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Abstract
Kernite, ideally Na2B4O6(OH)2∙3H2O, is a major constituent of borate deposits and one of the most 

important mineral commodities of B. The chemical composition and crystal structure of kernite from 
the Kramer Deposit (Kern County, California) were investigated by a suite of analytical techniques (i.e., 
titrimetric determination of B content, gravimetric method for Na, ion selective electrode for F, high-T 
mass loss for H2O content, inductively coupled plasma atomic emission spectroscopy for REE and 
other minor elements, elemental analysis for C, N, and H contents) and single-crystal X-ray (at 293 K) 
and neutron (at 20 K) diffraction. The concentrations of more than 50 elements were measured. The 
general experimental formula of the kernite sample used in this study is Na1.99B3.99O6(OH)2∙3.01H2O. 
The fraction of other elements is, overall, insignificant: excluding B, kernite from the Kramer Deposit 
does not act as geochemical trap of other technologically relevant elements (e.g., Li, Be, or REE). The 
X-ray and neutron structure model obtained in this study confirms that the structure of kernite is built up 
by: two (crystallographically independent) triangular BO2OH groups and two tetrahedral BO4 groups, 
which share corner-bridging O atoms to form threefold rings, giving chains running along [010], and 
NaO4(OH)(OH2) and NaO2(OH)(OH2)3 polyhedra. Positional disorder of two H sites of H2O molecules 
was observed by the neutron structure refinement and corroborated by the maximum-entropy method 
calculation, which consistently provided a model based on a static disorder, rather than a dynamic 
one. The H-bonding network in the structure of kernite is complex, pervasive, and plays a primary 
role on its structural stability: the majority of the oxygen sites are involved in H-bonding, as donors 
or as acceptors. The potential utilizations of kernite, as a source of B (B2O3 ~50 wt%), are discussed, 
on the basis of the experimental findings of this study.
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Introduction
Kernite is a hydrous borate with ideal chemical formula 

Na2B4O6(OH)2∙3H2O. It is a constituent of sedimentary borate 
deposits of which the more common minerals are borax (ideally 
Na2[B4O5(OH)4]∙8H2O), ulexite (ideally NaCa[B5O6(OH)6]∙5H2O), 
colemanite (ideally Ca[B3O4(OH)3]∙H2O), kernite, and tincalconite 
(ideally Na6[B4O5(OH)4]3∙8H2O). Ulexite, colemanite, kernite, and 
tincalconite account for more than 90% of the borate minerals used 
by industry worldwide (USGS 2019).

There is a rising interest in light elements, in particular Li, B, 
and Be, as they are technologically and industrially relevant, and 
are considered as “critical elements” (or “critical raw materials,” 
according to the European Commission 2017), on the basis of their 
high economic importance and high supply risk. Natural borates 
represent the most important source of boron. In 1998, the world 
production on borates accounted for about 3.1 millions of tons; 

in 2009 the production increased to 4.5 Mtons and in 2017 to 
9.8 Mtons (USGS 2018, and previous reports). Only a few mineral 
commodities (and among those is Li) experienced such a trend of 
production and consumption over the last decades. The principal 
reason of this raise is ascribed to the fact that boron is a strategic ele-
ment for a series of technologically relevant processes and products, 
e.g., heat-resistant glasses and ceramics, boron-treated low-alloy 
steels (in which B is used to influence the hardenability and the 
behavior of the alloys at high temperature), radiation-shielding 
materials (due to the elevated ability of 10B to absorb thermal 
neutrons), as a critical micronutrient to the growth and health of 
plants or as an insecticide, and as an effective photothermocatalyst 
for the conversion of carbon dioxide. Among the aforementioned 
utilizations, one is referred to radiation emitted by nuclear reactors 
for energy production, scientific research activities or medical ap-
plications (i.e., boron neutron capture therapy = BNCT), and it is 
the only one in which the isotopic signature of B plays an important 
role: 10B shows a high capacity to absorb thermal neutrons due to 
its high cross section for the 10B(n,a)7Li reaction (~3840 barns; 
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