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1. Introduction 

Tlic dihoridc\ of titanium and /irconium poecs4 
propcrtics which put them amon the leading matcri- 
al\ suitahlc for high pcrlormancc application 1 I-31. 
The pcculiaritics of the bynthcais methods used de- 

tcrminc a numhcr of physical. chemical and tcch- 

nological propertics of the materials obtained. Recent- 
ly dcvclopcd non-conventional synthesis metho& of 
refractory and aupcrhard compounds provide borne 
valuable propertic\ of the resulting products. Among 

thcsc methods. self-propagated high-tcmpcraturc syn- 
thc& (SHS) and mechanochcmical synthesis have 

shown considerahlc tcchnolopical and economic ad- 

vantage\ [4-b]. The properties of titanium and zir- 

conium compounds ohtaincd hy SHS are dcscrihed in 

Rch. [7-V]. In a previous article [IO]. the properties of 
mcchanochemically synthcsised TiB, hy explosion 
kinetics has been studied. II is of inlcrcst as an 
experimental proof if. after initiation. the reactions of 

explosive mcchanochemical syntheses proceed hy an 

SHS mechanism. The propertics of TiB, powders 
synthesized from the same initial titanium and horon 

reagents by both SHS and mechanochcmical methods 
are compared in the present work. The conditions of 
SHS of TiB, and ZrBZ as well as some physical and 
chemical properties of the products obtained are also 
described. 
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2. Experimental details 

Powdery amorpholus horon (mean particle size 
hclow IO km. purity 9X’%, ) (Merck). titanium (purity 
W’% ) and Arconium (purity 97% ) (Fluka) were used 

as rcagcnb for SHS of TiB, and ZrB,. Stoichiomctric 
amounts of metal and boron powders were utilized to 

ohtain TiB, and ZrB,. The powdery mixtures were 
homogcnilcd in a planetary mill. To prevent contami- 
nation from materials of milling accessories, poly- 
amide howls and slcel halls covered with Teflon were 
used. Cylindrical pellets measuring 2sx 

I I(diam.) mm-. which contained the reagents. were 
produced hy pressing in a steel die. Pressures were 

varied from 100 to WX) MPa. SHS of TiB, and ZrB, 

was carried out in a stainless steel reactor under a 
protcctivc atmosphere of Ar. The pellets were placed 
hctwcen two graphite electrodes in the reactor (Fig. 
1). The synthesis reactions were initiated hy a current 
pulse of 60 A and 40 V. XRD patterns were taken 

under Cu Ku radiation using a Philips counter diffrac- 

tometer. Powdery TiB, and ZrB, were utilized as 

standards (Johnson Matthey. Alfa Products). They 
contained 6X.X wt.% Ti and 31.1 wt.% total B as well 

as 80.7 wt.% Zr and 19.1 wt.% total B respectively. No 
traces of free B were discovered. The morphology and 
sizes of the initial metal particles and of the products 

were studied by SEM. Chemical analysis methods 



NCTC u5~d to establish the amounts ol iotaI boron and 

the rxc5cnc~ ot’ lrce metals (Ti. Zr) in the product\. 

the horon into orthohoric acid (H .BO .). complcuing 

hy mannitol (HOCH,(CHOH),CH,OH) and titration 

by sodium hydroxide (NaOH). The content\ of frrcc Ti 
and Zr wcrc dctermincd as TiO, and ZrO, after 

dissolving TiB2 and ZrB, in misture ol H,SO, and 

HNO,. 

3. Results and discussion 

An electron microeraph of the initial Zr powder I\ 
shown in Fie. 2. The uarticlcs have an isometric shspc 
and lint s&s. the average particlc si/e hcing I-5 pm. 
The initial Ti particlcs arc studied by SEM [ lO]. Thev 

are characterized bv a clearly cxprcsscd lengthcncd . . 
shape and a rough ‘dispcrsivity. The lengths of some 
particles often exceed I(W) pm. 

The SHS reactions have hecn atartcd hy a single 

Fig. 2. Scanning electron micrograph of initial Zr particles. x IO OW. 

current pull. Alter turning off the current Aourcc the 
\ynthc\l\ rcactlon Ilows with a peculiar hissing sound. 

The adl;lhaiic tcmperaturo during SHS of TiB, and 
%rB , ,md the melting points of the products arc 
almo\~ the ~mc [I I]. For system\ like these. \ynthescs 
under ccm~cnt~cmal combustion condition\ arc po+ 
\Ihlc 

The X-ray diffraction prolib of the product\ and 
the metal horides used as standards arc shown in Fig. 
i ,md FIN 4. The X-ray spectra of the products (Fig. 
?(‘I). FIN. J(a)) ruvcal the presence of well-crystallixd 
phmc\ 111 TIR -md ZrB,. The relatively lower inlcnG- 
I? 01 rhc peak\ of TIB, (Fig. 3(a)) is an indirect proof 
lor the smaller sires of primary particlcb of the 

products ohtamed by SHS. Phase analysts have shown 

tr:~c\ ol TI ,md ZrO, in the products. 

SEM 01 TiB, ohtamed by SHS is shown in Fig. 5. 
The partlclc\ arc characterized hy a comparatively 

narrow G/c di\trihution. Owmg to the high tempera- 
turc of SHS. most of them form aggregates. Thor 

mean pnrticlc WL’ is JO-60 Frn. The same: morphology 

i> inherent m the SHS ZrB, particles. Their mean size 
I\ smaller (5- I5 p.m) and they show the same tendency 

to form aggrqates (Fig. h). The presence of many 
edge\ wnh \mall curvature radii is a premise for the 
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Ft.+. .7 XRD patremb of TiBI: (a) product. (h) standard. 



high ahrasivc ability 01 hard material particlcs oh- 
taincd hv SHS. 

Chemical analysis has shown the presence of 
2.12 wt.‘%, fret Ti in TiB,. The amount of total horon 
is 29.83 wt.‘%. The conknt of total horon in ZrB, is 
I&Y4 wt.%. Free Zr is not ohserved. It is found that 

Fig. 9. Scanning clccuon micrograph ol TiB, particles ohudned by 
SHS. ~7x0. 

the content of ZrO, in the reagent and in the product 
is the same. The presence of ZrO, traces regis:ercd hi 
XRD is due to the high chemical activity of fine initial 
Zr particles and their partial oxidation before the 
synthesis reaction. Because of the high adiabatic 
tcmpcraturcs during SHS. part of the boron evapo- 
rates. The content of combined boron may be cn- 
hanced hy adding a l-2 wt.%, horon excess IO the 
reaction mixture. 

The coarse dispcrsivky of the initial Ti powder 
reduces the contact arca among metal and boron 
particles in the pellets before the synthesis. SHS of 
TiBz is carried out successfully after densitication of 
the reagents with pressure exceeding 7W MPa. Even 
then some amount of unreacted Ti is ohserved in the 
product. The high dispersivity of the initial Zr powder 
facilitates SHS of ZrB,. The synthesis reaction 
proceeds successfully after pressing the pellets con- 
taL’ng reagents at 200MPa. It is evident that the 
propertics of the reagents are of great signiticance for 
SHS and determine, to a large extent. the physical. 
chemical and technological characteristics of the com- 
pounds synthesized. The high values of the adiabatic 
temperatures during combustion is another factor 
determining the properties of TiBz and ZrBZ obtained 
by SHS. 

The use of powdery metal reagents (Ti and Zr) 
quite different in size and morphology allows elucida- 
tion of the influence of their physical properties on the 
characteristics of the products obtained. In contrast. 
thermodynamic data on the Ti-2B and Zr-2B interac- 
tions and peculiarities of the synthesis process de- 
termine some general properties typical of the SHS. 
Formation of aggregates and their ‘moon’ surface are 
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