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Abstract

Submicron sized boric acid particles are used in traditional lubrication oils as they provide a low friction

coefficient and they are friendly to the environment. In the present study, size and structure changes in high

energy ball wet milled boric acid particles were investigated and characterized by X-ray diffraction (XRD),

BET, and thermo-gravimetric/differential thermal analysis (TG-DTA). It was seen that increasing time of

milling resulted in smaller particle formation and a larger specific surface area. Moreover, it appeared that

thermal decomposition temperatures were not size dependent.
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Introduction

Boric acid (H3 BO3) has always been a very important material due to its broad range of applications such as

in medicine (Barranco and Eckhert, 2004; Prentice et al., 2006), cosmetics (Fail et al., 1998), the automotive

industry (Erdemir, 2000), metallurgy (Mergen, 2003; Jung et al., 2005), and also for miscellaneous purposes in

other areas (Hu et al., 2009; Ohishi et al., 2009).

Erdemir et al. (1990) showed that friction between automobile engine parts could be greatly reduced
using microscopic particles of boric acid.

Several techniques are available for producing submicron particles such as Sol-Gel (Suciu et al., 2006),

microwave plasma chemical vapor deposition (Liu et al., 1999), vapor phase synthesis (Moravec et al., 2007),

wet chemical (Mergen et al., 2003), pyrolysis (Brankovic et al., 2005), hydrolysis (Patel et al., 2008), and milling

(Dabhade, 2007).

Dry milling and flame spray synthesis of boric acid particles were investigated within our research group
in previous studies (Işık, 2007). Figure 1a shows 120 min dry milled and Figure 1b shows flame spray synthesized
boric acid particles’ SEM images.
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Figure 1. SEM image of boric acid particles produced by different techniques; (a) 120 min dry milled and (b) flame

spray synthesized.

In this study wet milling was investigated for production of submicron boric acid particles. Size and
structure changes depending on milling duration were investigated systematically.

Experimental

The precursor material used for high energy ball milling was high purity (>99.5%) boric acid powder. The ball

to powder ratio (BPR) was kept constant in all sets of experiments as 10:1. Milling was done with stainless
steel balls and containers using 15 mL of hexane as dispersant. Experimental milling durations were chosen as
30, 60, 120, 180, and 240 min. In order to remove moisture the boric acid precursor powder was heated to 85
◦C and kept at this temperature for 24 h.

Results and Discussion

X-ray diffraction analysis

Wet milled boric acid particles were characterized by X-ray diffraction (Figure 2). Since stainless steel ball
were used for milling, it is possible to see some impurity peaks, mainly iron, chromium, and nickel. From the
shortest to the longest milling times, there were no peaks resulting from any impurities. However, this cannot
be interpreted as showing that there were no stainless steel particles penetrating into the powder because of
XRD technique limitations.

Figure 2 clearly shows the decrease in peak intensity, which indicates that particle size reduction occurred.
Moreover, there is no significant change either in peak intensity or in peak width.

Thermo-gravimetric/differential thermal analysis

The weight loss versus temperature graph can be seen in Figure 3. It shows that weight loss percentage is
decreasing for 30 and 60 min. However, for 240 min milling, there is a great increment in weight percent loss.

The DTA versus temperature graph of the raw and 30-60-240 min wet milled boric acid particles up to
500 ◦C can be seen in Figure 4. It shows that there were no shifts in decomposition temperatures. Weight loss
percentage is decreasing for 30 and 60 min. However, for 240 min milling, there is a great increment in weight
percent loss.
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Figure 2. X-ray diffraction patterns of the wet milled

boric acid particles.

Figure 3. Thermo-gravimetric analysis of the wet milled

boric acid particles up to 500 ◦C.
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Figure 4. DTA of the raw and 30-60-240 min wet milled boric acid particles.

BET specific surface area analysis

Specific surface area of the powder was analyzed using the BET technique and the results are given in the Table.

Table. SSA results of 30 min and 240 min milled particles.

30 min 240 min
SSA (m2/g) 9.28 13.1

Particle diameter (nm) 450 319

Making some assumptions about particle shape and especially assuming that particles are spherical, SSA
can be used for particle size calculation according to Eq. (1).

SSA =
6
dρ

ρ = Density, d = Diameter of particle (1)

Calculations yielded particle diameters of 450 nm and 319 nm for 30 min and 240 min, respectively. Compared
to the dry milling conditions (Işık, 2007) wet milling is capable of producing finer particles on the basis of SSA
values.
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Conclusions

Submicron sized boric acid particles have been produced by high energy ball wet milling. Keeping all other
parameters constant, 30, 60, 120, 180, and 240 min milling levels were investigated in order to understand size
and structure changes depending on time. From XRD analysis, it is understood that there was no widening
but only an intensity drop in diffraction patterns. TG and DTA analyses showed that there was a slight change
that can be ignored. BET analyses showed that extending milling time created larger specific surface area up

to 13.1 m2/g. It was also seen that wet milling generated smaller particles than dry milling.
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