
Spent Oil Bleaching Earths
Subjects: Environmental Sciences

Contributor: Dolores Eliche-Quesada

Spent oil bleaching earth (SOBE) is a waste product obtained in the refining process of oil. It is estimated that 120 million

tons of oil are processed with bleaching earth worldwide, generating 2.5 million tons of spent bleaching earth as residue.

Moreover, the serious fire and contamination risks that arise during storage and disposal of spent bleaching earth require

appropriate technical solutions. The current treatment of SOBE residue is not in line with the new circular economy

policies promoted by the European Union, since in most cases it is disposed of in landfills. New technologies that allow oil

recovery and treatment of the earths, aiming to convert them into useful products are then needed. 
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1. Introduction

Currently, studies are being carried out for SOBE's possible valorization as an adsorbent in wastewater treatment ,

fertilizer  and chicken feeding , as well as for its use as a raw material of different construction materials .

Oil bleaching earths are depleted bentonites, silica and alumina being the major constituents. They consist of 20–40 wt%

residual oil, metallic impurities and other organic compounds . Once the oil and organic compounds are removed, due to

their composition they can be used as binders in the manufacture of geopolymers.

The manufacture of geopolymers at room temperature using SOBE as a precursor is challenging and constitutes the

major novelty of this work. The effect of the modulus of the alkaline activator (mass ratio between sodium silicate and

sodium hydroxide Na SiO /NaOH solutions) on the geopolymerization reaction was tested. Microstructural development

and relevant properties of hardened samples were evaluated and discussed.

2. Facts about Spent Oil Bleaching Earths

2.1. Reaction Degree

The reaction degree of the geopolymers after 28 days curing as a function of the activation solution modulus,

Na SiO /NaOH mass ratio, is presented in Table 1. HCl extraction dissolves sodium aluminosilicate, calcium

aluminosilicate and carbonate phases . The reaction degree tends to increase in samples prepared with higher

Na SiO /NaOH mass ratios, indicating the formation of a greater amount of N-A-S-H geopolymer gel.

Table 1. Reaction degree of the samples.

Sample G-SOBE-1:1 G-SOBE-1:2 G-SOBE-1:3 G-SOBE-1:4

Reaction degree (%) 52.5 47.3 45.7 43.5

2.2. Mineralogy of Geopolymer Binders

Figure 2 shows XRD spectra of the precursor and geopolymer binders. Patterns are similar, being montmorillonite and

quartz, the crystalline phases having been detected. The partial dissolution of montmorillonite upon geopolymerization,

revealed by the FTIR analyses and confirmed by QPA results (Table 2) , and the increase in the amorphous phase are

the most relevant observations. However, the fraction of montmorillonite that dissolves is small for all the activator

modules used, as observed by other authors . Quartz peaks remain almost unchanged, indicating its non-reactive

character. The analysis confirms the low dissolution of the crystalline phases by the activating solutions. The amorphous

hump at 18–30° (2θ) in the SOBE precursor becomes more prominent and slightly shifts to 20–35° (2θ) with the

geopolymerization progress .
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Figure 2. XRD of raw material and geopolymer cements as function of

Na SiO /NaOH mass ratio of activating solution.

Table 2. Quantitative crystalline phase composition as derived from the Rietveld refinements *.

 Phase Composition (wt%)

Sample Montmorillonite α-Quartz

Raw material 82.4 ± 0.2 17.6 ± 0.3

G-SOBE-1:1 81.8 ± 0.2 18.2 ± 0.2

G-SOBE-1:2 81.3 ± 0.2 18.7 ± 0.3

G-SOBE-1:3 81.7 ± 0.2 18.3 ± 0.5

G-SOBE-1:4 80.5 ± 0.2 19.5 ± 0.3

2.3. Bulk Density, Total Porosity and Water Absorption of Geopolymer Binders

The values of bulk density, total porosity and water absorption of the geopolymers are shown in Figure 3. As expected,

bulk density and total porosity or water absorption values followed an opposite tendency when the Na SiO /NaOH mass

ratio of the activator changed. G-SOBE-1:1 specimens have a bulk density of 1828 kg/m , total porosity of 20.7% and

water absorption of 4.35%. As the Na SiO /NaOH mass ratio decreases, density decreases while total porosity and water

absorption increases: G-SOBE-1:4 geopolymers show density = 1453 kg/m , total porosity = 37.9% and water absorption

= 14.9%. Samples prepared with lower Na SiO /NaOH mass ratios have more water. The water/binder ratio increases

from 0.71 in G-SOBE-1:1 to 0.81 in G-SOBE-1:4 specimens; the removal of water will generate porosity . Inadequate

amounts of binder precursor and alkali solution results in less efficient dissolution of the precursor, with consequent

creation of pores in the geopolymer matrix and the formation of a less homogeneous structure . The ultimate removal

of excess water upon drying will also create porosity. A decrease in the Si/Al molar ratio tends to generate less dense

structures as a consequence of slower geopolymerization, according to the degree of reaction data . So, we have

physical and chemical/reactive contributions to the observed tendencies.
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Figure 3. Bulk density, total porosity and water absorption of

geopolymers after 28 days of curing as functions of the Na SiO /NaOH mass ratio.

2.4. Compressive and Flexural Strength of Geopolymer Binders

Figure 3 shows the compressive strength of samples cured for 7 and 28 days. Values ranged from 10.1 to 17.9 MPa (7

days) and 15.7 to 28.9 MPa (28 days). An increase in the Na SiO /NaOH mass ratio enhances resistance, in direct

relationship with higher compactness. Figure 4 shows a linear correlation between compressive strength and bulk

density. The enhancement of soluble Si, by using an activator with a higher modulus, extends the geopolymerization

process and the formation of the N-A-S-H aluminosilicate gel responsible for the consolidation of the geopolymer matrix

and the development of mechanical strength .

Figure 3. Compressive strength of samples cured for 7 and 28 days.

Figure 4. Relationship between bulk density and compressive strength of

geopolymers cured for 28 days.

The flexural strength values of the samples are shown in Figure 5. Between distinct formulations the changes follow the

same trend in mechanical resistance after 28 days curing. However, differences after 7 days are minor, and sample G-

SOBE-1:4 shows the maximum value (2.2 MPa). Progress with curing age is now more expressive, and resistance after

28 curing days is three to four times higher than at 7 days. Interestingly, it was observed that flexural strength values are

only about three times lower than corresponding compressive resistances in samples cured for 28 days.
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Figure 5. Flexural strength of samples cured for 7 and 28 days.

2.5. Thermal Conductivity

The geopolymers showed thermal conductivity values in the range 0.30–0.41 W/mK (Figure 6), being lower in samples

less dense (the ones prepared with a lower Na SiO /NaOH mass ratio). As expected, there is an inverse relationship

between thermal conductivity and porosity . In general, geopolymers exhibit lower thermal conductivity values than

Portland cement (1.5 W/mK) , due to the existence of pores in the microstructure .

Figure 6. Thermal conductivity of samples cured for 28 days.

2.6. Microstructure of Geopolymer Binders

SEM micrographs at different magnifications of geopolymer binders cured for 28 days are shown in Figure 7 and Figure
8. At low magnification (220×, Figure 7) a homogeneous, dense and compact morphology can be observed in all

samples. In any case, non-homogeneously distributed pores and some microcracks are visible. As expected from the

density/porosity values, G-SOBE-1:1 samples seem more compact.

Figure 7. SEM micrographs (220× magnification) of

geopolymers cured for 28 days. (a) G-SOBE-1:1; (b) G-SOBE-1:2; (c) G-SOBE-1:3; and (d) G-SOBE-1:4.
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Figure 8. SEM/EDS micrographs (2000×

magnification) of geopolymers cured for 28 days. (a) G-SOBE-1:1; (b) G-SOBE-1:2; (c) G-SOBE-1:3; and (d) G-SOBE-

1:4.

As the Na SiO /NaOH mass ratio decreases, more pores formed due to water evaporation during curing  are

observed, possibly due to an increase in the water/binder ratio (Table 2).

At higher magnification (2000×, Figure 8), sodium aluminosilicate gel with a spongy and globular morphology is visible in

all samples. Its elemental chemical composition reveals the dominance of silicon, aluminum and sodium (zone 1 EDS

analysis), as expected. In addition, unreacted SOBE particles with angular shapes are also visible. EDS analysis (zone 2)

shows an abundance of silicon and aluminum, and smaller quantities of potassium, iron and magnesium. It can be

observed that as the amount of sodium silicate decreases the geopolymers contain more unreacted SOBE particles and

possess a higher porosity.

3. Conclusions

Spent oil bleaching earths (SOBE), generated in the oil bleaching process, were used as a precursor of geopolymer

binders prepared with activating solutions with distinct Na SiO /NaOH mass ratios. Physical, mechanical and thermal

properties changed with the mentioned activator modulus. Flexural and compressive strengths, bulk density and thermal

conductivity increase when the Na SiO /NaOH mass ratio increases, while total porosity and water absorption decrease.

Maximal flexural (8.4 MPa) and compressive (28.8 MPa) strength values were obtained in samples cured for 28 days at

room temperature. The enrichment of soluble Si with the use of a higher amount of sodium silicate in the activator

enhances the geopolymerization rate and extends it, generating higher compact and homogeneous microstructures due

to the formation of a higher amount of three-dimensional aluminosilicate hydrate [N-A-S-H] gel.
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