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Boron carbide (BC, B;5xCx B4C) has a unique combination of properties. This makes it a
material for priority applications for a wide range of engineering solutions. The high melting
point and heat resistance of the compound contribute to its use in refractory conditions. Due to
its extreme abrasion resistance, B4C is used as an abrasive powder and coating. Due to its high
hardness and low density, Bis5..Cx has ballistic characteristics. It is usually used in nuclear
programs as an absorbent of neutron radiation Boron carbide ceramics (B15.Cxor BC) may lose
strength and toughness due to the amorphization effect under high shear stresses. Aluminum
dodecaboride AIBi> or Bi24l, as well as boron carbide Bi> [(CCC) x (CBC) 1] have common
structural units Bi> family of boron-icosahedral structures. The bond between icosahedrons is
mainly due to atoms (Al, Si, O) or chains (CMC), where M is Al, Si, B, C. Doping BC powder
with a small amount of AlB>, in cases of shock-shear stress, triggers the mechanism of "micro-
cracking". Micro cracks and pores are formed in ceramics. The breakdown voltage decreases.
AlBi> synthesis is associated with known difficulties. On the other hand. The production of
metal-ceramic materials for several decades is associated with the interaction of liquid
aluminum and boron nitride. The calculation of this reaction shows that it is exothermic.
Avoiding oxidation in vacuum, the reaction occurs through the formation of aluminum nitride
and aluminum dodeca-boride. In contrast to the liquid state, the process continues until the end,
at conditional temperatures of evaporation of aluminum with slight changes in vacuum. The
reaction product is a mixture of nanosized AIN/AIB12 powders with a weight ratio of 3/1 ready
for baking without grinding. The acid-base properties of the nanosized powder mixture AIN +
AlBj2, the products of the interaction BN + Al in vacuum, which are used optionally, emit
separate in pure phases of aluminum nitride and aluminum dodeca-boride. The yield of AIB;> is
~ 25%, boron reaches ~ 100%. The average particle size of the AIB1> powders according to TEM
and ACS x.rays (area of coherent x.rqys scattering), L (nm) is Lrey=110-150nm, Lacs=51-70nm.
The average specific surface area of the powder according to BET, TEM and ACS,
SBETm26=21,0-15,0;  StEMm2e=21,4-15,4;  Sacsm2=46,1-33,6;, (at 1460 and 1640K,
respectively)’.

Keywords: specific surface area, crystallite size, AIBi>-nano powders, BN-Al aluminothermy,
vacuum
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Introduction

Modern scientific and technological research of impact-resistant materials for over
twenty years remains a priority in the use of reaction components and products of interaction in
the systems: "Al - BN or Bis.x Cx [1]" [2 - 8]. The method of vacuum aluminothermy of boron
nitride brings the reaction to an end. A constant mass ratio of reaction products AIN/AIB1,=1/3
will not meet production needs. Therefore, the removal of individual compounds from the
reaction mixture is relevant. In this work, we propose acid-base processing of reaction products
prior to the extraction of AlBi2 [9]. In the IPM of the NAS of Ukraine, the technology of
obtaining a kilogram amount of a mixture of submicron powder AIN/AIBi>=1/3 was first
developed. The practical use of this powder for the above-mentioned needs makes it possible to
partially replace both expensive free boron, modify the charge of refractory carbide Bi2[(C-B-
C)x(C-C-C)1«] and to prevent of amorphous decomposition of ceramics. It is essential to
facilitate up to hundreds of degrees of sintering regulations and prolong the operation of graphite
equipment for hot pressing of dense ceramics without compromising the performance of
products.

Materials and research methods

The production of submicron aluminum dodecaboride powders [9, 10] and carbon bonding
products [11] has led to the adaptation of known methods of analysis of borides to a specific
substance, such as AlBi2, AlB49Cas, AlB12Ca, AlsB4C7, or AuuB4sCs. These methods include the
determination of the main elements - boron and aluminum, as well as gas-forming and
technological impurities, such as hydrogen, nitrogen, oxygen, carbon, water hardness elements,
the amount of magnesium and calcium, as well as the presence of iron. If necessary, procedures
for determining impurity phases of free boron, B2O3; and free carbon were tested [12 - 22].
Investigation of the porous structure of the samples was carried out using an ASAP 2000M
(Accelerated Surface Area and Porosimeters System),]. Calculated specific surface by the
method of BET (Sger, m?/g). The method of roentgenography and transmission microscopy
(PEM) in this work was used to determine the phase and size composition of AlBi; crystallites
with using HZG-4A diffractometer, Cu-Ka radiation with a Ni-filter and JEM 100 CX
instruments.

Results and discussions
The interaction products of boron nitride and aluminum are a mixture of powders of aluminum
nitride and aluminum dodecaboride in the mass ratio AIN / AIB> = 1/3. The chemical properties
of the formed compounds differ slightly in acid-base terms. It was found that the nano-
dimensional state of AIN and AIBi> enhances this difference, which made it possible to develop
regulations for chemical treatment for the selective extraction of individual components of
powders. Complex processing of intermediate technological solutions made it possible to obtain
other useful materials. This applies to powders: AlB12; AIN, as well as y - Al,O3 and aqueous
ammonia solution as by-products. Analysis of the interaction of synthesis products with mineral
solvents, acids and alkalis are presented in Table 1. The interaction reaction is exothermic.
Vacuum filtration of the precipitate using a Bunsen funnel and a Buchner flask. Washing with
water to pH ~ 5 (universal indicator). Washing with ethanol. Drying at 130°C. Screening.
Packing in dense container.

Extraction of AIBi2> was performed by alkaline decomposition of AIN according to the
equation of chemical reaction (1):
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AIN+AIB2+NaOH+2H>0 — Na[Al(OI—[)4]solution+AlBI2lsolid +NH3T vapor (1)

Certification of AIBi;. The synthesis of four batches of AlBi> powder in the field of
external heating temperatures of the charge "BN-+13Al" was carried out in order to determine the
effect of temperature on the average particle size of the powder and the composition of the
obtained aluminum dodecaboride. The results of the analysis of AIBi2> powders are presented in
Table 2. The atomic ratio of the main components and the content of gas-forming impurities are
within acceptable limits regarding the quality of the obtained products. The average particle size
(LaB12) and the specific surface area (Sger, m?/g) of powders were determined and calculated.
The obtained results are presented in the Table 3. The values of Ltem and Lacs differ almost
twice. Calculation of the specific surface area (Sspesific, m*/g) of the powder surface and
comparison with Sger values showed that Stem is closer to the experimental values. Moreover,
obviously, the powders are somewhat agglomerated. The conglomerates of which are twice the
minimum size of the average elementary particles of the studied samples (Table 3.)

Table 1. Products of system interaction: "AlBi2solia | + 12AIN o1 |" with water, solutions of
mineral acids and alkali

H>0 hot| HNO:s solution| | H2SOy solution| | HCl solution) NaOH solution|,
AlB12] + AIN|
AlB;> hot |, dissolved dissolved AlB;> hot |, AlB;> hot |,
NH31 gus, NH/NO;, NH4)2S0y, NH,CI AICI; NH3 1 gus,
AI(OH)3] AI(NO;3);3 Al(SO4);, . Na[Al(OH)4]
dissolved dissolved dissolved dissolved

Table 2. Chemical (component) composition of AlBi> powders synthesized at temperatures of

1460-1600K
NeNe W% Wai% | Al%ar./B%ar. Wc% Wo% | X WEgi% TK
1 81.7 16.5 1/12.4 0.23 0.68 99.1 1463
2 81.9 17.1 1/12.0 0.19 0.72 99.9 1533
3 82.3 16.7 1/12.3 0.18 0.60 99.8 1593
4 81.9 17.2 1/11.9 0.13 0.50 99.7 1643
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Table 3. Characteristics of the average particle size and specific area of the synthesized AlB12

powders at temperatures of 1460 - 1640K

The average particle size of The average specific surface area of the
Ne samle the powder according to TEM powder according to BET and calculated
- p and ACSx-ray, L (nm) according to TEM and ACSx.ray (Area of
AlBi2, Coherent x.ray Scattering), Sspecific-(m?/g)
TK Ltem L Acs, X-ray SBET SBET SAcs, X-ray
synthesis experiment experiment calculated
1 (1460) 110 51 21,0 21,4 46,1
4 (1640) 150 70 15,0 15,7 33,6

ACS - Area of coherent scattering X-ray of a single radiographic reflection hkl, the half-
width of which is calculated by the average particle size of the powder Lasi2;

(SeeT, (m?/g)), BET - specific surface area determined by the method of Brunauer S., Emmett P.
H., Teller E. - BET [23 - 25];

STEM, SAcs, X-ray - calculated according to Ltem and Lacs, x-ray in @ cubic orthogonal assumption;
Where: Spart = 6 L? - the average area of the particle;

Vpar= L? - average particle volume;

Npart = 1 10°%/¢Vpar, where ¢ = 2.55 g/em® - the average number of particles in a volume
occupying 1 g of AlB12 powder cm’/c;

where Stem, SACS = Spart Npart (M?/g).

X-ray phase analysis is a single-phase product.

Syngony is tetragonal. Spatial group: P4:212; P452:12; a = 1,016; ¢ = 1,428 (nm), according to
ICDD file No. 12 - 640 [26].

Morphology, according to TEM: transparent tetragonal planar crystals;

- average size: 60 - 40 nm;

- maximum - 100 - 150 nm.

The visual color of the powder is light brown.

The chemical composition and atomic ratio of the mass fractions of aluminum and boron is
War/Aar: We/Ap = 1/11,9, where Aaj and Ag are the atomic masses of aluminum and boron;

Wo impurities - 0.3 - 0.5%; Wx <10-2%; W <10-2%; Wc - 0.2-0.5%; Wca; Mg: Fe: si <102%
(wt.).

The experimentally established hardness (according to Vickers) of the sintered sample - 0.75
AlB12 - 0.25 AIN is 26 + 2 GPa at kilogram loads [9].

The obtained results indicate a certain stability and relative purity of the component
composition of AlB1> powders in the range of synthesis temperatures 1463 - 1643K. The average
particle size and specific surface area of the powder increases by ~ 22%. AlIB» particles are
somewhat agglomerated. The average size of conglomerates does not exceed 150 nm and is
twice as large as that of elementary particles of aluminum dodecaboride powder. The
characteristics of the certification of aluminum dodecaboride powders are given below.
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Conclusions

Pure powders of AlBi2-nano (40-60nm), AIN-nano (40nm) and r-Al1203-nano (4.0-

10nm) were synthesized in significant quantities by chemical treatment of boron nitride vacuum
aluminothermy products.

The work was performed within the framework of NATO ESCD, SPS program No. 5070,

"New shock-resisting boron-based ceramics: computer modeling, production, testing”.
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IIMTOMA ITOBEPXHS, PO3MIPU KPUCTAJIITIB AlB12-NANO
MPOJAYKTIB B3AEMOJII "BN-Al" Y BAKYYMI

B. A. Ilerposa, B. B. I'ap0y3, B. b. Myparos, M. B. Kapneus, T. A. Cuaincbka, JI. H.
Ky3bmenko, T. H. TepenTbeBa, A. A. Bacuianbes, I1. B. Ma3yp, T. B. Xomko

Incmumym npoonem mamepianozuascmea im. I. M. @panyesuva HAH Yxpainu, 6y:.
Kporcuorcaniscoroeo, 3 Kuis,

03680, Vxkpauna, e-mail: wpetrowa@ukr.net, Garbuz.vi950Gmail.com

bopy kapb6io (PK, Bi5xCx B4C) mae ynikanvui noconanus enacmusocmei. Lle ooymosnroe
tloeo, AK mamepian, w000 NPIOPUMEMHUX 3ACMOCY8AHb Ol UWUPOKO20 KOIA IHIHCEHEPHUX
piwenv. Bucoxa memnepamypa niagnewHs ma mMepMOCMIUKICMb CHOAVKU CAPUAE 00
3aCMOCYBAHHS ) 80CHEMPUBKUX YMOB8AX. 3a80saKU HAO38u4auHit cmitikocmi 0o cmupanus B4C
BUKOPUCTNOBYIOMb, AK AOPA3UEHI NOPOWIKU MA NOKpumms. 3a80saKU BUCOKIU meepoocmi ma
HuzbKil winonocmi, Bis,Cx 6iopisHaembcs banicmuyHumu xapakmepucmuxamu. 3azeudatl, it
BUKOPUCTNOBYEMBCA 8 SA0EPHUX NPOSpaAMax, AK abcopOeHm HelumpoHHO20 SUNPOMIHIOBAHHS
Kepawmira 6opy kap6ioy (B15.Cx abo BK) npu 0ii 6UCOKUX 3CYBHUX HANPYICEHb MOdNCE BMPALAMU

180


https://www.sciencedirect.com/science/journal/00224596
https://www.sciencedirect.com/science/journal/00224596/20/1
mailto:wpetrowa@ukr.net

MiyHicms ma 8’sa3Kicmb eHAcHiOok egexmy amopizayii. Jooexabopud anominito AIBi> abo
B2Al, ax i 6opy kap6io Bif[(CCC)y(CBC)ix] maromv  cninbni cmpykmypHi oounuyi Bi:
cimeticmea Oop-ikocaedpuyHux cmpykmyp. 38’30k midc Humu 8i00ysacmvcsi 30edinvuie 3a
paxynox amomig (Al, Si, O) abo nanyroxcxis, (CMC), oe M — Al, Si, B, C. Jlecysanus nopowxy
BK negenuxoro xinvkicmio AlBj2, y unaokax yoapHo-3cy8H020 HANPYHCEHHS, 3aNYCKAE MEXAHIZM
«MIKpO-KpeKineyy. Ymeoprwwmscs mikpo mpiwunu ma nopu (cracks and pores) 6 xepamiyi.
Hanpyea pyiinysanns smenwyemoca. Cunmes AlBj2 nos’ssano 3 sidomumu mpyonowamu. 3
iHWo20 O0KY. BupoOnuymeo memaniokepamivHux mamepiaiie npomsaeom OeKilbKox 0ecsamuims
nog'sizane 3 83a€M00ici0 pioKo2o anoMiHilo ma Himpudy oopy. Pospaxynox meniomu peaxyii,
NOKA3YE, WO B0HA eK30mepMiuHa. YHukarouu oKucieHHs y 6axyymi, peaxyis 6i00yeaecmuvcs
WLTISIXOM YMBOPEHHS HIMPUOy antoMinito ma 0ooekabopudy anominito. Ha eiominy 6io piokoeo
cmawuy, npoyec mpueac 00 KIiHYA, Npu YMOSHUX MeMNnepamypax 6unapos8y8aHHs allOMIHIIO 3
He3HAUYHUMU 3MIHamu eakyymy. IIpooykm peaxyii a6nse cobow cymiut HAHOPO3IMIPHUX NOPOUIKIE
AIN/AIB;: i3 sacoeum cnisgionowennam 3/1, comosux 0o cnixauusn 6e3 noopionenns. Kucnomno-
OCHOBHI 81acCmMuBoCcmi HAHOPO3MIpHOI nopouwkoeoi cymiwi AIN+AIB12, npodykmis 63aemooii
BN+Al y eakyymi 6 uucmux gpazax Himpuoy antominico ma 000ekabopudy anoMinio sUOLIL0my
oxkpemo. Buxio AIB;> cmanosumo ~ 25%, no 6opy oocsaeae ~ 100%. CepeoHiti po3mip uacmuHok
nopowkie AlBi> 3a oanumu TEM ma OKP (penmeeniscoka o06aacmes KO2epeHMHO20
poscirsanns), L (wm) cmanosumv Lrey = 110-150 wm, Loxp = 51-70 wm. Cepeduns numoma
nosepxns nopowxy 3a BET, TEM ma OKP, Sger.m?/e = 21,0-15,0; Srem. m?/2 = 21,4-15,4; Soxp
M/2=46,1-33,6; (npu 1460 ma 1640K 6ionosiono).

Kniwouoei cnosa: numoma nosepxus, posmipu kpucmanimie, nopowiku AIB>-nano, antomomepmis
"BN-Al", eaxyym
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