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ANNOTATION

Thia collection gilves the results of studies on the chemical
propertiea and original methoda for analyzing refractory compounds and
alloys based on them, whiech are uwaed in various flelds of new teehnol-
ORY .

It 1a for the use of chemlat-analysts, engincers, and workers
in aclentific-research lnatitutes, plant laboratories, fellows, and
atudenta 1n advanced courses of chemistry and metallurgy.
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REACTION OF THE CARBIDES OF THE GROUP IV AND V
TRANSITION METALS WITH SOME ACIDS

Ye. Ye. Kotlyar andyT. N. Nazarchul®®

The reactions of the carbldes of the Group IV and V transition
metals with aclds and bases have been studied to find qualltative or
semlquantitative data on thelr chemlcal stabllity. No interest was
given to the compositlon of the gaseous decomposition products [2],

The purpose of this work was to study the nature of the reac-
tidnrbetw&en the carbldes wlth phosphorie, sulfurie and nitric aclds,
to determlne the compositlon of the gaseous decsmposition products,
and to tﬁy to use the resulting data to dilscuss the nature of the
bonds in the carbides.

~ The reactions of the carbides with concentrated phosphorie,
sulfurde, and nitrle acld were studled in an inert gas atmosphere --
nltrogen —- with heating using the apparatus shown in Flg. 1.

The sauple of the carblide, 0.21-0.3 g in welght, was placed in
a Wlrtz flask and 30-40 ml of the aold was added. In studying the re-
actiong of the carbides with sulfuric acdd, 50 ml of 80% solution of
isaprapyl alecohol was poured into the filrst wash bottle to absord the
803 C4]; 50 ml of & 2% solublon of ledine was placed in the second

wash bottle to absorb the SOE. In studylng the reactlons of the car-

bides with nitrie acid, both battles were filled with 1:1 sulfuric
aeld to absorb the nitrogen oxides. Then the entire system was con-
nected as shown In Iilg. 1. :

Nitrogen was passed through the entire system slowly -~ for two
to two and a half hours -- (3-4 bubbles per second) to displace the

¥Numbers in margin indlcate pagination of ordginal forelgn text.
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Fig. 1. Apparatus for studying the rcactions between the
carbides and acids:

1) gas meter with nitrogen; 2) Wlrtz flask; 3) electric
heater; 4) thermometer; 5) bottle with 80% isopropyl
alcohol for the absorption of S03; 6) bottle with the
2% iodine solution for absorbing S053 7) gas burette;
8) pressure bottle.

air before the beginning of the reaction. After this, thz reaction

mixture was heated, leaving the stopcock in the gas burette open and
the gases which were evolved were collected. After the. vreaction was
finished, the solution was analyzed for the metal concentration and

the insoluble residue was analyzed for the concentration of carbide

and free carbon. The analysis of the gas mixture was done chromato-
graphically. The material balance with respect to carbon was deter-
mined with an accuracy of 3-5%.

At 230-260°C, concentrated phosphoric acid (d = 1.7) decomposes
only the zirconium and hafnium carbides. The decomposition begins at
230-24000, and the dissolution goes rapidly at 2500. These carbides
decompose completely upon boiling for 30-40 min. The titanium, vana-
dium, niobium, and tantalum carbides do not decompose in phosphoric
acid even {for heating to 300°C.

The main gaseous product from the reaction of the hafnium and
zirconium carbides with phosphoric acid is methane (70-90% by volume).
In addition to it, hydrogen (1-3%) and carbon dioxide are among the
gaseous products (see Table 1).

ORIGINAL PAGE IS
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TABLE 1

COMPOSITION OF THE PRODUCTS FROM THE REACTION OF THE GROUP
IV AND V TRANSITION METAL CARBIDES WITH SULFURIC, PHOSPHORIC
AND NITRIC ACIDS

| ' e
Reaction i Reac- | Amount of gi:i;;:t%::rgzng:.
Tempera- tion | Carbide =
Reaction Products Ss Time Secoupoied gzziggouu graphic method)
oc hrs. ’ e e g R
ot | oo | ooy | By
] 1
« : = 3 X l - ‘ ookt ¥ ¢
. Z1CHHPO, (d=1.7g/cm 260270 1 100,0 = Al - | 28)os:
X (d= 8/ 250955 1 100,00 = T3 - vL m.j .a:
HIC+-H,PO, @=17g/cm> | 2020 | 15 7.0 = | =1 g2 g0
250 ! 100.0 i 2 - |. 1831 84
: — 250270 1,5 100.0 &% 693 | -~ 29 | 1.2
TIC+ HySO, (d=1,84 g/cm™ | 240250 2 745 57,0 — [ 180f 8020
£t 250--270 2 76,0 33,0 - 6d | 924 | L3
g 3 3163920 1 1000 25,7 - §5] %0 | 18
ZrC4+-H,S0, (de1.84g/cm 260 I 100,0 14,2 w2 - | wz| 30
- o 5| 2028 15 100.0 70 no| — | %525
HIC+H,SO0, (d==1,8¢ g/cm” | 264268 1 100,0 161 2| — | 98} 40
» ok . 3 | 2030 1 100.0 6.3 62| — | 813 | 24
VC4H,S0, (d=1.84g/cm 260 1.5 = % - | 200] 780 | 20
— 300 1 3 = - - | ®¢] 38
NBC +H,S0, 260 1.5—2 93.0 3 - | 197 mo| s
5 S 280 1.5 92,0 o |3 nelie
290 --310 1 100,0 o - | 17| 829 | 3¢
265 1.5 81,0 13,0 — 1 &4] 923} 23
TaC-+H,50, 265 15 750 10,0 - %0 | 16
276 R K 80.0 o0 - :z_ 23 | W7
ZrC4+-HNO, 1o—-120 | 08 100.0 s Traces — 95497 (243
HIC--HNOy 1Ho-120 05 100,0 - ls:mé‘ S PP P
4 ,. 3
NbC+HNO, +NH,F 110--120 0.5 5 100,0 — -'I‘L&ceéM [ 203
-, @ WY S
TaC+HNOy+NHF 110120 0.5 100,0 o - ! Sa.me'm 243

The resulting solutions are thick and transparent. For exten-
sive dilution, white amorphous precipitates are formed which, after
roasting, are converted into pyrophosphates with the composition
Zr2P207 and Hf2P2O7. According to Brauer [5], the acid phosphates of
zirconium and hafnium, ZrO(HzPOu)2 and HI‘O(H2POu)2 are soluble in the
freshly formed state, in a mixture of phosphoric, oxalic, and sulfuric
acids, and form soluble complexes. Apparently these complexes are
also formed in the presence of a large excess of concentrated phosphor-

ic acid. Upon beilng diluted with water, i.e., with a decrease in the
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concentration of the phosphoric acid, they are converted into the in-
soluble, intermediate phosphates, and they precipitate out.

The decomposition of the hafnium and zirconium carbides by

phosphoric acid can be represented by the equations:
ORIGINAL PAGE I8

- ZiC 4 2H,PO, + HO = ZO (H,POy, +CH,; OF POOR QUALITY
- HIC 4 2H,PO, + HO = HIO (H,POy, + CH,.
Concentrated sulfuric acid decomposes all of the carbldes at /5

200-300°C. The decomposition of the hafnium and zirconium carbides
sets in at 200-220°C, and at 230-250°C they dissolve very rapidly and
are completely decomposed in 30-40 min. The titanium, niobium, and
tantalum carbides decompose to 70-80% upon boiling at 250-260°C for
1.5 hrs. They decompose completely for boiling for 1.5-2 hrs. at 290-
310°C. The decomposition of all the carbides 1s accompanied by the /6
formation of amorphous carbide which, in the finely divided state,
gives the solution a brownish-black color. At the beginning of the
interaction, clumps of amorphous carbon are observed in the solution
and on the vessel's walls. Towards the end of the reaction, the solu-
tion clears up and at 290-310°C it becomes transparent.

The formation of the amorphous carbon was observed by Greenwood
and Osborne [6] in the reaction of lanthanum dicarbide with 4N sulfur-
ic acid. The 2% iodine solution clears up markedly during the reac-
tion and, in many cases, it 1is decolorized by the 802 that is evolved.

We can see from the data in the table that the reacions of the
zirconium and hafnium carbides with sulfuric acid differ from the re-
actions of the titanium, vanadium, niobium and tantalum carbides be-
cause of the temperature range and length of time required for the
dissolution and also in the composition of the gaseous products. The
gaseous decomposition ~roducts from zirconium and hafnium carbides
contain methane (50-70 volume %), CO, (30-50 volume %), and hydrogen
(2.5-4.0 volume %). The ratio of the methane, carbon dioxide, and
hydrogen depends on the temperature.



THE MAIN REACTIONS FOR THE DECOMPOSITION OF THE HAFNIUM AND
ZIRCONIUM CARBIDES BY SULFURIC ACID CAN BE REPRESENTED BY THE EQUA-
TIONS:

HIC + 2H,S0, = Hi (SO,), + CH,,
HIC + 4H,S0, — HI (S0, + C + 250, + 4H,0,
€+ 2450, = Zr (50, + CH,
~ ZiIC + 4H,S80, = Zr (SO,), + 250, + C +- 4H,0.

Secondary Reactions

; C+2H.SO‘=CO’+2H‘O+2SO,.
- CH, + 4H,S0, = CO, + 6H,0 + 4S0,.

The reactions of the titanium, vanadium, niobium, and tantalum
carbides with concentrated sulfuric acid take place with the formation
of amorphous carbon. The amount of amorphous carbon in relation to
all of the carbon in the titanium carbide which is decomposed at 240-
270°C is equal to 33-57%; for niobium carbide, it is 47-36%. Vanadium
carbide decomposes partially with the formation of vanadyl sulfate
(green solution) and an insoluble yeilow precipitate whose composition,
according to the results of the analysis, corresponds to the formula
V2(Sou)3. In all the other cases, the solutions after the decomposi-
tion are thick and transparent, and no precipitates are formed upon
dilution. Hydrolysis is only observed for the solutions after pro-
longed standing. From this, it follows that the titanium, niobium
~and tantalum carbides decompose with the formation of oxysulfates
which are stable in concentrated sulfuric acid [1].

The following are present in the gaseous products: carbon /1.
monoxide (5-25%), carbon dioxide (70-90%) and hydrogen (1.5-3.0%).
Methane was not observed in the gas phase in the given temperature
range.

The ratio of the amorphous carbon, carbon monoxide and carbon
dioxide depends on the temperature. Based on this, it may be assumed
that CO and 002 are not the direct products from the carbide decom-

ORIGINAL PAGE Ib
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position, but are formed because of the oxidation of the amorphous
carbon which is formed by the sulfuric acid.

The decomposition of the titanium, niobium and tantalum carbides
with fuming sulfuric acid can be represented by the equations:

- TIC + HSO, +80, = TIOSO, +C+ SO, + HO. 1
VC.+ 6HSO, = V,80), +2C + 380, + 6HO, =
wtc+4ﬂ.50.+il0.-m.0(sm.+sc+m.+

Nitric acid (d = 1.43) and 1:1 nitric acid decompose the car-
bides of zirconium, hafnium, titanium, and vanadium at 100-110%. Car-
bon is not formed in the decomposit.on. After the dissolution of the
vanadium, zirconium and hafnium carbides, the solutions are trans-
parent, i.e., the reaction takes place with the formation of soluble
nitrates. Titanium carbide decomposes completely with the formation
of titanlum hydroxide Tioz-nﬂzo.

For the decomposition of the zirconium and hafnium carbdbides,
hydrogen (2-3%) and traces of methane are present along with carbon
dioxide (95-97%) in the gas fraction. For the decomposition of the
vanadium and titanium carbides, hydrogen (2-3%) and traces of carbon
monoxide are present in the gaseous products along with carbon dioxide.

The niobium and tantalum carbides are decomposed by nitric acid
in the presence of a 5% solution of ammonium fluoride at 100-120°C.
After the decomposition, the solutions are transparent and no amorphous
carbon is formed. The gaseous products ccntain carbon dioxide (96-97%)
hydrogen (2-3%) and traces of carbon monoxide.

The reactions of the carbides with nitric acid take place ac-
cording to the following equations:

Z1C + 6HNQ, = ZrO(NOy), + QO, + 2NO - 2NO, + SH,0,
HIC + 6HNOQ, - HK)(NO.).-!-Q-&-"NO 2\D.+m
TIC + 4HNO, = THO, - 2H,0 + QO, + NO + 2NQ,.




It folilows from the results that only sirconium and hafnium car-
bide are decomposed by phosphoric and sulfuric acids to form methane
(as the main gaseous product), i.e., the carbon in these carbides is
present in the form of the C groups which have a stable lp3 electron
configuration. The even carbon bonds are symmetrical and identical /8
and form polarcovalent bonds with the metal atoms, which results in a i
marked polarization of the ZrC and HfC molecules. Apparently, the ¢
ionic bond for these carbides is not predominant, since they are not
decomposed by water and dilute acids like the ionic carbides, for ex-
ample SeC, YC, etc. The absence of methane in the gaseous decomposi-
tion products from the decomposition of the titanium, vanadium, nio-
bium and tantalum carbides indicates either that there is no ionic
Me-C bond in these carbides or it 1s present to only a slight degree.

As we have shown, the carbides of the Group IV transition metals, :
particularly zirconium and hafnium, are much less chemically stable §
than the Group V carbides. In this case, the chemical stabiliwy of Z
the Group IV carbides decreases as the atomic number of the transition :
metal increases, going from the titanium carbide to the hafnium car-
bide. This can be explained, as we showed above, by the increase in
the amount of ionic bond in this series. The chemical stability of
the Group V carbides, conversely, increases with an increase in the
atomic number in going from vanadium carbide to tantalum carbide.

The tantalum carbdbide approaches the covalent carbides in its
chemical stability. This is apparently explained by the fact that the
covalent bonds between the atoms of the transition metals develop
significantly in the Group V carbides. The amount of the covalent
Me-Me bond increases with a decrease in the acceptor capacity of the ;
metal going from the vanadium carbide to the tantalum carbide [3]. ;

CONCLUSIONS

Concentrated phesphoric acid decomposes only the zirconium and
hafnium carbides at 230-250°C with the evolution of methane (70-90% by
volume). The titanium, vanadium, niobium and tantalum carbides are
not decomposed by phosphoric acld even at 300°C.

1




METHOD FOR THE QUANTITAT'IV: X-RAY ANALYSIS OF THE
FREE CARBON CONCENTRATION IN BORON CARBIDE

M. I. Sokhor and G. V. Sofronov#

At the present time the principal method for the quantitative de-
termination of the concentration of free carbon in boron carbide 1is
chemical analysis. Two chemical methods are known: the direct deter-
mination of crree and from the data on Btotal and cbotal' The direct
chemical analysis for cfree is based on treating the boron carbide with
a chromic mixture and setting up the graph for the amount of CO2 which
is evolved as a function of the duration of oxidation. However, in
treating the sample with the chromic mixture, the partial oxidation of
the boron carbide phase takes place which may give elevated results for
the chemical analysis for cfree’ In addition, it is assumed in both
methods that the boron carbide always has the same composition given by
the formula B,C and that the C, . 1s in fact free, pure carbon t51].
Because of the assumption that the composition of the carbon and boron
carbide are constant, a second assumption follows that the properties
of both phases are constant, particularly their oxidizability.

Meanwhile, no proof has been given that the properties of the
carbon and the boron carbide are constant in different samples.
Studies that have been made (1957-1961) show that often the free car-
bon in the boron carbide is not pure graphite but contains boron in the
form of a solid solution of variable concentration. The boron carbide
may have a wide range of composit}ons from B),C to BG.7SC (3,8].

These assumptions in the existing chemical methods for the quan-
titative determination of the Crree concentration in boron carbide made
it necessary to ~evelop a method for x-ray quantitative analysis for
the free carbon in it, taking into account the composition and struc-
ture of the boron carbide and carbon phases [9].

The diffraction diagrams for single-phase samples of boron car-

®#YNIIASh (All-Union Scientific-Research Institute of Abrasives and
Grinding.
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bide and graphite and for a sample of technical boron carbide, which
contains free carbon, are shown in Fig. 1. The determination of the
intensity of the (002) line for graphite and the relative intensity of
the (110) line of boron carbide is the basis for developing the given
x-ray method. These lines were selected because the amount of free
carbon in technical boron carbide usually does not exceed a few per-
cents and therefore the graphite phase will only be represented by a
single, very strong line for graphite (002) with Bew= 15° in the x-
ray diffraction diagrams and its intensity in such diagrams is close
to the intensity for the neighboring line (110) for the boron carbide
phase with Bg=) 18.5° (Fig. 2).

27008, 100 004 UONZ - MG R L LlmEe R

Fig. 1. X-ray udiffraction diagram for a single phase
boron carbide Bu 78C (a), technical boron carbide con-

taining boron carhide and about 2% free carbon (b), and
ARV graphite (c¢). Radiation Co = Ka’

The x-ray quantitative analysis for the Cfree concentration in
boron carbide was developed on the basis of the method of superposi-

tion suggested by Palatnik [4].

The superposition method is based on the comparison of x-ray
diffraction diagrams for the system being analyzed with standard
superposition diagrams obtained by recording the diffraction diagrams
of the single phase substances, which are components of the two-phase

|\
=
-

system being analyzed, on a single film. By varying the ratio of the
exposures for the individual components, the ratio of the line inten-
sities can be changed on the superposition x-ray diagrams which is
equivalent to changing the concentration of the components in the mix-
ture. 5
GE I®
AL PA
ORIGINA Uy
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It was necessary to develop  SEETTRIT i‘ﬁj Wh

and produce a special camera of , 'x m
‘the D=85 type to get the super- " ‘3

S T

position x-ray dlagrams. The : g
camera was 85 mm in diameter and : P ?"‘

it allowed consecutive x-ray dia- ‘ el fi b "'ﬂ
grams to be taken for two and : ‘V‘ e l"“
more samples cn a single film * AL o ‘!“
without recharging the camera R e ¢ e

[(6]. The camera with the indivie- - e ‘ _}E
dual parts is shown in Mg. 3. 1In "N 8.9 ;
contrast to the usual Debye Flg. 2. Mlerophotogram or the

, front segment of the x-ray dlagram
camera, the D-85 hae a replace=  p\\veohnical boron carbide ocon=

able holder unit for the eylindri- talning free carbon (ailx front

lines are given for bhoron carblde
oal sample, which allows the and the (002) line of graphite).

sample to be adjusted outside the Radlation Co = K .

camera by means of a special ad-

Justing attachment (4). The holder with the adjuated sample ia aet
in the charged camera. 'The camera allowa the linea which correapond
to reflection angles ® from 7 to 87.30 to be recorded (2], Previalon
iga made for the rotation of the sample during exposure.

Various carbon materials have firne differences in the degree of
development of the erystal lattice, the sample and dimenalons of dla=-
gram (Fig., 5) Specifically, the fine structure and absolute Intenaity
of the strongest line (002) changee as a function of the atructural
state of the carbon phase and this line was uzed to determine the con=
centration of Crree in the sample. The experimentally determined in-
tensity of the (002) line for petroleum coke 18 shown ag a funcetion of
the graphitizing temperature in Fig., 0. The intenaity of the (002)
line for ARV graphite is arbitrarily taken as 100%. We can aee that
a8 the temperature of graphitizing increases, the intenalty of the
(002) 1'ne for the petroleum coke inereases. However, ag we ocan see
from the x-ray dlagrams, the diffuseness and washing out of the edgea /13
of the (002) line for petroleum coke are retained. <Clarity, sharp-
ness, a high intensity and the absence of aplitting for the (002) line
are characteristie for ARV or Achegon graphitea. Natural graphite

11
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Fig. 3. The D-85 camera in unassembled form:

1) body; 2) block which connects the body with the main
camera; 3) slide bearing in which the housing of the
sample holder is placed; 4) the pulley which is attached
to the bearing 3; 5) conical housing with the sample
holder unit placed in it; 6) conical rod of the sample
holder; 7) permanent magnet pressed onto the rod 6

8) soft iron disk on which the sample is attached zthe
sample is adjusted by moving the disk with the magnet;
9) bushing which guides the collimator 10; 11) needle
which goes into the collimator 10 and cuts off an x-ray
beam 0.5-0.8 mm in diameter [7]; 12) nut for setting the
filter and attaching the traps (it screws into the bush-
ing 9; 13) trap for the primary beam; 1l4) bushing in
which the trap 13 1is set; 15) nut with a fluorescent
screen (it screws into the bushing 14).
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Fig. 4. The D-85 camera in the Fig. 5. X-ray diffraction dilagrams

assembled state and the adjust- for different carbon materials:
ing attachment which allows the
a) petroleum coke roasted at
SIS §° T MiiuRted TniRe 15509C for 1.5 hrs.; b) Acheson
: graphite; c¢) ARV graphite; d) natu-

ral graphite; e) graphite extracted
from graphitized boron carbide.
Chromium radiation.
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gives a split (002) line which is due to the sample's texture.

Many years of practice in microscopic and x-ray diffraction
studies in our institute (V. G. Kondakov and A. A. Kalinina) of
different samples of technical boron carbide has shown that the
structural state of the carbon phase in the boron carbide may be
different, and it is determined by the technological conditions. 1In
high quality boron carbide, the free carbon is present in the form of
a finely dispersed phase which often forms a eutectic with the boron
carbide and which is a solid solution of boron in graphite. Formally,
this finely dispersed graphite in boron carbide can be compared, in
terms of the x-ray diffraction, to a carbon material with a low degree
of graphitization -- for example, petroleum coke roasted at 1550°C.

We have encountered graphite in the form of larger segregations also /14
in the fusion products from technical boron carbide and quite often

in hot pressed boron-carbon alloys. Such graphite gives an x-ray
diffraction effect similar to that produced by ARV or Acheson graphite.
In individual cases for boron-carbon alloys produced by repeated hot
pressing or in graphitized fused boron carblide when the boron carbide
decomposes, the graphite 1s segregated in the form of developed petal=-
erystals which form a texture in the preparation of the samples. The
x-ray diagrams for such graphite are similar, with respect to the fine
structure and intensity of the lines, to the x-ray dlagrams for natu-
ral graphite (Fig. 5,e), although often the lattice periods a, and
particularly c¢, are greater than for the natuial graphite, which is
apparently due to the dissolution of the boron which is formed from
the decomposition of the boron carbide, in the graphite.

In obtaining a series of superposition diffraction diagrams,
graphite ARV (0.05% moisture, 0.16% ash, and 0.95% volatile materials)
and boron carbide having the composition Bu.780 which, according to
the results of chemical analysis, does not contain free carbon and
which only gives lines of boron carbide on the x-ray dlagram, were
used as the main components.

The differences noted above in the structural state of the car-
bon phases in the various samples of technical boron carbon made it
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Fig. 6. Dependence of the intensity Fig. 7. Front sections of the
for the (002) line of petroleum coke superpositions diffraction dia-
on the graphitization temperature: grams for boron carbide Bu 7SC

1) ARV graphite; 2) petroleum coke. and ARV graphite taken with dif-
ferent ratios for the exposure
of the components:

necessary to take (additionally) a) boron carbide B, 780;

another series of superposition x- b-f) boron carbide + graphite;
ray diagrams with other samples of g) graphite; tgr/tb.c.: b) 0.03;
carbonaceous materials as components. c¢) 0.05; d) 0.08; e) 0.13; f£)0.5.
Therefore, in addition to the ARV e B e

graphite, natural graphite and petroleum coke, which had been roasted
at 1550°C, were used. In addition to Bu.780’ the boron carbide B6.75C
was used to account for the effect of the boron carbide's composition
on the intensity of its lines.

The front sections of the superposition x-ray diagrams for the
boron carbide Bu.780 and ARV graphite, taken for different exposure
ratios of the components, are shown in Fig. 7. The exposure times for
the boron carbide samples on the superposition x-ray diagrams were:
2.5 hrs. for the carbide BU.7BC and 5 hrs. for the carbide B6.7SC'

The exposure times for the carbon components varied from 1 to 60 min.
The exposure was maintained with URS-70 clocks. The minute exposures

were controlled accurately by means of a time relay PB, which was con- /1

nected in the circuit of the high voltage circuit block of the URS-70
which automatically switched off the high voltage after a given ex-
posure was finished with an accuracy of +0.05 min.

14




The operating conditions for the URS-70 device were kept con-
stant by stabllizing the voltage on the primary coil of the high volt-
age transformer using the SN-1 stabilizer (127 + 0.5 V). The radia-
tion was Co == Ka’

In practice, the quantitative determination of crree in boron
carbide from the superposition x-ray diagram is done as follows:
First, a series of x-ray superposition dlagrams are taken with the
D-85 camera for boron carbide and graphite with different values of
the exposure (tsr/tb.c). The ratio of the intensities of the lines
for boron carbide and graphite, 1002 gr/I002 b.o, + Are determined for
each photograph and a calibration curve of 1002 sr/I002 e f(tgr/
tb.c) is set up.

Considering the variety of possible structural states Crree in
boron carbide and also the wide range of possible composition and its
phases (from th to 86.750), it 1s necessary also to set up calibra-
tion curves for a number of combinations of boron carbides of various
composition with different carbonaceous materials. Then the sample is
photographed in the D-85 or any other Debye camera. Then a determina-
tion is made, on the basis of the fine structure of the (002) line for
the graphite lattice (profile, width, intensity distribution), as to
which free carbon the sample 1s closest in its structural state. The
composition of the boron carbide [3] is determined from the lattice
parameters (the angle &y ). The blackening of the (002) line of
graphite and the (110) line of boron carbide is determined as the area
of the peaks on the curve for the angular distribution of the blacken-
ing. The ratio of the blackening 3002/8110 is determined, which is
equal to the ratio of the intensities 1002 gr/Illo =5 if we are work-
ing in the range of blackening <I .

The ratio of the exposures tgr/tb.o.’ which correspond to the
given value of 1002/1110, is found on the boundary of the curve which
is set up from the superposition x-ray diagrams for boron carbide and
carbon, which are identlcal to the sample with respect to the structur-
al state (Fig. 8). Copee (Fig. 9) is read from the curve Co = f(tgr/
tb.c.) which has been set up for a boron carbide with the same composi-

15



tion as the sample, from the values of Sty ot

The standard curves in Fig. 9 are set up from the system of
equations [4]:
c . (u/o)"b'.,.t",.' :
b.o, ‘WP g b.e.
C

o + cb.e. = 100%

where C 1s the concentrations of graphite and boron carbide by weight, /16
t is the exposure time for graphite and boron carbide on the superim-

posed photographs, u/p are the mass absorption coefficients for graph-

ite and boron carbide. In the Co-K radiation, the values of the mass
absorption coefficients for the corresponding components are [1]:

Phase Craphite th ah.?BC Bﬁ.?SC
w/p 8.5 55 5.4 5.2

If the composition of the boron carbide differs from BHC. Bh.78C' or
B6.75°' for which the standard curves have been set up, the crree con=
centration 1s found by extrapolation. In the case in which a large
number of photographs make up the series of superposition x-ray dia-
gramns which differ by small stages of exposure, a visual selection
can be made, without measuring the blackening, of the superposition
x=-ray dlagram on which the ratio of the intensities of the analyzed
lines 1s approximately the same as that on the x-ray diagram being
studied. In this case it is recommended that the intensity of the
(002) line of graphite always be evaluated with all six primary lines
for boron carblde for greater accuracy.

The method was developed for the analysis of samples containing /17
up to 10% free carbon. The quantitative analysis of samples with
larger cfree concentrations can be carried out in an analogous way;
however, the (002) line of graphite should be compared with one of
the more intense lines for boron carbide (102), (014) or (201) and not
with the (110) line.

16
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Fig. 8. Calibration curves set up Fig. 9. Standard curves for
from a series of superposition x- determining the free carbon
ray dlagrams for different boron concentration in boron carbide
carbides and carbon materials: by the superposition method.

1) B6.7SC + ARV graphite;
2) 34.78C + ARV graphite;
3) Bh.?SC + petroleum coke
roasted at 1550°C.

The following main advantages of the superposition method
should be emphasized [4]:

1) It is not necessary to prepare standard mixtures or to add
foreign phases to the sample.

2) The method is not dependent on chemical analysis (we need
rely only on the purity and single-phase nature of the components
which are used to obtain the superposition x-ray diagram).

3) The method can be used for very small amounts of materials.

17



In our studies, the superposition method seemed particularly
valuable because of the very amallkaamplea of single-phase boron car-
bide which do not contain graphite which were available to us and
which are generally rarely found.

It was found from the superposition x-ray dlagrams that the
lower sensitivity threshold for observing free carbon in boron carbide
is about 0.15% if its structural state is analogous to Acheson graph-
ite and about 0.3% if the carbon in the boron carbide is quite finely
dispersed or has a nonequilibrium, unformed crystal lattice, i.e., 1if
the fine structure of the (002) line for the carbon in the sample is
the same as that for petroleum coke with a low level of graphitizing.

The error in parallel determinations from the superposition x-
ray dlagrams is 6 relative %. The reliability of the x-ray analysis
is determined by the identity of the structural states for the free
carbon and boron carbide in the sample and in the standard materials
which are used to take the series of superposition x-ray diagrams and
which are used to set up the calibrations curves.

This method can be used to analyze boron carbide samples which
do not contain boron nitride in which the carbon phase is finely dis-
persed and is in a state of equilibrium [7] as well as in research
studies: in i3tudying the phase dlagrams, to refine the results of
chemical analysis, etec. Specifically, this method gave good results
in analyzins; boron carbon alloys produced by not pressing.
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METHOD FOR DETERMINING FREE CARBON IN MATERIALS
CONTAINING REFRACTORY COMPOUNDS

L. A. Mashkovich and A. F. Kuteynikov¥®

Various types of carbon differ from one another by certain
properties, including their reactions with chemical reagents. So-
called amorphous graphite (carbon black, highly active charcoals) are
readily oxidized by a 30% solution of hydrogen peroxide [10], adsorbs
certain dyes (bromthymol blue, etc.) [9], whereas graphite, according
to our data, remains unchanged in reactions with these reagents. Two

means were studied for separating free carbon from refractory compounds

in order to make a systematic study of the chemical properties of car-
bonaceous materials. These were the removal of the free carbon by
igniting in a muffle furnace at 850°C and "wet" oxidation.

The first method was only possible for the SiC-graphite system.
In the presence of other polyfluoroethylene carbides, even in the
presence of boron dissolved in the silicon carbide, this method is not
sultable. The oxidation of the carbides takes place along with the
burning off of the free carbon and the first process predominates over
the second [6] and the polyfluorethylene is totally burned up before
the carbon at 600-700°C.

Various mixtures were tested in order to select the conditions
for the total oxidation of the given types of carbon: 0 ml H2SOu +
10 ml HNO3 + 5 ml HClOu + 20 ml K20r207; stou + K2Cr207 + HClOu (with
different ratios of the components), stou + HClOu, HClOu + K20r207,

The oxidizing action of the mixtures was checked with various
types of graphite (PROG - 2400, pg-50, AG-1500, etc.), carbon blacks
(gas channel, thermal, PG-33), and cokes (KNPS, cracking, furnace,
aryl tars, ete.). The experiments showed that all the types of carbon
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which were studied are completely oxidized only by mixtures Nos. 5 and
2 (for a 2:2:1 ratio of the components). It was found that the pres-
ence of perchloric acid (mixture No. 2) worsens the oxidizing ability
of the mixture, thereby increasing the time of oxidation. From then on
all of the work was done with mixture No. 5, which consists of concen-
trated sulfuric acid and a 5% aqueous solution of potassium dichromate
in a 1:1 ratio.

TABLE 1

THE EFFECT OF THE BOILING TIME AND SULFURIC ACID CONCENTRA-
TION ON THE REDUCTION OF CHROMIUM FOR BOILING OF THE CHROMIC
MIXTURE (initial volume of 60 ml) WITHOUT REFLUXING.

Volume of Ratio of the components in the Boiling Color of the Amount of
chromic mixture: 5% solution of potas- | time, solution reduced
mixture sium dichromate + 10% sulfuric min. chromium,
after boil- | acid %
ing, ml
Orange
60 i1 0 Orange-red 0.0
51 11 lgg Dark red 25
B o 180 Reddish green -y
0 1:4 = Orange 0.8
31 1:2 Orange-red 3.0
: 80
233 ;_} }ao Reddish green , g:g
30 4:1 180 Green 100,0
Dark green

The mechanism for the oxidation of carbon by the stou + K20r207
mixture is given by the equation

3C + 2K.Cr,0, + 8H,SO, - 2K,SO, + 2Cr, (SO,), + 3CO, + 8H,Q.

In this reaction, clear-cut stoichiometry may be expected under
certain conditions which can be used ta'determine the carbon by deter-
mining one of the forms of the chromium. In many cases this approach
is promising since it allows us to determine the carbon over a wide

range of concentrations. It does not require special apparatuses and
it makes it possible to determine the carbon and to isolate the in-
soluble carblde phase or other inert substance quantitatively at the
same time.
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The method which we developed for determining carbon [4] is
based on this principle. It was found that in oxidizing spectroscopi-
cally pure graphite with a chromic mixture having different volumetric
ratios of the sulfuric acid and the potassium dichromate solutions,
the time required for the complete oxidation of the graphite decreases
with an inciease in the sulfuric acid concentration (Fig. 1). It was
shown that in a blank experiment (a mixture of sulfuric acid and a
solution of potassium dichromate without the graphite) oxidation re-
duction processes take place; the solution's color changes from orange
to dark red and then to green, which indicates that some amount of the
chromium is reduced. The amount of chromium which is reduced depends
on the conditions for the blank experiment as well as on the boiling
time and the sulfuric acid concentration (Table 1). The amount of re-
duced chromium is greater for boiling in an open flask than for boil-
ing the same solutions with refluxing. The effect of the boiling time
and of the concentration of the suvlfuric acid (sp. g. 1.84) on the re-
duction of chromium in the blank run are shown in Fig. 2.
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Fig. 1. Dependence rf the time Fig. 2. Effect of the boiling time
for complete oxidation of the and the composition of the chromic

free carbon on the sulfuric acid mixture on the reduction of chrom-
concentration in the chromic mix- 1lum in a blank experiment:

ture:
lH&m

1) 0.01 g; 2) 0.05 g; 3) 1.0 g. JKF‘#)(IO%K'Q’?'!J&O. X
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It is not recommended that a 10% solution of potassium di-
iﬁionate be used in preparing the oxidizing mixtures, since a large
?lnaunt of the potassium dichromate precipitates out of such solutions
‘upon standing. In mixtures of sulfuric acid (sp. g. 1.84) with a 5%
solution of potassium dichromate 0,002-0.003 g of the chromium are /21
oxidized for a 1:1 ratio of the components and for boiling for 2-3
‘hrs. This equals 0.02-0.3% of the chromium used.

= v %4 o

For prolonged boiling of the solutions (5-11 hrs.) the amount
of chromium reduced increases to 0.,04-0.07 g, which is equal to 5-9%
of the amount used.

TABLE 2
RESULTS OF DETERMINING FREE CARBON BY OXIDATION WITH
DICHROMATE
Amount of t of hexavalent chromium used | Carbon ob- |Absolute | Relative
spectro- in the oxidation of the hite tained, mg |error, error, %
scopically Calculated | Determined |Deviation :;:1thne¥1c ng
z:" graph- from the experiment- |from cal- 10 ::::!‘u_
i B o reaction ally (arith-|culated atices)
metic aver- |value
age from 10
determina-
tions)
B0 29 , 1.6 5.3 0.6
‘ig=z - 518 - 887 iha 102 ~12§ 2.0
87 1181 4 20,4 +04 20
400 2311 231.6 5 40,1 4041 025
W e R S |
1000 5778 579.0 o o2 ax

A mixture containing 20 volume % sulfuric acid oxidizes graphite
too slowly and is not very suitable. The most reasonable mixture is
one with a sulfuric acid to potassium dichromate ratio of 1:1 or 1:12
(potassium dichromate was used in the form of a 5% aqueous solution).
Such mixtures oxidize 1 gram of free carbon in 2-3 hrs. In this period
of time only 0.3% of the chromium is reduced in the blank experiment.
Taking the results of the blank into account, the error due to this
can be excluded or lowered to a minimum.

From here on the free carbon was oxidized with a mixture of

23
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sulfuric acid and 5% solution of potassium dichromate (1:1) in a flask
with refluxing (a blank was run at the same time). The series of ex-
periments on the oxidation of spectroscopically pure graphite (Table 2)
showed a direct proportionality betwcen the carbon which is present and
the amount of chromium which is used to oxidize it. Consequently, the
oxidation-reduction reaction between the carbon and the chromium under
the given conditions takes place stoichiometrically, and the amount of
chromium which is used in the oxidation can be used to calculate the
carbon concentration.

The statistical treatment of the results gave the relative error
for the method which was 4-7% in determining small amounts of carbon

(0.04-0.005 g) and < 3.5% in determining amounts up to 0.1 g.

Method of Analysis

A sample of the material weighing 0.2 g (containing 50% free
carbon) was pulverized to 200 mesh and treated with 50 ml. of a 5%
solution of potassium dichromate, measured accurately with a burette,
and 50 ml. of concentrated sulfuric acid with boiling in a 200-300 ml
tapered flask fitted with a ground glass reflux condenser for 2-3 hrs.
A blank was run at the same time. After dissolution, the flask's con-
tents with the residue are transferred to a 250 ml volumetric flask.

The residue, which is made up of refractory compounds, is re-
moved from the solution by centrifuging, washed with water until a
neutral reaction is reached using methyl red. It is then dried in a
dessicator at 100°C and weighed.

A 0.05 N solution of Mohr's salt is added to an aliquot portion
(25/250 for the sample and 5/250 for the blank) from a burette and the
excess 1is titrated with a 0.05 N solution of potassium permanganate
[2]. The amount of carbon is calculated by using the formula

A - 100
;'t 578 .a '

where x 1s the carbon concentration, %, a is the sample weight in g,

24
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TABLE 3
COMPARATIVE DATA ON THE OXIDIZABILITY OF SOME CARBONACEQUS

"MATERIALS
“Time required
Sample Material for complete
oxidation, min.
PG=-33 2025
bon black A
- thermal ORIGINAL PL‘:‘GB L 20--25
gas channel OF POUR Q 2025
KNPS, not roasted 1020
Coke
cracking 1020
furnace 1020
KNPS = graphitized 160— 180
Graphite
PROG=-2400 180180
Z0PG 160180
PG-50 160180
ARV ! 160-- 180
Natural 160180
AG=1500 i 160180

and 5.78 1s the amount of chromium used to oxidize 1 g of carbon, and /23
A 1s the amount of chromlum used to oxidize the free carbon in the

sample, A = B1 - B, The value of Bl is found in titrating the blank

and B is found from titrating the sample from the formula

a—lc.:\—n-'ri’ﬁ&.o.

where C = V'/V" is the ratio between the solutions of Mohr's salt
(v") and the potassium permanganate (v'), v is the amount of Mohr's
salt (in ml) added to the aliquot, v 1s the amount of potassium per-

manganate (in ml) used in the back titration, b is the dilution.

The data on the oxidation of different types of carbonaceous
materials with a mixture of sulfurie acid and potassium dichromate
are glven 1n Table 3. Since 1t requires 3 hrs. for the complete oxi-
dation of structurally-free graphite -- the most chemically stable of
the carbonaceous materlials -- the oxlidizability of some refractory
compounds was studied under identical conditions (Table 4).



;)lil(alf\;{
F'POO

R QU A-LITY

TABLE 4

Amount of oxidized carbon, %

Sample 5 10 15 20 30 & 1 1nhr 1hr 1hr 2 hr 2 hr 2 hr
Material® min min min min min min hr. 15 min 30 45 15 30
min min min min
anhite 3 : S ? 18‘ -*,
; PROG-2400 a5 : v " .
| (0.02 g) el (o PG, RIS BT T RO BT Y TV n.m .g.« 2. 1
B)C | 802| a2 | 424] 38 | 92 | 7.73] 809| B84 | -~ [ 873 | an | ~ {m
Mixture of th ‘ 4 SR 'kf_ .
(0.08 g) + al :
+C (0.02 g) B} 17,97 | 1957 27.25 u.nl Qop

*¥Sample weight 0.1 g.

As our experiments showed, the oxides (Al2 3 Fe 03, and SiO )
do not dissolve in the chromic mixture, but B203 and P205 dissolve
completely since the elements in these oxides have a higher valence, /24
the chromium is not used in their oxidation. Silicon, silicon car-
bide, tantalum carbide and polyfluorethylene do not dissolve and are
not oxidized by the mixture; consequently, their presence does not in-
terfere with the determination of the free carbon by this method.
Boron carbide behaves differently in the chromic mixture depending on
the method for its preparation and its dispersion. Boron carbide
prepared from PROG-2400 graphite pulverized to 150 mesh was quite
stable to oxidation. The results of determining the amount of free
carbon by the graphic, gravimetric [7], and the present method are
quite similar.

Since the rate of oxidation of the carbon is much greater than
the rate of oxidation of the boron carbide, the given method for phase
separation and determination of free carbon is applicable, particular-
ly for large (over 10%) carbon concentrations.

The given method was checked on synthetic mixtures and on com-
mercial samples. The results are given in Tables 5 and 6.
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TABLE 5

RESULTS OF DETERMINING FREE CARBON IN VARIOUS MATERIALS

Material, g Free carbon found
Silicon carbide Graphite g %
(boron carbide)
% 99,60
i e i i
1,0000 0.0100 © 0,0007 1.06
0,1000 - 0,0110 11,0
0,1000 - 0,0106 10,60
1000 - 00111 11,01
5000 s 0,006 2541
21000 0,0100 0,0207 18,82
0,1000 0,0300 0,0398 36,15
' Polyfluoroethylene
0,9000 — 0 0
0,9000 0.1000 0,0986 ;
10,9200 0,0800 0,0794 ?1.3
CONCLUSIONS
1. The optimum conditions were found for determining carbon /25

by means of the oxidation-reduction reaction with a mixture of potas-
sium dichromate and sulfuric acid.

2.

3.

A method was developed for determining carbon directly from
the oxidation-reduction reaction between the carbon and the chromium
by determining the amount of reduced chromium.

The method is applicable for separating and determining the 2

(o))

free carbon in materials which contain refractory compounds.
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TABLE 6

COMPARATIVE DATA ON DETERMINING THE FREE CARBON
BY DIFFERENT METHODS

[Pree carbon Free Carbon Found, %
concentra= [—mys | Heating in | Gas-
Sample Material specitica- | Dethod st iy & o
ions or by
calculation 850°¢
Silicon' carbide 02 , w s Sz
Artificial mixture A e Gessom B R
silicon carbide- .. e Rt sagindan
graphite M 1013 985 896
Samples of the
SiC-graphite
system
No. 1 o L3 120 =0
No. 2 . 6147 61,10 ' —i
No. 3 = 61,08 6050 5, ————
No. 4 - 67.02 67.7 [ —
No. 5 — 81,44 821 PSP,
Type II boron carbide o 18 10,60 -_ 10,07
Sample from the boron-silicon- 2
carbon system - 63.75 44,820 6262
Polyfluoroethylene2 0 0 S —
Artificial mixture 10 986 & S
polyfluoroethylene-graphite 8 708 25 e
Samples of the polyfluoroethylene-
graphite system
No. 1 50 50,30 — e
No. 2 50 52,10 & o
No. 3 65 66,80 - -

lUsing method based on heating the free carbon in a muffle furnace at

850°C, to analyze samples containing boron. Samples containing boron
cannot be analyzed by the method based on roasting the free carbon in
a muffle furnace at 850°C since the results for free carbon are great-
lowered because of the oxidation of the boron.

2The samples which contain polyfluoroethylene cannot be determined by

the heating and gas volume methods.
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THE STABILITY OF 00!!00!03%0! THE BORON-CARBON SYSTEM
IN OXYQGEN AT HIGH TEMPERATURES

L. Ye, PQohontkovnkaxivand T. N. Nazarchuk®*

Alloys based on boron are widely used because of their many use=-
ful properties. In almost all cases they are used because of their
main property == thelr refractory nature.

The processes for tre high temperature oxidatlion of asuch com=
pounds as the varbldes and nitrides are complicated by the faot that
gasecus products are formed along with the solid oxidation products.
The objJeot of this work was to study the oxldation of alloys of boron
with carbon at various temperaturea.

According to Moiasan's data [7], oxygen does not oxidisze boren
carbide at temperatures up to 500°c and at 1000°C the latter burns in
a stream of oxygen forming 002 and 8203.

Ridgway (8] studied the oxidizabllity of boren carbide s
with time at different temperatures. G. A. Meyerson and G. V. Samsonov
(2] studied the oxidation of boron carbide at various temperatures:
820, 1040 and 1080°C. On the basis of the results on the rate of oxi- /27
dation of boron carblde, an attempt was made to develop a method for
determining the free carbon in 1it,.

A study of the oxidation of boron carbide at various temperatures
in the 600-1300°C range [3) showed that it begins at 700°C. Complete
oxidation is observed at 1200-1300°C. in which case the stability of
the boron carblde to oxidation depends on the carbon that is present
in 1it.

The oxidlizability was studied for alloys of the boron-carbon sy-
stem to determine the effect of the ochemlcal composition on their

*Institute of Material Behavior Problems, AN. Ukr. SSR.

30



~ stability in oxygen. For this study, alloys were used containing vari-
EOul concentrations of carbon and béron. The samples were analyzed for

_ the boric anhydride, free boron and carbon concentrations (Table 1).
?The boric anhydride was not observed in any of the samples.

The oxidation was carried out TABLE 1
‘in a tubular Silit furnace for a CHEMICAL COMPOSITION OF THE
constant flow of oxygen at 500 - SAMPLE ALLOYS, %

'1300°C at flow rates of 200 ml/ c B B
min. The degree of oxidation was MM10¥ No. | “free sotal free
Judged from the amount of carbon P :
7 138 0.7 0
‘and boron oxides in equal periods ; }? ﬁ Not Cfoﬂm £
of time. 3 =3 a3 L
8 2.3 68 R
S+ | ® | B o
As we can see from Figs. 1 8 01 = e,

‘and 2, the oxidation of boron-car-

bor. alloys begins at 500°C. At

this temperature the oxidation can

on.y be observed from the forma-

tion of 8203. The carbon in the

alloy (even for concentrations of 30.1%) is not oxidized at all even
at this temperature. A slight oxidation is observed for the carbon at /28
600°c. Actually, the oxidation of the boron-carbon alloys begins at a
temperature of 700°C. At 700-1200°C, the oxidation of the boron car-
bide, for all boron to carbon ratios, takes place in some fixed period
of time and then it ceases.

A sharp increase in the oxidation is observed at 1200-1300°C,
i.e., at a temperature for which the volatility of 8203ox1de film which
is formed up to 1200°%c protects the boron carblde to some extent from
further oxidation.

Although the oxidation curves for all of the alloys of the boron-
carbon system have a unique character (see Figs. 1 and 2), it is not
difficult to notice the following regularity: As the carbon concentra-
tion in the alloy increases,its stability to oxidation decreases. In
our case, the most stable alloy with respect to oxidation is alloy 1

P a— - I - PRR——— — R e e
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~Fig. 1. Oxidation curves for boron- Fig. 2. Curves for the oxidation
carbon alloys (with respect to car- of boron-carbon alloys (with
bon). Here and in the following respect to boron).
figures, the number on the curve
corresponds to the alloy's number
in Table 1.

(13.9% C) and the least stable is alloy 8 (30.1% C).

The oxidation process for the alloys of the boron-carbon system /29
appears to be the following: At low temperature (400—600°C), the boron
is oxidized, apparently those atoms which occupy the least stable posi-
tions in the lattice. At 600°C the carbon atoms also undergo oxidation.
The percentage of oxidized boron at this temperature greatly exceeds
the percentage of oxidized carbon (Table 2). At 700°C the oxidation of
carbon takes place vigorously. The ratio of the oxidized boron to the
oxidized carbon decreases and at 800°C it becomes stable, becoming al-
most constant (Fig. 3).

We can see from Fig. 3 that the curves 1, 2 and 3 for the alloys
with a more defective structure have a clearly expressed inflection.
The amount of oxidized boron greatly exceeds the amount of oxidized
carbon. The alloys appear to try to give up the "excess" boron, the
C-B-C line of the crystal lattice converts to the C-C-C line for boron
carbide (81203 (-BuC). For samples with a less defective structure,
such an abrupt formation of boron is not observed.
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TABLE 2
OXIDATION OF BORON-CARBON AT VARIOUS TEMPERATURES

Relative Percent Oxidation

Q OO0 OD
9
2 ' it b B i o B
g *ALo1Te ut
QN NRN~
™% Sdlddsne
UOT3BJIFUSDUCY

oR -0 02 WD W 0

KRoTTY e

W0 700 800 a0 100 HOLT

Fig. 3. The ratio of oxidized
boron to oxidized carbon at differ-
ent temperatures.

As we can see from this fig-
ure, the ratioo %%%%%%%g%. becomes con-
stant at 800°C. In this connection,
the question arises of whether all
the alloys of the boron-carbon sy-
stem are oxidized to some given com-
position which is the most stable
composition for this system, or if
there is a most characteristic
structure for each alloy with a

given [B] : [C] ratio.

In order to answer this ques-
tion, boron-carbon alloys were oxi-
dized with oxygen at 600, 800 and
1200°C. Up to the time for which
the oxidation had not as yet ceased

(—i“g =0) . The samples which re-
mained after oxidation were washed
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to remove the boric anhydride, dried, and the bororn and carbon concen-
tration was determined in them. It was assumed that for this treatment
of the alloys, free boron and carbon, which were the main hindrances
in determining the composition for compounds of the boron-carbon system
by chemical means, were oxidized first.

As the data in Table 3 shows, alloys 1 and 2 (containing 13.9
and 15.5% carbon in the initial samples) strive to form the compound
31102' For the oxidation of the alloy containing 17.9% carbon in the
initial sample, a compound is formed with a composition corresponding
to the formula BR.GC'

For the oxidation of alloys containing from 22.3 to 27.9% carbon,
the oxidation product for all the alloys and at all temperatures (after
removal of the 8203) is a compound whose composition corresponds to the
formula B3C. The alloy containing 30.1% carbon forms a compound with
the formula 81205 (Bz.uc).

These studies allow us to prove beyond doubt that the formation
of four individual substances is possible in the boron carbon system.
Their composition corresponds to the formulas 31102’ Bu 6C’ B3C and

These results agree with some literature data. Glasser and
Moskowitz [6] studied boron carbide because of its similarity with the
structure of boron in solutions of various amounts of carbon in a
slightly distorted boron lattice in whose voids there is sufficient
space fcr the placement, at the maximum, of two additional atoms. Such
an explanation was given for the compound 51205 which they also pre-
pared.

Clark and Hoard [5] suggested that there is sufficient space in
the elementary cell of boron carbide so that it could be filled with
two additional boron atoms. The filling of such "holes" with boron
atoms, in their opinion, leads to the formation of boron carbide with
the composition Blu°3 which corresponds to Bu.67°'
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g TABLE 3
i CHANGE IN THE COMPOSITION OF THE ALLOYS IN THE BORON-CARBON
: SYSTEM DURING OXIDATION AT DIFFERENT TEMPERATURES

Composition of the initial Composition of the compound after
sample (before oxidation) removing the oxidation products
g
x .“,. : o e g s
vt 4 |30 s lililE
827 | 139 | BG B | Bl | Balfi] i
824 | 155 | BC BC | B a.c ByC
803 | 179 | BC : = ] BT | BT | B
M 23 | B,C BysC I,.,C B,C ‘;lct‘:
™2 | 8 [BC [ B I MG I BuC | =
‘n3 | wme | BC BC 1BC [BC | BC
683 | 301 | B, C BasC | B, C | B C | BolC

= Kudryavtsev and G. V. Sofronov [1] think that it is possi-
ble to prepare a continuous series of solid solutions of boron carbide
according to the scheme

By « BiGy =BGy = B,

where 81203 has the boron carbide lattice in which the voids (holes)
are vacant, i.e., they are not occupled by either boron or carbon
atoms. 81205 and Bluc3have lattices in whose cavities two additional

atoms and two additional boron atoms are freely situated, respectively.

Thus, the existence of compounds whose compositions correspond
to the formulas Blzcu5 and Bh.6c was confirmed by these authors. The
compound B3C (8120), can be represented as a solid intrusion solution
based on the cell 81203, in which an additional carbon atom is placed.
Proceeding from these concepts, the compound 81102 (BS.SC) can be
thought of as a compound with an already distorted boron carbide lat-
tice. Let us recall that the presence of such a compound with the

arbitrary stoichiometric formula BS 66C was indicated by Allen [4].
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F CONCLUSIONS /32
1. It was shown, as the result of studying the oxidation of al-

loys in the boron-carbon system, that as the carbon concentration in

the alloy increases, the alloy's resistance to oxidation decreases.

2. The oxidation of the alloys begins at 500°c. At 800-1200°c,
the ratio Coxidized = const. | For samples with a defective structure, a
marked ox?datlon of the boron is observed.

3. Each alloy of the boron-carbon system is oxidized to a com-
position which is characterized by a given stoichiometric formula. 1In
this way, the presence of four compounds was established for the boron-
carbon system. These have the arbitrary stoichiometric formula:
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~ SOME OF THE CHEMICAL PROPERTIES OF BORON CARBONITRIDE

L. E. Pechentkovskaya and T. N. Nazarchuk®*

Refractory compounds have recently occupied a strong position
in science and technology. One of these is boron carbonitride, which
is a refractory substance stable to thc action of various reagents.
It is relatively new and has not beenlstudied to any great extent.

3 In this work, some of the chemical properties of boron carboni-
- tride were studied, particularly its reaction with calcium oxide and

barium carbonate in a stream of oxygen and carbon dioxide as well as

its reaction with carbon dioxide.

THE REACTION OF BORON CARBONITRIDE WITH /33
CALCIUM OXIDE AND BARIUM CARBONATE IN A
STREAM OF OXYGEN

Boron carbonitrides with the following compositions were used:

THNC N 1 —635% — B, 124% —C. 23.7% ~N°
 BNCN 2SN B SIN-C 3N <N
BNC M 3 —48,3% — Bl  5a% —C 308 =N

The finely ground powder of the boron carbonitride was mixed in
a porcelain combustion boat with calcium oxide which had been dried at
120°C in a 1 : 4 ratio. The boat was set in a tubular furnace to
which an oxygen source was connected, and the cold furnace was blown
out with oxygen for cne hour. The furnace was switched on and the
temperature was raised to 900°C while oxygen wes passed through for
1.5 hours. The gaseous reaction products were ... lected.

At the end of the experiment, the gas mixture was analyzed on
the VI'I-2 apparatus. The sintered mass was dissolved in water by

#Institute of Material Behavior Pro-lems AN Ukr. SSR
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boiling. The insoluble residue was filtered off. The boron concen-
tration in the water extract was determined by titration with alkali in
in the presence of mannite using phenolphthalein and calcium oxalate
method. The oxygen was determined by calculation. The analysis showed
that calcium polyborate with the composition CaBZOu goes into the
aqueous extraction.

Experiments analogous to the foregoing were carried out to deter-
mine the composition of the insoluble compounds; however, the ratio of
the boron carbonitride to the calcium oxide in the roasting was 4 : 1.
The resulting cake was boiled for about 1 hcur in water and the in-
soluble residue was filuered off and treated with 5% hydrochloric acid
with boiling and the calcium and boron were determined (Table 1).

Consequently, judging from the analysis, a calcium borate having
the composition CaB407, which is insoluble in water, is also formed.
The results of the gas analysis showed that the gaseous reaction prod-
ucts are carbon dioxide and nitrogen.

Summing up the foregoing, the reaction between the boron carboni-
tride and the calcium oxide in the stream of oxygen can be represented
in the following way:

BNC + Cao + 02 - CaB,O, + CaB,O‘ + N’ +m’-

Analogous experiments were made to explain the reactions for the
roasting of boron carbonitride with barium carbonate. One gram of the
boron carbonitride and 1 g of barium carbonate were mixed in a porcel-
ain combustion boat and roasted for 3 hours in a flow of oxygen at 800-
850°C. The sintered mass was dissolved in water with boiling. The
boron and barium concentrations were determined in the water extract
by precipitation in the form of the sulfate). The results of these
studies are given in Table 2.

Thus, the polyborate with the composition Ba2B205 was formed
from the roasting of boron carbonitride with barium carbonate in a

stream of oxygen.
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TABLE 1

Found Ca‘: Found 65; Concentration Calculated
No. BNC 3+ g-ions (calculated) g- formula
i ions
ions
P 2.78.10~ 07.10- 49,10 CBO,
3 141 107 0,35 10~} 2.3.10=} CaB,0,
5 276107 0710 49:107 CaB0;

In addition to oxygen, nitrogen and carbon dioxide

the gas phase.

BNC + BaC0, + O, - Ba,B,O, + N, + CO,.

were found in

Therefore, the reaction can be expressed as:

It should be noted that boron carbonitride does not sinter com-

pletely with the barium carbonate.

This, apparently, is due to the

fact that at the given temperature a fused bead is formed from the re-

action of the barium carbonate and the boron carbonitride.

ability of the oxygen ceases and the reaction stops.
recommended that a mixture of barium carbonate and calcoium oxide be
used in the sintering of the boron carbonitride in which the calcium

The avail-

Therefore, it is

oxide acts as a loosening agent.
TABLE 2

BNGC B3* Found Ba®t Found |0°” Concentra=- | Calculated

g-ions g-ions tion (calcu- formula

lated) g-ions

Nt 511070 2.7.10~ 72.2.107 BayB,0y
Nl 56- 10 5110 13510 Ba, B0,
N2 58.10° 55.10 14.2.10 Ba,B,0,
N2 29.10~ 2.9.10°° 73.10™ Ba,B,0,
N3 o 2.1 L0 29.10* Ba,B,0,
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REACTION OF BORON CARBONITRIDE WITH CALCIUM OXIDE
IN A STREAM OF CARBON DIOXIDE

Finely ground powder of boron carbonitride was mixed in a
precelain combustion boat with calcium oxide, which had been dried at
120°c. in a ratio of 4 : 1. This was placed in a porcelain tube and
the carbon dioxide source was switched on. The flow of carbon dioxide
was continued for half an hour and then the temperature was raised to
900°C and the flow of carbon dioxide was continued for two hours. The
gaseous reaction products were collected. The sintered mass which 1is
formed was dissolved in water by boiling for one hour. The insoluble
residue was treated with 5% hydrochloric acid. The barium and calcium
concentrations were determined in the water and acid extract. The re-
sults are given in Table 3 for the acld extract.

TABLE 3

BNC 53+ Found Ca2+ Found | Concentration of |Calculated

g-ions g-1ions 02'(calcu1ated) formula

g-ions

» 1 o710 0710 49-10 GBO;
N1 30.10~ 0.m2.10=" ! 5.0, a3 (o) K
N2 1.42.107° 03610 2510 CaBOy
N2 24610~ 0,63.10~2 410! - CaBOy

Thus, the product of the reaction between boron carbonitride and
calcium oxide and carbon diloxide 1is a polyborate having the composition

The analysis of the aqueous extract showed that the boron concen-
tration in all cases is much higher than would be expected from the re-
action (Table 4), which may be explained by the oxidation of the boron
carbonitride by the carbon dioxide.

The following experiments were made to explain the nature of the
reaction between boron carbonitride and carbon dioxide. Samples of
boron carbonitride welghing 0.2 g were kept in a stream of carbon diox-
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ide for 15 min. at various tempera--

TABLE 4

tures and then they were treated
by boiling water for 1 hr., fil-

tering the sample and determining
the boric anhydride in the fil- Nl
trate. As we can see from Fig. 1, W!

§§+ Found Ca2+ Found | B : Ca
BNC g-ions g-ions Ratio
7.3.10° 121070 60 /36
71107 0.7-107% fLLES
Nl 40.107° 0.8.10~ - 50

the oxidation of the boron car-
bonitride sets in at 700°C and in-
creases sharply with an increase
in temperature.

The analysis of the gaseous products from the reaction of boron
carbonitride and carbon dioxide showed that the mixture contains ni-
trogen and significant amounts of carbon monoxide in addition to the
carbon dioxide. Obviously, the following reaction takes place be-
tween the boron carbonitride and carbon dioxide:

BNC+C0,->B,O,+C()+N,.

In addition, the sintered
mass which 1s found in the combus-
tion boat is covered with a black
layer of free carbon whose presence
i1s confirmed by burning the in-
soluble residue in a stream of oxy-
gen at 600°C. If the same weight
of the boron carbonitride is burned

without preliminary treatment with Fig. 1.

e N
40 l[
30 ; ;
o} /

| |
10 | 14/ |

04 3
500 700 a0 1100 G

Oxidation of boron carboni-

carbon dioxide, the free carbon is tride in a stream of carbon dioxide

hardly observed at all (Table 5).

at different temperatures.

In summing up the foregoing, the reaction between the boron car-
bonitride, calcium oxide and carbon dioxide can be represented in the

following way:

BNC -+ Ca0 + CO, - CaB,0, + C + CO + N,.
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e Sample Coree COn-
welght centration,
g
No. 1
(after the reaction with CO,) 2100 05110
No. 2 :
(after the reaction with COZ) 0,2011 1,46.10~2
No. 1 0.2006 003107

CONCLUSIONS

As a result of studying the reaction of boron carbonitride with
calcium oxide and barium carbonate in a stream of oxygen and carbon

dioxide at 800-900°C, it was found that:

1) boron carbonitride reacts with calcium oxide in a stream of

oxygen according to the scheme:
- BNC +Ca0 40, -+ CaB,0, -+ CaBy0, + Ny + Q0.
2) the reaction of boron carbonitride with barium carbonate

takes place in a stream of oxygen in the following way:

BNC + BaCO, + O, - Ba;B,0, + N, +(0;;

3) at high temperatures, boron carbonitride is oxidized in a

stream of carbon diloxide;

4) the reaction of boron carbonitride with calcium oxide in a

stream of carbon dioxide 1s as follows:

BNC + Ca0 + €O, - CaB,0, + C + CO + N,

42
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Concentrated sulfuric acid decomposes all of the carbides at
200-300°C. The zirconium and hafnium carbides decompose at 200-230°c.
The zirconium and hafnium carbides decompose at 200-230°C with the
formation of amorphous carbon and methane as the main gaseous product
(50-70 volume %). The titanium, vanadium, niobium and tantalum car-
bides decompose at 250-300°C with the formation of amorphous carbon.
The gaseous products contain hydrogen, carbon monoxide and carbon
dioxide. Nitric acid, being a strong oxidizing agent, decomposes
titanium, niobium, zirconium, and vanadium carbides with the formation
of carbon dioxide. The niobium and tantalum carbides are decomposed
by nitric acid in the presence of ammonium fluoride.

The results of studying the composition of the gaseous decom-
position products formed from the carbides with phosphoric and
sulfuric acid confirm the data on the chemical stability and lead to
the conclusion that the zirconium and hafnium carbides have a large
amount of ionic Me-~C bond.
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OXIDATION OF THE PHOSPHIDES OF BORON, GALLIUM,
AND INDIUM IN AIR

L. L. Vereykina®

Recently the behavior of phosphides in various gas media and
their stability to the oxygen in the air has become of great interest
in connection with the development of methods for producing single
crystals of compounds of the A“B' type using gas transport reactions
[5] in which the starting material is often powdered phosphide.

Information on the stability of the boron, gallium and indium
phosphides available in the literature is very limited. I. Yu.
Andreyeva and G. V. Yefremov [1] have indicated that in the presence
of small amounts of oxygen, the phosphate BPO“ is formed in the
chlorination and nitriding of boron phosphide. G. A. Goryunova [2]
has published data on the initial temperature for the oxidation of the
gallium and indium phosphides. It was shown that gallium phosphide
starts to be oxidized at about 875° and indium phosphide at 500°C.

However, no quantitative data are given on the oxidation of the phos- /38

phides either in the powdered or compact state.

The oxidation of boron, gallium and indium phosphides (sample
weight 0.5 g) by oxygen was studied first for a preliminary evaluation
of the oxidation of phosphides. The oxygen from a tank was passed
through a drying system and then supplied to the reactor. As the fur-
nace was heated, the combustion boat containing the sample was outside
the heating zone and, after the required temperature was reached, it
was placed inside the furnace and the time of the experiment was
counted from this point. The flow rate for the oxygen was kept equal
to 0.1 1./min. and it was controlled with a U-shaped liquid rheometer.
Sixty milliliters of 0.2N NaOH + 1 ml 0.1 N KMnOu in two-three capil-
lary absorption columns was used for the absorption. Such a set-up
for the absorption column allowed the flow of gases from the system to
be divided evenly. The solutions in the absorption columns were

*Institute of Material Behavior Problems, AN Ukr. SSR
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ORIGINAL PAG! ..

OF POOR QUALITY
analyzed for the phosphorus and
concentration in them. The resi-
due after oxidation was analyzed
for the phosphorus and metal con-
tent. It was found to consist of
metal phosphates. The weight de-
pended greatly on the surface of
the combustion boat. Therefore,

it was necessary to use a constant
sample weight and the same cruci-
ble surface.

i e N
o &

Fig. 1. Scheme of the apparatus
for oxidizing the phosphides in air: The absence of gaseous oxi-
1) marble slab; 2) support; dation products for the phosphides

3) thermo-balances; 4) platinum at 600-900° and the formation of

filament; 5) container with the
aasple; 6) slab; 7) vertical muffle ©°B€ phosphates meant that the
furnace; 8) slab, water-cooled; gravimetric method could be used

9) guide tube; 10) thermo-couple; 5
11) EPD-52 potentiometer. to study the oxidation [3-4].

Weighed samples of boron phosphide (0.2 g) and gallium and indium
phosphides (0.3 g) were placed in a quartz crucible 5 15 mm high with
a 12 mm diameter which was suspended in a vertical muffle furnace 7 on
a platinum filament 4 set in a guide tube 9 and connected with thermo-
balances 3 (Fig. 1).

The change in the sample's weight was noted over fixed periods of
time without removing it from the heating zone. The sample was oxi-
dized to a constant weight, which indicated that the oxidation of the
sample was complete for the given temperature. After the experiment
was finished, the sample was removed from the heating zone and the re- /39
action products were carefully separated from the remaining phosphides
and checked by chemical and x-ray analysis. The data for the oxidation
of the boron, gallium and indium phosphides in air are given in Tables
1l and 2 and shown graphically in Figs.'2—5.
The results showed that the microcrystalline boron phosphide is /40
stable to oxidation up to 600°C, gallium phosphide is stable to 7000
and indium phosphide to 700°C. It should be noted that enlargement of
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TABLE 1
RESULTS OF THE OXIDATION OF BORON, GALLIUM AND INDIUM PHOS=-
PHIDES IN AIR (Y = AQ/V, g/cm3, where AQ is the change in
weight in g and V is the volume of the phosphilde, cm3, T is
the oxidation time in min.)

Phosphide | Temperature, Oxidation Equation Remarks
°c
» _ Particle size -
-“c.
2 :: M 03100 2-3 u
. 800 ¥ 360070 T
800 et B Particle size -
700 -V"rnz.'r-lo"‘ -3
G 750 Vi = 363.10°7 ¢ 7 ¥
800 ¥ 21070 Time period -
900 Y3007t 0-14 min.
950 Yar7l107?s
- v o 101074t Particle size -
P 800 V8781078 7-10 u
850 v L 587.10-5 ¥ Time period -
900 Yadl.0072 e
0-36 min.
TABLE 2
RESULTS OF THE ANALYSIS OF THE PHOSPHATES
AND THE VALUES OF THE ACTIVATION ENERGY
FOR THE PHOSPHATE-FORMATION PROCESS
Composition, weight % Lattice Parameters Activation
Energy,
Phosphate F Me cal/mole
BPO, 29,7 10,6 a= 433 cm 634 M 500
CaPO, 18,2 434 a == 4,92, c = 6,87 24750
PO, 2.3 8.2 - 31700

the phosphide particles results in a greater stability towards oxida-
tion, which means that the boron, gallium and indium phosphides can be
considered as valuable semiconducting materials.
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Fig; 2. Oxidation isotherms for Fig. 3. Results of the oxidation
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Fig. 4. 1Isotherms for the oxida- Fig. 5. Isotherms for the oxida-
tion of gallium phosphide in air. tion of indium phosphide in air.

The kinetic curves obey a parabolic rule Y? = Kt for the oxida-
tion of the phosphides in the following temperature ranges: 600-900o
for boron phosphide, 700-850° for gallium phosphide, and 700-850o for
indium phosphide.

Because of the intensive reaction at 900 and 950°C for gallium
and indium phosphide, respectively, the process for the formation of
the reaction products is given by a linear relationship. The rate of
the consecutive stages of the process are controlled by the diffusion
of the reaction components through a layer of the phosphates which are
formed. The chemical and x-ray methods showed that the final products
of the oxidation reaction are the phosphates.

Since the oxidation of the boron, gallium and indium phosphide

was studied on powdered samples, the results cannot be reduced to
rigorous quantitative relationships and the given equations are

L
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empirical. The fact that in the
majority of cases the quadratic
parabolic oxidation rule, which is
characteristic for compact materi-
als and alloys, is not obeyed is
also explained by this. However,

Fig. 6. The temperature dependence the data allow us to evaluate the
of the rate constant for the oxida-

tion of boron phosphide (1), gal- onset of oxidation for the phos-
lium (2), and indium phosphide (3) phides and determine the final

in air. products. The results can be used
to determine the possibility of producing these phosphides by tangen-
tial methods and in developing methods for the chemical analysis of
these compounds and their alloys.

CONCLUSIONS

1. Microcrystalline boron phosphide is stable towards oxidation
at temperatures up to 600°C. Gallium and indium phosphide are stable
up to 700°C.

2. The kinetic curves for the oxidation of the phosphides obey
a parabolic law for temperatures of 600-900°C for boron phosphide, 700-
900°C for gallium phosphide, and 700-850°C for indium phosphide.

3. Chemical and x-ray analysis showed that the final oxidation
products are the phosphates.

REFERENCES

1. Andreeva, I. Yu. and Yefremov, G. V., Vestnik LGU, Ser. fiz i khim.,
1964, 10, 130.

2. Goryunova, G. A., Khimiya almazgpodobnykh4poluprovodn1kov ("Chemis-
try of Diamond-Like Semiconductors"), lzd-vo LGU, L., 1963.

3. Kubashevskii, 0., and Gopkins (Hopkins), B., Okisleniye metallov i
splavov (Russian translation) ("Oxidation of Metals and Alloys"),
1L, M., 1955.

48

e e T P MUnmr Gy Ta s =7 | GNems [oee G s BEr =T B LS s ety Sl St atews o




4, Frantsevich, I. N., Voytovich, R, F., and Lavrenko, V, N.,
raturnoye okisleniye metallov i spalavov ("High-

emp
K., 1963.

5. Shefer, G., Khimicheskiye t gaaotranaportn*e reaktsii("Chemical
Gas Transport Reactlons"), rr, N, .




Ses iR ial BE Sl G EIGE L IR SE M

RESISTANCE OF REFRACTORY MATERIALS OF SILICON NITRIDE-
SILICON CARBIDE TO HIGH TEMPERATURE OXIDATION

I. N. Godovannaya and 0. I. Popova®

Silicon nitride and carbide are promising materials for refrac-
tories. They have a good resistance to the action of mineral acids
and bases, a high melting point, and high thermal stability [1].

The resistance of refractory materials based on silicon carbide

and nitride to oxidation was studied for different ratios of the com-

ponentsl.

The sample (0.5 g) was evenly distributed in a combustion boat
and placed in the porcelain tube of a Mars furnace. The furnace tem-
perature was rigorously concrolled with a thermocouple. The flow rate
of the oxygen was constant in all of the experiments. The oxygen flow

was passed through the rgaction zone for a fixed period of time and the
amount of oxid!r-ed carbon was determined by the absorption-gas exchange
method [1]. The amount of oxidized carbon was determined from the
formula :
~ (® - Ca. ) + 100 =
Coxidized = t?tal Lpes i3
“bound 5
where meal is the amount of oxygen burned off in the given time period '
in %, Cone 18 the amount of free carbon in the sample in %, ana " J T,

is the amount of carbon bound in the form of SiC in %.
The initial silicon carbide and silicon nitride was oxidized in
addition to the samples containing silicon carbide and nitride (Table

2)s

It follows from the data shown in Figs. 1-6 that at 1000°¢C all

¥Institute of Material Behavior Problems, AN UKr., SSR
1The samples were prepared in the Section on Refractory Compounds, In-
stitute of Material Behavior Prohlems, AN UKr SSR by V. K. Kazakovyi.
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Fig. 1. Oxidation of the initial
silicon carblde as a function of
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Fig. 3. Dependence of the degree
of oxidation on time over a range
of temperatures for alloy No. 2
which contains 15.2% silicon car-
bide and 84.8% silicon nitride.
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Fig. 2. Dependence of the degree
of oxidation on time for different
temperatures for the alloy No. 1
which contains 10.4% silicon car-
bide and 89.6% silicon nitride.
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Fig. 4. Dependence of the degree
of oxidation on time at various
temperatures for alloy No. 3 which

contains 32.4% silicon carbide and
67.6% silicon nitride.

of the samples are slightly oxidized (the straight line is parallel to

the abscissa).

At higher temperatures the degree of oxidation in-

creases with time although the oxide film still protects both the al-
loys and the initial silicon carbide.
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Mg. 5. Dependence of the degree
of oxldation on time for various
temperatures for alloy No. ¥ con-
taining 40.3% silicon carblde and
59.7% silicon nitride.

; SN N, If we compare these data

Fig. 6. Dependence of the oxida- with the data on the oxldation of

tion of the silicon nitride on the the initial silicon carbide, it ap-
:3?2:3%211’02 gggiggré?u; ;impera* pears that the oxldisabllity of the

silicon carblde lnereases somewhat
in the alloys which contain silicon nitride.

The greatest difference in the oxidation of the alloys and of the
initlal products 1is found at 1400°C and for a ratio of the components

of 813N“ t 1.8 Si1C. It is apparent that at this ratio compounds are
formed with a maximum instablility to oxidation.

Thus, the stablility of the refractory alloys which consist of
silicon carbide and silicon nitride towards oxidation decreases some=
what as compared with the initilal silicon carblde and nitride.
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METHODS OF PREPARATION AND THE CHEMICAL STABILITY
OF THE HYDRIDES OF THE GROUP IV AND V
TRANEITION METALS

M. M. Antonova®

In terms of their bonds and physical and chemical properties,
the hydrides of the Group IV and V transition metals belong to the
group of "metallic" hydrides; however, there are almost no precise
data on the relative properties of the hydrides in the literature.
Their study was hindered by their thermal instability, the unique ab-
sorption of hydrogen and the lack of methods for producing the hydrides
in compact state. Recently the experimental difficulties that were
encountered in studying the hydrides have been overcome to a large ex-
tent, which has resulted in the appearance of a large number of ex-
perimental and theoretical studies of the transition metal hydrides.

The transition metal hydrides can be produced in the form of
powders by three rather simple methods. The first i1s the direct reac-
tion of the metal with gaseous hydrogen. In this, metals and hydrogen
with a high degree of purity are used. The hydrogen 1s most often
produced by the decomposition of the titanium, zirconium and uranium
hydrides [7]. The conditions for producing the transition metal hy-
drides are given in Table 1.

In the hydrogenation of the compact metal, a product is obtained
in the form of fine pleces of the hydride which are readily crushed
into a powder. The specific volume of the hydride increases by 15-25% 46

as compared with the starting metal. The resulting hydride is slightly
duller than the starting metal.

The second widely used method for producing the transition metal
hydrides is the reduction of the oxides of the refractory metals by
hydrides and metals. Calcium hydride CaH2 is used most often for this

¥Institute of Material Behavior Problems, AN, UKr SSR
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TABLE 1
CONDITIONS FOR PRODUCING THE GROUP IV AND V HYDRIDES (2)

Hydrogenation Hydrogenation Chemical composition
Hydride Temperature, Time, min. of the hydride, wt.¥
% Metal Hydrogen
0 | o® o | 4o
Sg:; 600 ‘| 30 97,86 24
HiH, 800 30 98,90 1,10
N, 800 120 98,25 175
 NbH 800 | 12 %4t | 106
Tally 800 60 99,12 0,38

purpose [5,6]. The oxides are loaded layer-wise with the calcium hy-
dride into an iron shell and then placed in a furnace where the re-
duction takes place in a hydrogen atmosphere.

The temperature of the production process fluctuates in the 900-
1100°¢ range. The resulting hydride is washed with a weak solution
of HC1l to remove the calcium oxide mixed with it. The dihydrates of
titanium and zirconium and the monohydrates of vanadium, niobium and
tantalum are produced in this way. The first two methods have been
developed quite well for producing the hydrides commercially.

The third method for producing the hydrides from solutions is as
yet not developed well enough. It consists either of treating the
metal powder with acids (hydrofluoric, hydrochloric) [9,11] or a reac-
tion of phenylmagnesium bromide with the metal chlorides in an ether
solution [1]. In the first case, a mixture of crystals of the hydride
and of the metal deposits out which is almost impossible to separate
because of the lack of information on the hydrides. The size of the
crystals depends on the concentration of the acid that is used. The
hydrides produced from the phenylmagnesium bromide have not as yet
been isolated in the free state from the etherate state. In trying to
remove the ether, the hydrides are decomposed into the metal and hydro-
gen. Therefore, the method for producing the hydrides from solutions
needs a great deal of refinement to be used on a wide scale.
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TABLE 2
COMPOSITION OF THE HYDRIDES USED TO STUDY THE CHEMICAL PROPERTIES

Composition of the
Hydride hydride by chemical ! Particle size
analysis, wt.% of the powder
Metal Hydrogen
- TiH, 5 96.7 3,03 15
- ZH, 97,51 | 200 56
(N 98,70 | 1.06 10—15

Compact samples of titanium and zirconium hydride were first
produced just recently [3,12] by means of reaction sintering. The
method is only applicable for the exothermal reactions and it consists
of the following. During the hydrogenation reaction, which 1is carried
out at the temperature for the maximum absorption of hydrogen, a large
amount of heat is evolved which heats the metal being hydrogenated to
900-1000°C, causing its plasticity to increase, and it becomes sintered
because of the heat of reaction, with simultaneous hydrogenation. The
resulting hydrides have a density up to 80% of the theoretically cal-
culated value and, upon breaking, it has the appearance of a solid AXA
metal with a clearly expressed metallic sheen.

The chemical composition of the transition metal hydrides has
not been studied at all (if we do not consider the brief qualitative
description given by Herd [8]). Therefore, studies were initiated on
determining the chemical properties of the hydrides, particularly the
oxidation of the hydrides in a stream of oxygen and the chemical sta-
bility is some widely used reagents. The data given here refer to
some of the studies of the powdered transition metal hydrides. The
hydrides that were used were prepared by the direct reaction of the
powdered metals with hydrogen. The composition of the hydrides is
given in Table 2.

The rate of oxidation of the titanium, zirconium and niobium
hydrides was studied by burning a sample of the hydride weighing about
l g In a stream of oxygen in a quartz reactor placed in a resistance
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Fig. 1. Kinetic curves for the Fig. 2. Kinetic curves for the
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1) at 400°C; 2) at 500°C; 3) 550°C; 1) at 400°C; 2) 4500C; 3) 4700C;
4) 600°C; 5) 700°C. 4) 5000C.

furnace, and determining the amount of water vapor formed in the oxi-
dation gravimetrically and weighing the sample before and after the
experiment. The degree of oxidation of the hydride was determined
both from the amount of water vapors that were collected and from the
increase in weight for the oxidized hydride. The hydride powders were
oxidized for two hours at 300-700°C. In order to get comparable re-
sults, it was assumed that combustion was 100% for all three hydrides /48
in calculating the amount of oxidized hydrogen and the total hydrogen
concentration in the initial hydride. The results of the oxidation
are shown in Figs. 1-3. The rule for the oxidation was determined
from the shape of the resulting oxidation curves and the temperature
dependence was calculated for the oxidation constant.

The experimental results show that the oxidation of the titanium
hydride begins at 500-550°C, for zirconium hydride it begins at 450-
470°C, and at 300-350°C for niobium hydride. An analysis of the
kinetic curves for the oxidation of the hydrides shows that the oxi-
dation rule changes as the oxide film grows. The formation of each
oxide has its own oxidation rule. As the oxide is converted to the
higher oxide, the oxidation rule acquires the shape of a quadratic
parabola, indicating that the oxidation is controlled by the diffusion
of the oxygen through the film of the higher oxide. The kinetic curves
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for the oxidation of the hydrides,
calculated from the weight of en-
trapped water vapor and the in-
| crease in weight, differ quantita-
tively and qualitatively from one
another. It may be assumed that
the oxidation of the hydrogen pre-
. ' cedes its decomposition with the
2 o subsequent separate oxidation of
£ o ) m‘, metal and of the hydrogen which is
Time, min evolved. This assumption is con-
Fig. 3. Kinetic curves for the firmed tangentially by the data on

;xidationoof “1°b1“§ hydriie:o the dissociation of these hydrides
J &% Y00 C; 2) 350°C; 3) 800°0; |, o vacuum [4].

4) 500°¢C.

Oxidation of the hydride, 3

R o

The stability of these hydrides in different media was studied
at room temperature and with boiling. In studying the stability of
the hydrides at room temperature, a sample of the hydride weighing
0.2 g was placed in a beaker and 100 ml of the reagent was added and
kept for eight hours with periodic stirring. In studying the stabil-
ity with boiling, the sample was placed in a tapered flask connected
to a reflux condensor by a ground glass joint and the mixture was
boiled for eight hours. The insoluble residue was filtered off on a
No. 4 Schott filter and the percent of undissolved metal was deter-
mined from the welight loss. The metal which is dissolved was deter-
mined by the cupferron method (Table 3).

The zirconium hydride is completely decomposed by concentrated
sulfuric acid and by hydrofluorid acids of all concentrations with
the vigorous evolution of fine bubbles of hydrogen. The reaction is
less vigorous with orthophosphoric acid and only takes place with
boiling, in which case the evolution of hydrogen cannot be observed /49
visually. The zirconium hydride dissolves in the rest of the mineral
acids only slightly. Upon dissolving, the hydride zirconium salts of
the corresponding acids are formed. No hydrolysis of the salts was
observed upon diluting the acids. The zirconium hydride dissolves
completely only in mixtures with hydrofluoric acid.
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TABLE 3
STABILITY OF ZIRCONIUM HYDRIDE IN CHEMICAL SOLUTIONS
Tempera- | Dissolved Metal in
Medium ture, Residue, material, solution,
oC % %
gg 100 100 -l ¥
Concentrated 108 96,4 3.60 3,60
HCI (1:1) 108 9.4 4,60 4,50
HNO. Concentratea 16 78 .o o
HNO. (1:1) 110 97.8 2,20 2,20
H150¢ Concentra.ted 280 = ioo o,
T e 136 68,95 31,05 | 3098
H'-‘ (':oncentreted 25 — 100 100
H;POy Concentrated 5 £y - =
Hﬁ)bm-{.) 100 99,35 0,65 0,65
25 100 - 0,37
NaOH (10%) 110 1022 - 30,7
KOH (10%) 105 100,8 - 3,05
-éceticiacic:ila lg }g = Lt
%ﬁgg 3y 100 | 9372 68| 67
: | g
Acetone o -
25 100 25 <
g}\?}i“ﬁ)l’c‘?l}gll 100 85.8 N2 | s
HNO! & H:(S)?‘(l‘l)) 100 -| 977 '3 3,10

As a rule, an increase is found in the residue for the dissolu-
tion of zirconium hydride in alkalis, as compared with its initial
weight, and significant amounts of zirconium are observed in the solu-
tion. This may be explained by the formation of zirconates whose
solubility depends greatly on the medium's acidity and therefore part
of the zirconium goes into solution and the weight of the residue in-
creases because of the formation of an insoluble salt. The external /50
appearance of the powder does not change in its reaction with the
alkali.

Zirconium hydride does not dissolve to any great extent in
organic acids and solvents. A conversion of the zirconium into solu-
tion is only found in oxalic acid (Table 4).

Titanium hydride is readily soluble in hydrochloric, sulfuric
and hydrofluoric acids of all concentrations, even in the cold. The
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TABLE 4
STABILITY OF TITANIUM HYDRIDE IN CHEMICAL SOLUTIONS

Tempera- ' Residue, Dissolved Metal in
Ssdtivn ture, % material, solution,
¢ % %
! 100 | 100 - i
w?oncentuted 10 .} — 100 100
HNO, _ Concentrated % I = 0o
‘HSO, Concentrated a = 5 e
ll-‘lfo (:n ‘ 120 — 100 100
Concentrated 25 - | 100 100
| HyPO; Concentrated 13 o | lgg i '3 -

- P 1 " .
%S?h"J’ 100 | 1085 | = 0.4
K (1000) 100 112,2 = s
‘NaOH (10%) 100 11,8 = 438
Tartaric agid 100 100 ; == i
Acetic “id :% log'58 | - =

ic ac 25 100 ! a i

3‘{'“ th % | 1o 'i e =

hxffge.ane 25 - ' 100 100

H,so. 4 HNO, (1:1) 100 - i 100 100
|

dissolution is greatly accelerated for boiling. Titanium hydride also
dissolves completely in orthophosphoric acid. The dissolution in con-
centrated sulfuric acid takes place very unusually: first there is a
vigorous reaction with the evolution of a gas and the formation of a
white, powdered, very fine precipitate which, upon further boiling in
sulfuric acid, dissolves completely to form a colorless, transparent
solution. This kind of dissolution i1s also observed in a mixture of
sulfuric acid and nitric acid. It may be assumed that in this case,
TiO2 (or TiSOu)z) is formed, which then dissolves with the formation
of titanylsulfate TiOSOu, which exists in acid solutions. In order to
explain the composition of the white precipitate, an attempt was made
to separate it from the solution, which was not found possible. After
filtering the precipitate on a Schott filter and washing it with hot
distilled water, the precipitate dissolved completely in the water.
This allows us to exclude TiO2 as the material, and leads to the con-
clusion that in the initial period of dissolving titanium hydride in
concentrated sulfuric acid, Ti(SOu)z, which has a limited solubility,
is formed which, upon further boiling, is converted into the readily
soluble titanyl sulfate TiOSOu.
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TABLE 5
STABILITY OF NIOBIUM HYDRIDE IN CHEMICAL SOLUTIONS

Tempera- Residue, Dissolved [ Metal in
Medium ture, % material, ' solution,
¢ % %
“Qc -, i | "o | %9 | s
. | ¥
. °'§°'nt" " ‘ 108 9%.8 | 32 2.96
H C% Concentrated i s ox .
H % =2 100 98,8 | 1.2 1,32
-50. oncentrated | & £ 5 e
ggxy 11 136 43.35 56.65 | 571
l ¢
-Poc Concentrated 00 S8 | aist e
PFP% T % 1 =2 o, | 100
°°°Qn e 100 27.8 722 85.0
uxnluo%) 100 197.5 - 10.2
, HO, (33%) 100 929 7l 7.15
'Ra.rfﬁr cid 100 96.8 3.2 328
agtis 10 | ‘s % | ms
A alic ac gg =gg - —
%ﬁgroethme 25 100 — =

A colorless solution is formed in sulfuric and orthophosphoric
acids indicating the presence of the tetravalent TilN ion. 1In all of
the rest of the inorganic acids and their mixtures, trivalent titanium
is formed in solution (violet solution). Among the organic acids and
solvents that were studied, only oxalic acid dissolves titanium hydride
in any quantity.

The character of the dissolution of titanium hydride in alkalis
is the same as that for zirconium hydride. 1In this case, titanates
are formed which are not very soluble. They precipitate out and form /52
a mixture with the initial powdered hydride.

Niobium hydride has a lower solubility in acids than the hy-
drides of titanium and zirconium. Even in concentrated sulfuric acid,
it only dissolves by boiling for 1.5 hrs. This indicates that in solu- _
tion niobium has a more amphoteric nature and has a greater tendency }
to form salts with the alkalies. The hydride dissolves completely in
sodium hydroxide solutions; however, the resulting salt hydrolyzes
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upon dilution of the solution to form a white, fine-crystal precipi-

tate of the hydroxide which is not readily soluble in either acids or
alkalis. The niobium hydride behaves in the same way as the hydrides
of titanium and zirconium with respect to organic acids.

As a result of these studies on the stability of the titanium,
zirconium and niobium hydrides to chemical reagents, we can see that
their stability is identical with the .stability of the initial metals
which, however, can only be stated qualitatively since there 1is no
experimental information on the stability of the metal powders under
these conditions.

Specifically, this study showed that the dissolution of the hy-
drides in chemical reagents cannot be reduced to a scheme of "decom-
position of the hydride to the metal and hydrogen followed by the dis-
solution of the metal in the solution." An analysis of the insoluble
residue for metal and hydrogen shows that the composition of the hy-
dride does not remain constant during the reaction. It changes, but
the complete absence of hydrogen was not observed in a single case.
The amount of hydrogen which remains in the residue is different for
the dissolution of the hydride in various reagents; however, it was
not possible to find any rule for its quantitative amount.
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CHEMICAL ANALYSIS OF THE PRODUCTS FROM THE REACTION

OF BORON WITH ARSENIC AND PHOSPHORUS
l

1

A. A. Reshchikova and Z. S. Medvedeva¥®

The phosphides and arsenides of boron are refractory compounds
which can be used in semiconductor technology. Great interest has
been evidenced in the synthesis of these compounds recently, both
abroad and here [10]; however, there are few works in the literature
on their chemical analysis [1,9,12].

A study of the processes which take place during the reaction
of boron with phosphorous and arsenic allowed methods to be developed
for the synthesis of boron phosphide powders [3], boron arsenide BAs,
and arsenic hexaboride BgAs powders [6,4], as well as for the solid
solutions of BAs - BP in the ternary system B-As-P [5]. The products
which are formed were determined by chemical, spectroscopic, and x-
ray-phase methods.

In this article, methods are given for the analysis of the
products from the reaction of boron with arsenic and phosphorus as
well as for the powders with a ternary B-As-P composition. The start-
ing materials for the synthesis were amorphous boron, red phosphorus,
and crystalline arsenic (Table 1). The reaction of solid boron with
phosphorus and arsenic vapors was carried out under heterogeneous con-
ditions.

The reaction of amorphous boron with arsenic was studied in a
vertical furnace in quartz crystals sealed under vacuum by varying
the composition of the starting mixtures over a wide range. The tem-
perature in the furnace was 700-760° and 1100°C, depending on the com-
position of the mixture. The results of the x-ray phase [4] and
chemical [7] analyses of the reaction products showed that boron forms

#Institute of General and Inorgani¢ Chemistry im. N. S. Kurnakov,
AN SSSR.
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TABLE 1
SPECTROSCOPIC ANALYSIS OF THE STARTING MATERIALS

Impurities, wt. %
Material analyzed

& ow Nl iw FRET] A
Boron 3102 11,3.107°| 3.107%| 5.107* {27907 |45 107
36-107*11.8.1074| ~— - 1104 11074
Phosphorus 10-8 sl o sl oo

Arsenic

two chemical compounds with arsenic: BAs and BsAs. In the presence
of an excess of arsenic as compared with the stoichiometric amount

(> 50 at. %) and at 700-760°C, a black powder of BAc was formed which
was readily separated from the arsenic by distilling off the latter

at 400°C in the "cold" part of the ampule. At 1100°C a yellow=-brown
powder BsAs is formed from the reaction of boron with arsenic taken

in an amount less than 50 at. %. This powder is single phase or it
contains an excess of boron or arsenic uepending on the composition of
the starting mixture. The hexaboride was isolated from the excess
boron by boiling in nitric acid in which the B6As is almost insoluble.
It was separated from the excess arsenic by distillation without open-
ing the ampule as in the case of the BAs.

The pure hexaboride can be produced from the boron arsenide by
heating the latter at 1100°C. The BAs loses part of its arsenic be-
cause of thermal dissociation and is converted to B6As. The arsenic
which is given off 1is distilled into the "cold" part of the ampule.

The compounds that have been obtained for boron with arsenic
have a high chemical stability. A check of the solubility of BsAs in
some acids (Table 2) showed that none of the given acids or their mix-
tures dissolve the hexaboride completely.

For prolonged boiling, the boron arsenide dissolves almost com-
pletely in nitrose; however, the presence of an insoluble residue and
the prolonged boiling time (8-10 hrs.) make this method undesirable
for analytical purposes.

The method of fusion was used to convert the material into a
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TABLE 2
CHEMICAL STABILITY OF BsAs WHICH DISSOLVES (in wt. %)
IN SOME ACIDS (sample weight 100 mg, solvent - 20 ml)

Boiling In the cold
Medium for for 24 hrs.
2.5 hrs,
unlAfI ‘ 87 35.0
: 43,0 36,1
; Hﬁ*ﬂo'fdluulcn 29 2.5
3:1) 4l 480
8/3! 2 ‘ 8,5 50

soluble state. For this, 0.1 g of the powder sample was fused 1in a
nickel crucible with 1 g of alkali and 0.5 g of sodium peroxide. At
first the alkall was fused to remove the moisture and then it was
cooled, the sample was added, and the mixture was again fused to lower
the sample's activity. After solidifying in the crucible, the sodium
peroxide was added and it was carefully fused, beginning by heating
the crucible walls, in a low burner flame. As the mixture 1s fused,
the flame is increased and the heating is continued for 10 min. After
leaching the alloy with hot water, the boron and arsenic were dis-
solved in the form of the borate and arsenate. The solution was {55
boiled for 1 hr. in a flask equipped with a reflux condenser to de-
compose the peroxide and then the mixture was filtered and transferred
to a 200 ml volumetric flask.

The arsenic was determined iodometrically. The presence of
boron does not interfere with the determination. For this, 10 ml of
& g e HZSOH v4S added to a 50 ml aliquot along with a few drops of
a permanganate solution until a rose color was obtained. The excess
permanganate was decomposed by the addition of 2 ml of alcohol and
boiling. After the peroxide residues were decomposed in this way,
40 ml of hydrochloric acid (d = 1.19 g/cm3) and 0.5-1 g of potassium
iodide were added to the mixture. The iodine which 1s released 1s
titrated immediately with a 0.02 N solution of thiosulfate until the
solution has no color. The titration is completed without starch,
since the latter gives unreliable colors in strong acids. After 20
minutes, the solution 1is titrated to completion if it takes on a
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yellow color during standing in the dark. A blank is run with the
same amounts of reagents.

The boron is determined on another portion of the solution by
titration with an alkall in the presence of mannite. The end point 1s
observed visually using phenolphthalein or potentiometrically. For
boron concentrations in the sample which correspond to the composition
BAs (12.72 weight % boron and 87.28 weight % arsenic), the titration
was carried out as follows: After adding hydrochloric acid to a 50 ml
aliquot to get a rose color with methyl red and boiling for 5-7 min.
to remove the carbon dioxide and then cooling rapidly in running water,
several drops of phenolphthalein are added to the solution to indicate
the neutral point upon the addition of a 0.1 N solution of NaOH. After
adding 1-2 g of mannite, the mixture was titrated with the alkali until
a consistent rosy color was achleved which does not disappear upon the
addition of more mannite.

If the boron concentration corresponds to the composition of
arsenic hexaboride (46.43 weight % boron - 53.57 weight % arsenic),
the boron concentration determined in this way is somewhat low because
of the partial neutralization of the boric acid in establishing the
neutral point with respect to phenolphthalein. Therefore, in analyz-
ing the arsenic hexaboride, the boron is.determined somewhat different-
ly.

The neutral point 1s established with methyl red, which corre-
sponds to the neutralization of strong hydrochloric acid and the first
step of the wcak arsenic acid. Then mannite is added and phenol-
phthalein are added and the solution is titrated to the red color.

Since the arsenic acid is titrated to the second stage along
with the boric acid for titratlion using the phenolphthalein end point,
a correction was introduced in the calculation for boron for the
arsenic concentration, which is calculated on the basis of the iodo-
metric determination of the arsenic which was done on a separate por-
tion of the solution. The amount of thiosulfacte used in the titra-
tion was converted to the appropriate volume of alkali. The latter
was subtracted from the total amount of alkall used in determining
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TABLE 3

DETERMINATION OF BORON IN THE PRESENCE OF ARSENIC
FROM AN ARTIFICIAL MIXTURE OF BORIC AND ARSENIC ACIDS

Boron Arsenic Correction Boron Error in determination
taken, added, factor, found,
mg mg mg mg mg %

0wl = S 3 00| 00

S5 Y S =k 8,0 00 | 00

- 80 = o 8,0 0.0 | 00

80| 98 1,20 81 +0.1 1.2

80 9.8 1,20 80 0,0 0,0

‘80| 98 1,20 81 +0,1 1.2

380 . iasid by 16,0 00| 00

16,0 . - 15.9 —0,1 0,6

160 | 24,5 229 | 159 —0.1 0,6

160 | 245 299 | 161 +0,1 0,6
boron.

The results for determining boron from synthetic mixtures with
arsenic are given in Table 3. The fixed pH method was used to deter-
mine boron potentiometrically which allows interferences due to the
presence of weak acids to be avoided [1,2]. For this purpose, the pH
of the solution, after boiling and cooling, was set at 6.9 on the LP-
58 potentiometer. Then the mannite was added and the solution was
titrated with 0.1 N alkali to a pH of 6.9.; The alkall titer was de-
termined with twice recrystallized boric acid under the same condi-
tions. This method was checked on synthetic mixtures of boric acid
with arsenic acid and also with a mixture:of phosphoric and arsenic
acids (Table 4). The error in determiniﬁg boron does not exceed
+0.4 relative %. f

In calculating the bound boron a@d arsenic in the hexaboride
powders, the concentration of free, uq}eacted elements was taken into
account, which were determined after ﬁoiling the sample in hydrogen
peroxide with the addition of a few qfops of nitric acid.

Gueilleron and Thevenot [12] determined the ratio B : As =
6.2 : 6.3 for this compound by chemﬁcal analysis which allowed them to

choose between the formulas B6As a¢d Bl3A82'
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TABLE 4

POTENTIOMETRIC DETERMINATION OF BORON IN THE PRESENCE OF
PHOSPHORUS AND ARSENIC

Boron Relative Boron Boron Absolute
Used, in mg found, error, % | used, found, error,%
Boron | Phospho=- [Arsenic mg % *
rus

oyl - e A | + 0,04/ 100 100,04
7.1 - - | 2713 + 011! 100 100,11 | 4-0,11
AT peeER - |.27.05 ~0,19] 100 99,82 | —0,19
271 | 364 -1 2745 * +1.30] 42.68 4323 | 4055
27,1 gl — 27,09 | - 0,04} 42,68 42,67 | —
27,1 | 364 — 27,13 +011] 4268 42,73 | 40,05
27.1 - 373 | 27,06 i —0,15| 4208 42,02 | — 0,06
27,1 - 373 | 2710 00 | 4208 4208 | 0,
27,1 | 364 373 | 27,22 4+044| 2688 27,00 | 40,12
271 | 364 37.3 | 27.3%0 +0,74| 26,88 27,08
13,55 | 29,85 2978 | 13,47 -0 18,69 18,58 | —0.11
13,55 | 29,85 29.78 | 13.5u —040] 18,69 18,62 | —0.07
13,55 | 29,85 29.78 | 13,64 +0.60| 18,69 “18,82 | +013
13,55 | 29.85 29,78 | 13,49 —0,40| 18,69 18,61 | —0,08

Remarks: The average error for the determination, %:
relative + 0.36, absolute - +.0.12.

In analyzing several samples of arsenic hexaboride produced in
our laboratory, a ratio of B : As close to 6 : 1 was found and, there-
fore, the formula B6As was assigned to it. This composition was con-
firmed by x-ray analysis [4].

The composition of the black powder which is obtained at 700-
760°C, according to the results of chemical analysis, is close to the
stoichiometric composition BAs. In studying the reactions of boron /57
with phosphorus, the kinetics were studied for the process [3]. The
experiments were made in a two-zone, horizontal furnace in which the
constant temperature for the phosphorus zone was MOOOC and the variable
temperature for the boron zone was 1000-11500. The boron and the
phosphorus (in the stoichiometric ratio) were placed in a quartz com-
bustion boat and placed at opposite ends of the ampule which was
evacuated to 10~-5 mm and sealed. After the appropriate time, the
ampule was taken from the furnace and the phosphorus which had not re-
acted was condensed in the "cold" zone at 800°C. After opening the
ampule, the combustion boat containing the boron was weighed and the
increase in weight was used to calculate the reaction yield. Since
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the reaction does not go to completion, the powder that was obtained
was analyzed chemically. The experiments showed that the yield of BP
depends on the reaction surface as well as on the time and temperature.
The boron phosphide which is obtained in the form of a crystalline,
yellow-brown powder, was separated from the unreacted boron by boiling
in a mixture of concentrated HNO3 with H202 or in aqua regia in which
solvents the boron phosphide is insoluble.

The chemical stability of boron phosphide has been noted by many
authors [1,10,13]. Andreyeva and Yefremov [1] used chlorination in an
isolated system at 550°C to decompose this compound with additional
fusion of the unreacted material with soda and potassium nitrite. The
method suggested by Sentyurina, et al. [9] for dissolving the boron
phosphide by boiling it with a mixture of HNO3 and NaNO3 also provides
for subsequent alkaline fusion of the insoluble residue. However, the
method in which the entire sample is decomposed without additional
fusion is considered most suitable. Thus, the products from fusion
with a mixture of alkall and sodium peroxide, or with the peroxide
alone, are completely soluble in water. However, in this case, as in
the others, losses are unavoidable because of the formation of phosph-
ine [13]. If a sufficient amount of flux is used in the fusion of
boron phosphide with a mixture of soda, potash and the nitrate, no
ignition occurs. Samsonov and Titkov [8] used this method, taking a
80-100 fold excess of the flux. A check showed that lowering the ex-
cess flux by half also gives a complete decomposition of the sample
which is soluble in hot water.

The phosphorus was determined using a variation of tangential
complexonometric titration after precipitation of the phosphate ion
by titration with a solution of bismuth nitrate using 4 ml of HNO3
(@ = 1.4 g/cm3) in 100 ml of solution. The precipitation and coagula-
tion takes no more than 20-25 min. Then the bismuth phosphate precipi-
tate is removed, dissolved in hot dilute HNO3 (1 : 1) and after estab-
lishing a pH of 1.0-1.1 with NH3, the bismuth is titrated with Com-
plexon III, using xylenol orange as the indicator. The phosphate ion
can be precipitated with bismuth nitrate after the potentiometric de-
termination of the boron by titration with an alkali in the presence
of mannite.
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TABLE 5

DETERMINATION OF PHOSPHORUS AFTER THE PRECIPITATION WITH
BISMUTH NITRATE FROM SYNTHETIC MIXTURES OF PHOSPHORUS AND
BORIC ACID (P - 18.2, B - 20 mg)

Phosphorus found, mg. Error in the determination
In the In the From the filtrate From the residue
filtrate residue mg % mg %
184 | 183 40,2 1.1 + 01 0,5
183 | 181 + 0, 0,5 -0l | 05
183 | 182 +01 | 05 00 | 00
181 | 180 -0l | 05 -02 | 11
181 | 181 —01 | 05 -0l
181 | 181 -0l | 05 -01 | 05

The results of determining phosphorus from artificial mixtures
of phosphate with boric acid are given in Table 5. The composition

of the boron phosphide which 1s obtained (on the basis of chemical /59

analysis of several samples) 1s 27.1 + 0.05% boron and 72.0 + 0.5%
phosphorus. This differs somewhat from the stoichiometric composition

e e 3N

Powders of the ternary system B-As-P were prepared by two
methods. In the first, a mixture of all three components was used
for the reaction in amounts which lay on the quasibinary cross section
BAs - BP. In the second method, a double alloy of phosphorus with
arsenic was prepared and a calculated amount of boron was added to 1it.
After the mixtures were kept at 800-1100°C, depending on the composi-
tion, in ampules which had been sealed under vacuum, the phase compo-
sition was studied by x-ray diffraction method and the concentration
of the main components was determined by chemical analysis. It was
shown that BAs and BP form solid substitution solutions, both from the
side of the boron phosphide and from the side of the boron arsenide
up to 30 mole ¥. The homogenization of the compositions in the center
section of the cross section did not result in the formation of single-
phase samples.

It was noted, in the synthesis of the three component samples,
that some unreacted arsenic remains; therefore, the composition of the
resulting powders was determined by chemical analysis. A sample
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weighing 0.15 g was fused in a platinum crucible with 5-6 g of a mix-
ture of Nazco3, K2003 and NaN03 (1 : 1 : 0.25). The crucible with the
mixture of the sample and the flux was placed in a muffle furnace
which was switched on and brought to 750°C and kept there for 10-15
min. The button was leached with hot water and transferred to a

250 ml volumetric flask. To determine the boron, 50 ml of the solu-
tion was neutralized with hydrochloric acid to a rose color for methyl
red, boiled for 5-7 min., cooled, and, after placing the glass and
calomel electrodes of the LP-58 potentiometer, the pH was brought to
6.9, then the solution was titrated, after the addition of mannite,
with alkali until the pH was brought to 6.9 again.

The arsenic was determined bromatometrically after distillation
in a Ledebur [2] apparatus. For this, 100 ml of the solution was
evaporated with sulfuric acid to remove the nitrogen oxides. The
solution was transferred to the distillation apparatus and, after add-
ing 1 g of hydrazine sulfate and 0.5 g of potassium bromide, the ar-
senic was distilled off in the form of the trichloride. The distil-
late was heated to 60°C and titrated with a bromate solution until the
rose color of the methyl orange disappeared. Phosphorus was deter-
mined in the remaining portion of the solution. For this the alkaline
solution was neutralized with nitric acid, using methyl red as the
indicator and 4 ml more of HNO3 (d = 1.4 g/cm3) was added per 100 ml
of solution. The phosphate and arsenate were precipitated from the
solution, which had been heated to boiling, by the addition of a two-
fold excess of a titrated solution of Bi(N03)3 [11]. The precipitate
was filtered off through a dense filter and washed with 0.2 N ¥

Then the excess bismuth in the filtrate was titrated with Com-
plexon III, bringing the pH to 1.0-1.1 with ammonia and adding xylenol
orange. The phosphorus was calculated by the difference. The complex-
onometric titration can also be done after the solution of the precipi-
tate in warm, dilute (1 : 1) HNO3. The results for the precipitation
of the sum of the phosphate and arsenate from synthetic mixture are
given in Table 6.

¥Omission in foreign text.
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TABLE 6
DETERMINATION OF PHOSPHORUS IN A SYNTHETIC MIXTURE WITH ARSENIC

Taken, mmoles Determined, mmoles Error in determining P
Arsenic Phosphorus | Arsenic + | Arsenic + Phosphorus| mmoles %
Phosphorus | Phosphorus (by differ-

(tangential ence)

with Complexon)
o.am' 432 0,5876 09308 | 0,9370 0,5938 |- 0,0062 1.0
10,3432 | 0,5876 0,9308 8:92@ ‘ 0,5807 |— 0,0069 1,2
0,3432 0,5876 0,9308 0,9254 0,5822 |{—0,0054 09
0,3432 | 0,5876 0,9308 | 0,9272 0,5840 |— 0,0036 0,6
10,3391 | 07103 1,094 | 1,0247 0,6856 |— 0,0247 35
- 0,3391 0,7103 1,0494 1,0280 0,6889 |—0,0214 30
0,3391 0,7103 1,0494 1,0369 0,6978 |—0,0125 1.6

This method can be used to analyze the powders having a ternary

composition with good accuracy.

CONCLUSIONS

1. Methods of chemical analysis are suggested for the compounds

of boron with arsenic and phosphorus.

2. The formula B6Aa is assigned to the hexaboride of arsenic on

the basis of the chemical analysis.
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COMPLEXONOMETRIC ANALYSIS OF MOLYBDENUM ALLOYS
L. N. Kugai, 0. F. Galadzhii, and V. I. Kornilova¥

The most promising method for the analysis of alloys which con-
tain molybdenum is complexonometry, which allows the alloys to be
analyzed without the preliminary separation of the components.

A method is described in the literature for the complexonometric
determination of molybdenum which is based on the formation of a com-
plex of hexavalent molybdenum. Molybdenum (VI) forms a compound with
Complexon III having a molar Mo: Complexon III ratio of 2 : 1 at a
pH of 2-7 [1]. Pyrocatechol is used as the indicator in such a titra-
tion in the presence of indigo carmine as the internal 1lifht filter
and a pH of 4-5 in the solution. Indirect methods have also been
described for the determination of hexavalent molybdenum [5,12], for
example, the method based on the precipitation of calcium molybdate,
dissolving it and titrating the calcium solution with Complexon III in
the presence murexide. More reproducible and accurate results are
obtained in the complexonometric determination of molybdenum which has
first been reduced to the pentavalent state.

Molybdenum (V) forms a complex compound with Complexon III whose
composition corresponds to a ratio of the components of Mo:Complexon
ITII = 2 : 1 which is stable in the acid range from 0.5 N hydrochloric
acid to a pH of 10 [2]. Molybdenum is reduced with hydrazine hydro-
chloride with boilling of the solution. The determination of the pen-
tavalent molybdenum is based on the titration of the excess Complexon
III with a solution of zinc salts in the presence of chromogen black
ET as the indicator at a pH of 10.

The complexonometric determination of molybdenum, reduced to the
pentavalent state, is also possible using 1-(2-pyridyl-azo)-naphthol
(PAN) as the indicator [6]. 1In this case the molybdenum is reduced

* Institute of Material Behavior Problems, AN Ukr. SSSR
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with hydroxylamine sulfate and the excess Complexon III is titrated
first with a solution of copper sulfate to a bright red color at a pH
of 4.5-5 and then with a solution of Complexon III to a pure yellow
color. Such a titration increases the accuracy of the determination.

The problem before us boils down to developing a method for the
complexonometric analysis of alloys Zraz-M0812, Mo-TiC, and Ti-MoC,
molybdenum aluminide, and Cu-Mo alloys without separating the compon-
ents.

For the complexonometric determination of aluminum, the destruc-
tion of its complex with sodium fluoride [3,5,9,11] is used, followed
by the determination of the Complexon III which is released. This ap-
proach was used to analyze the molybdenum aluminide and the ZrBZ-MoS:l2
alloys.

The principle of this method consists of the following: the sum
of the zirconium (aluminum) and molybdenum are determined, after the
molybdenum has first been reduced to the pentavalent state, by titrat-
ing the Complexon III with a solution of zinc chloride in the presence
of xylenol orange. Ammonium fluoride is added to the titrated solu-
tion (to break down the zirconium complexonate) or sodium fluoride.is
added (to break down the aluminum complexonate) and the Complexon III
which is released 1s titrated with the same zinc chloride solution.

In analyzing the TiBe-—Mon.2 alloys, the titanium is tied up with
sodium fluoride. 1In analyzing the molybdenum-copper alloys, thiourea
is used to mask the copper. The copper is determined by direct titra-
tion with Complexon III at a pH of 8 using murexide as the indicator.-

ANALYSIS OF MOLYBDENUM ALUMINIDES

The sum of the aluminum and muolybdenum are determined by titrat-

ing the excess of Complexon III with a solution of zinc chloride at a
pH of 9 using eriochrom black T. Sodium fluoride is added to the ti-
trated solution, which breaks down the aluminum complexonate, and the
Complexon III which is released is titrated with a solution of zinec
chloride.
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Analytical method. A sample of the alloy weighing 0.2-0.3 g is
dissolved with heating in 30 ml of sulfuric acid (1 : 4) with the addi-
tion of nitric acid. The solution is evaporated to the formation of
sulfuric acid fumes. If an insoluble residue is present, it is fil-
tered off, roasted and fused with potassium pyrosulfate. The solution
is transferred to a 100 ml volumetric flask.

Determination of the sum of the molybdenum and aluminum. Ten
milliliters of hydrochloric acid (1 : 1) is added to an aliquot part
of the solution (10-20 ml) and a 1% solution of hydrazine hydrochlor- /63
ide 1is added and the molybdenum is reduced by boiling the solution for
3-5 min. An excess of Complexon III (0.025 M solution) is added to
the reduced solution, kept for 5-10 min. and the eriochrome black T is
added. The solution is neutralized with ammonia to a blue-green color
and the excess Complexon III is titrated with a 0.025 M solution of
zinc chloride until the solution's color changes to red.

Determination of aluminum. Sodium fluoride is added to the ti-
trated solution and the solution is heated and the Complexon III,
which is released, is titrated with a zinc chloride solution (color
change from blue-green to red). This titration gives the amount of
Complexon III which is bound with the aluminum.

The amount of Complexon III which is used for the molybdenum is
determined from the difference between the first and second determina-
tion.

In the complexonometric analysis of molybdenum aluminide xylenol
orange can also be used as the indicator. In this case the titration
~1s done at a pH of 5. The data obtained for the titration of synthetic

mixtures of molybdenum and aluminum are given in Table 1.

It was found, in analyzing the molybdenum aluminides, that the 64

most accurate and reproducible results were only obtained in the case
in which the aluminum concentration in the alloy did not exceed 50%.

In other cases the change in the indicator at the equivalerce point is -
not clear-cut and the data are not very reproducible or accurate (Table i

=
2. =
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TABLE 1

COMPLEXONOMETRIC DETERMINATION OF ALUMINUM AND MOLYBDENUM IN
SYNTHETIC MIXTURES

U

Used, mg. Found, mg Relative Error, %
Molybdenumii Aluminum | Molybdenum Aluminum Molybdenum Aluminum ?G
Indicator - eriochromeblaclrc ; ‘ﬁ
i ] 1= s HE s i
10,50 2,29 10,30 2, — 1.9 0 2
1750 | 535 1 1723 | 642 l —154 | 4130 =
21,02 3.82 | 21,13 489 ! + 0.52 1,54 2
Indicator - xylenol orange ‘r
817 34 t 8,31 349 +LI | +145 5
10,04 5,05 ‘ 9,80 5.05 - 230 0 &
11,67 6.11 ; 11,80 6.11 -+ LH 0 2
i1,68 7,64 12,04 7.64 -+ 336 0 g
12.84 5,35 : 13.07 5,35 <+ L79 0 '
15,47 2,67 ’ 15,52 2,67 + 283 0 s
23,35 3,82 ‘ 23,67 37 +1,38 | —133 i
TABLE 2 Y
REPRODUCIBILITY OF THE RESULTS FOR DETERMINING THE COMPONENTS it
IN MOLYBDENUM ALUMINIDES b
F:
| &
Taken, mg. Found, mg Mo : Al | Relativ; RERRE =
Mo Al Mo Al Ratio Y
02| 38 1 2,131 389 Aa:1 0,52 1,84 .
goﬂg éssg 1723 | 542 ' et Il g Tio 3
1,67 | 611 11,80 | 6.1 2:1 |+ 11 0 .
470 | 3,05 490 | 298 L5:1 |4 4.25 —-220 5
10,95 | 18,75 11,58 | 1845 1:17 |+ 3575 Iy £
13.20 | 26.42 14,08 | 26,10 1:2 |+ 666 =]
4,80 | 12,00 540 | 11,70 1:25 [+ 125 —-25
6,18 | 23.70 6,90 | 23.40 1:38 |+ 104 —1,26
ANALYSIS OF ZrBZ-MoSi2 ALLOYS 2
The zirconium in these alloys is determined by direct titration
with Complexon III in a sulfuric acid medium (0.2 N solution) using
xylenol orange as the indicator. The sum of zirconium and molybdenum
are determined in another aliquot portion by back titration of the ex-
cess Complexon III with a solution of zinc salts using xylenol orange H
as the indicator. The molybdenum is first reduced with hydrazine
78
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TABLE 3

COMPLEXONOMETRIC DETERMINATION OF MOLYBDENUM AND ZIRCONIUM
IN SYNTHETIC MIXTURES

Taken, mg Found, mg Relative Error of Determination
= ir Mo Zr Mo Zr

240 | 200 242 | 2017 408 | +085

120 | 200 12,07 | 20,10 +058 | 405

120 | 100 11,9 | 995 —08 | —05

180 | 150 18,30 | 14,80 + 1,68 | —1,33

180 | 250 18,32 | 24,73 + 1,72 | —1,08

hydrochloride. The zirconium and molybdenum can be determined for a
single solution.

The sum of the zirconium and molybdenum (V) is determined &t a
pH of 5 by titration of the excess Complexon III with a solution oo
zinc salts using xylenol orange as the indicator. Ammonium fluoride
is added to the titrated solution to break down the zirconium comp.ex-
onate and the Complexon III which is released is titrated with a so'u-
tion of zinc chloride with the same indicator. The molybdenum is de-
termined from the difference between the first and second titration.

Method. A sample of the alloy weighing 0.2 g is dissolved in a
platinum beaker by heating in a mixture of hydrofluoric ani n:itric
acid and then 5-6 ml of sulfuric acid (d = 1.84 g/cm3) is added and
the solution is evapcrrated to the evolution of sulfuric acid fumes. LQ_

The solution 1s transferred to a 100 ml volumetric flask and brought to
to the mark with water.

Determination of the sum of zirconium and .- .ybdenum. An aliquot
(20 ml) is transferred to a tapered flask and 10 ml of hydrochloric
acid (1 : 1) and 5 ml of a 1% solution of hydrazine hydrochloride :re
added to reduce the molybdenum. The mixture is boiled for 3-5 min.
untll the solution becomes yellow and then an excess of Complexon IlI
is added. The solution is allowed to stand for 5-10 min. and then five
drops of a G.5% solution of xylenol ovange is added. The solution is
neutralized to a pH of 5 and 10-15 ml of a pH 5 buffer is added and
the excess Complexon III is titrated with a zine chloride solution.




TABLE 4
DETERMINATION OF MOLYBDENUM AND TITANIUM IN SYNTHETIC MIXTURES

Relative error

Taken, mg. Found, mg. of determination,

Mo s Mo Ty Mo - 4
| 1830 0 182,00| 58,0 - 0.5 5.5
%ﬁo ﬁh» 1730 | 630 ; 0.5 1&&
0| 680 1550 | 700 ' L3 ] 414
1330 | ™o 1520 | 790 08 | 13
140 | 86,0 14,0 | 860 0 0
a0 | wmo 96,0 +10 | 410
B 2 | i S| e
%0 | 1300 0 | 190 -8 | =12

Determination of zirconium. Ammonium fluoride is added to the
titrated solution 7nd the mixture is heated. The Complexon III that 1is
released is titrated with a solution of zine. This determines the zlr-
conium concentration. The molybdenum concentration is determined from
the difference between the first and second titrations.

The zirconium can also be determined in the followling way: Two
hundred milliliters of 2 N water%*, a few drops of the xylenol orange
solution, are added to an aliquot portion (20 ml) of the solution and
the mixture is titrated clowly with Complexon III until the rose color
of the solution changes to yellow. The method was checked on synthetic
mixtures and the results are given in Table 3.

ANALYSIS OF Mo-TiC and MoC-Ti ALLOYS

In analyzing Mo-TiC and MoC-Ti alloys, sodium fluoride is used
to mask the titanium. Molybde.um (V) 1s determined by back titration
of the excess Complexon III with a zinc chloride solution at a pH of
5 using xylenol orange as the indicator. The titanium 18 determined
by back titration of the excess Complexon III with a zinc¢ chloride
solution at a pH of 5 using the same 1indicator [8]. Under the condi-
tions for titrating the titanium, the molybdenum (VI) forms a complex
compound with the hydrogen peroxide which does not react with Complexon
111,

*This 1s obvious mistake in forelign.
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Method of analysis. A sample of the alloy weighing 0.2 g is
dissolved in 20 ml of sulfuric acid (1 : 4) with the addition of 1-2
ml of nitric acid. The solution is evaporated to the evolution of
sulfuric acid fumes and transferred to a 100 ml volumetric flask and
brought to the mark with water.

Determination of molybdenum. For reduction of the molybdenum,
10 ml of hydrochloric acid (1 : 1) is added to a 20 ml aliquot of the
solution along with 5 ml of a 1% solution of hydrazine hydrochloride
and then 0.2 g of dry sodium fluoride is added to tie up the titanium.
The mixture is boiled for 3-5 min. and an excess of 0.025 M Complexon
III 1is added. The mixture 1s allowed to stand for 5-10 min. and then
5-6 drops of a 0.5% solution of xylenol orange is added. The solution
is neutralized to a pH of 5 with ammonia and then 10-15 ml of a pH 5
buffer 1s added and the excess Complexon III is titrated with a solu-
tion of zinc chloride until the color of the solution changes from
yellow to orange.

|

Determination of titanium. An aliquot portion of the solution
(20 ml) is used and 2-3 ml of hydrogen peroxide (30% solution) is
added to it and then an excess of Complexon III (0.025 M solution).
The mixture is allowed to stand for 5-10 min. and then 5 drops of a
0.5% solution of xylenol orange is added and the mixture is neutral-
ized to a pH of 5 with ammonia. Then 10-15 ml of a pH 5 buffer solu-
tion 1s added and the excess Complexon IJI is titrated with a solution
of zinc chloride until the solution's color changes from yellow to

orange-rose.

The method of analysis was checked on synthetic mixtures and on
samples of alloy. In analyzing TiC-Mo alloys, the titanium and molyb-
denum were separated by precipitating the molybdenum with cupron. The
data are given in Tables 4 and 5.

ANALYSIS OF MOLYBDENUM - COPPER ALLOYS

Thiourea is used to mask the copper in analyzing copper-molybde-
num alloys. The copper 1s determined by titration with Complexon III
at a pH of 8 using murexide as the indicator. The molybdenum is
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TABLE 5 | Qetermined after it is first re-
COMPLEXONOMETRIC DETERMINA{;éN duced and the copper is tied up by
OF TITANIUN IN TiC-No SANP thiourea by back titration of the

Titanium found, % / excess Complexon III with a zinc
With removal of | Without rdmoval °¢hloride solution at a pH of 5 us-
the molybdenum of the molybde- ing xylenol orange as the indicator.
num
i}h; ?’” / Method of analysis. A sample
’:z  §$ / weighing 0.3 g is dissolved by heat-
42 4.2 !
: 1

ing it in 15-30 ml of nitric acid
(1 : 1). Then 10 ml of sulfuric
acid (1 : 1) is added anJ the solution is evaporated to the evolution
of sulfuric acid fumes.j

4

!

The solution is q@ansferred to a 100 ml volumetric flask. To de-
termine the molybdenumi a 20 ml aliquot is transferred to a tapered
flask, 10 ml of hydrochloric acid (1 : 1) and 5 ml of &« hydrazine hy- /68
drochloride solution are added and the mixture is boiled for 3-5 min.
until it becomes yellow. 0.5 g of thiourea are added to the hot solu-
tion and then an excess of Complexon III is added. The solution is
allowcd to stand for 5-10 min. and then it 1is transferred to a pH of 5
with ammonia, and 10-15 ml of a pH 5 buffer solution is added along
with 8-10 drops of xylenol orange (0.5% solution) and the solution is
titrated with zinc chloride until the color changes from yellow to

orange-red.
TABLE 6
DETERMINATiION OF MOLYBDENUM AND COPPER IN ARTIFICIAL MIXTURES
Relative error
Taken, mg. Found, mg of determination, |
% |
Mo Cu Mo Cu Mo Cu
1325 | 10,0 130 | 100 - 1,88 0
1500 | 120 1525 | 12,15 4-1,66 | 4+ 1,25
1500 | 8,00 1550 | 800 + 3,33 0
3.2 | 55 31,50 | 545 +08 |—09
11,00 | 10,0 11,25 | 10,10 +227| 410
16,25 | 15,00 16,10 | 1508 —0,92 0
1625 { 80 1645 | 7,84 41,23 | — 2,00
17.50 | 12,80 1800 | 12,48 4220 | =25
1875 | 800 1900 | 800 + 1,33 0
2500 | 9,60 24,65 | 9,60 + 1,40 0
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To determine the copper, an aliquot portion of the solution
(20 m1) 1is transferred to a tapered flask, diluted to 50-70 ml with
water, and neutralized to a pH of 8 with ammonia. The solution is
titrated with Complexon III using murexide as the indicator.

The method was checked using artificial mixtures and the data
are given in Table 6.

CONCLUSIONS

Methods have been developed for the complexonometric analysis of
molybdenum aluminides, ZrBZ-M0812, MoC-Ti, and TiC-Mo alloys and molyb-
denum-copper alloys without preliminary separation of the components.
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ANALYSIS OF THE GERMANIDES OF TITANIUM, ZIRCONIUM, /69
HAFNIUM AND TANTALUM

G. T. Kabannik and O. I. Popova®

Large amounts of germanium are determined by using gravimetric
and volumetric methods. The gravimetric methods are based on the
precipitation of germanium with various precipitants, e.g., the forma-
tion of the salts of pyrocatechologeramic acid with ophenantroline
[6], hydroxyquinoline [2], etc. The ability of germanic acid to form
a complex acid with polyatomic alcohols or with monosaccharides,
which can be titrated with alkali using various indicators [3,8], is
used in the volumetric method.

Germanium can be separated from the majority of interfering ele-
ments by distilling off as germanium chloride [1,10] or by its extrac-
tion with organic solvents [3,9], precipitation with hydrogen sulfide,
ete.

Fusion with an alkall and sodium peroxide, sintering with a mix-
ture of calcium oxide and potassium nitrate [4], and also with calcium
oxlde and magnesium nitrate, are used to decompose samples which con-
tain germanium. Dissolution in a mixture of hydrofluoride and sulfuric,
hydrofluoric and phosphoric acids [7,12], etc., is also recommended.

We needed to analyze the germanides of the transition metals --
titanium, zirconium, hafnium and tantalum. No methods were found in
the literature for the analysis of these germanides.

The germanides of the transition metals are stable compounds
from the chemical standpoint. The titanium, zirconium and hafnium
germanides dissolve in a mixture of hydrofluoric and nitric acid, and
sinter with the following mixtures: barium carbonate + calcium oxide,
magnesium oxide + sodium carbonate. 1In addition, titanium germanide
dissolves completely in a 30% solution of hydrogen peroxide. The

®Institute of Material Behavior Problems, AN Ukr. SSR 1
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tantalum germanide dissolves in a higgure of potassium sulfate with
sulfuric acid.

These data show that the selection of the reagents for dissolv-
ing the germanides is very limited if we take into account that in
sintering, and also in fusion with an alkali or sodium peroxide in
niekel or iron crucibles, foreign components are introduced into the
solution.

Analysis of the titanlium, zirconium, hafnium germanides. The
method of dissolution in a mixture of hydrochloric and nitric acids
and evaporation with sulfuric acid to the point of evolution of the
acid fumes was used for the decomposition of the germanides.

The titanium, zirconium and hafnium were determined complexon-
ometrically (back titration of the excess Complexon III). We know [5] /70
that prolonged heating is required for the complexonometric determina-
tion of germanium. Our experiments showed that germanium does not
actually react with the Complexon III in the cold for the conditions
in determining the titanium, zirconium and hafnium and, therefore, it
does not interfere in their determination.

4 RS P ot 1 R S Ot R0 e

The titrometric method was used to determine germanium, i.e.,
the titration of the complex mannitegermanic acid with an alkall.
First it was necessary to study methods for eliminating the interfer-
ence from the cations (titanium, zirconium and hafnium). Their re-
moval with barium carbonate is not expedient because, first of all,
the precipitate absorbs some amount of the germanium and, second, the
method is not suitable in the presence of sulfuric acid.

In determining the germanium, we tried to use the method of mask-
ing the cation with a complexing agent and got positive results. The
following were tested: tartaric acid, potassium sodium tartrate and
hydrogen peroxide (the latter was only used for titanium).

We know [11] that germanium forms a complex with tartaric acid
over a wide range of pH with a 1 : 1 ratio of the components which is
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apparently unstable and is decomposed by mannite. Thus the mannite-
germanic acid is more stable.

ANALYTICAL METHOD

A sample of the germanide weighing 0.1-0.2 g was dissolved in a
mixture of hydrofluoric and nitric acid and then 20 ml of 1 : 1 sulfuric
acid was added and the solution was evaporated with low heat to the
formation of acid fumes. When cool the solution was transferred to a
volumetric flask and diluted to the mark with water. If a white pre-
cipitate of germanic acid is formed in the evaporation, it should be
filtered off, washed twice with water, and dissolved in 5-10 ml of hot
20% sodium hydroxide, and this is then added to the filtrate in the
volumetric flask. The titanium germanide can also be dissolved in 30%
hydrogen peroxide.

For determining titanium,.l ml of 30% hydrogen peroxide is added
to an aliquot part of the solution and an excess of a titrated solution
of Complexen III is added. After 10 min. the solution is neutralized
to a pH of 5 and an acetate-ammoniacal buffer solution (pH 5) is added
and the excess Complexon III is titrated with a solution of zinc sulfate
using xylenol orange as the indicator. The titer of the Complexon III
with respect to the elements is determined from a standard solution of
the appropriate metal under the same conditions as those in the experi-
ment.

Hafnium and zirconium are determined in the same way only without
the hydrogen peroxide and the 10 min. waiting period. To determine the
germanium, a solution of tartaric acid is added to an aliquot part of /71
the solution (for hafnium and zirconium) calculated on the basis of
0.02-0.03 g for 0.02 g of the germanide or two-four drops of hydrogen
peroxide are added (for titanium) - also per 0.02 g of the germanide.
Then the solution is neutralized with a 20% solution of sodium hydroxide
using phenolphthalein as the indicator, and a drop of 1 : 4 sulfuric
acid is added. The excess acid is neutralized by titration with 0.02 N
alkall until the solution takes on the light-rose color for phenolphtha-
lein. Then an excess of mannite is added and after 5 min. the mannito-
germanic acid which 1s formed is titrated with the same alkali. The
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TABLE 1
DETERMINATION OF GERMANIUM IN SYNTHETIC MIXTURES

System | Metal taken, | Geranium taken, Germanium found,| Relative
mg mg mg error, %
G| o | e R
G| W0 1277 | 1250
Ge—Ti| 360 - 852 | &6 +30

alkall titer with respect to the germanium is established using a
standard solution of germanium under the same conditions as those in
the determination.

Analysis of tantalum germanide. A sample of the tantalum german- /72
ide was dissolved in either a mixture of nitric and hydrofluoric acid
followed by reducing the solution to acid vapors or by wet fusion with
a mixture of potassium sulfate and sulfuric acid. Then the resulting
solution was distilled in the presence of a large amount of hydrochloric
acid (the final concentration is 6 N) and the '‘germanium was determined
in the distillate by titration of the germanomannite complex with an
alkali.

TABLE 2
DETERMINATION OF GERMANIUM IN SAMPLES BY THE ADDITION METHOD
7
Germanide Ge Concen- |[Ge Taken, Ge Added |Total Ge Found, Relative
tration, % mg mg Ge Con- mg . error, %
centra-
tion
ZGe, | 577 569 | 1277 1846 | 1822 —-1,2
569 | 12,77 1846 | 1813 -7
552 | 638 11,9 12,03 +15
Zr,Gey | 32,3 552 | 690 1242 | 122 —12
552 | 690 1242 | 1277 +2.8
TisGe, | 475 &1l | 638 14.49 | 1449 0
8,11 6,38 1449 | 1467 +1,2
Hi,Gey | 17,8 759 | 690 | 1449 | 1449 0
759 | 690 | 1449 | 1416 —-23

The tantalum was determined in the solution remaining in the dis-
tillation flask by precipitation with ammonia followed by weighing in
the form of tantalum pentoxide. It is, of course, possible to analyze
the tantalum germanide by extracting the germanium chloride from the
solution.
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The experimental results on determining germanium in synthetic
mixtures and by the addition method are given in Tables 1 and 2.

CONCLUSTONS

Methods were developed for the analysis of the titanium, zircon-
ium, hafnium, and tantalum germanides. The alkalimetric method for
titrating the mannitogermanic acid was used to determine germanium.

The interference from zirconium, titanium, and hafnium in the germanium
determination was removed by adding tartaric acid (for hafnium and zir-
conium) or by hydrogen peroxide (for titanium). The titanium, zircon-
ium and hafnium were titrated with Complexon III in the presence of
germanium.
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SOME DATA ON THE CHEMICAL EROPERTIES OF GERMANIDES

§
i
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The literature data on the chemical properties of metal ger-
manides is very limited. The germanides of the alkali metals have
been characterized most extensively. Lithium germanides are known
having the following compositon: Liuce and LiGGez.

They decompose in moist air to form L12003. LiGe is more active [1].

Hohmann and Johnson [6,9] described the properties of the
potassium, sodium, urbidium, and cesium germanides. Alkall metal
germanides with the following compositions have been synthesized:

KGe, NaGe, RbGe, CsGe and the compounds more enriched with germanium
KGeu, NaGeu, RbGe“ and CsGeu. All of these are only stable in an in-
ert dry gas atmosphere. 1In air they decompose to form the correspond-
ing alkall and a brown, amorphous material -- germanium hydride
(Geﬂ)xl. The latter is oxldized by various oxidizing agents (nitric
adid, hydrogen perozide, etc) to the germanium dioxide. The reaction
of the compounds from the Na-Ge system with water or hydrochloric acid
also results in the formation of germanium hydride. The compound
formed by sodium and germanium completely dissociates when heated to
480°C in a vacuum.

Magnesium forms the germanide Mnge which has a silver-gray
color. Like the germanides of the alkali metals, this compound is
unstable in air and within 15 min. it decomposes forming the germanlium
hydride. It is also readily decomposed by water [4].

Calcium forms two compounds with germanium: GeCa (silvery-
white in color) and GeCae. Both are unstable in air and decompose
with the formation of Ca(OH)2 or CaCO3 and an orange powder [7,8]

#Institute on Materials Problems, AN Ukr. SSR

lData have riot been given on the chemical properties of the rare earth

germanides.
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which is apparently the germanohydride.

The copper germanides Cu30e and Cusoe are very stable to the
action of hydrochloric and sulfuric acids. Alloys of copper contain-
ing more than 25% germanium decompose only in aqua regia [3]. For
lower concentrations of germanium, they decompose in nitric acid.

Among the germanides of the titanium subgroup, only the chemical
properties of the thorium germanides have been described. Thorium
forms ThGe3 and a- and B-modifications of ThGe2 with germanium. These
compounds react vigorously with 50% hydrochloric acid, concentrated
hydrofluoric acid, aqua regia, and a 10% solution of sodium hydroxide LT4
at room temperature. They react slowly with 30% hydrogen peroxide, 3
and 18 N sulfuric acid, concentrated and 6 N nitric acid. They do not
react with 85% phosphoric acid and a 0.1 N solution of potassium per-
manganate [2].

Only the chemical properties of the niobium germanides have been
described in the literature [5] among the vanadium subgroup germanides.
The niobium germanides NbGe2 and Nb3Ge react vigorously with fused soda
and alkali, with 48% hydrofluoric acid, 30% hydrogen peroxide, and a
cold solution of sodium hydroxide. Both of the germanides react with
concentrated sulfuric acid with heating but do not react with aqua
regia, dilute and concentrated hydrochloric and nitric acids, or with
6N sulfuric acid.

Molybdenum forms several germanides with germanium: Mo3Ge,

M03Ge2, MoZGe

by hydrogen peroxide, in aqua regia, and in a mixture of nitric and hy- /75

3 and M0692 . They all react with alkalies, are dissolved

drofluoric acids [11]. The germanides M026e3 and MoGe2 decompose in
nitric acid or in hydrogen peroxide, forming a precipitate of german-
ium dioxide Ge02.

The iron germanides FeGe2 and FeZGe are known. An increase in
the germanium concentration in the Fe-Ge system increases the corro-

sion resistance in air. 1In air, FeGe2 does not change at all.

The cheiical properties have been studied for the compounds of
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TABLE 1
. CHEMICAL STABILITY OF TITANIUM, HAFNIUM, AND ZIRCONIUM GERMANIDES

Insoluble residue, %
Shrans T150e3 Hf56e3 Zr50e3

Hydrochloric acid (concentrated) 19 21 17
Hydrochloric acid (1:1) 20 15 15
Nitric acid (concentrated) - 84 -
Nitric acid (1:1)1 - 88 79
Sulfuric acid (concentrated) 19 10 12
Sulfuric acid (1:4) 37 66 54
Nitric acid = hydrochloric acid (1:3) 1 9 9
Nitric acid x + hydrocluoric acid 0 0 0
Hydrochloric acid + hydrogen peroxide 17 17 13
Hydrogen peroxide (30%) 0 99.5 -
Bromine water 99.5 100.0 -
Sulfuric acid (1:4) + 25% ammonium

persulfate 12 13 -
I'I'he major part of the TisGe3 decomposes, forming a hydrolytic
precipitate.

germanium with manganese: Mn3Ge2, MnSGe3, and Mn5Ge2. Systems with
manganese which are rich in germanium are not acid and alkali resis-
tant [1]).

The chemical stability of rhenium germanide has been studied in
the cold (from 15 min. to 24 hrs.) and for boiling (for 5 min.) [10].
The experiments showed that the rhenium germanide is very resistant to
the action of various chemical reagents. Thus, it does not decompose
in concentrated hydrochloric acid, in cold, dilute or concentrated
sulfuric acid, in concentrated and dilute nitric acid, 85% phosphoric
acid, 68% perchloric acid, 0.1 N potassium permanganate, 30% hydrogen
peroxide, or with fused soda and alkali. This germanide only decom-
poses in hot, concentrated sulfuric acid and sodium hydroxide.

As we can see from the foregoing, the chemical properties of
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TABLE 2
CHEMICAL STABILITY OF TANTALUM GERMANIDE

+ L -, Tvss ALY 0 S Y AR P W W A S Ty ey

Inséluble Insoluble
: Solvent residue, ¥ Solvent residue, ¥
Hydrochloric acid ric acid 98.0
(concentrated) : 97.0 S tasie aedd 4
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