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Study on zeolite synthesis from coal fly ash by wet milling

method and adsorption of heavy metals
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Abstract :In view of the treatment/disposal problem of coal fly ash, which is a solid waste with large output, wet milling method to synthe-
size zeolite was used to explore the high value utilization of fly ash as resource. Through the design of four factors, three levels orthogonal
synthesis experiments, combined with the evaluation of cation exchange capacity, the best condition of synthesis of zeolite from fly ash un-
der wet milling method was determined. In order to test the adsorption and removal effect of cation heavy metals of the zeolite synthesized
by this method, the adsorption and removal of heavy metal Pb( Il ) under nine orthogonal conditions were carried out, and the adsorption
and removal of anionic groups with less attention under the orthogonal conditions were also studied. According to the average value and
range of cation exchange capacity of different factors under different orthogonal conditions, the optimal combination to synthesize zeolite is
NaOH concentration of 4 mol/L, liquid-solid ratio of 4 mL/g, grinding time of 24 h and rotating speed of 350 r/min. The range of cation
exchange capacity demonstrates that the most important factor for zeolite synthesis is grinding time, followed by liquid—solid ratio and alka-
li concentration, and the speed of planetary ball mill has the least influence. The results of adsorption and removal of Pb( I ) by zeolite
synthesized under the experimental conditions show that the adsorption of Pb( Il ) is mainly physical adsorption, and the removal rate

is more than 70% , up to 92.5% , which mainly depends on the cation exchange capacity of synthetic zeolite. The results of adsorption and
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removal of heavy metal Cr on the zeolite synthesized under the experimental conditions show that the adsorption and removal of heavy metal

Cr is both physical and chemical adsorption. The adsorption and removal rate of Cr( VI) on the synthesized zeolites is up to 35.7%. The

zeolite synthesized by wet milling method has certain adsorption and removal effect on heavy metal cations and anions.
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Table 1 Orthogonal experimental design of zeolite synthesis

ETRS) A :NaOH ¥/ (mol - L") B ¥/ (mL - g7') C . WFEERT ] /h D%/ (r - min™")
1 1(0.5) 1(2) 1(1) 1(200)
2 1 2(4) 2(8) 2(350)
3 1 3(8) 3(24) 3(500)
4 2(2) 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3(4) 1 3 2
8 3 2 1 3
9 3 3 2 1

1.3 KERE 1.8.24 h, %3 200,350,500 r/min,

TR RS it B G BRI K I
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F1 Cr B9 VR EEHEA T I, DA e AR S I &R =
R AbR, BARAIE R O 2525 1 ik
P&, 2K S RRE & %) pH = 12 (A5 STARTER
3100, 3% E OHAUS A H]) , UL it 8 1 35 42 7
pH=12.88+0.05, @ FRIR—7E BT it M3 IR, 15 1L
EUFRIR SRR I e 20 = 1 IRAT IPRIR G W
T B R e b R (30+2) o/ min, JRE N
AR, LA R (18+2) h, @ B /0 Tk,
¥ LSRR A A B R

IR DA it MR o 4 IR H MR LR 2, Cr
Cu.Zn ,Cd F1 Pb ¥ H ¥ FE 4351 8 2.90 ,6.88 ,10.26
0.06 A1 0.14 mg/L, H:H Cr Cu Zn FI= H ¥ I =
T Cd #1 Pb, #EfhH 5 FhEE 4 Jm 09I R BT
TCLP ZORFRME, T 76 Bk A

R2 BRSBTELETEMIHRER TCLP iR RE

Table 2 Leaching concentration of heavy metals

in samples and TCLP standard limits

HEEBWE/ (mg - L)

E|
Cr Ph Cu Zn Cd
JERE 2.90 0.14 6.88 10.26  0.06
TCLP FR{E 5 5 15 — 1
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Fig.2  Flow of zeolite synthesis by wet milling
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Table 3 Cation exchange capacity of synthetic zeolites

WA s FH B T35 4075 1/ (mmol - kg™")
1 1094
2 10 104
3 7 409
4 8972
5 11 469
6 1565
7 17 280
8 10 647
9 3792
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Table 4 K, /3 and R value of each factor level

% K- K, /3 W% R,
1(0.5) 62.02

A 2(2) 73.35 43.71
3(4) 105.73
1(2) 91.15

B 2(4) 107.40 64.85
3(8) 42.55
1(1) 44.35

C 2(8) 76.22 76.17
3(24) 120.52
1(200) 54.51

D 2(350) 96.49 41.98
3(500) 90.09
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Table 5 Chemical composition of main elements in

samples before and after wet milling Y%
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WA 44.24 1834 2024  0.84 0.26 1.79  1.86
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Fig.3 Mineral composition of raw fly ash and synthetic zeolite!'
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Fig.5 Adsorption and removal of heavy metal Ph**
by fly ash and synthetic zeolite
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