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Abstract. The purpose of this study was to investigate the characteristics of 
ACERALIVEN™, a commercial tourmaline, and to test its effect on plant growth. 
According to our analysis, ACERALIVEN™ belongs to the Si-Al-Mg tourmaline structure. 
It contains some trace metals such as zirconium, potassium, and iron and able to emit 
far-infrared energy in the emissivity of 0.829. Introducing the tourmaline into water 
changes the water to be more alkaline. Tourmaline also releases negative hydroxyl 
ions and dissolved oxygen creating what is called as hydrogen water. Mung beans 
submerged with ACERALIVEN™ shows a longer lifetime than without submerging the 
tourmaline.  Additionally, the tourmaline can promote plant growth by removing 
chlorine and releasing far-infrared which is beneficial for plant’s metabolism.  
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1. Introduction  

Tourmaline is one of the earliest natural minerals discovered having piezoelectric 

and thermoelectric characteristics (Han & Liang, 2009). In the early 18th century, the 

Dutch bring a tourmaline from Ceylon, India to Europe. The tourmaline, also called Ceylon 

magnetic, was found to have the adsorption of coal ash when it is heated. In 1880, another 

name for the piezoelectricity of the tourmaline was also published by Jacques and Pierre 

(Draper, 1861) due to its piezoelectric properties (Erhart t al., 2010). Tourmaline is a 

complex silicate mineral groups. Mostly, it is a complex silicate of aluminum or other 

elements entering into the structure, such as sodium, calcium, iron, magnesium and 

lithium Song & kang, 2008). 
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Some recent studies indicate that the unique chemical structure of tourmaline results 

in many valuable properties such as the ability to generate the negative hydroxyl ions, 

produce electrostatic field, release rare microelements, stimulate the growth and 

metabolism of microorganisms, adsorb metals from the aquatic environment and also the 

ability to radiate far-infrared energy (Wang et l., 2012; Wang et al., 2011; Xia et al., 2006). 

It was also pointed out that OH- produced by tourmaline combine with oxygen molecules 

in the water will produce H3O2
-. This ion has reducing capability and reacts with oxidants 

such as hypochlorous acid which in turn eliminate residual chlorine in the water. The 

negative hydroxyl ion released by tourmaline can olso neutralize free radicals and reduce 

its harmfulness. Moreover, the release of far-infrared and negative hydroxyl ions 

promotes growth and anti-aging for plants (Han & Liang, 2009; Ni et al., 2008; Shen et al., 

2015). Lee, et al. (2006) used far-infrared to irradiate peanut shells for 5 to 60 minutes 

and found that the phenolic compound and free radical scavenging activity increased 

significantly. Many literatures have proved tourmaline shows a potential to alter water 

quality and enhance plant growth. Unfortunately, little research have discussed the 

potential of harnessing far-infrared radiation from tourmaline for improving plant growth.  

In this study, the commercial tourmaline (ACERALIVEN™) was thoroughly analyzed to 

obtain a complete knowledge on its characteristics and the ability to transfrom water 

quility. Subsequentsly, its application into plant growth media was experimented to 

investigate its effect on plant growth. 

2. Material and method 

2.1. Material  

ACERALIVEN™ (Figure 1) was purchased from Artcera Co., Ltd., Taiwan (Patent No.: 

US 6548118 B1 and TW 163394). The effects of tourmaline on the plant growth were 

carried out using mung beans (Vigna radiata) grown in a hydroponic media. The mung 

beans growth was recorded with a camera. 

 

 

 

 

 

 

 

 

 

Figure 1. ACERALIVEN™ (a) square-shaped, 10.00 mm; (b) round-shaped, 33.85 mm 

(a) 

(b) 
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2.2. Analysis of tourmaline 

Composition of element  

The XPS measurement used in this work is ULVAC-PHI XPS. The powder of 

ACERALIVEN™ was compressed tablet and its chemical component and composition were 

analyzed. It operates at a base pressure below 5×10-10 torr. The X-ray system was water 

cooled with Al anode operated at a voltage of 10 kV and an emission current of 40 mA, this 

gave a working power of 400 W. The spectra were analyzed using the COMPASS software. 

Peaks were generally fitted using a Gaussian-Lorentzian peak shape with a Shirley-type 

background. Carbon element was used as background; the energy position of XPS lines 

needed to shift corresponds to the calibration. 

Analysis of surface morphology  

SEM images in this work were obtained with a Hitachi SU8010, which used a tungsten 

filament as electron source and there was a camera for capturing digital micrographs of 

the specimen. The nominal resolution was 10 Å (at 15 kV), accelerating voltage was 0.1 to 

30 kV, and magnification was up to 8000,000×. The SEM was equipped with energy-

dispersive x-ray spectroscopy (EDS) and can be used to identify non-trace elements (Z > 3) 

in the samples. The powder of ACERALIVEN™ was fixed on the carrier and for insulating 

the samples gold coating is required. 

Far-infrared emissivity   

The emissivity of infrared radiation was measured via VERTEX 70 FT-IR 

Spectrometer (Bruker Optik GmpH) at 25 oC of room temperature and 60% RH. Molecules 

maintain vibration or rotation; it can transit to the excited state while the molecules 

absorb the appropriate frequency of infrared. The infrared detection is a non-destructive 

analysis, it will not damage the molecular structure. The energy of infrared measures at 40 

to 90 oC and the wavelength of 4 to 14 μm. The far-infrared emissivity is the ratio of 

infrared energy to blackbody emission. 

Energy band  

The energy band is based on the photoelectric effect by analyzing the transmittance 

and reflectance using UV/VIS spectrometers. The ACERALIVEN™ powder’s wavelength was 

detected from 200 to 900 nm. Energy band was expressed relation: 

Eg＝1240/λonset    (1) 

Composition of metal ions  

The composition of metal ions was determined by the inductively coupled 

plasma/optical emission spectrometers (700 Series ICP/OES, Agilent Technology). The 

metal and nonmetallic substances of the materials are pretreated by a strong acid 

digestion. The powder of ACERALIVEN™ was digested by adding 2 mL 8 M HNO3 and 1 mL 

6 M HCl into 100 mL sample. Temperature was controlled at 85 oC and refluxed for 4 

hours. Then it was diluted to 50 mL and filtrated by 0.45 μm membrane. 
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Measurement of negative hydroxyl ions 

Measurements of negative hydroxyl ions were conducted with Lutron NI-214 

negative hydroxyl ions tester. The amount of negative hydroxyl ions and the strength of 

alkaline water are detected by the reduction potential (mV) of the water.  

Electrochemical properties 

Electrochemical measurements were conducted with a CH Instruments 4053a 

potentiostat. The Pt wire (3.16 cm2) and Pt sheet (4 cm2) were used as the working and 

counter electrodes, respectively. The reference electrode was used the Ag/AgCl. The 

electrochemical measurements along with cyclic voltammetry (CV) were carried out with 

potentiostat interfaced with a computer. The potential range was -0.1 to 1.4 V vs. RHE at a 

scan rate of 10 mV/s. Open-circuit potential (OCP) versus time was recorded in agreement 

with the CHI 4053a. The OCP was measured for 20 min while the tourmaline (Figure 1 (a)) 

was submerged into the DI water.  

2.3 Plants growth studies 

The effects of tourmaline on the plant growth were carried out with hydroponics 

method. The mung bean was chosen as the investigational plant and reverse osmosis (RO) 

water, such as drinking water, was used as the growth media. The experimental group 

contained tourmaline (Figure 1 (b)) in the growth media while control group was without 

tourmaline. The mung beans growth was recorded with a camera, and its height was 

measured over time. 

3. Results and discussion  

3.1 Characteristic of ACERALIVEN™ 

Tourmaline mainly contains cyclosilicate phase, exhibiting a defect properties due to 

their piezoelectric structures which composed of transition elements (Lee et al., 2006; 

Hawthorne & Henry, 1999; Henry et al., 2011). These characteristics caused the 

permanent polarization effect as well as the transition of electrons to produce 0.6 mA of 

current and thus generate negative hydroxyl ions and far-infrared. Figure 2 shows the 

SEM images of its morphology and elements composition. The particle size is about 1~10 

μm, and the EDS analysis shows that its composition varies widely of oxygen, silicon, 

aluminum, carbon and other elements, including zirconium, potassium, and iron. The Mg 

signal located at approximately 1.2-1.3 kev cannot be obviously detected on the surface of 

tourmaline. Therefore, the ICP-OES were also applied for measuring the total metal ions in 

tourmaline.  

Table 1 lists the dissolved metal ions of tourmaline detected by ICP-OES. It shows that 

aluminum, silica, calcium, and magnesium were the major components; the concentrations 

are larger than 1 mg/g. According to tourmaline ternary phase diagrams (Spicer, 2004), 

most of the tourmaline was composed of Al, Fe, Mg and others. Different structures of 

tourmaline will be produced by different proportions of elements. The ACERALIVEN™ 

which was used in this study belongs to the Si-Al-Mg tourmaline structure. These 

transition metals in the crystal structure can easily promote the electron transition (Hsieh 

et al., 2007) and emit the far-infrared of the wavelength range from 3 to 1000 μm. It has 

been proved that the infrared radiation from tourmaline improve the circulation in the 
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human body, diminish inflammation, and inhibit cancer, as well as optimizing combustion 

efficiency, uniformity of temperature distribution, heat transfer performance, heating 

efficiency, and chemical reactions; lead to its wide application in the medical and 

engineering field (Hsieh et al., 2007 & Hsu & Teng, 2016). 

 

Figure 2. The morphology of tourmaline and element composition 

 

Table 1. The composition of metal ions 

 

The full spectrum of XPS (Figure 3) shows that the main compositions are Si, Al, and 

O. The peak of O 1s could be divided into two characteristic peaks, one was Al-O at 531.2 

eV (Choi et al., 2010) and another was Si-O at 532.1 eV (Wang et al., 2006). The peak of Al 

2p at 74.5 eV represent Al2O3. The Si 2p spectrum in which two peaks were observed at 

102.2 eV and 102.7 eV can be attributed to the silicones (-R2SiO-) and silicates (SiO2), 

respectively (Song & Kang, 2008). However, the tourmaline was dominantly composed of 

Al2O3 and SiO2.  

The energy band was analyzed by UV-Vis in the full wavelength range from 200 nm to 

900 nm, and the results are shown in Figure 4. The absorptions for Si and Al were 

observed at 609 nm and 406 nm, which can be converted to energy band by the modified 

Kubelka-Munk equation to 2.03 eV and 3.05 eV, respectively. In the literature, energy band 

of Si and Al were around 1.11-1.12 eV (Low et al., 2008) and 3.54-3.64 eV, respectively. 

Thus, the energy band of Si and Al here were obviously shifted. This could be because the 

ACERALIVEN™ with the function of photocatalysis, contains transition metals, which led to 

the crystal defects. This result can also verify that ACERALIVEN™ mainly composed of SiO2 

and Al2O3, producing the energy band at 2.03 eV and 3.05 eV, respectively, and that the 

tourmaline would release the far-infrared due to its lattice defect structure, as described 

in the literature (Hsieh et al., 2007).  

Element Al Si Ca Mg B Cr Mn Ni Pb Zn Cu 

Conc.(mg/g) 137.7 1.84 10.6 1.21 0.06 0.06 0.98 0.1 0.04 0.28 0.05 
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(a) 

 

(b) 

 

 

(c) 

 

(d) 

Figure 3. The XPS analysis of (a) full spectrum, (b) O 1s (c) Al 2p; (d) Si 2p 

 

 

Figure 4. The UV-Vis spectrum of ACERALIVEN™, based on (a) wavelength (b) energy band 
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3.2 Effects of tourmaline on water quality 

Based on the above results of material properties, ACERALIVEN™ has proven to have 

the characteristics of radiating far-infrared. Here, the effects of ACERALIVEN™ on the 

quality of water into which it was submerged, was tested. The parameter measured were 

pH, negative hydroxyl ions concentration, oxidation-reduction potential (ORP), 

conductivity, and dissolved oxygen (DO) as shown in Table 2. The pH of deionized water 

(DIW) was increased as a function of time and was biased towards neutral.  For the 

drinking water (DW), it was insignificantly changed and remained neutral. The negative 

hydroxyl ions in drinking water were significantly increased, but it was decreased in the 

deionized water. According to the literature, it indicates that the negative hydroxyl ions 

were contributed by the combination between OH- and H2O (Wang & Li, 2010). Therefore, 

the concentration of OH- in deionized water was lower than drinking water, resulted in a 

small number of negative hydroxyl ions.  

Table 2. Water properties after the introduction of ACERALIVEN™ 

      DIW: Deionized water; DW: Drinking water made from Reverse osmosis (RO) filtration 

 

To confirm the elimination of residual chlorine from water by ACERALIVEN™, it was 

submerged into the water with various concentration of residual chlorine. Figure 5 shows 

that the concentration of residual chlorine in the tap water was decreased from 0.12 mg/L 

to 0.04 mg/L after ACERALIVEN™ was submerged for 10 mins. The hypochlorous acid can 

be reduced to chloride by the negative hydroxyl ions, a reducing agent capable of free 

radical neutralization, provide beneficial anti-aging effect, and metabolism and cell 

activation.  

The oxidation reduction potential (ORP) is a measurement of the redox capacity of 

aqueous solution. The water is oxidant when the ORP is positive. By contrast, negative 

ORP represents that water is as a reducing agent or antioxidant. In this condition, water 

generally refers to as "negative potential" or "negative potential water" and also called as 

"reduced water" or "hydrogen water". The ORP of both deionized water and drinking 

water were significantly decreased, indicates that the increasing negative hydroxyl ions 

would result in the water to shift towards reduced water. Moreover, the increasing 

conductivity in the water indicated that the ions number were significantly increased in 

the water. This condition is beneficial to balance the lactic acid and peroxide radicals 

produced by the metabolic processes, and to remove harmful substances, such as 

chlorides, chromates, nitrites and heavy metals. Thus, negative potential water has several 

beneficial effects. 

Min 
pH 

Negative 
ion(mV) 

ORP(mV) Conductivity (S) DO (mg/L) 

DIW DW DIW DW DIW DW DIW DW DIW DW 

0 5.58 7.11 329 237 91 5 22.7 20.9 5.7 5.2 

10 6.11 7.12 273 273 61 4 33.0 32.9 - 5.4 

20 6.14 7.22 294 291 59 -1 86.4 45.6 - 6.5 

30 6.15 7.28 280 293 59 -5 97.4 56.2 - 7.3 

40 6.16 7.32 268 287 58 -7 108.4 66.8 - 8 
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Figure 5. The residual chlorine in water versus times 

To verify the increasing negative hydroxyl ions and pH caused by tourmaline, the 

electrochemical method was used to analyze the formation of negative ions in water by 

tourmaline. Figure 6 (a) shows the open-circuit potential measured at a Pt wire electrode 

when exposed to deionized water. The main composition of ACERALIVEN™ from Table 1 is 

similar to Kaolin (Al2Si2O5(OH)4); therefore, these two materials were applied to 

understand the effects of ACERALIVEN™, which contains other elements such as zirconium, 

potassium, and iron, on the quality of water. To compare with a similar material to 

understand the effects of the functional ACERALIVEN™, kaolin (A Type, Figure 6), which 

composition is Al2Si2O5(OH)4, and ACERALIVEN™ (B Type, Figure 6) were submerged into 

deionized water during the measurement. As can be seen, the slope of open circuit 

potential from B type was larger than the blank (without submerged-tourmaline) and A 

type during the 20 mins submerging. The measured open-circuit potential decreased as a 

function of submerging time. It can be proposed that the formation of negative hydroxyl 

ions by ACERALIVEN™ resulted in the increase of the concentration of negative hydroxyl 

ions in deionized water. When the open-circuit potential measured at a Pt wire electrode 

exposed to tap water, as shown in Figure 6 (b), it can be clearly observed that the B type 

(with ACERALIVEN™) shows the decreasing curve compared to the blank and A type. 

Therefore, the charge of the Pt surface would become negative, corresponding to Table 2. 

Based on this result, it is confirmed that the ACERALIVEN™ has the ability of self-discharge, 

to this point it could radiate far-infrared. 

To have further insight on the relationship between the ionic strength and formation 

of negative ions by submerged-ACERALIVEN™, the cyclic voltammetry analysis is 

employed to detect the oxygen reduction reaction as well as the hydrogen adsorption and 

desorption behavior on a Pt electrode. For the typical shape of Pt CV curve, the positive 

sweep shows the oxidation of underpotential deposition (UPD) hydrogen atoms (0-0.4 V), 

double-layer process (0.4-0.8 V), and oxy-hydroxide formation region (> 0.8 V) although 

minor anodic currents due to Pt adatom oxidation are observed at 0.68  0.05 V 

(Daubinger et al., 2014). On the following negative sweep, cathodic currents commence at 

1.4 V and the large reduction peak centered at 0.7 V is due to the reduction of platinum 

oxy-hydroxide formed on the positive sweep at potentials positive to 0.8 V. Then, UPD 
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hydrogen commences at potentials negative to 0.4 V, which is highly reversible from the 

symmetric adsorption and desorption peaks (Daubinger et al., 2014).  

  

Figure 6.  Open-circuit potential measured as a function time using a Pt wire 

electrode. Kaolin (Type A) and commercial tourmaline (Type B) were submerged 

(a) in deionized water and (b) in tap water without nitrogen purging. 

Figure 7 shows a cyclic voltammogram of a platinum measured in deionized water.  

From the blank and A type curve, the peak of adsorption and desorption of hydrogen 

atoms were observed, however, the shape of the curves were different to the shape of 

“stabilized” platinum metal (Daubinger et al., 2014) due to the concentration of the ions in 

deionized water were quite low and could not provide enough ions to sense the 

electrochemical reaction on the Pt surface. The curve of B type is slightly similar in shape 

to that of the “stabilized” platinum metal. It could be suggested that the formation of ions 

occurred and that the conductivity was increased which promoted the sensitivity of 

electrochemical analysis during the CV test. It proves that the ACERALIVEN™ with far-

infrared excitation changed the water quality. 

 

 

Figure 7. Cyclic voltammograms of a Pt electrode measured in DI water with Kaolin (A 

type), with commercial tourmaline (B type), and blank (scan between -0.1 and 

1.4 V at 10 mV/s, without nitrogen purging)  
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Furthermore, CV was measured at the deionized water and tap water (Figure 8). The 

shape of the curve of tap water (Figure 8 (a)) is more similar to the typical cyclic 

voltammogram of “stabilized” platinum metal. It means the tap water shows improved 

response due to the higher ionic content, providing conductivity in water, compared to 

deionized water. Figure 8 (b) shows the Pt electrode measured at tap water with a 

different type of submerged materials. It was no significant changes between the shapes of 

curves due to the high ionic strength in tap water compared to the normal electrolyte. This 

high ionic strength caused no obvious effect of ACERALIVEN™ in the tap water. 

 

  

Figure 8.  Cyclic voltammograms of a Pt electrode measured between -0.1 and 1.6 V 

at 10 mV/s (a) in deionized water (DIW) and tap water (TW) with tourmaline; 

(b) in tap water with kaolin (A type), tourmaline (B type), and without 

tourmaline (blank). The measurements were without nitrogen purging.  

3.3 Effect of ACERALIVEN™ on the plant growth 

There is various application of far-infrared in medical research and treatment; 

however, for its effect on plant growth only little research could be found. In this work, the 

daylight effects of tourmaline on the plant growth were carried out using mung beans 

grown hydroponically using RO water and fluorescent lamp. Experimental group 

contained ACERALIVEN™ (right-hand side) and the control group was without tourmaline 

(left-hand side) as shown in Figure 9. When it was on the third-sixth day (a-b), it was 

observed that the germination of mung bean in the experimental group was faster than 

the control group. After 8th day (c-f) the plant height and relative growth rate of mung 

bean with far-infrared tourmaline were significantly taller than the control group. 

Moreover, the color of the leaf was green and lustrous due to the emission of far-infrared 

energy from tourmaline can promote dark green leaves (Chen et al., 2010). However, it 

was found that the leaves couldn't grow until 14th (g-h) in the control group, in contrast 

with the experimental group. These results showed that the antioxidant ability of the plant 

could be enhanced by far-infrared irradiation (Jin et al., 2013) resulted by ACERALIVEN™. 
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Figure 9. The daylight effects of tourmaline on the plant growth, control group was 

without tourmaline (left side) and experimental group was with tourmaline (right side) 

4. Conclusions 

In addition to analyzing the basic characteristics of ACERALIVEN™, the purpose of this 

study was to explore its application to stimulate plant growth. The following conclusions 

are drawn based on the result of the study.  

 

 

 

 

3rd day 6th day 

8th day 11th day 

12th day 13th day 

14th day 15th day 

(a) (b) 

(c) (d) 

(e) (f) 

(g) (h) 
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According to the results of elemental analysis, it was found that the ACERALIVEN™ 

belongs to the Si-Al-Mg tourmaline structure. The transition metals contained caused the 

crystal structure to easily promote the electron transition and far-infrared emission. UV-

Vis analysis indicated that ACERALIVEN™ produced energy band at 2.03 eV and 3.05 eV, 

confirming that it mainly composed of SiO2 and Al2O3. In the electrochemical analysis, the 

OCP measured in solution with submerged-ACERALIVEN™ decreased with the time. It 

showed that the charge on the electrode surface was neutralized due to the increasing 

negative hydroxyl ions and the pH caused by ACERALIVEN™. The electrochemical behavior 

of oxygen and hydrogen in the water could be confirmed by the CV curve. The 

ACERALIVEN™-containing water had a significant reaction, because of the increasing 

conductivity caused by negative hydroxyl ions released. The ACERALIVEN™ could change 

the water to negative ion water (reduced water) and eliminate residual chlorine, hence 

promotes metabolism and activates cells. In the mung bean growth test, the ACERALIVEN™ 

maintained the growth of the plant several days longer. It indicates that the far-infrared 

emitted by ACERALIVEN™ provide better growth conditions and the antioxidant ability to 

the plant. 
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