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A complex study was carried out on Na,B,07-NasAlFg binary system by means of
differential thermal analyses (DTA), X-ray diffraction as well as infrared (IR), and Raman
spectroscopy. Although the system exhibits a simple eutectic at 83 wt % Na,B,07 and

T. =642 °C, interesting structural changes of borate glasses formed have been evidenced
by means of IR and Raman spectroscopy. Over 80-100 wt % Na,B,0; range AIFg‘ anions
are diluted in the vitreous matrix without significant structural changes while the further
increase of NazAlFg content diminishes the concentration of BO, groups and promotes the
appearance of complex anions AIF*~3~ (x =6, 5, 4) as well as the possible new BF, and/or
BOsF*~ species. © 1999 Kluwer Academic Publishers

1. Introduction lishing of the concentration range over which the melt
As part of a general study regarding the phase diaretains an adequate fluidity which is favorable to the
gram and the structure of NaCl-MaFg-Na,B4,O;-  unfolding of electrolysis in normal conditions.
TiO, quaternary system, this contribution presents the The study was carried out by DTA measurements,
results obtained in a first stage with aO;-NagAlFs  X-ray diffraction, IR and Raman spectroscopy, over the
binary subsystem. The interest focused by this inveswhole concentration range of the two components. In
tigation is related to the suitability of NaCl-M&,0,-  the following are discussed the results thus obtained.
NagAlFs-TiO, molten electrolyte in obtaining high pu-
rity TiB, powders by electrosynthesis [1,2]. These
powders are regarded as a promising precursor in th2. Experimental
obtaining of some ceramics with exceptional electri-The chemicals employed were p.a. grade reagents:
cal, thermochemical and chemical properties, which ar&azAlF¢ (Riedel de Haen) and NB4O;-10H,0 (Re-
very attractive as building materials in various advancedctivul). The anhydrous borate was obtained by dehy-
technologies. The cathodic electroreduction process dadration (slow increase of temperature up to 32J,
titanium and boron ions as well as of BTiBormation  followed by the melting of salt up to 90C, for 10 min.
is practically unknown because of the absence of inThe mixtures studied were obtained by weighing ade-
formation regarding the structural entities existing inquate quantities of the two components as fine powders,
the molten electrolyte. The only data available in lit- followed by mechanical homogenization. Afterwards
erature refer to the phase diagram of the following bi-all mixtures were dried at 10@ for 24 h and stored in
nary subsystems: NAIFg-NaCl [3], Na&B4O;-NaCl  adesiccator onf®s. The vitreous melts were recrystal-
[4], NagAlF-TiO, [5], which offer no necessary infor- lized by means of a supplementary thermal treatment,
mation in the sense already mentioned. at 560°C for 23 h in a programmed furnace Vulcan
Approaching the binary N@8407-NagAlFg system, TM 3-130.
the authors aimed at clearing up the specific interac- The pellets employed in determining IR were ob-
tion between the Na#\IFg, solvent melt, and NdB4,0O;, tained by mixing 1 mg of sample powder (previously
which is one of the electroactive component of the elecpremelted in a platinum crucible 30 min then cooled
trolyte. As well known, the borate melts exhibit the in atmosphere) with 200 mg Csl. The samples used in
so called “boron anomaly” associated with the mod-recording Raman spectra were weighted into a nitro-
ification of its coordination number. Therefore it was gen atmosphere glove box with a water content less
necessary to clarify the influence exerted bysN&g  than 1 ppm. In order to homogenise the mixtures they
addition on the structural entities as function of mod-were premelted 15 min at 750-100Din a glassy car-
ifier concentration [6-11]. On the other hand to showbon crucible under argon atmosphere. All the samples
up the vitreous state in this system requires the estalwere cooled slowly at room temperature. Especially for
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the glassy samples, the melting process was repeatedThe liquidus curve of this system is shown in Fig. 2
more than two times in order to remove the bubbles. Alland evidences the presence of a simple eutectic point
pellets obtained (0.15-0.25 g each) were stored into that T, = 642°C and 83% NaB,0;. It is worth mention-
glove box. Owing to the high corrosivity of fluorides, ing that the DTA recordings carried out at various rates
the graphite windowless cell technique was used in oref heating, 2.5, 5 and 72Bnin, indicated a standard
der to obtain Raman spectra of melts. The graphite cellleviation of 0.94 for the melting temperature deter-
containing the sample was introduced into an opticamined. The presence of transparent colorless glasses
quartz tube under argon atmosphere. were observed over 80—100 wt % MO, concentra-
The thermal behaviour of samples studied ovettion range.
20-1050C interval was analyzed with a CD 103
derivatograph MOM-Budapest at a heating rate of

5%min usinga-Al ;03 as reference. 3.2. X-ray diffraction spectra

The diffraction measurements were performed on atwas noted that the diffractogram of cryolite thermally
HZG4A diffractometer with a Ni filter, having a2  treated at 560C and untreated are identical and ev-
type reflection geometry and using Kyradiation. The  idence no polymorphous transformations from the
X-ray diffractograms were recorded both on rapidly monoclinic to cubic system, while the diffractogram of
quenched specimens and on crystallized powders.  Na,B,0; exibits the usual development of the glassy

Additional information on the structure resulted from state. Regarding the spectra obtained in crystallized bi-
IR spectra obtained by means of a IR Carl Zeiss Jengary mixtures, as evidenced in Fig. 3, there is no indi-

type M80 spectrometer. The recording of spectra wereation on the presence of any new compound.
effected within 4000200 cr.

The vitreous transition point]y, was also deter-
mined with a DSC du Pont 1090 apparatus at a rate
of 10°C/min. 3.3. IR spectra

The 514.5 and 488 nm lines of anAkaser (Spectra According to the data in IiFerature 'Fhe mid-IR spectro-
Physics model 164-08) were used to excite the RamafCcOPY, over 4001700 cmis a sensitive method of de-
spectra. The power was adjusted to be 200-350 mWermining the network of borate glass [12-14] as well

—3)— . . A
just before entering the optical cell. The scattered ligh@S e state of Al ion [15]. Itis worth mentioning
was collected at an angle of 9and analysed with a the factthat up to 10 wt% NaIF¢ content the glassy

. tructure of NaB4O7 is not considerably altered, except
Spex 1403, 0.85-m double monochromator equippe . a7 .
wﬁh a—20°C cooler RCA photomultiplier and SGFE or the slight shift of the widened shoulder at 540¢m
G/ORTEC photon counting and chopper lock-in ampli-compared to 530 cnt specifictothe pure random glass
fier electronics. The furnace used for recording high{S€€ Fig. 4a). This behaviour suggests that over this

temperature Raman spectrawas described in detail elsE2ncentration domain, A anions are diluted in the
where [12] having a maximum operating temperature//treous matrix of NaB,Oy [14]. According to Fig. 4,
of 900°C. The Raman spectra of melts with 4F¢ the fu.rther increase of NAIFg content prpduces_ in-
rich content were measured using another experimer‘keresung changes of the three characteristic regions of
tal Raman set-up T-6400 (Jobin Yvon), equipped with®0rate glass as:

Spectraview-20 2B liquid N»-cooled CCD detec- ) )

tor in a triple configuration and a furnace having a () BOsstretchinglnthe range 1200-1550 cth at
20-1000°C temperature range of operation. The eX_hlgh cryol_lte concentrations, a new band' at 1250tm
perimental systems used in this work were interfacediS€s which is not characteristic to the diborate groups
with a personal computer and the spectra were save®f Pure NaB,O- glasses [16] and suggests the forma-
in digital form. Also two different polarizations were tion of boroxol rings and probably, of tri-, tetra- and

used for recording the spectra namely VV and Hy. ~ Pentaborate groups (see Fig. 4b). o
(i) BO,4 stretching.The decrease of the intensity

of bands over 800-1200 crh range as the content

of NagAlF¢ increases suggests the diminishing of BO
3. Results and discussion groups concentration. Given the fact that the formation
3.1. The phase diagram of glassy phase in borate systems is directly related to
The DTA data obtained for the two single componentsthe presence of boron atoms in fourfold coordination
of the system, N#8,0; and NaAlFg, and for nine [16] it becomes obvious that MAIFg plays the role
mixtures, chosen from all 13 mixtures investigated,of a glass network modifier. With the increase of cry-
covering the whole concentration range, are shown imlite content, as one can see in Fig. 4, the splitting of
Fig. 1. One can note on the specific curve ogRiE g 800-1200 cm? bands takes place, the peaks at 1020
an endothermal polymorhous transformation at abouand 880 cm' being specific to the crystalline com-
567°C, which originates in the transition from mono- pounds of tetraborate [17]. A similar splitting of the
clinic crystallization systemo( NagAlFg form) to the  bands specific to the stretching of B—O bonds in,BO
cubic one [12]. Regarding the behaviour of J8g0O;  tetrahedron is illustrated in Fig. 5 for single M&aO;
one should note the strong exothermal effect on crysvitreous and crystallized at 56C. Thus, the dimin-
tallization which occurs at concentrations higher thanishing of the intensities of bands in Fig. 4 suggests a
50 wt % NaB40; that subsequently cancels the effectsystematic decrease of the tetracoordinated boron atom
of polymorphous transformation discussed above.  groups and partial destruction of the vitreous network
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Figure 1 DTA curves for NaB4O7-NagAlF g binary system of various composition (wt % content).
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Figure 2 Phase diagram of N8407-NagAlF¢ system.

by crystallization induced with increasing of pdFg
concentration.

(i) B—O-B bendingAccording to Fig. 4, in case
of wave numbers below 800 cth besides the bands
characteristic for cryolite, the band at 720 This
also recorded which is specific to bending vibrations
of oxygen bridges between two trigonal boron atoms,
B[10, 11, 17].

The discussion above shows, beyond doubt, that in
the glasses formed with NB4O7-NagAlFg binary sys-
tem the BQ units specific for vitreous state are par-
tially destroyed in favor of tri-, tetra- and pentaborate
groups (1070 cmt), and of boroxol rings, tri-, tetra-
and pentaborate groups (1250 cias the increasing
NagAlFg content favors the crystallization process of
glasses.

However, the vitreous state of the eutectic mixture
is a stable one. Thus, it was established that the glass
transition in the mixture with 82.5 wt % NB4O; (the
closest investigated composition of the eutectic one, in
Fig. 2) corresponds @, = 345°C (determined by DSC
measurements) compared to the melting temperature of
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RELATIVE INTENSITY

Figure 3 X-ray diffractograms for NgB4O7-NagAlF g system at various
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the mixtureTl,, = 638°C. The value obtained with Hoch
relation [18, 19] equal§g=3319°C, and is in satis-
factorily agreement with the experimental one. Con-
sidering the large differench, — Ty it is obvious [20]
that the eutectic mixture is a stable glass which is very
likely to be retained as N8,0; when the concentra-
tion is increased.

It is also worth mentioning that the addition of flu-
orine anion, owing to its similarity with oxygen anion
regarding electronegativity and ionic radius, can cause,
in a borate system, the conversion of the Bfdoups
into BOsF and, more unlikely, to BgF, [21]. However,
the strong broad band that is centered around 1000 cm
can correspond not only to the BB units but also to
diborate groups, which make very difficult the assign-
ment. Recent data [22] suggest that diborate groups,
which make up the majority of structural entities in
the NaO-2B,03 glass, contain F anions attached to
four-fold boron atoms.

3.4. Raman spectra

The spectra of the glasses in the ,BaO;-NagAlFg
system, with VV polarisation are illustrated in Fig. 6.
Because the specific bands of these spectra are in very
close agreement with those by Kamitsos [16], in the
MgO-NaO-B,03 system, and by Dwivedi [23], in the
XR20-(1 — x)B,03 system (where R Li, Na, K), their
assignment was similar.

1800
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1400 1000 600 200 1800 1400 1000 600 200

Wave number (cm'l)

Figure 4 IR spectra of NgB4O7-NagAlFg binary system: (a) 100—70 wt % bB,O7 and (b) 60-100 wt % NghAIFg.
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Figure 5 Comparative study of the IR spectra obtained oaB®7 pellets: (a) vitreous state and (b) crystallized glasses.

Thus, the low frequency Raman spectra, LFRS, ar¢he presence of boroxol rings indicated by IR spectra
dominated by the “boson” peak [23]. According to the in Fig. 4.
expectations [24], the boson peak shifts towards higher Regarding the band at 860 ctit is attributed to
frequency, from 62 to 69 crt, when the concentration the symmetric stretching vibration of B-O-B bonds
of NapB4O7 increases. On the contrary, in the presencdrom pyroborate units (805~ ), while the pentaborate
of NagAlFg aweakening of NgB4O; network-structure  and tetraborate units are responsible for the band at
takes place which makes the glass more fragile. about 964 cmt. This latest band shows a shoulder at

In the high frequency region of the Raman spectrun®12 cnt! without assignment for pure NB,O- glass.
of pure NaB40y7, the firstband is observed at 500t The diborate units are represented by the 1126%cm
and its shoulder at about 454 cth The bands in this band. The B—O bonds attached to large borate groups
region were tentatively assigned to “isolated” diborateare responsible for the band at 1430-1500trbut in
units. According to Dwiwedi [23] the sharpest band this region there is also a shoulder at about 1370%tm
at 766 cnt! possibly belongs to a six-membered ring that could be related to non-ring B@roups [25].
involving two BO, groups, consequently the absence In the Table | are summarized the Raman bands
of any band at about 800 crh, in Fig. 6, invalidates of pure NaB,O; as measured by Chryssikos [16],
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Figure 6 Raman spectra of N8407-NagAlF ¢ glasses. Figure 7 Raman spectra of the MB;0;-NagAlF ¢ melts at various tem-

peratures and compositions (wt % content).

Dwivedi [23] and recorded in the present work (33%
Na,O : 67% B0z = N&;B4O7, molar%). Thereforethe  Because the melts which are important in the elec-
spectrum of NaB4O7 presented in this contribution is trosynthesis of TiB should occupy a position outside
quite close to that one recorded by Dwivedi [23]. rich concentration range of the P07, where stable

The addition of NgAIF¢ (3NaFAIF3) to N&B4sO7  glasses are formed, the Raman spectra were recorded
does not change significantly the borate glass strucand deconvoluted in Figs 7 and 8, for the following com-

ture, confirming the behaviour reported for IR spectrapositions: 20, 40 and 60 wt % NB4O-. Their evolution
However, with the increasing content of cryolite in the syggests the following phenomena:

glasses, a small blue frequency shift is observed mainly

for the bands located in the region 850-1000¢riNaF ) S ]

addition would weaken the network structure more ef- () thf decreasing intensity of the peak at about
ficiently than NaO in B,Os, which could be due to 763 cnT+ and its increasing at aboyt 433 tithat
the presence of B§F instead of BQ [26]. In fact, could_res_ult from the_ break up of six membered bo-
Fukunaga has noticed that the glass transition tempeF@t€ ring into B93 units (© = non-bridging oxygen),

ature,Tg, decreases as NaF concentration increases. previously suggested by Fukunaga [27],
(ii) the vanishing at elevated temperature of the

1120 cn1! band that is assigned to the diborate units
TABLE | Peak positions (cr) for xN&O:(100— x) B,Os glasses ~ Proves that the presence of the high-membered rings in
(% molar) the glassy network is favored to a lesser extent when
temperature increases,
Present work Dwivedi [23] Chryssikos [16] (iii) the coexistence in equilibrium of various species
33% 30% 35% 33% 53% [28]:AIFS™ (v=>515cnT?), AIF2~ (v =555cnTY) and
AlF4_ (v =622 cn?) in the cryolite-rich melt.

69 51 56
457
500 5237 2328 g?so ggg Analogous to Quist assignment of the 1070 ¢rband
_766 263 262 772 760 28], the band at about 1067 cthmay be assigned
860 854 855 to BF, species formed by substitution of the oxygen
912 888 885 anions with F anions resulting from cryolite dissocia-
968 952 954 945 960 tion. The band at about 770 crhcan belong not only
Egg 1120 1121 1120 1120 to six-membered borate rings with a B0ut to BQ;F
1488 1430 1436 1430 1400 [21] and_Bla [29] as well, which make their assignment
very difficult.
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Figure 8 Deconvoluted Raman spectra of a07-NagAlFg melts: 16.

(a) 60 wt % NaB40O7, (b) 40 wt % NaB4O7 and (c) 20 wt % NaB4O7.
17

4. Conclusions

plied by X-ray diffraction, IR and Raman spectroscopy

offer more detailed information on the structural enti- 23.

ties and on the modifications of the borate melts occur-

ing at variable NgAlFg content. Thus, it was proved 24

that cryolite plays the role of modifier promoting the .
so called phenomenon of boron anomaly, concerningg
the changing of the coordination ofOand/or F an-

ions around the central boron atom. The presence d7.

oxyfluoroborate groups in this system is still a matter2
of controversy.
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