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Abstract Three kinds of supersaturated aqueous magnesium borate solutions were prepared The differential FT'— Raman

and "B NMR spectra of supersaturated and satumted aqueous magnesium borate solutions were recorded The B(OH) 5, B

(OH) 4, B;O3(OH)4 , and BsOs (OH)4 were detected in supersaturated and saturated MgBsOy ° 7. 5H,0, MgB4O7 °

9H,0, and Mg, B;O,, ° 15H, O solutions There were no simple crystallization mechanisns for these magnesium borates,

complicated dynamic equilibria among the boron species in solutions existed during the precipitation of magnesium borates
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1  Introduction

Aqueous borate solutions are important in
chemistry, geochemistty, and industy. The specia-
tion of aqueous borate solutions have been studied by
using indirect and direct methods  for long time
because of their complexily and importance. The
above studies have shown that the nature of aqueous
borate solutions depends strongly on the pH values
and boron concentrations of aqueous solutions, as
well astemperature. The B( OH);, B(OH), , B,O
(OH)s , B:O; (OH),, BO; (OH)3 , BiOs
(OH) i, and BsOs (OH) 4 species were suggested
to be present in concentrated borate solutions, but
the structural studies” favored B(OH);, B(OH), ,
B30 (OH)4 , BiOs(OH): ., and BsOs(OH): at
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room temperature. In our recent study on the specia-
tion of aqueous horate solutions, these five boron
species were found to be the main species in’ solut-
ions, there was no evidence found for presence of
higher polymeric bown species.

It is known that aqueous horate solutions be-
come easily supersaturated with respect to borates at
given conditions. The observations by Gao et al o
on the behavior of magnesium borates in salt lake
brines have shown that magnesium borates could ex-
ist in solution to high concentrations, the brines were
highly supersaturated with respect to magnesium bo-
rates. Dilution of these brines accelerated the pre-
cipitation of magnesium horates. Lehmann and Rie-
tz' found that several magnesium borates could be
ciystallized from the supersaturated magnesium bo-

rate solutions at room and at high temperatures.
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Rebum and Gale’ prepared highly supersaturated
lithium tetraborate solutions that maintained long
time without precipitation. A method to prepare su-
persaturated solution with respect to borax was pat-
ented. Understanding of structures of supersaturat-
ed aluminate and silicate solutions, " important both
for aluminum and silicate industries, is good, how-
ever very little is known about the stmctures of su-
persaturated borate solutions. The understanding of
the structur al mechanisms of supersaturated borate
solutions is not only scientifically interesting, but
sewves industrial interests. The understanding pro-
vides us the information of structural changes in
aqueous solutions, and enables us to develop morw
feasible chemical technologies. As a continuing
study on the speciation of aqueous borate solutions,
we caried out the stuctural study of supersaturated
magnesium boratesolutions. We will propose struc-
tural mechanisms of supersaturated aqueousmagne-
sium borate solutions, and crystallization mecha-

nisms of magnesium borates from supersaturated bo-

rate solutions.

2 Experimental

Preparation of supersaturated aqueous magne-
sium borate solutions

Three kinds of supersaturated magnesium borate
solutions were prepared chemically. The supersatu-
rated MgBsO,o ° 7. SH,0, MgB,O;.9H,0, and
Mg, Bs 01 °15H,0 solutions were prepared accoording
to the methods presented in literature with a slight
modification, *” The H;BO; (A. R., Merck) and
deionized water were used. The MgO Was decom-
posed fom Mg (OH), °4MgCO; ° 6H,O (A. R,
made in China) in an electric oven at temperature
600 C for 3 hr, and stored in a desiccator The
MgO prepared by this method was of high activity.
The mixtures of H;BO;, MgO, and H,O (7. 067 ¢
H;BOs, 0.575 ¢ MgO, and 50g H,O for MgBsOo °
7.5H,0; 6. 060 H;BO;, 0.757¢ MgO, and 50¢

0 for MgB:O7 *9H:0; 1. 185 H3B0s, 0.232 g

MgO, and 50g H20 for MgBsOu °15H20) were
stirred continuously on a magretic stirrer at room

0,

temperature.  After half of an hour for MgBsO
7. 5H20, or one and half of an hour for MgBsO7 °
9H,0 and Mg Bs01; °15H,0, the mixtures became
clear The solutions were filtered to separate the un-
dissolved residue, and the clear solutions were
stored in conical flasks with stopper at room temper-
ature. The boron concentrations of the solutions were
analyzed, and the pH values were recorded. Two
days later, the magnesium borates ciystallized from
the clear solutions. The solids wer separated until
the pH values of the solution sremained unchanged.
The process of precipitation lasted for half of a
month. The dry solids were fully characterized by
chemical analysis, FT—IR and FT'— Raman spec-
toscopy, and X-ray powder diffraction. The results
shown that the solids were expected magnesium bo-

rates. It should be pointed out that the MgB+O7 °
9H20 and MgaBsOu ° 15H20 synthesized according

to our impwved method are of more pure quality,
ciystals are of laiger size, and to obtain crystals
shorter time is needed when the methods by Kesans

. 2
is used.

Spectroscopy

FT— Raman spectra were recorded on a Nicolet
Raman 910 spectrometer. FExcitationwavelength of
1064 nm of a Nd: YAG laser at about 1W power was
used. The solutions were held in Pyrex tubes. The
wavenumber range scanned was from 1600 to 300
em . Difference FT— Raman spectra were oblained
by subtracting the spectrum of pure water from the
spectra of the solutions. "B NMR specira were
recorded at 128 3MHz on a Bruker DPX—400 in-
strument using a sealed 5 mm tube at 299 K. The
NMRsolvent is H2O. All chemical shifts of the sig-

nals were wrlative to Et,O °BF; that was used as ex-

temal reference.
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3 Results and discussions

The chemical analyses, pH, FI'— Raman, and
"BNMR spectra of the supersaturated and saturated
MgBs Oy °7. 5H,0, MgB,0; *9H,0, and Mg, B0"
°15H20 solutions are given in Tables 1 to 2, and the
spectra are illustrated in Figures 1 to 2. The spectra
of supersaturated solutions are similar to that of the
corresponding  saturated solutions. Comparison with
corresponding solutions of sodium borate at saturation
or nears aturation, no additional bands on the differ-
ence FT'— Raman spectra and resonance on the "B
NMR spectra were found. Detailed discussions of the
results are given in the following section.
Supersaturated MgBsO10 7. SH20 solution

Based on the assignments in previous palpersk4
and our new spectral infomation, B (OH);, B
(OH)s , B30s (OH)s , and BsOs (OH)s were
found to be present in supersaturated and saturated
MgBsOw °7.5H20 solutions. Although the spectra
did ot show the presence of B405(0H)427 , wedid
not exclude it from the solutions studied. We think

that it may be present in the solutions at concentra-
tion too low to be detected. The aystallized product
MgBsO1p ° 7. SH2O has a hexaborate anion BsO-
(OH)(,2 which consists of three boron— oxygen six
member rings, each ring wnsists of two B—O tetra-
hedrons and one B—O triangle. The band 635 an '
in the Raman spectra of tiborates and hexaborates
has been attributed to the symmetric pulse vibration'’
of B;O; (OH)s~ and BeO; (OH)s . BsO;
(0H)627 has three the identical rings as the B;O;
(OH) 57 B 03(OH)4 present in solutions differs
from B303( OH) s> in the ratio of B—0 triangles to
B—O tetrahedrons. The B;O; (OH), can easily
transform into the Bs O3(OH)52 in aqueous solut-
ions:

B:03(OH)4 +OH =B:;0:(OH)s" (1)

The precursor of MgBsOy °7. SH,0 crystallized
from supersaturated solution may be B;O3(OH),
but no simple crystallization mechanisms exist. Com-
plicated dynamic equilibria among the boron species
in solution must be established at low rate during sl-
ow precipitation of MgBsO10 °7. SH,O.

Table 1 Chemical analyses and ''B NM R spectra of supematurated and saturated magnesium borate solutions

Solution B Conc /mol*dm > pH Chemical shift/ppm
Supersatu 211 7 18 18 71, 1317, 1. 44
MgB,0,, °7. 5H,0
Satu 1. 04 6 84 1913, 1334, 1. 18
Supersatu 1. 81 7. 94 17. 06, 12 96, 1 16
MgB,0, *9H,0 Hpers : ’
Satu 0 81 7 12 19. 09, 1301, 122
S 0 36 . 0 14.29, 1. 16
Me,B,0,,° 15H,0 upersatu 9. 09 9,
Satu 0 10 8 62 14 98

Table 2 Differential FT— Raman spectra (in em ') of supematurated and saturated aqueous

magnesium borate solutions at room temperature

MgB,O,, °7. 5H, 0 MgB, 0, °9H,0 Mg, B O,,° 15H,0 .
Assignments
Supersatu Satu Supersatu Satu Supersatu. Satu
876s 876s 876s 876s 876s 876m v; B(OH)
745w 74 744m v,B(OH),
612m 609w 612m 60% 609w v, B30 (OH) 4
529w 529w 528w v,Bs04(OH)

w—weak, m— medium, s strong
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Fig 1 "B NMR specra of supersaturated
and saturated magnesium borate solutions at
room temperature (a) MgBsOyo°7 5H,0
supersaturated; ( b) MgB,O,, ° 7. 5H,0
saturated; ( ¢) MgB,0; °9H, 0 supersau-
rated; (d) MgB, O, “9H,0 saturated; (e)
Mg, B{O,, °
Mg BsO,;°I15H,0 saurated

15H,0 supersaturated; ( f)

Supersaturated MgB4Oo *9H,0 solution

The difference FT— Raman and ' B NMR spec-
tra of supersaturated and saturated MgB4O; °9H,0
solutions were analogous to that of MgB¢O1o °7. SH, O
respectively. The B(OH) 3, B(OH)4 , BsOs(OH)4 ,

and BsQg(OH)4 are main boron. species in_solut-
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Fig 2 Differential FT— Raman spectra of supersatu-
rated and saturated magnesium bomate solutions at room
temperature (a) MgBsOy ° 7. SH,O supersaturated;
(b) MgB,O,,° 7 5H,0 saturated; ( ¢) MgB, O, 9H,0
supersaturated; (d) MgB4O7 ° 9H, O saurated; ( e)
Mg, B0, ° I5H,0 supersaturated; (f) Mg,BO, °
I5H, O saturated

iors. The crystallized product MgB:O7 ° 9H20 has
tetraborate anion B4Os (OH)427 , which is mot ob-
servable by Raman and "B NMR spectroscopy.
Thereare wo possibilities that the unobservable B4Os

(0H)427 due to its low concentration is the precur-
sor, or the precursor is fomed from complicated
equilibria among the boron species in solutions.
Supersaturated Mg2BesO11 ° 15H20 solution

Because of low boron concentration, the B
(OH)3, B(OH)4 , and B;O3(OH)4
served in the difference FT— Raman and ''B NMR

specira of supersaturated and saturated Mg, BsOy; °

are only ob-
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15H20 solutions. The most possible precursor of

Mg2B6011 ° 15H20 iS B303 ( OH)47 .

Just like in

case of MgBsOw ° 7. 5H20 and MgB:O7 ° 9H:0,

complicated dynamic equilibria among boron species

exist in solution.
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