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Abstract

The increase in the production of industrial and plastic waste, especially molecular sieve
waste and polyethylene terephthalate (PET), has created a serious challenge in the field of
environmental waste management. On the other hand, the current management method for some
of this waste is to bury it, which clearly shows that this approach is not appropriate for
environmental standards. Molecular sieves, which mainly have a zeolitic and porous structure
and are used in the oil, gas, and petrochemical industries for the absorption and separation of
molecules, are classified as industrial waste after their efficiency decreases due to saturation of
the pores. This research aimed to investigate the feasibility of simultaneously using molecular
sieve waste and PET in the production of sustainable concrete and to evaluate their impact on the
mechanical, physical, and environmental properties of concrete. The simultaneous use of
molecular sieve and PET waste in concrete is an innovative approach in civil engineering. Due to
its porous crystalline structure and high ability to absorb moisture, molecular sieve can increase
density, adhesion, and reduce water absorption in concrete; however, its excessive use may lead
to a decrease in compressive strength. On the other hand, using recycled PET waste as a partial
replacement for natural aggregates helps reduce the density of concrete, reduce the weight of the
structure, and optimize material consumption and transportation costs. Molecular sieve waste
(synthesized HYGO3C) after mechanical crushing and sieving was used as a partial replacement
for cement in the range of 5 to 30% by weight, and PET after washing, grinding, and sieving was
used as a partial replacement for sand in the range of 2 to 10% by weight. The experiments were
designed using response surface methodology (RSM) and central composite design (CCD) in
Design Expert software. In this design, four variable parameters were defined including cement
content (200 to 400 g), molecular sieve to cement ratio, water to cement ratio (40 to 60 %), and
PET to sand ratio. It should be noted that the amount of sand and gravel in concrete mixtures is
determined to be 42 and 33 percent by weight of the total concrete, respectively. Cubic
specimens with dimensions of 10x10x10 cm were made in accordance with the requirements of
the Iranian Concrete Code and were subjected to porosity and compressive strength tests
(Standard 1608-3). Considering the research objectives of producing sustainable concrete, the
optimal composition included 393 grams of cement, 21.56% molecular sieve, 2.85% PET, and a
water-to-cement ratio of 0.515, which resulted in a porosity of 4.34% and a compressive strength
of 34.29 MPa. The results of the slump test showed that the concrete flowability in the optimal
sample was 75 mm and in all samples it was within the allowable range of 50 to 100 mm.
Increasing the water-cement ratio increased the slump and increasing the amount of cement,
molecular sieve waste, and PET decreased the concrete flowability. Porosity and compressive
strength prediction models had high accuracy and generalizability with high coefficients of
determination (R2 equal to 0.9978 and 0.9970, respectively) and significance level (P-value less
than 0.05). This research demonstrated the effectiveness of simultaneously utilizing molecular
sieve and PET waste as a sustainable method for producing concrete with improved properties
and reduced environmental impacts, which has widespread application in construction projects.
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Table 1. Parameter change levels

Level Level Level

) 0 (Y

+a Unit Factor

400 350 300 250 200 g
30 2375 175 1125 5
10 8 6 4 2
60 55 50 45 40

Cement content (A)

% Molecular sieve / Cement ratio (B)
% PET / Sand ratio (C)

%  Water-to-cement ratio (D)
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Table 2. Chemical characteristics of cement

Chemical composition K:O Na.O

SOs

MgO CaO Fe:0s ALOs SiO:

Content (%) 054 0.22

171

196 631 356 338 2125
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Table 3. Results of tests conducted using the response surface method

Factor 1 Factor 2 Factor 3 Factor 4 Response 1 Response 2

Run A:Cement B:Molecular sieve/Cement C:PET/Sand D:Water/Cement  porosity ~ Compressive strength  Slump

gr % % % % MPa mm
1 250 1125 4 55 5.65 219 90
2 250 11.25 8 45 6.4 19.94 81
3 350 2375 4 55 5.25 295 85
4 300 175 6 50 48 2538 86
5 350 2375 8 45 6.1 255 73
6 350 11.25 8 55 5.72 275 94
7 250 2375 4 45 58 225 85
8 350 11.25 4 45 439 311 50
9 250 2375 8 55 7.47 165 100
10 300 175 6 50 48 255 85
11 350 11.25 8 45 5.37 2757 66
12 250 11.25 8 55 6.52 18.34 9
13 300 175 6 50 46 264 87
14 350 2375 8 55 6.3 266 90
15 350 11.25 4 55 4.25 333 70
16 250 11.25 4 45 5 237 75
17 350 2375 4 45 47 2838 64
18 250 2375 4 55 6.38 2179 98
19 250 2375 8 45 6.8 20.9 1
20 300 175 6 50 45 266 85
2 400 175 6 50 4.45 3338 72
22 200 175 6 50 6.3 16.41 85
23 300 175 6 40 6.5 25.4 83
2 300 175 2 50 42 28 75
25 300 175 6 60 7.2 245 99
26 300 175 6 50 471 26 84
27 300 5 6 50 5 26.12 75
28 300 175 6 50 475 262 88
29 300 30 6 50 6.5 23.4 97
30 300 175 10 50 6.68 20 95

S o Aol (Ui Caeslie 5 sy i e 3 Ly e S RS JUPROS

! - Predicted R? 5 Adjusted R2 (R? (S sde a4 Sos 3 lds Table 4. Fit Statistics

Factor Porosity Compressive strength
Laesls b Ladass YU plbey saasolis o 5 4 s =l
¢ ' S R S R? 0.9978 0.9970
daosls )3 35 g0 Wiloly el 03 OL SULS AT Adjusted Rz 0.9954 0.9937
LB S ol 5 Wi i (OVerfitting) sl i Predicted R?  0.9845 0.9764
CV.% 1.2700 1.1400
et ol s 3l i Glaesls Sy 5o dus Adeq Precision  65.3228 63.0023
od—aspl_z (Coefficient of Variation-C.V.) o,
e ] 3530 s Ladas (VL 35 5 laesls oS Ssl Gladie L5 5 5 3 Shee ((F) s s sds 4l =k
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Table 5. Analysis of variance to investigate porosity and compressive strength using the response surface method

Porosity Compressive strength
Source Sum of Squares Df S'\c/lljg?e F-value p-value SS;L?;r()efS S'\c/lljg?e F-value p-value
Block 0.2449 2 0.1224 3.41 2 171
Model 26.61 14 190 42095 <0.0001 53559 14 38.26 306.12 <0.0001 significant
A-Cement 5.65 1 565 1250.15 <0.0001 409.04 1 409.04 3272.98 <0.0001
S-Molecular 3.01 1 301 66665 <0.0001 1162 1 1162 9298 <0.0001
C-PET/Sand 8.43 1 843 1865.76 <0.0001 87.17 1 87.17 697.53 <0.0001
D-Water/Cement 0.7993 1 0.7993 177.01 <0.0001 1.70 1 170 13.57 0.0028
AB 0.0042 1 00042 09356 03511 296 1 296 2367 0.0003
AC 0.0182 1 0.0182 4.04 0.0658 0.1089 1 0.1089 0.8714 0.3676
AD 0.0702 1 0.0702 1555 0.0017 9.67 1 967 77.39 <0.0001
BC 0.0020 1 0.0020 0.4484 05148 0.7921 1 0.7921 6.34 0.0257
BD 0.0650 1 00650 1440 0.0022 0.2601 1 0.2601 2.08 0.1728
CD 0.0056 1 0.0056 1.25 0.2846 1.80 1 180 14.37  0.0022
A2 0.6519 1 06519 14436 <0.0001 162 1 162 1293 0.0033
B? 1.69 1 169 37332 <0.0001 297 1 297 2375 0.0003
c2? 0.7966 1 07966 176.40 <0.0001 739 1 7.39 5911 <0.0001
D2 7.50 1 750 1660.87 <0.0001 2.17 1 217 17.39  0.0011
Residual 0.0587 13 0.0045 1.62 13 0.1250
Lack of Fit 0.0529 10 0.0053 2.74 0.2205 154 10 0.1540 543 0.0952 not significant
Pure Error 0.0058 3 0.0019 0.0850 3 0.0283
Cor Total 26.92 29 540.62 29
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Table 6- Results of evaluation of main criteria in optimal samples

Porosity (%) Compressive strength (MPa)
4.38 33.95
4.35 34.26
4.31 34.68
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