Cold plasma and acid treatment modification effects on phonolite.
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A sample of phonolite was treated by cold plasma and hydrochloric acid diluted in water to study the change of its structure and acid properties. The phonolite and treated samples were analysed by XRD, elemental analysis XRF, specific surface area BET, NH3-TPD and FT-IR spectroscopy. They were also tested in the adsorption of Ca, K, Mg, P and Na impurities present in waste cooking oil. Plasma treated sample presented almost the same structure with some surface differences respect to the original phonolite. However, acid treated sample presented bigger total surface compared to the other samples, different structure, composition and acid properties.
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Phonolite is an igneous rock formed composed mainly by alkali feldspar, usually sanidine or anorthoclase and other compounds.1 Many works were published about phonolite but they were based mainly in geology, geochemistry or mineralogy. Nevertheless, a lower number of publications were found about the experimental modification of the structure of phonolite. However, some experiments were carried out with the aim of studying the structure modifications of new solids obtained at high temperature and pressure.2-5 Acid treatment of solids has been extensively studied for many applications such as catalysis, agriculture, membranes, etc. Nevertheless, no previous publications were found about the acid treatment effects on phonolite. Another treatment for the modification of solids is the plasma application which has been used with the aim of modify the adsorbent surfaces.6-8 Plasma is classified as cold plasma when the temperature used is lower than 500 °C. The advantages of this treatment are clean reaction and a short processing time without affecting the bulk structure.9,10 Until now, some studies using cold plasma were published.8,11 However, no studies have been reported on the modification of phonolite using this methodology. This paper is the first study on the modification of phonolite using cold plasma and acid treatment. The aim of this work was to study the modification of the phonolite by using two separate processes (surface modification by cold plasma and structure change by acid treatment). 
The phonolite (Ph) was supplied in powder form by the company Keramost a. s.12 Ph sample (20 g) was dried at 120 °C overnight. Then, it was leached by 3M HCl solution (80°C for 4 h). The phonolite:acid (g:ml) ratio was 1:10. After the leaching process, the product was filtered, washed (by several times with hot demineralised water) and dried overnight at 120 °C. Finally, the dried samples were calcined at 500 °C during 6 h (gradient 1°C/min from room temperature) in air obtaining the acid treated phonolite (A-Ph). The plasma treated phonolite (CP-Ph) was synthesized by nonthermal DBD plasma which was conducted in ambient air (humidity 32%) at atmospheric pressure and the discharges were operated in filamentary mode (they were constituted by a high amount of tiny micro discharges randomly distributed over the entire area of the electrodes). The plasma reactor consisted of two plane parallel electrodes covered with a 1 mm layer of dielectric. The upper electrode (105x20x12 mm) was covered with corundum and the bottom electrode (120x60x20 mm) with a mobile rubber providing transport of the material at the same time. The distance between the electrodes was 4 mm. Plasma treatment conditions and parameters were: AC source voltage 20 kV, frequency 3 kHz, nominal power 120 W, modiﬁcation time periods 5 s. XRF, XRD, specific surface area BET and NH3 temperature programmed desorption (TPD-NH3) were carried out using the same methodology described in the literature.13 Mercury porosimetry measurements were performed on a Micromeritics AutoPore IV 9510 mercury porosimeter. All samples were dried before the analysis in a glass-cell at 110 °C under vacuum for 16 hours. Attenuated total reflectance technique using an instrument Nicolet iS 10-Thermo Scientific (crystal diamond; number of scans = 64; resolution 4 cm-1) was used for the FT-IR measurements. Finally, the samples were tested in the adsorption of Ca, Mg, K, P and Na in waste cooking oil (WCO). The adsorption procedure was carried out using 20 g of filtered WCO which was previously heated at 95 ° C. Then, 2 g of sorbent (phonolite) were added. The mixture was stirred during 1 hour at room temperature and filtered. Finally, the liquid product was analyzed by the instrument ICP-OES/Agilent 725. The WCO elemental composition was 78 %wt. of carbon, 11.9 %wt. of hydrogen, 0.387 ppm of Ca, 0.104 ppm of Mg, 1.02 ppm of K, 2.04 ppm of P, 1.82 ppm of Na, 4.13 ppm of sulfur and 64.2 ppm of nitrogen content. The supplied WCO presented a total acid number of 2 mg KOH/g.
As shown in XRF results, practically no changes were found for samples Ph and CP-Ph (Table 1). Sample A-Ph presented higher Si and lower Al, Na and K contents respect to the Ph sample. The acid treatment implied an increment in the total porosity as consequence of the removing of Al, Na and K. Also, the content of Fe and Ca decreased for A-Ph respect to the Ph sample.
Table 1. Elemental XRF Composition and surface area.
	Material
	Ph
	CP-Ph
	A-Ph

	Specific Surface BET (m2 g-1)
	4.9
	8
	167

	Hg porosimetry / Total pore area (m2 g-1)
	1.7
	2.3
	34

	Composition
	(%wt.)
	(%wt.)
	(%wt.)

	Si
	26.5
	26.5
	38.6

	Al
	11.8
	11.9
	4.5

	Na
	7.9
	7.9
	1.7

	K
	5.1
	5.1
	4.3

	Fe
	1.4
	1.3
	0.6

	Ca
	0.7
	0.7
	0.1

	Cl
	0.3
	0.4
	0.1

	Ti
	0.2
	0.2
	0.1

	1Calculated sum
	99.4
	99.4
	99.6


1Total sum of theoretically present SiO2, Al2O3, Na2O, K2O, Fe2O3, CaO, Cl and TiO2.
Almost identical Hg porosimetry results were found for Ph and CP-Ph samples with a low total porosity. No mesopores and a minimum number of micropores were detected in these samples. Acid treatment supposed an increment in the total porosity. The increment of the porosity in the 3-30 nm range (mesopores) was an interesting result taking in account possibly future applications of this material as catalyst or absorbent for large molecules. Nevertheless, BET specific surface showed a bigger specific surface compared than the total pore area by Hg porosimetry (table 1) indicating the presence of a high number of micropores. The acid treatment also implied an increment in the total intrusion volume of the sample which was mainly due to the macropores volume. 
XRD results informed about a similar content of analcime 25.2 %, nepheline 42.9 % and sanidine 31.9 % in samples Ph and CP-Ph. However, a change in the structure-composition was found for the A-Ph sample with 41.7 %, 14.9 %, 1.2 % and 42.3 % of sanidine, nepheline, analcime and albite respectively. Surely, these changes were produced mainly by the removing of Al, Na during the acid treatment process of the original phonolite as reflected in the elemental composition. 
For FT-IR results, some bands were identified between 1200 and 650 cm−1 which were related to bond stretchings of Si–O–Si or Si–O–Al, due to the presence of silicon and aluminum oxides. The treatment of each sample at 100 °C removed the possible content of water in the samples. Thus, no representative bands between 3650 and 3200 cm−1 related to the vibration stretching of OH bond were found.5,14 However, the OH vibration stretching also could be due to the OH present in minerals. So, a low content of hydroxides is expected for the surface of these solids. The cold plasma treatment could modified slightly the surface of the phonolite as shown in a more intensive band at 850-1150 cm-1 for sample Ph compared to CP-Ph. The biggest change was found for the A-Ph sample. The lost of intensity in the bands range of 650-1300 cm-1 was surely due to a lower amount of Si-O-Si and/or Si-O-Al bonds type. A-Ph sample contained less Al than the other samples so it could be reason of the lowest intensity band. The difference between samples Ph and CP-Ph could be explained by the change of Si-O-Al to other type of bonds which could affect the acidity of the sample. 
For the NH3-TPD characterization (Fig. 1), all materials showed a broad NH3 desorption peak stretched in a wide range from 175 to 350 °C corresponding to the intermediate and stronger acid sites. The characteristics and the amount of acid sites varied when the phonolite was treated. CP-Ph presented slightly lower intensity in the signal related to the intermediate and strong acid sites and the same intensity than Ph for the weak acid sites. A‑Ph sample presented the highest number of weak acid sites (peak at 100 °C) as consequence of the removing of Al instead of a higher % of Si present in the surface of the solid. Thus, the acid treatment implied an increment in the total number of weak acid sites and the cold plasma treatment slight decrease in the number of intermediate and stronger acid sites. 
[image: ]
Fig. 1. TPD-NH3 for Ph, CP-Ph and A-Ph samples.
WCO adsorption test results (Table 2) were different depending on the type of adsorbent used. When the oil was treated with Ph, the filtered product presented a higher Ca, K and Na contents. However, the content of P was a half, from the original WCO content, for the oil treated with Ph. CP-Ph oil treatment supposed a clear increment of K and Na in the final oil. Only the treatment using A-Ph solid supposed a decrease in Ca, Mg, K, P and Na in the oil. CP-Ph oil treatment test results informed about a bigger increment of K and Na compounds in the oil respect to the results from the treated oil with Ph. These different results could be attributed only to the different surface of Ph and CP-Ph because the two solids presented similar elemental composition and XRD results. Thus, A-Ph was the only solid which actuated as absorber and not as donor of Ca, Mg, K, P and Na in these tests.
Table 2. Ca, Mg, K, P and Na contents in WCO treated samples with Ph, CP-Ph and A-Ph.
	Parametr
	Oil-Feedstock
	Oil/Ph
	Oil/CP-Ph
	Oil/A-Ph

	Ca [ppm]
	0.387
	1.07
	1.56
	0.251

	Mg [ppm]
	0.104
	0.089
	0.231
	0.039

	K [ppm]
	1.02
	2.14
	7.53
	0.997

	P [ppm]
	2.04
	1.33
	1.5
	1.07

	Na [ppm]
	1.82
	3.56
	5.15
	1.25



In summary, the phonolite sample was modified by acid and cold plasma treatments. Then, it was tested in a WCO absorption test. The cold plasma treatment supposed a modification of the original Ph surface and the acid treatment supposed a change in the original Ph structure and composition changing dramatically its total surface and acid properties. For the WCO tests, A‑Ph sample absorbed the biggest amount of Ca, Mg, K, P and Na. This work could be the beginning of another new generation of materials which could be used in many current applications.
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