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The formation of the first membrane, the swelling of the crystal by incoming
water from the semipermeable membrane and the formation of irregular shaped
branches were observed by optical microscopy, when zinc sulfate heptahydrate
crystals were immersed in saturated borax solution. The powders obtained by
mixing dilute aqueous borax and zinc sulfate solutions had B, O, Na, S and Zn
elements. Presence of Na Zn, ,B,0..xH,0 was indicated by EDX analysis. The
molar ratio of B,0,/Zn0O in powders was around 2. FTIR analysis indicated the
ratio of absorbance values of asymmetric stretching vibrations of B ,-O at 1351
cm™ to that of B 4)-0 at 1026 cm' increased with their heating time at 90°C during
their preparation. X-ray diffraction patterns indicated the presence of Zn(OH),
and Zn,(OH),(SO,)-4H,0. The zinc borate compounds in the powders were not
crystalline since no sharp peaks related to zinc borates were present in x-ray
diffraction diagram. There were two mass loss steps in TG curves of the powders.
The first step at 150-350°C and the second step at 700-950°C were due to
elimination of water and due to decomposition of sulfate ions respectively. The
submicron powders were a mixture of zinc borate, Zn(OH),, Zn,(OH),(SO,)-4H,0

and Na zn,, B,O

1247

xH,O and they could be used as lubricant additive due to their

small particle size of 600 nm.

1. Introduction

Chemical gardens are the hollow fibers formed by im-
mersion of a soluble metal-salt particle in an aqueous
solution containing either of the silicate, phosphate,
carbonate, oxalate, sulfide or hydroxide ions. The pos-
sible reactants in chemical gardens and their mecha-
nism of formation are summarized by Barge et al. [1].
The gelatinous precipitate formed around the salt par-
ticle acts as a membrane and allows the passage of
small water molecules and does not allow the passage
of large metal ions [1]. Membrane bursts when the
osmotic pressure inside becomes higher than its ten-
sile strength. The metal-ion solution from crystal side
ejects into outer solution and tubular precipitates form
around the flow creating hollow chemical garden tubes
[2]. Crystals of cations of group Il [2] and the transition
metals [3-7] were used as salts added to silicate solu-
tion. The kinetics of formation of silica garden tubes
prepared using different metal salts were investigated
by Glaab et al. [8]. Other solutions other than silicates

were also used in chemical gardens. Hexacyanofer-
rate Fe(CN)," [9,10], OH- [11] anions are examples for
this case. Real time X-ray fluorescence (XRF) movie
technique was used to monitor chemical garden fiber
formation [12].

Zinc borates are commercially important chemicals
[13]. They can be obtained either by reaction of ZnO
and H,BO, [14] or reaction of borax with zinc salts [15-
23].

The reactions of borate anion with zinc cation are
shown below:
B4Os(OH)4*"(aq) + Zn**(aq) + HoO(1) =
Zn[B4Os5(OH)41-H20(s) (1)

Zn[B405(0H)4]- H,0(s) + 2H,0(1) >
Zn[B303(OH)s] H2O(s) + B(OH)s(s) (2)

Zn[B;05(0OH)s]-H,0(s) >
Zn[B303(OH)s](s) + H20(1)  (3)

*Corresponding author: devrimbalkose@iyte.edu.tr
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Kipgak et al. [19] synthesized zinc borate using tincal-
conite mineral according to the following reaction in
Equation 4.

ZnSO4-7TH,O+NayB,07-5H,0+
3H;BO3+xH, 0>
1/3 [ZH3B6012'3.5H20]+
Na,S04+5H3BOs+yH,O (4)

Zn(H,0)B,0,-0.12H,0 was obtained fromZnSO,-7H,0,
K,B,0,4H,0, and NH,HB,O,-3H,0 in H,O with pH
regulated to 9.5 with 3 mol dm= NaOH solution by Li-
ang et al. [22].

4Zn0-B,0,'H,0O having 2D and 3D nano/microstruc-
tures were obtained by hydrothermal method in the
presence of surfactant polyethylene glycol-300 from
Na,B,0.-10H,0 and ZnSO, [21,24]. Nano discs of
2Zn0-3B,0,-3H,0 were obtained from aqueous bo-
rax and zinc salt solutions by the addition of oleic acid
[25]. Lubricant additive zinc borate nanoparticles were
obtained from borax decahydrate and zinc nitrate
hexahydrate solutions by addition of sodium dodecy-
Ibenzenesulfonate [15], PEG 4000 and Span 60 [26],
phosphate ester [27] as templates.

Parallel to zinc borate formation the possibility of
Zn(OH), formation according to Equation 5 was indi-
cated by Savrik et al. [26].

Zn”" (aq)+ OH (aq) = Zn(OH); (s) (5)

Polat and Sayan [28] investigated the change of prop-
erties of zinc borate with stirring rate, temperature
and reactant feed rate. For zinc borate crystalliza-
tion, sodium tetraborate decahydrate and zinc sulfate
heptahydrate were used as reactants. The results
showed that the obtained crystals were in the form of
Zn,B,O,,-7H,0 and the operating conditions change
the size, morphology, and filtration characteristics of
the zinc borate crystals. Box-Behnken design with
response surface methodology showed that the data
sufficiently fit the second-order polynomial model for
the variables of stirring rate, temperature, and reactant
feed rate. The minimum particle size (3.3 ym) was ob-
tained at 450 rpm stirring rate, 85°C temperature and
300 cm® h' reactant feed rate.

In this study, it was aimed to obtain and monitor the
formation of chemical garden fibers by immersing zinc
sulfate heptahydrate crystals in borax decahydrate
solution prepared from purified Kirka tincal mineral. It
was also aimed to characterize purified tincal mineral
and to identify products in the powders formed by the
reaction of dilute borax solution with dilute zinc sulfate
heptahydrate solution. Elemental analysis (EDX), Fou-
rier transform infrared spectroscopy (FTIR), X-ray dif-

fraction (XRD), thermal gravimetric (TG) analysis and
scanning electron microscopy (SEM) techniques were
used for this purpose.

2. Materials and Methods
2.1. Materials

Tincal mineral from Etibank Kirka Mines, anionic floc-
culant SP100A (American Cynamid Company) and
zinc sulfate heptahydrate (99%) from Merck were
used in the experiments.

2.2. Purification of Tincal Mineral

Tincal mineral was purified from impurities by floccu-
lation. 80 cm?® 20% tincal mineral solution was mixed
with 3 cm? of 0.1% SP100A anionic flocculant at 80°C.
70 cm? of the clear solution on top of the settled par-
ticles were transferred to another beaker and the crys-
tals obtained by cooling were separated by filtration.
They were dried at 20°C and used in zinc borate syn-
thesis. The flocculated particles were characterized as
dolomite by Akdeniz et al. [29].

2.3. Chemical Garden Preparation and Characteri-
zation

Zinc sulfate heptahydrate crystals were immersed
in saturated borax decahydrate solution at 20°C for
the formation of zinc borate chemical garden. Since
it was not possible to record the photographs of the
very small diameter transparent fibers by conventional
photography, the same process was repeated using
an optical microscope. A small crystal of zinc sulfate
heptahydrate was placed on a drop of saturated borax
solution at 20°C having 4.71% borax on a microscope
slide and its photographs were captured in transmis-
sion mode by a digital camera fitted to Olympus, CH40
optical microscope at different time intervals.

2.4. Preparation of Zinc Borate

50 cm?® of 0.1 mol.dm™ borax decahydrate solution
was mixed with 50 cm® 0.1 mol dm? with zinc sulfate
heptahydrate at 90°C in a thermostatic shaking water
bath up to 120 minutes. Samples withdrawn at differ-
ent periods were filtered and the obtained precipitates
were washed with water and dried at 105°C till con-
stant mass was obtained.

2.5. Characterization Methods

FTIR of the samples were obtained with KBr disc
method in 400-4000 cm™" wavenumber range by using
Shimadzu 8601 PC FTIR spectrophotometer. Setaram
LABSYS TGA/DTA was used for thermal gravimetric
analysis of the samples. The samples were heated
from room temperature to 1000°C at 10°C min™ rate
under 40 cm® min” N, gas flow rate for this purpose.
The powder X-ray diffraction (XRD) diagrams of the
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samples were obtained by using Philips Xpert-Pro X-
ray diffractometer. CuK  radiation with 0.154 nm wave-
length at 45 kV and 40 mA was used and the data
was recorded in 26 range of 2-70°. Philips XL30 SFEG
scanning electron microscope was used at accelerat-
ing voltage of 5 or 6 kV to obtain the SEM micrographs
of the samples coated with gold. EDX analyses of the
pristine samples were made using the same instru-
ment.

3. Results and Discussion
3.1. Characterization of Purified Borax
3.1.1. X-ray diffraction diagram of borax

X-ray diffraction diagram of borax sample used in the
present study seen in Figure 1 had identical peaks
with borax decahydrate (with JCPDS card number 01-
75-1078) [30]. The 26 values of the peaks were the
same but their relative intensities were different than
reported in the reference [30] due to orientation of the
crystals. The most intense peak is at 20 value of 34°
indicated that crystals were oriented perpendicular to
(024) plane [30].

1200
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0 _,—,—,—L'J,‘M-,M_Auw&
10 20 30 40 50 (1] T

Angle 20,°
Figure 1. X-ray diffraction diagram of borax decahydrate.

3.1.2. FTIR spectrum of borax

The FTIR spectrum of borax from purified tincal mine-
ral shown in Figure 2 confirms with the FTIR spectrum
of borax decahydrate reported in literature [31,32].

Absorbance

T T L I T T T I
4000 3600 3200 2800 2400 2000 1600 1200 800 400
wavernmber, em”

Figure 2. FTIR spectrum of borax decahydrate.

3.1.3. Morphology of borax

The SEM micrograph of borax decahydrate crystals
seen in Figure 3 indicated they are in needle shape
with length 5-10 ym and diameter 0.2-1 ym. The X-ray
diffraction diagram also indicated one dimensional
orientation of borax decahydrate crystals. This could
be due to templating effect of the flocculant (Superf-
loc100A) used for the removal of impurities in borax
mineral by flocculation.

Det Wb ———— 5ym
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Figure 3. SEM micrograph of borax decahydrate.

3.2. Chemical Garden

Zinc sulfate heptahydrate particles were immersed in
saturated borax solution at room temperature. Nearly
transparent short chemical garden fibers formed in 30
minutes. Good photographs of the fibers could not be
taken since they were transparent. Long fibers similar
to the ones formed by immersion of zinc salts [5] and
copper salts [11] to aqueous sodium silicate solution
were not observed in the present case of aqueous bo-
rax zinc salt system. For this reason, it was attempted
to monitor the fiber formation using an optical micros-
cope. A small crystal of zinc sulfate heptahydrate was
placed on top of a drop of saturated borax solution and
the photographs were taken at different times. When
zinc sulfate heptahydrate is placed in aqueous solu-
tion of borax solution it starts to dissolve to give Zn?
and SO, ions which react with the OH-and B,O,* ions
in solution. A semipermeable membrane made out of
possible solid reaction products such as Zn(OH),,
Zn,(OH),(S0,),"4H,0 and 2Zn0-3B,0,3H,0 covering
the surface of sodium sulfate crystal is formed. Water
can easily diffuse through the membrane creating a
very high osmotic pressure in the crystal side. A sa-
turated sodium sulfate solution forms on the surface
of the crystals beneath the semipermeable membrane
formed. Considering the solubility of sodium sulfate
heptahydrate in water at 20°C (3.143 mol kg™) [33] the
osmotic pressure created inside of the membrane is
calculated as 22.95 MPa using Equation 6.
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m=icRT (6)

where 1T is osmotic pressure, i is number of ions for-
med by the dissociation of one mol substance, c is
concentration in mol m3, R is the gas constant in J
mol' K and T is temperature in K. This high osmotic
pressure first swells, then ruptures the membrane and
saturated salt solution flows through the holes created
on its surface into borax solution resulting formation of
a new membrane with the reaction of borax and zinc
sulfate. The membrane ruptures and reforms repea-
tedly. In crystal side of the membrane there is a con-
centrated zinc sulfate solution and at the other side of
the membrane aqueous borax solution is present. The
inside solution is ejected into outside solution at points
ruptured on the membrane and thus a new membrane
emanating from the center membrane is formed. Thus
hollow fibers with Zn(OH),, Zn,(OH),(SO,),"4H,0 and
2Zn0-3B,0,-3H,0 would form. The micrographs of
the process taken from optical microscope at different
time periods are shown in Figure 4. The crystal immer-
sed in solution is covered immediately with a memb-
rane. At zero time the size of the membrane coated
crystal is 100 ym as observed in Figure 4a and 4b.
The size expanded by swelling due to the inflow water
through the membrane to 277 pym in 302 seconds as
seen in Figure 4c. The surface of the membrane is not
smooth. The growth is not the same in all directions.
Two branches in 108 um size emanated from a body of

Figure 4. Optical micrographs of zinc sulfate hepta hydrate im-
mersed in saturated borax solution at room temperature after im-
mersion time ofaand b. 0.0, ¢. 302, d. 357, e. 1129, f. 1245, 9.1475,
h.1529, i. 1704, j.1823, k. 1837 seconds (scale bar represents 100

pm)

153 umin 1475 s in Figure 4g. A branch with 107 pym at
the bottom, 61 um in the middle and 15 um at the tip is
seen in 1704 s in Figure 4i and particles having 31-138
pm with very tiny branches with 15 ym diameter forms
in 1837 s in Figure 4k. The optical microscope had
shown the formation and expansion of branches of
with irregular shapes. Filtering of the fibers formed by
immersing zinc sulfate heptahydrate in borax solution,
washing and drying would give hallow fibers having
zinc borates, Zn(OH),, Zn,(OH).(SO,),"4H,0.

3.3. Characterization of Powders Obtained by Mi-
xing Aqueous Tincal Mineral and Aqueous Zinc
Heptahydrate Solutions

3.3.1. Elemental analysis of the powders

EDX analysis gives information about the elemental
composition of the surface of the powders. The ele-
mental composition of the samples excluding hydro-
gen is shown in Table 1. In the same table molar ratios
of B,0,/Zn0O, Na/S and Na/Zn are shown. Free wa-
ter molecules in the surface of the powders would be
separated since the system operates under vacuum.
Thus the oxygen content of the surface would be lower
due to water evaporation. The samples obtained by
heating for different periods at 90°C during their pre-
paration contained B, O, Na, S and Zn elements as
shown in Table 1. The molar ratio of B,O,/ZnO was
close to 2. The presence of S and Na elements in the
samples could be due to incomplete removal of the by
product sodium sulfate or due to formation of double
salts. However, there was higher amount of sodium
element than that is equavalent to S element to form
sodium sulfate. This indicated that sodium element
was present in double salts formed during the reacti-
ons. Equation 7 represents formation of a double salt
by the reactants in the mixture.

Na* (aq)+ B4O7 > (aq) +
1/2 Zn**(aq) +xH,0-> (7)
Na Zl’l]/z B407 .XHzO(S)

3.3.2. FTIR analysis of the powders

The FTIR spectra of the powders are shown in Figu-
re 5. The presence of the absorption maxima at 3400
cm" for hydrogen bonded OH and at 1640 cm" for H,0

Table 1. The elemental composition of the samples heated for different time periods at 90°C during their preparation.

Time, B, mass O,mass Na,mass S,mass Zn,mass B,03:/ZnO Na/S Na/Zn
minutes (%) (%) (%) (%) (%) Mol ratio Mol ratio
0 14.49 37.91 20.35 3.32 23.93 1.83 8.52 2.41
30 17.70 34.88 15.27 0.94 31.22 1.71 22.60 1.39
60 19.30 41.55 16.47 1.07 21.61 2.70 21.41 2.16
920 15.58 39.91 19.53 0.90 24.09 1.95 30.19 2.30
120 15.58 40.00 19.53 1.16 25.79 1.98 23.42 2.34
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bending vibrations indicated presence of OH groups
and H,0 in the samples. In the spectra of all samples
the vibrations of O-B-O in planar (B(3)-O) and vibra-
tions of O-B-O in tetrahedral (B(4)-O) geometries and
vibrations of B-O-H are seen [19]. The ratio of absor-
bance of B ,-O vibrations at 1351 cm™ to absorbance
of B ,-O vibrations at 1026 cm™ increased with heating
period at 90°C during preparation of the powder samp-
les as shown in Table 2. This indicated the formation
of planar borate ions with the expense of tetrahedral
borate ions with time. Bending vibrations of B-O-H that
should be observed in 1221 and 1108 cm' range over-
lapped with tetrahedral O-B-O vibrations. The bending
vibration of planar O-B-O in (B(3)-O) is observed at 660
cm™ [19].

0.5

FTIR spectroscopy indicated presence of planar and
tetrahedral borate groups, Zn(OH), and sulfate gro-
ups. The FTIR spectrum of the powder formed at the
first instant of mixing two reactant solutions indicated
higher sulfate content than the powders obtained by
further heating.

3.3.3. X-ray diffraction

X-ray diffraction diagram of the samples obtained for
different heating periods are depicted in Figure 6.
Sharp peaks at 26 values of 9.4°, 18.8°, 21.6°, 25.9°,
27.4°,29.5°, 32.9°, 34.8°, and 59.8° were observed in
the X-ray diffraction diagram (curve e in Figure 6) of
the sample heated for 120 minutes in its preparation.
The peaks for sodium sulfate by product were also in-
vestigated since the EDX analysis indicated the pre-
sence of sulfur element. The peaks expected at 22.5°,

s | b 23.6°, 25.5° 37.9° 46.3° 48.9° for sodium sulfate
v A J i\ (JCPDS card number 36-0397) [36] were not present
0.5 A\ e in Figure 6. Thus sodium sulfate was present as only
o {° i \AW in small amount as impurity. The presence of peaks at
oa I/a e 26 values of 31.7°, 34.3° 36.2° (JCPDS card number

Taado0 " isdee | radoo | looon | e000
Wavenumber, cm?

Figure 5. FTIR spectrum of the samples heated at 90°C during

preparation for heating times of a) 0, b) 30, c) 60, d) 90, e) 120

minutes.

Canono | 32000

Table 2. The ratio of absorbance of B ,-O asymmetric stretching
vibrations at 1351 cm™ to BW-O asymmetric stretching vibrations

79-0206) would indicate the presence of ZnO in the
samples [37]. ZnO also was not present since these
peaks were absent. Zn(OH), crystals have peaks at
26 values of 15.4°, 15.8°, 26.0°, 27.0°, 27.8°, 29.6°,
30.9°, 31.8°, 34.2°, 36.0°, 36.3°, 37.0° 38.4° 39.1°,
42°, 47.1°, 48.5° and 49.3° in its XRD pattern. [34].
B-Zn(OH), was present in the samples since most of
these peaks were present in the x-ray diffraction diag-
ram in Figure 6.

70
at 1026 cm™ for samples heated for different time periods at 90°C
during their preparation. 50 1 i
Time Intensity of 1351 cm™ / s M .
(minutes) Intensity of 1026 cm"" . _
£ w
0 0.67 Z .
-
30 0.88 ©
60 0.88 ® b
90 0.98 104 a
120 0.99 0 - . -
1] 10 2 20 40 50 60 0

The presence of the bands for Zn(OH), at 1086 cm'
and 1029 cm™' due to asymmetric stretching vibrations
of Zn-O-Zn and at 717cm™ due to bending vibrations
of OH groups in Zn(OH), indi-cated that the Zn(OH),
was also present in the powders [34]. The small sharp
band observed at 600 cm™ in Figure 5 could be att-
ributed to the bending vibrations of sulfate ion that
must be observed at 617 cm™ [35]. The antisymmet-
ric stretching vibrations of sulfate groups that should
be observed at 1106 cm™' [35] overlaps with the broad
band observed for antisymmetric stretc-hing vibrations
of 0-B-Oin B,-O.

Angle 26.°
Figure 6. X-ray diffraction diagrams of the samples heated at 90°C
during preparation for heating times of a) 0, b) 30, c) 60, d) 90, e)
120 minutes.

Formation of Zn,(OH),(SO,)-4H,0 [38] is another pos-
sibility in the system according to Equation 8.

4Zn2+(aq) + 60H (aq) + SO + 4H20(1)'9
Zn4(OH)6(SO4)-4H20(S) (8)

The observed X-ray diffraction peaks of the samp-
les partially coincides with X-ray diffraction peaks of
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Zn,(OH),(S0O,)-4H,0 with ASTM Powder file 9-204
[39]. Also 2Zn0-3B,0,-3H,0 and 2Zn0-3B,0,-7H,0
peaks [40] were not present. X-ray diffraction diagrams
of the samples indicated the presence of Zn(OH), and
Zn,(OH),(SO,)-4H,0O crystals in the samples. Even if
2Zn0-3B,0,-3H,0 and 2Zn0-3B,0,7H,0 were pre-
sent in the samples they were not in crystalline form or
they had very small crystals that caused line broade-
ning and overlapping.

3.3.4. Thermal analysis of the samples

The TG curves of the samples in Figure 7 showed two
steps of mass decrease as tabulated in Table 3. The first
step in 150-350°C range is most probably due to elimi-
nation of H,O from Zn(OH), and Zn,(OH),(SO,)-4H,0
and possible zinc borate hydrates. The second step
in 700-950°C range could be due to decomposition of
sulfate ions as shown below [38].

SO42'9 SOz(g)+Oz(g)+2e‘ (9)

80 +

75

70

400 GO0 800

Temperature,*C

0 200 1000

Figure 7. TG curves of crystals obtained after heating at 90°C dur-
ing preparation for heating times of a) 0, b) 30, c) 60, d) 90, e) 120
minutes.

TG analysis showed that the compounds with high
water and sulfate content forms at the first instant of
the reaction and the water content and sulfate content
decrease as the heating period at 90°C increases. The
change in the water content of the compounds is smal-

ler than the decrease in sulfate content with heating
period. While the water content decreases from 12%
to 9%, the sulfate content decreases from 10 to 1%.

3.3.5. Morphology of the samples

The SEM micrograph of the sample heated for 30 mi-
nutes at 90°C in Figure 8 showed that it consists of
agglomerated primary particles of 600 nm average di-
ameter. The primary particles should have adhered to
each other during drying process.

-
Det wp —
49 IYTE-MAM

2 pm

Si

Figure 8. SEM micrograph of the sample heated for 30 minutes at
90°C during its preparation.

3.4. Discussion

Producing zinc borates either in hallow fiber form or
powder form from tincal mineral and zinc sulfate hep-
tahydrate was investigated in this work. Since in the
aqueous reaction medium OH-, Na*, SO,> were also
present besides B,0,? and Zn* ions the formed pow-
ders were not pure zinc borates but they also contai-
ned Zn(OH),, Zn,(OH),(S0O,)-4H,0 and Na Zn, , B,O,.
xH,O. The x-ray diffraction diagrams showed the pre-
sence of crystalline Zn(OH), and Zn,(OH),(SO,)-4H,0
phases and FTIR spectroscopy and EDX analysis indi-
cated presence of hydrated zinc borates and Na Zn, ,
B,0,.xH,0. Using dilute borax decahydrate and dilute

Table 3. The temperature range and the mass % range for the step 1 and step 2 in TG curves in Figure 7 for the samples heated for different

periods at 90°C during their preparation.

Heating Step 1 Step 2
m::ztees Temperature Mass Range Mass Temperature Mass Mass
range (°C) (%) Loss (%) Range (°C) range (%) Loss (%)
0 150-300 100-88 12 700-850 84-74 10
30 150-260 100-91 9 650-760 88-84 4
60 150-350 100-93 7 730-940 88-85 3
90 150-350 100-92 8 730-760 91-90 1
120 150-350 100-91 9 730-760 92-91 1
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zinc sulfate heptahydrate solutions (0.1 mol dm) in
the present study resulted in formation of submicron
particles since there were not enough borate, zinc and
OH- ions for the growth of the nucleated zinc borate,
Zn(OH), and Zn,(OH),(S0O,)-4H,O particles. In studi-
es made with higher of borax concentrations resulted
well defined micron sized crystals of Zn,B,O,,-3.5H,0
[24,40] or Zn,B,O,,-7H,0 [27]. When boric acid was
added to the mixture of aqueous sodium sulfate and
borate with excess zinc ions resulted in well-defined
crystals of Zn,B.O,,-3.5H,0 were obtained by sonoc-
hemical method [40]. Even if the submicron particles
obtained in the present study was not pure zinc borate,
they can be easily dispersed in mineral oil to increase
the lubrication efficiency of the mineral oil for reduction
of wear of metal parts as in the study of Savrik et al
[26].

4. Conclusions

The formation of chemical garden from zinc sulfate
heptahydrate crystals immersed in saturated borax
solution was monitored with optical microscope. The
formation of the first membrane, the swelling of the
crystal by incoming water from the semipermeable
membrane and the formation of branches with irregu-
lar shapes were observed by optical microscopy. Thus
it would be possible to obtain hallow zinc borate fibers
by immersing zinc sulfate heptahydrate in saturated
borax solution.

The solid reaction products obtained by mixing dilute
aqueous borax and zinc sulfate solutions were attemp-
ted to be characterized in the present study. Elemental
analysis indicated the presence of B, O, Na, S and Zn
elements. The B,0,/Zn0 ratio was changing around 2.
Double salt formation was also possible as indicated
by the high Na content of the powders. FTIR analy-
sis showed that the ratio of absorbance of asymmetric
stretching vibrations of (B(3)-O) at 1351 cm™' to absor-
bance of asymmetric stretching vibrations of (B( 4)—0) at
1026 cm™ increased during heating of the powder du-
ring its preparation indicating tetrahedral borate ions
were transformed to trihedral borate ions. Presence of
Zn(OH), and SO,> ions in the first precipitate formed
was indicated by FTIR analysis. The samples contai-
ned Zn,(OH),(SO,)-4H,O as indicated by TG analysis.
X-ray diffraction confirmed the presence of Zn(OH),
and additionally presence of Zn,(OH),(SO,)-4H,0.
The zinc borate compounds formed were not crystalli-
ne or had very small crystals since no sharp x-ray diff-
raction peaks of zinc borate species were observed.
The two mass loss steps at 150-350°C and 700-950°C
ranges were due to elimination of water and the de-
composition of sulfate ions respectively. The precipita-
te formed initially had 10% sulfate and the sulfate con-
tent decreased to 1% for the sample produced in 90
minutes heating time at 90°C. The precipitated powder
from tincal mineral and zinc heptahydrate solution was

not pure. Its composition was changing with heating
time during its preparation and it contained Zn(OH),,
Zn,(OH),(S0O,)-4H,0, Na Zn, , B,O,.xH,O besides zinc
borates. The powder could be used as a lubricant ad-
ditive, since it could be easily dispersed in mineral oil
due to 600 nm diameter primary particles.
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