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Abstract

The management of industrial waste poses a significant environmental challenge in the modern era.
This study explores the potential of recycling waste molecular sieves as a sustainable additive in
concrete production. Using a comprehensive range of advanced analytical techniques, including XRF,
XRD, FESEM, TEM, EDAX, BET-BJH, FTIR, TGA, and TPD, the physicochemical properties of
this industrial waste were thoroughly characterized. The results revealed that gray and white waste
molecular sieves primarily consist of aluminosilicate compounds and are free from hazardous
environmental elements. Grinding up to 30,000 rpm significantly increased the amorphous phase,
enhancing pozzolanic reactivity. The high specific surface area (140.9 m?/g) and suitable porous
structure indicate the high potential of this material for use in concrete. TPD analyses confirmed the
presence of strong basic sites, ensuring compatibility with the alkaline environment of cement. These
findings represent a significant step toward sustainable industrial waste management and the
production of green construction materials.
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Element Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs
Unit ppm | ppm [ ppm | ppm | ppm | ppm ppm | ppm | ppm | ppm | ppm | ppm

Molecular Sieve 0.3 >10% 8.7 99 <0.2 0.1 13677 | <0.1 2 1.6 23 14

2 SSe 10 40 | 800 5 2 50
Gy ) Jama 20 17 500 5) 3.9 20 100
Element Cu Dy Er Eu Fe Gd Hf In K La Li Lu
Unit ppm | ppm | ppm | ppm | ppm | ppm ppm | ppm | ppm | ppm | ppm | ppm

Molecular Sieve 8 0.6 0.4 <0.1 6985 | 0.73 1 <0.5 | 55720 3 13 <0.1
o Ssa 400

G ) L:\;.A 63

Element Mg Mn Mo Na Nb Nd Ni P Pb Pr Rb S
Unit ppm | ppm (ppm | ppm | ppm | ppm ppm | ppm | ppm | ppm | ppm | ppm
Molecular Sieve | 8057 15 <0.5 | 41001 4 2.6 6 411 2 112 | 11 | 1455
s $Sasa 40 155 80
Gy s 4 50 300
Element Sb Sc Se Sm Sn Sr Ta Th Te Th Ti Tl
Unit ppm | ppm | ppm | ppm | ppm | ppm ppm | ppm | ppm | ppm | ppm [ ppm

Molecular Sieve | <0.5 1.8 <0.5 <0.1 0.8 | 127.7 0.5 0.2 <0.5 14 | 339 0.3

(5 Sna 10 6 - 5
Gy j Jana 20 1 0 0.9
Element ™ u Vv W Y Yb Zn Zr Hg
Unit ppm | ppm - ppm | ppm ppm | ppm ppm | ppm | ppm
Molecular Sieve 0.2 1 41 <1 3 <0.05 49 24 5)
s Sasa 200 500 5
Gy ) s 120 200 0.1
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100 s
Element cs c9 c10 c11 c12 c13 c14 c15 | c16 | c17 | c19-1 | c18
Unit ppm ppm ppm ppm ppm ppm ppm ppm | ppm | ppm | ppm | ppm
Molecular Sieve 0.0 0.0 0.0 0.0 15.2 51.6 28.9 141 | 386 | 137 | 162 | 286
c23
Element €20-1 | €192 | C20-2 c21 c22 c24 c25 | c26 | c27 c28 €29
Unit ppm ppm ppm ppm ppm ppm ppm ppm | ppm | ppm | ppm | ppm
Molecular Sieve 26.1 13.8 9.2 18.6 19.7 0.0 489 | 550 | 73.2 | 448 | 222 0.0
Element c30 c31 c32 €33 c34 35 Total
Unit ppm ppm ppm ppm ppm ppm ppm
Molecular Sieve 33.6 0.0 0.0 35.0 39.6 0.0 646.6
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