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Synthesis of coal-based NaA molecular sieve material and Cd** adsorption

LIU Tian', GUO Junkang", ZHANG Lei', WANG Zihao', YU Xianwei', WANG Jiayuan', BI Jiangtao®

(1.Environmental Science and Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China; 2.School of Ecological
Environment, Ningxia University, Yinchuan 750021, China)

Abstract: To realize waste resource utilization, coal gangue has been applied as a raw material to produce molecular sieve environmental
remediation materials. NaA-500 and NaA-750 have been successfully synthesized by adjusting the silica—alumina ratio of coal gangue
through calcination—hydrothermal crystallization approach at two temperature of 500 C and 750 °C, respectively. The structural
characteristics and apparent morphology of the molecular sieves were further investigated using X-ray diffraction (XRD) and scanning
electron microscope (SEM) characterization techniques. The adsorption kinetics and isotherm models were employed to evaluate the Cd*
adsorption behavior on the synthesized materials. The maximum adsorption capacity of both coal-based molecular sieve materials towards
Cd* increased significantly, compared with that of coal gangue. The maximum Cd** adsorption capacity of NaA-750 was 392.9 mg-¢™', and
that of NaA-500 was 208.9 mg - ¢, which were 4.5 times and 2.4 times that of coal gangue. The NaA-500 and NaA-750 experimental
results showed that the pseudo—second—order models and Langmuir isotherm model were more suitable for fitting the experimental data,

** is significantly

respectively. In conclusion, the adsorption performance of NaA molecular sieve which prepared from coal gangue to Cd
improved and with high adsorption capacity, indicating that NaA molecular sieve has potential application value for the removal of Cd*
from wastewater.
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Table 1 Proximate analysis of coal gangue (%)

iRkE Sample K43 Moisture TRy Ash YER 4y Volatile

JR 0.75 67.16 17.5
A% 1~5 mm 0.81 61.85 20.6
Hif% 5~10 mm 0.76 65.36 18.5

it 10~15 mm 0.72 66.42 17.8

R2 BREBUERI (%)

Table 2 Composition analysis of coal gangue (% )

Wi H Item  Si0,  ALO; Fe:05 KO TiO, CaO MgO Na,O CuO

i 58.08 3258 2.52 1.71 1.65 1.24 058 0.16 0.04
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Figure 1 Morphology and structure of P-CG

(a)NaA-500 (1) SEM & (x1 000)

(d)NaA-750 ] SEM £ (x6 000)

- ~

(b)NaA-500 f#] SEM [£] (x4 000) (¢)NaA-750 f SEM &l (x12 000)

o oz B

(e)XRD &} ® {13 Quarlz
@ NaA B A7 NaA-type zeolite
& X T X-type zeolite

g
3 NaA-750
E
i NaA-500
= s
2 Y Tty )
10 20 30 40 50 60

20/(°)

2 NaA-750 F1 NaA-500 S FiE 50 R 4544

Figure 2 Morphology and structure of NaA-750 and NaA-500 molecular sieve
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Figure 5 Kinetic analysis of Cd** adsorption on coal—-based
Top 2401 molecular sieves
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Figure 4 Effects of coal-based molecular sieve dosage on

Cd** adsorption
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Figure 6 Adsorption isotherms on Cd*" of coal-based

molecular sieves
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Table 4 Isotherm model constants and correlation for adsorption

of Cd* from aqueous solution

e, Langmuir Freundlich
Sample (), /(mg-g") Ki/min" R n Ki/(mg-g' min") R
NaA-750 3929 0.005 0.991 0.552 14.2 0.962
NaA-500  208.9 0.009 0.987 0.435 15.3 0.979
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Table 5 Adsorption results of Cd* onto different adsorbents

U gl e W ICHR TN N
Adsorbent Type Adsorbed element Q./(mg-g"') References

TR A R cd 110.4 [28]
(CG-SH)
JEEENaX G BR cd 38.6 [29]
WEEENA K Cd 11.1 [30]
HH A AZA) KR cd 103.2 [31]
NaA-750 MR cd 392.9 BN
NaA-500 WA cd 208.9 BN
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