. For the analysis of characteristics of the synthetic zeolites, X-ray diffraction
(XRD), cation exchange capacity (CEC), Brunaue-Emmett-Teller (BET) and scanning electron microscopy (SEM) were used.
The optimum conditions for the synthesis of zeolites with a high adsorption capacity for cationic heavy metals including
Cu(Il) were the aging time of 6 h, hydrothermal reaction time of 6 h and NaOH and NaAlO, dosage ratio of 1.5 and 0.5
(Na-A), respectively. According to the Langmuir isotherm test, maximum Cu(Il) adsorption capacities of the synthetic and
commercial Na-X and Na-A zeolites were found to be 90.1, 105.26, 102.05, and 109.89 mg/g, respectively. This indicates
that the adsorption capacity of synthetic zeolites was comparable to commercial ones. The results of this study also suggest
that the coal fly ash can be potentially used as a raw material for the zeolite synthesis.
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Figure 1. A flow diagram of synthesis of Na-X and Na-A zeolites using fusion method and the general reaction scheme[18].
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Table 1. Chemical Compositions of Fly Ash Before and After Pre-treatment

Composition (%)

Sample

SiO, AlLOs Fe,0; Na,O CaO KO TiO, MgO
Raw fly ash 43.8 16.2 4.12 1.42 3.73 0.992 0.984 0.864
Pre-treated fly ash 65.1 20.4 5.24 1.62 1.56 1.53 1.4 0.619
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Figure 2. Effect of NaOH ratio on XRD patterns of fly ash, as-syn-
thesized Na-X zeolites (aging time = 6 h, hydrothermal reaction time
= 6h).
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Figure 3. Effect of NaOH ratio on (a) CEC and (b) Cu(Il) removal
capacity of as-synthesized Na-X zeolite [aging time = 6 h, hydrother-
mal reaction time = 6 h, initial Cu(Il) = 80 mg/L, pH = 5, adsorption
reaction time = 24 h, dosage = 0.5 g/L, ionic strength = 0.01 M NaCl].
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Figure 4. Effect of aging time on (a) CEC and (b) Cu(II) removal
capacity of as-synthesized Na-X zeolite [NaOH ratio = 1.5, hydrother-
mal reaction time = 6 h, initial Cu(Il) = 80 mg/L, initial pH = 5,
adsorption reaction time = 24 h, dosage = 0.5 g/L, ionic strength =
0.01 M NaCl].
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Figure 5. Effect of hydrothermal reaction time on (a) CEC and (b)
Cu(ll) removal capacity of as-synthesized Na-X zeolite (NaOH ratio
= 1.5, aging time = 6 h) [Cu(Il) = 80 mg/L, pH = 5, reaction time
= 24 h, dosage = 0.5 g/L, ionic strength = 0.01 M NaCl].
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Figure 9. SEM images of (a) fly ash (x 2,000), (b) fly ash (x 5,000),
(c) synthetic Na-X (x 5,000), (d) synthetic Na-X (x 10,000), (e)
commercial Na-X (% 5,000), (f) commercial Na-X (x 10,000), (g)
synthetic Na-A (x 5,000), (h) synthetic Na-A (x 10,000), (i)
commercial Na-A (x 5,000), and (j) commercial Na-A (x 10,000).

(a) 160 Formation of Cu(OH), (b)10
1401 and precipitation 9
120 8
5 100 I ;
S 80 i
£ ]
=, 60 —+ NaA £ 5 —+ Na-A
T 40 —+— Na-X w 4 —+—Na-X
20 —a— Na-A (commercial) —— Na-A (commercial)
o —v— Na-X (commercial) 3 —v— Na-X (commercial)
T2 7374 576 T 8 2 3 4 5 6 7 8
Initial pH Initial pH

Figure 10. pH effect on (a) removal of Cu(Il) in aqueous system and
(b) equilibrium pH [initial Cu(Il) = 80 mg/L, reaction time = 24 h,
dosage = 0.5 g/L, ionic strength = 0.01 M NaCl].
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Table 2. Parameters of Pseudo-first-order and Second-order Kinetic Models for Cu(Il) Adsorption

qe (observed)

Pseudo-first-order

Pseudo-second-order

adsorbent
(mg/g) k; (min™) qe (calculated) (mg/g) R? k, (g/mg - min) e (calculated) (mg/g) R?
synthetic Na-A 97.79 8.52.E-03 32.58 0918 5.E-04 103.1 0.999
synthetic Na-X 95.65 9.90.E-03 31.26 0.902 1.E-03 96.15 0.999
commercial Na-A 112.17 6.45.E-03 79.7 0.972 2.E-04 119.05 0.999
commercial Na-X 112.14 3.00.E-03 24.1 0.396 5.E-04 116.23 0.999
fly ash 11.49 6.21.E-03 8.89 0.678 2.E-03 11.26 0.944

Where, qe, ki and ko represent the adsorption capacity at equilibrium, rate constants of pseudo-first-order (mjn‘l) and the pseudo-second-order kinetics model, respectively.

Table 3. Langmuir and Freundlich Adsorption Isotherm Parameters for Cu(Il) Adsorption

Langmuir Freundlich

Adsorbent 2 y 5

qmax (mg/g) Ky (L/mg) R Ky [(mg/g)(L/mg)""] I/n R
synthetic Na-A 105.26 0.48 0.998 41.07 0.228 0.834
synthetic Na-X 90.1 0.31 0.994 34.65 0.219 0.909
commercial Na-A 109.89 0.45 0.992 43.06 0.216 0.804
commercial Na-X 102.04 0.42 0.994 39.48 0.230 0.848
fly ash 8.63 0.26 0.879 19.03 0.157 0.834

Where q, is the maximum adsorption capacity per unit mass of adsorbent (mg/g), and the Ky, is the Langmuir constant related to the heat of adsorption, Kr is the Freundlich

constant related to the adsorption capacity [(mg/g)(L/mg)”n
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100 aomeemee e loom 100 | . - . e
LT
5 “F * NaA 5t -+ NaX
E’ 60 pseu:o;stdmod:II E’ 601 —— pseudo 1st mode
= b L RSslco cne mase = { - - pseudo 2nd model
o 40} o 40
20 20
200 400 600 800 1000120014001600 200 400 600 800 1000120014001600
Time (min) Time (min)
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E = Rawflyash
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200 400 600 800 1000120014001600
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Figure 11. Adsorption kinetics for the removal of Cu(Il) in aqueous
system using (a) synthetic Na-A, (b) synthetic Na-X, (¢) commercial
Na-A, (d) commercial NA-X and (e) fly ash [Cu(Il) = 80 mg/L, reac-
tion time = 10~1,440 min, pH = 5, dosage = 0.5g/L, ionic strength
= 0.01 M NaCl].
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] and 1/n is the adsorption intensity.
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Table 4. Comparison of Maximum Cu(Il) Adsorption Capacity (qmax)
of Fly Ash based Synthetic Zeolites

¢ Na-X 8} Na-A A2} E Alx gl 4918 A&l B8] Cu(l) F2F 54 H]

Zeolite types pH Qmax (ME/2) Reference
Na-A 3.0 50.4 [33]
Na-A 6.0 132.2 [26]
Na-P1 6.0 73.4 [34]
Na-P1 6.2 64.0 [35]

X 3.0 82.7 [15]
X 5.0 90.8 [36]
Na-X 5.0 90.1 This study
Na-A 5.0 105.2 This study
(a)120 (b)120
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=] =]
E E
e 40 &
= Na-A = Na-X
20 ——Langmuir model 20 —— Langmuir model
0 -- Freundlich model 0 - - Freundlich model
0 20 40 60 80 100 120 0 20 40 60 80 100 120

C, (mg/L) C, (mg/L)

e
-

q, (mg/g)

= Na-A (commerical) = Na-X (commerical)

20 Langmuir model 20 —— Langmuir model
0 - - Freundlich m model 0 - - Freundlich model
0 20 40 60 80 100 120 0 20 40 60 80 100 120
C, (mglL) C,(mglL)
120
(e) = Raw fly ash
100 —— Langmuir model
- - Freundlich model
80

0 20 40 60 80 100 120
C, (mglL)

Figure 12. Adsorption isotherm of Cu(lIl) onto (a) synthetic Na-A, (b)

synthetic NA-X, (c) commercial Na-A, (d) commercial Na-X, (e) fly

ash [Cu(Il) = 10~160 mg/L, pH = 5, reaction time = 540 min, dosage

= 0.5 g/L, ionic strength = 0.01 M NaCl].
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