
" 

articularly 
band on por­
l:.t l d on 

dge m ­
.ocations in U,~ 
-N were ab­
shows the 
)itates in nit-
complex al-

D 

.nd Steel Inst. . 

:>hys ., 21, No. : 

iittenwes ., 27 , 

and U. Klein­
lebn. Zaved .• 
i3) . 
-mich . Obra-

tlloved . i Ter-
60) . 
10, No .2, 

, et al. , . Laba-

rect Methods cJ. 
lssian transla -

~1etalloveden!)'J 

:ipitation Hard-

ove bibl iography 

abbre viations as 

,e O f all of th IS 

in En glish tf8ns ' 

, r En glish tran s· 

sue of this year. 

.. ---------------------------------------------------------------------
FILO NE67 0597 

.j \'l ET PHYSICS - DOKLADY VOL. 12, NO.8 

TECHNICAL PHYSICS 

\f AGNESIUM BORIDES PREPARED UNDER 
:UPERHIGH-PRESSURE CONDITIONS 
- N . E. Filonenko, V. I. Ivanov, L. I. Fel'dgun, 

M·. I. Sokhor, and Academician L. F. Vereshchagin 
All-Union Scientific-Research Institute of AbraSives and Polishing 
Trai1slated from Doklady Akademii Nauk SSSR, Vol. 175, No.6, 
pp. 1266-1269, August, 1967 
Original article submitted May 25, 1967 

During the synthesis of cubic boron nitride under 
:.;.dhigh-pressure (40 -70 kbar) conditions and at 
i.p temperatures (1500-2200"K) from the system 
..~:! ponents Mg-:-B-N, magnesium borides are ob­
:.:..cd as by-products [11, and these were used as the 

.•. ~c ts for our investigations . 
. According to the chemical analyses done by 

.e. Ii. Kharitonova, these borides have the com­
il~l! tl ons corresponding to the formulas for mag­
w:tum diboride and hexaboride (Table 3). Mag­
""Ium borides are generally synthesized from a 
r, llu re of metallic magnesium and boron at at­
".<~ pheric pressure in a hydrogen medium; the 
,~~juc ts obtained by this method are in the form 
II b rk-brown dispersed powders, the particle size 
.1 .. hlch does not exceed 0.005 mm [21. 

The magnesium borides obtained by us undElr 
:.,(:rhigh.pressure conditions are usually well 
:'I,tli lized . Magnesium diboride is in the form of ( 
: ;J sh -yellow platelets, the size of which, de-

I .. ~j ing on the experiment, varies between 0.1 and 
I . ~lIn, Magnesium hexaboride crystallizes in the I 

-':1 of light-green isometric grains, whose size 
,·..;~s from 0.02'-0.04 to 0.1 mm. 

The magnesium diboride and hexaboride which 
":C separated from the products of the synthesis 
'''c subjected to x-ray diffraction and microscopic 
", .• :yses, and their chemical stability and micro­
I:'!ncss were determined. 

The results of the x-ray diffraction analysis of 
I: l,;:.cs ium diboride by the Debye method are shown 
.1 .lble L 

The calculation of identity periods from the 210 
.. !,~ ~ll llnes showed that a = 3.083 A and c = 
•• • J .~ ; according to data of [2], a = 3.083 Aand 
. J.321 A. Thus, within the accuracy of the meas .... 
"':~cnts , our data for d, a, and c are in good 

\ 

TABLE 1. X -Ra y Diffraction Characteristics of Magnesium Di­
boride. Obta ined from a Debye Pattern Using Co KCt Radiation 

Line 
Our data Data of [2], Fe KCt 

No. 
hkl 

I d, A' . I d, J.."' 

1 001 - - < 5 3.54 
2 100 m.s 2.671 25 2.673 
3 101 v.v.s 2.123 100 2.126 
4 002 m 1.7 63 10 1.760 
5 110 s 1.542 30 1.542 
6 102 m.w 1.466 10 1.469 
7 111 w 1.414 5 1.412 
8 200 w 1.335 5 1.337 
9 201 s 1.251 20 1.2488 -10 112 s 1.158 25 1.1596 

11 103 m.s 1.073 15 1.0738 
12 202 V.w 1.062 5 1.0638 
13 210 m.w 1.009 10 1.0099 
14 211 v.s 0.970 

• Calculated by us from kX in A by multiplying by 1.00202. 
Notation: v.v.s .. very very strong; V.s •. very strong:; s .. strong; 
m.s . . medium strong; m .. medium, m.w., medium weak; w:. 
weak; v.w., very weak. 

agreement with those of (2). Consequently, the 
structure of magnesium diboride prepared by the 
superhigh-pressure technique does not differ from 
that of magnesium diboride synthesized under nor­
mal conditions. 

Results of the x-ray diffraction study of mag­
nesium hexaboride (Tab le 2) showed that most of the 
d v'alues are close to the corresponding values for 
m agnesium boride (phase A) synthesized under at­
mospheric pressure (2). It must be mentioned that 
several lines which were given for phase A [2] 
were not present on our Debye patterns, namely: 

833 . 

800'C with the formation of 
3 MgO • BP" pseudomorphi­
call y re placing MgB, gr ains 



Xlf (2) . Fe KG< 

1.3n 

L V-Ii 
1.324 
1.313 

1.303 

1.213 
1.2r,:) 

1.256 
1.221 
1.205 

l.l G8 
l.1CO 

1.11C 

1.125 
1.100 

1.083 
1,070 

1.063 
1.050 

1.047 

1.028 

1.018 

ed; m .w •• medium 
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.Fig . 1. Magnesium borides. at x 200. a) Magnesium diboride. reflected 
and polarized light; b) magnesium hexaboride. reflected light; c) iso­
morphous crystal of magnesium hexaboride and thin magnesium diboride 
platelets. reflected light. I 

"c·.!i um at 2.26, medium at 2.01, medium at 1.86, 
0' weak at 1.60, very weak at 1.346, weak at 

..:,;:1. weak at 1.063, strong at 1.050, and medium I 

I. 1.0·! 7 A. The intensities of many ofthe lines do not ; 
: ':'C'C . In particular. a number of lines of the A 
i'._~e have higher relative intensities than those 
:~ ned from our Debye patterns. All these dif­
"'!lees can, apparently, be explained not only by i 

., peculiarities of crystallization under pressure!, 
".: also by the fact that the material which was I 
!.l '.cd phase A by the authors of (2), and pres um-
, )' cons idered by them to be magnesium hexa-
. :tdc , is actually not single -phase. 

~lic roscopic investigation of magnesium borides 
'",):lred by the superhigb-pressure technique was 

.' '.<: by observation under a binocular, by the Un­
::.:;3ion method and by examination of polished sec-

-", ; characteristic polished sections of mag­
:I'l:um borides are shown in Figs. 1a and lb . In 
:. sc polished sections the formation of magnesi­

i.'. 13 a result of the pyrolysis of magnesium di­
:I.;de (Fig. lc) was also observed. 

Results of the microscopic investigation and 
". dete rmination of some proper~ies of magnesium 

borides prepared under superhigh-pressure con­
ditions and at high temperatures are shown in 
Table 3 . 

Thus, the present work showed that under super­
high-pressure conditions favorable conditions are 
created for the synthesis of well-crystallized mag­
nesium borides of stoichiometric composition. It 
seems expedient to try to synthesize other mag­
nesium borides, which, as is known, cannot be pre­
pared in pure form by the conventional method [2 , 3], 
in order to define more precisely their chemical 
composition, crystal structure. and properties. 
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