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Abstract

Potassium borate was hydrothermally synthesized from various boron miner-
als (H;BO;, B,0;, Na,B,0,-5H,0 and Na,B,0,-10H,0) at reaction conditions
of 60-90 °C and 15-120 min. The synthesized potassium borate was identified as
“santite (KB5;O4-4H,0)” from the X-ray diffraction (XRD) analyses results. The
specific band values between B and O atoms were characterized by Fourier trans-
form infrared and Raman spectroscopies. Multiangular particles were generally
observed in the range of 3.41 pm-234.94 nm. The use of different boron sources
affected the morphology. Higher reaction yields were determined in the use of boric
acid (H3;BO;). Optical absorption of potassium borate minerals was approximately
340 nm. AC and DC electrical properties of materials were determined by using
current—voltage and capacitance voltage characteristics. Electrical resistivity values
of DC were found in the range of 4.17 % 108-4.07 % 10'° Q cm, whereas dielectric
constants of AC were between 2 x 10° and 2 x 10°.
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Introduction

Metal borates are the complexes of the boron, hydrogen, oxygen and metal atoms.
The common types of metal borates are found naturally on earth crust, while the
specific types can be prepared in micro-/macro-scale. Those with water molecules
locked inside their crystals are referred to as borate hydrates. As being additives,
both hydrated and non-hydrated forms of metal borates are used in most of indus-
trial applications such as glass, ceramics, nuclear, space-aviation, metallurgy, trans-
portation, cosmetics and chemistry. Each kind of metal borate has notable features
which make them preferable for different areas [1, 2].

As a sub-class of metal borates, the potassium borates are important among fields
such as metal refining, welding, lubricating oil additives, cement, insulation, tex-
tiles, fibreglass and as a superior nonlinear optical material (NLO) against com-
monly used borate compounds. As a member of potassium borate family, potassium
pentaborate (KB;Og4-4H,0) is also known as “santite” mineral. It has the orthorhom-
bic lattice system, and its crystals are at the appearance of transparent and colour-
less aggregates. In the structure of KB;O4-4H,0, the large difference in the electron-
egativity values of B and O atoms is responsible for the high transmittance in the
shorter wavelength region [3-7].

There are different types of prepared potassium borates in the system of
K,0-B,0;-H,0. Zhang et al. obtained the KBsO,(OH),H,0O by using the raw mate-
rials of potassium hydroxide (KOH), boric acid (H;BO;) and pyridine at 170 °C
for 7 days [8]. Salentine prepared the KB;O53H,0 by the liquid state synthesis
of K,B,0,4H,0 and KB;O0¢4H,0 [9]. Wu synthesized the K[BsO,(OH),] using
the potassium nitrate (KNO;) and H;BO; at the reaction temperature 210 °C for
3 days [10]. Wang et al. produced the KB;O,(OH), by the hydrothermal reaction of
K,B,0,-4H,0, DMF and H,O at 165 °C for 10 days [11]. Liu et al. researched on
the thermochemistry of the synthesized K,BsO4(OH)2H,0O with using the raw mate-
rials of potassium carbonate (K,CO;) and H;BO; in hydrothermal conditions at the
reaction temperature 170 °C for 7 days [12]. Alicilar studied the flame retardation
and smoke suppression efficiencies of potassium additives in styrene acrylic paints
[13].

The determination of electrical and optical features of compound is essential for
the nanophotonic devices, semiconductor materials, solar cells, laser and display
applications [14—17]. In order to improve the usage of boron compounds and boron-
doped materials in these industrial applications, determination of physical features
of borates should be comprehensively detailed. Known with its good mechanical
features, aluminium borate and lithium aluminium borate were characterized by Ike
et al. [18, 19]. The research would like to contribute to the possible use of potassium
borates in the use of electronic and optic applications. With this purpose, the synthe-
sized potassium borates with different boron sources were chemically and physically
characterized.
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Materials and methods
Raw materials preparation and characterization

Potassium nitrate (KNO;), with the minimum purity of 99%, was purchased from
Merck Chemicals (Merck KGaA, Darmstadt, Germany) and used without pre-treat-
ment. Boric acid (H;BO;), boron oxide (B,0;), tincalconite (Na,B,0,-5H,0) and
borax (Na,B,0,-10H,0) were retrieved from Bandirma Boron Works (Eti Maden,
Balikesir, Turkey) at a particle size of 2 mm with the minimum purities of 98%. In
order to maintain a particle sized below 75 um, boron sources were ground with Retsch
RM 100 (Retsch GmbH & Co KG, Haan, Germany) agate mortar and sieved through
Fritsch analysette 3 Spartan pulverisette O vibratory sieve-shaker (Fritsch, Idar-Ober-
stein, Germany).

Characterization of the raw materials was conducted by PANalytical X pert Pro
(PANalytical B.V., Almelo, The Netherlands) XRD with the generator settings of
45 kV and 40 mA. In the XRD analysis, Cu-Ka (A=1.53 cm_l) radiation is used and
the 20 range is selected from 10 to 90°.

Synthesis procedure

In the production of potassium borates, six different raw materials were reacted at dif-
ferent molar ratios, which were determined from pre-experiments given in Table 1. For
all of the sets, the potassium source was used as KN (KNO3). Sodium source was used
as Na (NaOH) in Set 1 and Set 2. The boron sources were used as H (H;BO;) in Set
1, Set 3 and Set 5 and B (B,05) in Set 2, Set 4 and Set 6. T (Na,B,0,-5H,0) and Bx
(Na,B,0,-10H,0) were used as both sodium and boron sources in Set 3, Set 4 and Set

Table 1 Amount of raw materials that were used in the synthesis of potassium borates

Raw material* Mole
Set 1 Set 2 Set 3 Set 4 Set 5 Set 6

KN 0.0216 0.0185 0.0210 0.0210 0.0210 0.0210
N 0.0216 0.0185 - - - -

H 0.1294 - 0.0842 - 0.0630 -

B - 0.0646 - 0.0420 - 0.0525
T - - 0.0105 0.0105 - -

Bx - - - - 0.0105 0.0105
K:B ratio (mole/mole) 6 7 6 6 5 7

KN: KNOj3, N: NaOH, H: H;BO;, B: B,0;, T: Na,B,0,-5H,0, Bx: Na,B,0,-10H,0
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5, Set 6, respectively. The reaction temperatures and times were determined between
90 and 60 °C and 120-15 min, respectively. Expected reactions are given in (1) to (6):

KNOj;(s) + NaOH(s) + 6H;BO;(s) + xH, O(])

h (D
2 KBOy - 4H,0(aq) + H;BO5(aq) + NaNO, (aq) + yH,0())

KNOs(s) + NaOH(s) + 3.5B,05(s) + xH,0())

ez (2)
= KB;Oy - 4H,0(aq) + 2H;BO;(aq) + NaNO;(aq) + yH,O(0)

KNO,(s) + 1/2Na,B,0,.5H,0 + 4H;BO;(s) + xH,0())

h 3)
2 KBy - 4H,0(aq) + H3BO4(aq) + NaNOj (aq) + yH,0())

KNO,(s) + 1/2Na,B,0,.5H,0 + 2B,05(s) + xH,0(])

he: 4
2 KB40y - 4H,0(aq) + HyBO5(ag) + NaNO, (aq) + yH,0()

KNO,(s) + 1/2Na,B,0,.10H,0 + 3H,BO;4(s) + xH,0(!)

heat (5)
— KB;Og - 4H,0(aq) + NaNO;(aq) + yH,O(/)

KNO,(s) + 1/2Na,B,0,.5H,0 + 5/2B,05(s) + xH,0(])

o ©)
% KB40y - 4H,0(aq) + HyBO5(ag) + NaNO;(aq) + yH,0()

During the synthesis, 100-mL batch-type temperature-controlled glass reactor
was used. Distilled water obtained from GFL 2004 (Gesellschaft fiir Labortechnik,
Burgwedel, Germany) water purification system was used for the reaction medium.
In the experiments, the boron sources were added to reactor and after the determined
temperature is reached, the potassium and sodium sources were added to medium.
After the determined reaction time was reached, reactor contents were placed in a
glass crystallizer at 40 °C in an oven (Ecocell LSIS-B2V/EC55; MMM Medcenter
Einrichtungen, Planegg, Germany) in order to evaporate the excess water and for
crystallization to occur. After the crystals were formed, the sample was washed with
pure ethanol to remove the unreacted raw materials formed by NaNO;. Then, excess
ethanol was removed by putting the washed sample in an oven which was heated to
40 °C.

Characterization of the synthesized products
After the liquid state synthesis of potassium borates, the samples were characterized

by XRD, FT-IR and Raman spectroscopy techniques. The XRD parameters used
in Sect. 2.1 for the raw material preparation and characterization were the same,
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including the 20 range, where the characteristic peaks of potassium borates were
observed.

The FT-IR analyses was done by PerkinElmer, MA, USA, with a universal atten-
uation total reflectance (ATR) sampling accessory coupled to a diamond/ZnSe crys-
tal. The Raman analysis was done by using Raman spectrometer of model Perki-
nElmer Raman Station 400F (PerkinElmer, CT, USA). The characteristic vibrations
of both FT-IR and Raman spectra analyses were at the range of 1800-650 cm™! and
1600-250 cm™, respectively.

The surface morphologies and particle sizes of the samples were investigated by
using CamScan brand Apollo 300 field-emission SEM (CamScan, Oxford, UK) at
15 kV. The detector used was backscattering electron (BEI), and the magnification
was set to 5,000.

Three parallel experiments for each formation were conducted for the santite
yield calculations. KNO; was selected as the key component (limiting reactant), and
the equation used in the calculation is given below:

N, Santite

Y. L=
Santite < (7)

NKNO3> - <NKNO3 ) ,

i

where Yy, 1s the yield of santite, Ny, is the final formation mole of santite, and
(Ngno3); and (Ngyo3)y are the moles of KNOj initial and final, respectively.

Electrical and optical properties
The potassium borates powder which have the highest XRD scores were pressed

under pressure of 30 MPa into pellets to 13 mm diameters. Electrical resistivity
of the samples was measured with current—voltage technique at room temperature

Table 2 XRD results and crystallographic data of the raw materials used and produced potassium borate

Compound  Pdf code Mineral name  Mineral formula  Crystal system  a (A), b (A), c (A)
[Space Gr./No.] [ (°), B (°), vy ()]
KN 00-005-0377  Nitre KNO; Orthorhombic 5.41,9.16,6.43
[Pmcn/62] [90.0, 90.0, 90.0]
H 01-073-2158  Sassolite H;BO; Anorthic 7.04,7.05, 6.58
[P-1/2] [92.6, 101.2, 119.8]
B 00-006-0297  Boron oxide B,0; Cubic 10.06, 10.06, 10.06
[P E/n.a.*] [90.0, 90.0, 90.0]
T 00-007-0277  Tincalconite Na,B,0,-5H,0  Rhombohedral — 11.12, 11.12,21.20
[R-3/148] [90.0, 90.0, 120.0]
Bx 01-075-1078 Borax Na,B,0,-10H,0 Monoclinic 11.89, 10.65, 12.21
[C2/c] [90.0, 106.6, 90.0]
KB 01-072-1688  Santite KB;O4-4H,0 Orthorhombic 11.06, 11.18, 9.04
[Aba2/41] [90.0, 90.0, 90.0]

* n.a.: not available in the pdf card

@ Springer



5358 F.T. Senberber Dumanli et al.

Table 3 XRD scores of the potassium borates synthesized from different raw materials

Reaction Tem- Reaction Set 1 Set 2 Set 3 Set4 (KN-T-B)  Set5 Set 6
perature (°C)  Time (min) (KN-N- (KN-N- (KN-T- (KN-Bx- (KN-
H) B) H) H) Bx-B)
60 15 42 53 64 63 64 63
60 30 60 60 69 53 69 47
60 60 75 72 77 56 71 61
60 120 69 65 76 61 62 69
70 15 57 61 59 60 68 62
70 30 60 46 64 69 69 58
70 60 61 65 68 64 70 66
70 120 72 65 65 59 72 53
80 15 57 53 56 58 68 68
80 30 45 65 60 65 61 72
80 60 74 33 75 67 71 69
80 120 55 62 60 60 61 67
90 15 50 51 67 60 68 71
90 30 52 65 50 62 60 62
90 60 72 62 70 64 70 56
90 120 71 65 51 49 69 66

using Keithley 2400 in dark with thermally evaporated gold contacts on both sur-
faces of pellets in high vacuum 107 Torr. The optical absorption spectra of the
borate powders were taken by PerkinElmer UV-Vis spectrophotometer (Perki-
nElmer, MA, USA) at room temperature which dispersed in HCI solution in quartz
tube. In order to determine the dielectric properties of the materials, pellets are gold
coated on both surfaces using thermal evaporation technique under high vacuum
to create a parallel plate capacitor structure. Dielectric measurements were taken
using HP 4192A impedance analyser in the frequency range from 5 to 1.3x 107 Hz
at room temperature.

Results and discussion
XRD results

From the XRD analysis, the results of raw materials and synthesized potassium
borate are given in Table 2. According to Table 2, potassium source of KN is found
as “nitre” with powder diffraction file (pdf) no. of “00-005-0377 and boron sources
of H and B are found as “sassolite” and “boron oxide” with pdf no of “01-073-2158”
and “00-006-0297”, respectively. Sodium and boron sources of T and Bx are found
as “tincalconite” and “borax” with pdf nos of “00-007-0277” and “01-075-1078”,
respectively. The synthesized potassium borate compound is found as “sassolite”

@ Springer



Characteristic, electrical and optical properties of potassium... 5359

| | \ l KN-N-H, 60°C, 60 min
) .8’ P Y - Y
l L KN-N-B, 60°C, 60 min
—_ A . " ) a AN -
.‘é‘
3
. |
£ . | L KN-T-H, 60°C, 60 min
5 ; ,
3
C
£ i | KN-T-B, 70°C, 30 min
= { ) AN ) [ T PO
] L KN-Bx-H, 70°C, 120 min
KN-Bx-B, 80°C, 30 min
10 20 30 40 50 60 70 80 90

Position 26 (°)

Fig. 1 XRD patterns of the optimum potassium borate phases
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Fig.2 FT-IR spectra of selected potassium borates
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with pdf no. of “01-072-1688”. Synthesized type of a mineral is the same as in the
study of Asensio et al. (2016) [6].

The XRD scores of the synthesized compounds are given in Table 3. The XRD
score is the measure of the similarity of the theoretical compound meaning that
when all the peak intensities (%) and peak locations are matched perfectly with the
reference card, the XRD score of the analysed mineral is equal to 100 [6, 20].

The results of XRD analyses indicate the suitability of the hydrothermal con-
ditions for the potassium borate synthesis. It is seen that the potassium borates
are formed at different scores, in all the reaction parameters. The highest XRD
scores are obtained at low reaction temperature and low reaction times. On the
other hand, the changes in the reaction parameters are not affecting the crystal
phase formation slightly. The highest XRD score is found as “77” at Set 3 with
the reaction conditions of 60 °C and 60 min. On the other hand, in the study
of Asensio et al. (2016), the highest XRD score was obtained at the reaction
parameters of 60 °C and 15 min with the value of “74” from the raw materials of
K,CO; and H;BO; [6].

In the first three sets, the highest XRD scores are obtained at the reaction
parameters of 60 °C reaction temperature and 60 min of reaction time with
the values of 75, 72 and 77. At the last three sets, the highest XRD scores
are obtained at the reaction parameters of 70 °C-30 min, 70 °C-120 min and
80 °C-30 min with the values of 69, 72 and 72. These six highest XRD scored
potassium borate minerals were determined as the optimum formations. The
optimum formations for XRD patterns are given in Fig. 1.

In Fig. 1, the characteristic peaks (h k 1 [dgy,.in,]) Of santite were observed
at the 26 of 14.92° (1 1 1 [5.93 A]), 15.85° (0 2 0 [5.59 A]), 25.32° (0 2 2
[3.51 A]), 26.59° (1 2 2 [3.35 A]), 32.35° (4 0 0 [2.77 A]) and 41.52° (4 2 2

917

< 60°C. 60 765 sés || s10 ass
N-N-H, 60°C, 60 min
1049 917 765 I
458
KN-N-B, 60°C, 60 min
917
1067 765 \ s09 436
> X ) ‘ 556
2 | KN-T-H, 60°C, 60 min | ‘ i\ |
e 1 — A ,»"\\. A S NAL —~—
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£ 508 456
KN-T-B, 70°C, 30 min J , f
| N R N AN NAL A~
917 766
//1'?.50 Sﬁgr‘ 510 456
KN-Bx-H, 70°C, 120 min 1967 / i’ ) “\ ‘,
T - T e s s 55/“ 509 :'75|577_; T
1049
KN-Bx-B, 80°C, 30 min | I\ ‘ |
R e AN A~ - A, e
1600 1400 1200 1000 800 600 400 250

Raman shift (cm-1)

Fig. 3 Raman spectra of selected potassium borates
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SET 1, 60°C, 60 mip SET 2, 60°C, 60 min SET 3, 60°C, 60 min

Fig.4 The surface morphologies of selected potassium borates

[2.17 A]). These peak locations were in god agreement with the study of Asen-
sio et al. (2016) [6].

FT-IR and Raman spectroscopy results

FT-IR spectra of optimum potassium borate compounds are given in Fig. 2. For
each reaction sets, the obtained FT-IR spectra of synthesized potassium borates
showed similarity.

The peaks which are located between 1335 and 1329 cm™! are assigned to the
asymmetric stretching of three coordinate boron to oxygen bands [vaS(B(3)—O)].
The peaks in the range of 1247-1245 cm™' are attributed to the bending mode
of boron-oxygen-hydrogen [8(B—O-H)]. The asymmetric stretching of four coor-
dinate boron to oxygen bands [vaS(B(4)—O)] is observed between 1097 cm™! and
1021 cm™'. The bands around 915 cm™! are related to the symmetric stretching
of three coordinate boron to oxygen bands [v(B;~0)]. The absorption peaks
around 781 cm™! are due to the symmetric stretching of four coordinate boron
to oxygen bands [v(B4~O)]. The presence of IR peaks between 692 ecm™! and
688 cm™! reveals the bending of three coordinate boron [8(B-O-H)].

In Fig. 3, Raman spectra of selected potassium borates are shown. Accord-
ing to Raman spectra, the bending of v, (B4-O) is observed in the range of
1067-1049 cm™!, whereas the peaks at 917 cm™! are assigned to the symmet-
ric stretching of v (B3-0O). The Raman frequencies around 765 cm™! belong to
the symmetric stretching of v(B,~0O). The peaks at 556 ecm™! attributed to the
symmetric pulse vibration frequency of the pentaborate anion [(BsO4(OH),)"].
The peaks which are shown as the bending of four coordinate boron 6(B(4) -0)
are seen between 510 cm™! and 456 cm™' [6, 21, 22]. These findings are in
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Fig.5 Reaction yields of samples

accordance with spectral characteristics of potassium borates which are obtained
in the studies [6].

SEM results

The surface morphologies of selected potassium borate samples are given in
Fig. 4. According to SEM images of produced potassium borates, it is avowable
that the morphology of products did not show a significant change based on pre-
cursor materials, reaction temperatures and reaction times. According to SEM
images, the particle sizes of synthesized potassium borates were changed between
234.94 nm and 3.41 pm. When uniform particle size distribution was observed
for lower reaction temperatures and times, especially for Set 1, increasing reac-
tion times and temperatures led to irregular particle morphologies.
The produced particles had the appearances of overlapped shapes in Set 2,
whereas multiangular particles in Set 3. In Set 4, the particle size reduced to sub-
micron scales but showed tendency to agglomeration. Irregular particle size dis-

tribution and morphology existed for Set 5 and Set 6, in which overlapped layers
of potassium borate were observed.
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Reaction yields based on the santite formation are given in Fig. 5. All forma-
tions standard deviation is less than 5%. Considering all of these sets, the mini-
mum santite yield was calculated as 76% in Set 2 at 60 °C and 15 min reaction
time. As a comparison between the reactants of H;BO; and B,0;, highest santite
yields were seen on H;BO;. This can be explained with the high incline to react
of H;BO; than B,0;. Because B,0; was the anhydrous form of H;BO; and can be
produced from H;BO;, where the reaction was given below:

1 3
H;BO; + heat - =B O; + =H,0 (8)
2 2 2
70 E ——SET-1
] ——SET-4
60 3 e SET-6
50 7
o ]
k) ]
Z 40
CE
§ 307
= ]
20 E [ Vas(B{d)_o)]
10 S
] — gg_i [ Vas(B (3)_0)]
3 ——SET-6
0 +———F—""—"T———— —T———
1050 1100 1150 1280 1330 1380
Wavenumbers (cm™!) Wavenumbers (cm™!)

Fig.7 FT-IR spectra of selected potassium borates at about 1097 cm™ and 1332 cm™
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More likely for the comparison of Na,B,0,-5H,0 and Na,B,0,-10H,0,
Na,B,0,-5H,0 as a reactant is more active than the Na,B,0,-10H,0O. This may be
due to the boron percentages of the compounds since Na,B,0,-5H,0 has more boron
percentage than the Na,B,0,-10H,0. From the combination of both Na,B,0,-5H,0
and H;BO;, the highest santite yield was seen on the Set 3. Also the reactant of
NaOH yields santite formation between Na,B,0,-5H,0 and Na,B,0,-10H,0.

For the reaction temperatures and times, as it is seen from Fig. 5, santite yields
were increased by the increase in both reaction temperature and time. The highest
santite yield was obtained as 99% at Set 3 at 90 °C reaction time and 120 min reac-
tion time. Higher santite formations were obtained than Asensio et al., 2016, which
were between 84 and 95% [6].

Optical and Electrical measurement results

The optical absorption spectra of the potassium borate powders synthesized using
various boron minerals are shown in Fig. 6. The optical absorption edge was deter-
mined from extrapolation of the high-energy part of the absorption spectra and is
shown in Fig. 6. The optical absorption edge of the potassium borate powders is
observed at about 340 nm for Sets 1 to 5 and about 480 nm for Set 6.

In the structures of borate minerals and compounds, the differences in the BO,,
BO; and BO, units are responsible for the different band gaps and other optical prop-
erties, which these units polymerize into superstructural motifs. The HOMO-LUMO
band gap of BO, is larger than that of BO;, but smaller than that of BO,,.

The FT-IR spectra of the potassium borate Set 1, Set 4 and Set 6 at the peaks
which are located between 1335-1329 cm™! and 1097 cm™!, the asymmetric

-
U
D
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%t 100 o
g 4 [ ]
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= ] . o
50 A
1 [ ] o
i o O
]l e [0} [m] N
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Fig.8 The DC current density—voltage characteristics of potassium borate materials synthesized using
various boron minerals
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stretching of three coordinate boron to oxygen bands [v,(B;~O)] and the asym-
metric stretching of four coordinate boron to oxygen bands [v,((B4~0)] are shown
in Fig. 7, respectively. On the potassium borate samples, it was determined at about
1332 cm™! that the three coordinate boron asymmetric stretching to the oxygen
bands for Sets 1-4 and 6 occurred.

While the amount of BO, units in the spectra for Set 6 [7] did not change much, it
was determined that BO; units increased compared to other sets. This result causes
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the absorption edges of the materials to shift to the near UV region, and the excess
of BOj; units in Set 6 increases this shift.

However, properties such as crystal structure and crystalline size have a signifi-
cant effect on the band gap. The amount of metal cations in the borate structure
causes UV shift of the absorption edge, and the amount of O atoms in the B-O unit
is also known to improve the use of the material for UV region applications [23].

The samples of the highest XRD scores are synthesized from various types of
boron minerals, and the DC current density—voltage characteristics of these samples
were determined using a standard technique. Figure 8 shows that the all potassium
borate materials have high DC electrical resistance; these properties are valuable in
terms of their ability to use materials as shielding. The bulk dc electrical resistivity
of samples was determined in the range of 4.17x10%-4.07 x 10! Q.cm using the
following equation:

l
R=p5 ©
where R is the electrical resistance, p is the self-resistivity, A is the area of the sam-
ple surface, and 1 is the length.

Impedance spectroscopy is a widely used analysis method that provides infor-
mation about the dielectric properties of materials. The dielectric properties of the
materials were examined at different frequencies and at room temperature. The com-
plex permittivity (¢ *) is given by the following equation:

e x=¢" —ie" (10)

where € ' is the relative permittivity or dielectric constant and € " is the dielectric
loss.
The dielectric constant and loss are calculated by Eq. (11):

. Cd

_A_so

(11)

where d is the sample thickness, A is the surface area of the electrodes, g, is the
electrical permittivity of vacuum, and C, is the capacitance of the sample.

Figure 9 shows the variation of the actual part of the dielectric constant depend-
ing on the frequency at room temperature. All materials showed very close dielec-
tric constant and AC conductivity value and characteristic results. At low frequen-
cies (5-10% Hz), the dielectric constant is high about 2x 10° to 2 X 10% and decreases
to about 10 with increasing frequency for all samples.

Figure 10 shows the similarly defined AC conductivity as approximate value and
change in all type potassium borate materials as a function of frequency at room
temperature. As shown in Fig. 9, a constant region indicating DC-like conductiv-
ity in the low-frequency region was observed and it was found that the conductivity
increases with frequency starting from a limit frequency. The AC conductivity value
in the DC-like region for materials is about 1.7 x 10’ S/cm, and again from about
1 kHz, the exponential increasing ac conductivity region begins.
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Conclusion

In the present study, effects of using various raw materials, reaction temperatures
and reaction times on the liquid state synthesis of potassium borates were examined.
Also, electrical and optical properties of synthesized potassium borates were inves-
tigated. XRD results showed that santite (KBsO4-4H,0) was synthesized at all the
experimental sets. FT-IR and Raman spectra of products had characteristic potas-
sium borate peaks in both IR and visible regions. The DC electrical resistivities of
synthesized potassium borate materials are in the range of 4.17x108-4.07 x 10'°
Q.cm. The dielectric constants were frequency dependent and varied between
2x10° and 2 10° at low frequencies (5-10? Hz), and about 10 at high frequencies.
It was determined that the AC conductivity of the material depends on the frequency
of 10° Hz sub-frequencies, in addition to the optical absorption edge of the potas-
sium borate powders observed about 340 nm for Sets 1 to 5 and about 480 nm for
Set 6.
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