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Table 1. Chemical composition and physical properties of Naeen cement

09031 )50 duasuic b lesw 3 it 3yl !
Test item Naeen cement ASTM C150 EN 197-1
Si0; (%) 20.5-21.40 - -
ALOs (%) 4.70-5.10 - -
Fe,05 (%) 3.50-3.90 - -
CaO (%) 63.00-64.50 - -
MgO (%) 2.20-2.80 <6.0 -
SO; (%) 1.50-1.80 <35 <35
Total alkali (%) 0.8-1.1 - -
LOI (%) 1.50-1.80 <3.0 <5.0
Cl (%) 0.005-0.020 - <0.1
Blain (cm%gr) 3250-3450 >2800 -
Setting time initial (min) 90-110 >45 >60
Setting time final (min) 160-190 <375 -
Soundness (exp) (min) 0.50-1.40 - <10.0
Autoclave expansion (%) 0.10-0.25 <0.8 -
2days 180-200 - >100
Compressive strength 3days >100 -
(kg/cm?) 7days >160 -
28days 450-490 - >425,<625
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Table 2. Mixture proportioning of concrete samples

(,e)f) oolo
JETRC APV Material (g)
Substitution Olosw o awbo 35 Lounsy
Cement Gravel Sand Waste
0% 1310 3750 3052 0
5% 1245 3750 3052 65
10% 1179 3750 3052 130
15% 1114 3750 3052 196
20% 1048 3750 3052 262
25% 983 3750 3052 328
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Table 3. Chemical composition of the spent molecular sieve and spent catalyst

S F el (92 50) gz ;¥ 95 g0 ilowsy (20 y3) Canned U5 ey Lo
Composition Spent molecular sieve (percent) Spent catalyst (percent)
Si0, 38.556 24.877
AlLO; 19.956 0.516
Fe,O3 1.463 1.833
CaO 2.596 0.507
Na,O 6.372 0.143
MgO 3.009 0.098
K0 9.698 0.149
TiO, 0.122 0.08
MnO 0.018 0.025
P,0s 0.089 0.04
LOI 18 9.72
SOs - 2.78
CuO - 0.58
NiO - 57.9
(PPmM) Cend G dilownsy 9 goono ¥ 650 90 Aoy (150w (sl 3l6 il —F Jgur
Table 4. Element analysis of the spent molecular sieve and spent catalyst
e ol 38 g 3 650 50 ilosnny Camad G5 wley Lo
Heavy metal Molecular sieve Spent catalyst
As <1 <1
Ba 5 5
Cd <0.1 <0.1
Co <1 61
Cr 11 4
Cu 3 132
Hg <0.1 <0.1
Mn 14 4
Pb <1 <1
Zn 12 245
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Table 5. Organic composition of the spent molecular sieve and spent catalyst

Composition Spent molecular sieve Spent catalyst
BENZENE, I-METHYL-4-(PHENYLMETHYL) N.D N.D?
BENZENE, 1-METHYL-2-[(3- ND ND
METHYLPHENYL)METHYL] ’ ’
BENZENE, 1,1'-"METHYLENEBIS[4-METHYL] N.D N.D
NAPHTHALENE, 1,2,3-TRIMETHYLI-4-PROPENYL N.D N.D
METHANONE, BIS-(3-METHYLPHENYL) N.D N.D
ETHANOL, 2,2'-BIS-(METHYLIMINO) N.D N.D
CHLOROIODOMETHANE s glolis b olebs
N-FORMYLMORPHONLINE N.D N.D
METHANE, DIIODO s glolis b olebs
STYRENE N.D N.D
ETHYL BENZENE N.D N.D
BENZENE N.D N.D
NAPHTALENE al olelis N.D
ACENAPHTYLENE N.D N.D
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PHENANTHRAN N.D N.D
TRIMETHYL BENZENE N.D N.D
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BENZENE, 1-METHYL-3-(2-PHENYLETHENYL) s olelis N.D
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Fig. 1- Effect of using the spent molecular sieve on 7 days compressive strength of concrete
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25% 10% 25% 10%
Cr (ppm) 49.7 75.1 Nb (ppb) <20 <20
Cd (ppb) <20 <20 Mo (ppb) 56.5 148.2
Ba (ppb) 722.2 412.1 Sn (ppb) <20 <20
As (ppb) <20 <20 Sb (ppb) <20 <20
Pb (ppb) 36.1 85.2 Te (ppb) <20 <20
Hg (ppb) <20 <20 Cs (ppb) <20 <20
Ag (ppb) <20 <20 La (ppb) <20 <20
Li (ppb) <20 <20 Ce (ppb) <20 <20
Be (ppb) <20 <20 Pr (ppb) <20 <20
Na (ppm) 96.5 335 Nd (ppb) <20 <20
Mg (ppm) 43.6 8 Sm (ppb) <20 <20
Al (ppb) 978.4 1339.3 Eu (ppb) <20 <20
Si (ppm) 25.4 19 Gd (ppb) <20 <20
P (ppb) 98.7 261.7 Tb (ppb) <20 <20
K (ppm) 83.3 133 Yb (ppb) <20 <20
Ca (ppm) 1797.9 1908.4 Hf (ppb) <20 <20
Sc (ppb) <20 <20 Ta (ppb) <20 <20
Ti (ppb) <50 <50 W (ppb) <20 <20
V (ppb) 36.4 48.1 Tl (ppb) <20 <20
Mn (ppb) 606 26.4 Bi (ppb) <20 <20
Fe (ppb) 544.4 1217.2 Th (ppb) <20 <20
Co (ppb) <20 <20 U (ppb) <20 <20
Ni (ppb) 329 29.4 Tm (ppb) <20 <20
Cu (ppb) <20 38.3 Dy (ppb) <20 <20
Zn (ppb) 104.6 99.9 Ga (ppb) <20 <20
Rb (ppb) 21.4 8.3 Ho (ppb) <20 <20
Sr (ppb) 3172 3586.9 Er (ppb) <20 <20
Y (ppb) <20 <20 In (ppb) <20 <20
Zr (ppb) <20 <20 Lu (ppb) <20 <20
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Introduction: Pars Special Economic Energy Zone in Asaluyeh has several petrochemical units. These units
produce a significant amount of different types of wastes) hazardous and non-hazardous (annually. Spent
molecular sieve and catalyst wastes are the most important waste produced in petrochemical complexes. Based
on available statistics, in the next 25 years, annually an average of 3000 tons of spent molecular sieve and 2000
tons of catalyst waste will be produced in these areas. Because of the necessity of optimal management of
industrial wastes, the primary objective of this study was to identify and classify these two types of waste
products and then, to investigate the ability to recover these wastes and in particular the feasibility of using

them in the manufacture of concrete.

Material and methods: First, identification and classification of these two wastes was done using elemental
analysis experiments, measurements of heavy metals and determination of organic compounds and compare
them with the EPA toxicity standard. In order to assess the feasibility of using these two types of waste in the
manufacture of concrete, concrete samples were made based on concrete mixing plan, which includes ways of
replacing these two wastes with cement. The 7-day compressive strength measurement of the concrete and
leakage toxicity analysis (TCLP) were also done in order to assess the feasibility of recycling these wastes

from a technical and environmental point of view.

Results and discussion: Both residues had two major combinations of Silicon dioxide (SiO) and Aluminium

oxide (Al2O3)), which makes it possible to replace them with the cement in concrete. Based on the analysis of

* Corresponding Author. E-mail Address: ma_jalili@sbu.ac.ir
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heavy metals, due to the significant amounts of Chromium (Cr) element in the spent molecular sieve (about
11ppm), this waste can be classified into industrial hazardous waste categories. Also, the analysis of organic
compounds showed that the amounts of all organic compounds in these two types of waste are less than the
standard amounts for hazardous waste. The results of the 7-day compressive strength measurement of the spent
molecular sieve showed that using this waste in the manufacture of concrete improves the initial bonding of
concrete, and this is due to the significant amounts of Al,O; in this waste. So, replacing 10% of this waste can
be considered as an optimal amount to increase the initial bonding of the concrete. However, the catalyst waste
did not have a positive effect on the primary fix of the concrete. Finally, the TCLP analysis showed that the
concretes made with these two wastes are classified as non-hazardous materials, which is due to the stabilizing

properties of concrete.

Conclusion: The preliminary study of spent molecular sieve and catalyst waste characteristics indicates that
using these two types of waste in concrete production is feasible from a technical and environmental point of

view. Therefore, we suggest that further tests need to be done.

Keywords: Spent molecular sieve, Catalyst waste, Petrochemical, Recycle.
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