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ABSTRACT: This study aimed to investigate properties and applications of Lao Kham Variscite, LKV, 

variscite at Lao Kham village Roi Et province Thailand. The sample properties were investigated using 

microscopic characteristics analysis with digital stereomicroscope, Petrographic analysis with thin-section 

analysis, chemical compositions, and mineral analysis. The applications of LKV in chemical cement were also 

investigated using setting time and compressive strength. The results indicated that the randomly selected 

sample was itself a composite with several crystalline in microstructure characterization most of all were silica 

oxide (SiO2) and some part of Variscite (Al(PO4)(H2O)2)  clearly the sample needed to be screened for more 

composition of Variscite before continuing the experiment. It was also found that calcination affected the 

mineral state of LKV, all samples that had calcined were not found in Variscite, but the mineral composition 

changed to Aluminum Phosphate (AlPO4) and non-calcined sample (LKVNOR) found no formation when 

mixed with 3M NaOH solution while LKV600 had the fastest setting time and compressive strength compared 

with the reference cement. In the summary LKV 600 was the most reactive and has the potential to be 

developed for use as Chemically Bonded Phosphate Cement (CBPC). 
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1. INTRODUCTION 

 

Aluminum phosphate is an aluminum 

compound found in natural minerals, including 

angelite coeruleolactite, evansite, lucinite, 

metavariscite, sterretite, variscite, vashegyite, 

wavellite, and zepharovicht.  According to a recent 

study, these minerals can be used as an additive in 

cement by mixing them with calcium sulfate and 

sodium silicate solutions as concrete, flux for 

ceramics, dental cements, waterproofing, and 

catalyst in organic synthesis [1,2]. 

Chemically Bonded Cement/Ceramics (CBCs) 

have been widely applied, especially in radiation 

protection systems, solid nuclear waste coagulation 

and encapsulation, active structures in high-

temperature composites and medical applications, 

especially chemically bonded phosphate 

cement/ceramics. CBPCs, which are ceramic 

materials that have complete mechanical properties 

from chemical reactions at low temperatures (below 

300 degrees Celsius), instead of normal ceramic 

properties at high temperatures.  Practically, this 

material has both cements and ceramics qualities. 

The original CBCs were primarily studied and 

researched in dentistry [3] and since 1970, 

magnesium phosphate ceramics had been used in 

construction materials for construction work, 

started by the Brookhaven National Laboratory 

(BNL) in the United States as well as many studies 

in Calcium Phosphate Compounds (CPC) which 

was developed to use as cement material [4,5].  

After that, aluminum phosphate (found in the target 

local material source) has also been applied to 

CBPCs as well [6]. 

 According to a study of Japakasetr, 1982 [7]; 

Sheldon, 1984 [8] the phosphate group of aluminum 

phosphate was found “Variscite” (Al(PO4) (H2O)2) 

at Lao Kham Village, Si Kaeo Sub-District, 

Mueang Roi Et District. However, there are no 

studies that would lead to guidelines for use of 

industrial raw material. Guidelines for the 

development of Variscite at Lao Kham Village or 

Lao Kham’s Variscite; LKV, in material and 

application, are necessary for further development 

in this study. This work aims to apply LKV for 

Chemically Bonded Phosphate Cement (CBPC). 

 

2. MATERIALS AND METHODS  

 

2.1 Sample Preparation 

 

The material is a mineral composed aluminum 

phosphate found at the Lao Kham Village Roi Et 
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Thailand which was a mineral that is likely to be the 

secondary mineral of the phosphate group of 

aluminum phosphate, namely “Variscite” (Al(PO4) 

(H2O)2) [8]. Two groups of samples were collected, 

collected as a random sample from rocks containing 

the mineral. Also a screen sample was collected, 

which was extracted the mineral from a streak in the 

original rock. In the screen sample group, the 

sample would be calcined by heat to determine the 

effect of the temperature, including, non- calcining 

sample (LKVNOR), sample calcined at 400, 600, 

800 and 1,000 °C (LKV400, LKV600, LKV 800 

and LKV1000 respectively). Type I Portland 

cement, according to ASTM C150-07 [9] was used 

for a reference cement in this study. 

 

2.2 Microscope Analysis 

 

The cold mount method was used for preparing 

the mounted sample and polished section. This is a 

method for preparing brittle parts and may cause 

breakage when polishing the surface by applying 

the sample in the mold. Then epoxy was applied and 

set at room temperature for 24 hours. The sample 

was removed from the mold and polished until the 

surface was smooth which was indispensable as a 

prerequisite for the success of investigations using 

transmitted or reflected light microscopy [10]. 

 

2.3 Petrographic Analysis 

 

Thin section petrography was carried out using 

an Olympus BX-41 imaging petrographic 

microscope equipped with plane and cross 

polarization illumination modes. The petrographic 

analysis was used to study the microstructure of the 

aggregates, to identify the constituent minerals, and 

to classify the aggregates. When placed between 

two polarizing filters set at right angles to each other, 

the optical properties of the minerals in the thin 

section alter the color and intensity of the light as 

seen by the viewer. As different minerals have 

different optical properties, most rock forming 

minerals can be easily identified [11]. 

 

2.4 Chemical Compositions and Mineral 

Analysis 

 

The chemical compositions were analyzed with 

X-ray Fluorescence spectroscopy (XRF). XRF is a 

relatively effective quantitative technique to 

determine the elemental composition of any 

material, with trace element abundances at the ppm 

level. The mineral composition was analyzed with 

X-ray diffraction spectroscopy (XRD, Bruker AXS 

Model D8 Discover) for determining the 

concentration of various minerals of material. 

 

2.5 Initial Setting Time and Final Setting Time 

Testing 

 

Initial setting time and final setting time testing 

of cement paste and LKV mixed with NaOH 3M 

were tested in this study with ASTM C 191: Time 

of setting of hydraulic cement by Vicat needle [12]. 

 

2.6 Compressive Strength 

 

 Compressive strength index (%) of cement paste 

and LKV mixing sample was tested by using an 

ELE EL24-9150 compressive test at the sample age 

of 14 and 28 days. 

 

3. RESULTS AND DISCUSSION 

 

3.1 Random Sample 

 

 The random sample, which was collected from 

rocks containing mineral is shown in Fig.1. 

 

 
 

Fig.1 Random sample 

 

3.1.1 Microscope analysis 

 In the polished section analyzed with a digital 

microscope, at magnifications of 15 times and 35 

times, the rock sample has the white mineral line in 

the red-brown coarse particle of sandstone (Figs.2a 

and 2b). Variscite had a very fine grain particle size 

(fine-grained, unable to find the mineral grain 

size) compared to the particle size of the quartz 

crystals (the mineral grain size around 50-200 µm) 

in sandstone. Also iron oxide (Iron, Fe) was found 

distributed in the rock with the yellow to dark 

brown color particles. 

 

3.1.2 Petrographic analysis 

The result of Petrographic analysis, found that 

the nordstrandite and variscite microscopic texture, 

both of which consist of quartz mineral 
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nordstrandite and Variscite ore are shown in 

Figs.3(a) and 3(b). 

 

3.1.3 X-ray diffraction spectroscopy  

The XRD result shown in Table 1 found that the 

random sample consisting of quartz (SiO2), mostly 

(81.0%) making the majority of the elements are 

sandstone, because the test samples were tested 

without the separation of the mineral. However 6.9 

percent of variscite (Al(PO4)(H2O)2) was found in 

the sample.  

 

3.1.4 X-ray Fluorescence spectroscopy  

 The XRF result shown in Table 2, it was found 

that most of the samples contained silica oxide 

(SiO2) or Quartz (33.90%), followed by Phosphorus 

pentoxide (P2O5), with 13.95%. 

 

 
(a) 

 
(b) 

 

Fig.2 Digital Microscope of Random Sample LKV 

(a) at 15X (b) at 35X (V: Variscite (AlPO4·2H2O)  

Q: Quartz (SiO2)) 

Fig.3 (a) 

 
(b) 

 

Fig.3 Thin section microscopy of Random Sample 

LKV (a) without using polarized light and (b) using 

polarized light 

 

Table 1 X-ray diffraction of Random Sample LKV 

 

Mineral Formula Concentration 

(wt%) 

Quartz  SiO2  81.0 

Variscite Al(PO4)(H2O)2 6.9 

Nordstrandite Al(OH)3 7.2 

Bayerite, syn Al(OH)3  4.8 

 

Table 2 X-ray fluorescence of Random Sample 

LKV 

 

Formula Concentration 

(wt%) 

SiO2 33.90 

P2O5 13.95 

Na2O 19.59 

Fe2O3 11.44 

Al2O3 10.11 

CaO 4.73 

MgO 5.48 

K2O 0.20 

SrO 0.60 

Total 100.00 

 

3.2 Screening Sample 

 
 Based on the polished section test a white 

mineral, variscite, had a very fine grain size 

compared to the particle size of the sand which 

could be observed, as shown in Fig.4. Therefore, 

this study separated the mineral from the sandstone 

to be the main example in the study of the screening 

sample group, as shown in Fig.5. After that, ground 

samples passing 300 μm sieve were calcined at 

various temperatures of 400, 600, 800 and 1,000 

degrees in the next study. 
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3.2.1 X-ray diffraction spectroscopy 

 The XRD result shown in Table 3 found that the 

survey sample consisted of the same amount of 

quartz (SiO2)(46.12% - 56.72%). LKVNOR with 

Variscite (Al(PO4)(H2O)2, 23.51%, which was 

significantly higher than the random sample.  

 While all the calcined samples were not found 

Variscite, but the mineral composition was changed 

to aluminum phosphate (AlPO4) altogether. 

Aluminum phosphate hydrate (AlPO4x (H2O) was 

only found in LKV400. When the temperature rose 

above 600 degrees, some parts of aluminum 

phosphate hydrate had changed to aluminum 

phosphate (AlPO4) which was composed of 

aluminum phosphate equal to 34.12%, 34.51% and 

30.44% for LKV600 LKV800 and LKV1000 

respectively. 

 According to previous study found at high 

temperature, variscite (Al(PO4)(H2O)2 dehydrate to 

form berlinite (AlPO4) which consists of a 

framework of alternating PO4 tetrahedra and Al 

tetrahedral [13]. Also, some parts of phosphate 

(PO4) appeared in calcium iron phosphate and 

calcium hydrogen iron phosphate for the samples 

that are calcined with temperatures up to 600 

degrees while not found this mineral in the sample 

calcined at 400 degrees. 

  

 
 

Fig.4 The mineral from the sandstone texture  

 
 

Fig.5 White mineral obtained from sandstone 

extraction use as screening Sample 

 

3.2.2 Setting time 

 Mixing of  NaOH 3M with LKV was conducted 

to find the setting time. While 3M was the amount 

of NaOH estimated by the chemical equation 

balance by weight, to make the reaction even with 

AlPO4 in LKV (average of 30% AlPO4 in the 

sample and the mixture ratio of the solution and 

LKV was 0.35). It was found that the non-calcined 

LKVNOR was not set when being mixed with the 

3M NaOH solution while the LKV600 had the 

fastest formation (initial setting time 15 minutes, 

and final setting time was 90 minutes). This 

indicated that the LKV 600 was most likely to react 

with the NaOH 3M solution, followed by LKV800, 

LKV1000, and LKV400 respectively. As shown in 

Fig.6, the setting time of LKV600 was faster than 

Portland cement according to ASTM (45-60 

minutes for initial setting time) [14]. Another study 

of geopolymer found that the setting time varied 

from 120 to 870 min. at room temperature affecting 

variability depending on solution concentrations 

and the presence of mineral in geopolymer material. 

However, the setting time of geopolymer as well as 

at higher curing temperatures to setting at 28–58 

min [15-19] at the room temperature LKV600 had 

significantly faster formations than another 

geopolymer.

 

Table 3 X-ray Diffractrometer of Screening LKV Sample 

 

Sample Formula LKVNOR LKV400 LKV600 LKV800 LKV1000 

Quartz SiO2 46.12 48.51 52.6 55.81 56.72 

Kaolinite Al2(Si2O5) (OH)4 15.61 13.1 - - - 

Variscite AlPO4(H2O)2 23.51 - - -  

Aluminum Phosphate AlPO4 - 18.42 34.12 34.51 30.44 

Aluminum Iron Phosphate Al 0.67Fe0.33(PO4) - 8.6 - - - 

Aluminum Phosphate 

Hydrate 

AlPO4x(H2O) - 6.24 - - - 

Crandallite CaAl3(OH)6(PO3(O0.5(OH)0.5))2 5.43 5.12 - - - 

Calcium Iron Phosphate Ca9Fe2(PO4)14 2.56 - 6.91 7.37 8.23 

Calcium Hydrogen Iron 

Phosphate 

Ca9FeH(PO4)7 6.77 - 6.37 2.31 4.61 
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Fig.6 Setting time results of calcined LKV 

 

3.2.3 Compressive strength 

 Compressive strength index (%) of cement paste 

and LKV mixing sample at the age of 14 and 28 

days as shown in Fig.7 found that LKV600 had the 

highest compressive strength (24.5%) followed by 

LKV800 LKV1000 and LKV400 respectively 

(14.9%, 6.2%, and 3.3%). While LKVNOR, no 

formation was found so the compressive strength 

test was not possible. This corresponds to the 

previous setting time test results that LKV600 has 

the fastest formation. However, LKV600 has 

compressive strength only 24.5% with the reference 

cement, while when considering at 28 days this 

proportion tends to improve in LKV600 and 

LKV800 (26.4% and 16.6%). Another study found 

that many impressive characteristics of geopolymer 

concrete had higher compressive strength and 

durability [20-23]. Many of them which were the 

studies in fly ash used as geopolymer found the 

different solutions at a ratio of mass between 

alkaline activator and fly ash. Curing temperatures 

affected compressive strength, the maximum 

compressive strength obtained at high concentration 

of alkaline and high temperature [24-27]. Therefore, 

the solution type and the appropriate concentration 

to optimize solution mixing LKV, it should be 

examined. 

 Furthermore, the cost of developed LKV for use 

as chemical cement must be investigated; however, 

it should consider calcined temperature (the major 

cost for cement produce) LKV clearly lower (600 

degree) than cement (1,450 degree). 

 

 
Fig.7 Compressive strength index (%) of cement 

paste and LKV mixing sample at the age of 14 days 

and 28 days. 

 

4. CONCLUSIONS 

 

 1. LKV, which was a screen sample, had 

Variscite mineral of 23.5% which was much higher 

than the random sample.  

 2. Calcination affected the mineral state of LKV. 

All samples that had been calcined were not found 

Variscite, but the mineral composition changed to 

Aluminum Phosphate.  

 3. Non-calcined LKVNOR found no formation 

when mixed with 3M NaOH solution. While 

LKV600 had the fastest setting time when mixed 

with 3M NaOH solution. It indicated that LKV 600 

was the most reactive with NaOH 3M.  

 4. The LKV600 had the highest compressive 

strength. However, when compared to the reference 

cement, LKV600 only received 24.5% of 

compressive strength when compared with the 

reference cement. There should be a study of the 

appropriate solution and concentration to optimize 

solution mixing LKV. 
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