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Table 1 Information of experimental samples.

BAAT RN CTECTI
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Table 2 Linear regression equation and linear correlation

coefficient of boron standard solution.
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Table 3 Comparison of boron content determined by this
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method.
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Table 4 Aggregation results of samples.

;Eﬂﬁdiﬁﬁr% iﬁfﬁ%*ﬂi}%j{ﬁ{)ﬂulﬁﬁ (%) j][]/ﬁ]
EK ALO;  CaO  TFe,0;, K,0 MgO MnO NaO POy SO, TiO, B,0; LOI (%)
NBFB-1 0.68 3.50 6.32 036 375 0.39 0.03 006 281 005 348 13.0 99.5
NBFB-2 373 7.82 2.03 230 447 218 0.07 010 260 014 477 229 96.2
NBFB-3 1.51 3.40 5.06 090 372 0.29 0.08 0.63 164 005 248 981 1002
NBFB-4 0.06 1.91 0.40 001 463 0.08 0.04 004 529 001 960  36.1 99.9
NBFB-5 2.88 15.2 1.03 0.81 18.4 0.05 3.49 004 165 013 087 379 97.2
#s5 HEKEBE .
) 3 g
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Boron Analysis in Boron Ores by Inductively Coupled Plasma-Optical

Emission Spectrometry with Sealed Acid Digestion at High Pressure

WANG Lei, YU Tingting, SUN Hongbin, ZHANG Baoke'
(National Research Center for Geoanalysis, Beijing 100037, China)

HIGHLIGHTS

(1) There is no need to expel acid after sealed acid digestion of boron ore at high pressure, which effectively

improves the analytical efficiency.

(2) The problem of BF; or BCl;, which is easily volatilized when boric acid is heated and evaporated in concentrated

acid solution, is solved by using a hydrofluoric acid-resistant sampling system.

(3) The method is suitable for the samples of boromagnesite, chambersite, salt lake type solid boron ore and

ludwigite, and the content of boron in boron ores below 10% can be determined.
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ABSTRACT: The literature provides reference for the accurate determination of boron by inductively coupled
plasma-optical emission spectrometry (ICP-OES), but most of the studies are conducted on the standard substances
of soil and stream sediment. In addition, the range of boron content is low, and the methods for the determination of
high boron content in boron ores are few. A method of ICP-OES with sealed acid digestion at high pressure was
developed for the determination of boron content in boron ores. Using nitric acid and hydrofluoric acid as reagents,
the samples of boron ores were dissolved at high temperature and high pressure without acid drive, and ICP-OES
equipped with a hydrofluoric acid-resistant sampling system was used to determine boron. The samples of
boromagnesite, ludwigite, chambersite and salt lake type solid boron ore were taken as the research objects. The
relative standard deviation (RSD, n=11) was 0.39%—2.66%, the detection limit of the method was 1.76pg/g, and the
determination range was 5.87ug/g—10.8%. The measured values were consistent with the certified values after the
verification of the reference materials. Compared with volumetric method and microwave digestion method, the
results were in good agreement. This method does not require evaporating the sample solution, which solves the
boron volatile loss problem. The BRIEF REPORT is available for this paper at http://www.ykes.ac.cn/en/
article/doi/10.15898/j.ykes.202308070131.

KEY WORDS: boron ore; sealed acid digestion at high pressure; inductively coupled plasma-optical emission

spectrometry; hydrofluoric acid-resistant sampling system

BRIEF REPORT

Significance: The exploitation and utilization of boron resources play an important role in the development of
modern industry. The accurate determination of boron content in boron ores provides powerful technical support for
the utilization and the smelting technology study of boron ore deposit. Inductively coupled plasma-optical emission
spectrometry (ICP-OES) has been widely used in the determination of boron content in samples due to its
advantages of high accuracy and sensitivity, wide linear range, low detection limit and good precision. At present,
most of the studies focus on the boron determination of the standard substances in soil and stream sediment with a
narrow determination range; the methods for the determination of high boron content in boron ores are few. In the
research, a method of ICP-OES was developed for the determination of boron content in boron ores with sealed acid
solution digestion at high pressure and a hydrofluoric acid-resistant sampling system. The method satisfies the
determination requirements, with advantages of using less reagent and avoiding boron loss.

Methods: A high pressure sealed acid digestion-ICP-OES method was developed for the determination of boron in
boron ores, through systematic experimental research, reference material verification, and comparison of different
methods. Using nitric acid and hydrofluoric acid as reagents, the sample of boron ore was dissolved at high
temperature and high pressure without acid drive, and ICP-OES equipped with a hydrofluoric acid-resistant
sampling system was used to determine boron. This method solved the problem of forming volatile BF; or BCl,
when boric acid was heated and evaporated in concentrated acid solution, which caused loss.

Data and Results: The samples of boromagnesite, ludwigite, chambersite and salt lake solid boron ore were taken
as the research objects, the measuring spectrum lines and the amount of reagents were studied. The results show that
in boron ores, there was no interference of Si, Mg, Mn, Fe, Na or other elements on the three commonly used
analytical spectral lines of boron in ICP-OES. The linear correlation coefficient (R?) of spectral lines was greater
than 0.9995. The analytical spectral line of 249.677nm with moderate intensity was selected for boron. When the
amount of hydrofluoric acid was greater than 1.0mL, the measured value was consistent with the certified value of
the reference material. Considering the complexity of the geological sample, the experiment determined that the
addition amount of hydrofluoric acid was 2.0mL. According to the experimental method, 5 actual samples with
varying content of three types of boromagnesite, chambersite and salt lake solid boron ore were selected for
— 472 —
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determination. The relative standard deviation (RSD, n=11) was 0.39%—2.66%, the detection limit of the method

was 1.76ug/g, and the determination range was 5.87ug/g—10.8%. The measured values were consistent with the

certified values after the verification of the reference materials. Compared with volumetric method and microwave

digestion method, the results were in good agreement. The repeatability and reproducibility of the method were

verified by the precision collaborative experiments among the ten laboratories. The method only involves

conventional reagents, vessels, high-pressure digestion tanks and ICP-OES instrument, which is suitable for

popularization.
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