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ANNOTATION

This oollaction gives the results of atudiea on the chemical

properties and original methods for analysing refractory compounds and

alloys based on them, which are used In various fielda of new technol-

ogy.

It is for the use of chemist-analyats, engineers, and workers

in scientific-research inati.tutea, plant laboratories, fellows, and

students in advanood couraea of chemistry and metallurgy.
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REACT ION OF THE CARBIDES OF THE GROUP IV AND V
TRANSITION METAU WITH SOME ACIDS

Ye. ye . Rot lyar and T. N. Nazarohalc `*

The reactions of the carbide s of the Group IV and V transition

metals with acids and bases have been studied to find qualitative or
semiquantita:t:ive data on: their ohL1111,Cal stability.	 No interest was
^.i.ven to the composition of the gaseous deoomposItlon products [2],

The purpo se of this wonk was to study the nature or the reap-
_	 t;^ o	 between the carbides with phosphoric, sulfuric and nit;rio, ^^'ids,

t6 deterini,ne the composition of the gaseous c" eo-,,;lpositi.on p1.''o&1ctsa x
and to try to use the resulting data to di souas the nature of the
bonds in the carbides,

The reactions of the carbides with concentrated phosphoric,
^.^ }

sulfuric, and nitric acid were studied in
 
,in inert gas a.tiiilo^prlere . w

nitrogen	 witty heating usingt ho apparatus shown in ; ljg. 1.

The sample of the oarbide a 0.1-063 9 la y woi4v 1ht; , was pl.a.oed in ,	 ..

.- a Wartz flask and 30-40 alal of the acid was added.	 In studying the re-
actions of the oarbides with sulfuric	 50 alll. of _80% solution o r

isopropyl alcohol: was poured into the fix^st wash bottle to absord, the
SO, 14 3; 50 1111 Of a 2% solut ion of iodine was placed in he second
wash bottle 'to, absorb 'the $0' 	 In Studying the reactions of the car- a=

bides with nitric ac id, both 	 were filled witt^a 1. ^. b	 '.	 sulfuric #

acid , to absorb the noit rogem oxides.	 Then the ont;iro syste.lii was c aax-
Mated as shown in Fig, 1. .	 `

y^	
eN^t^.o^^1a was passed- tJ,ax fJLlgi'1 

the -ent ire system slowly -- for t;11^ fit:
l

tea two and a half lours =- (3-4 bubbles per seoond) to diupl,aoe the ^.

*Numbers in mar in indicate pagination c)f origlaaral,,t:ore gii tort
**Imatitutc for Matox la—l: Be1xavim, Problems AN Nkr. ,88R)

1
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Fig. 1. Apparatus for studying the reactions between the
carbides and acids:

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

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

mixture was heated, leaving the stopcock in the gas burette open and

the gases which were evolved were collected. After the_t,eaction was

finished, the solution was analyzed for the metal concentration and

the insoluble residue was analyzed for the concentratio.-a 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 0C, concentrated phosphoric acid (d = 1.7) decomposes

he decomposition begins at

at 2500 . These carbides	 /4

min. The titanium, vana-

decompose in phosphoric

only the zirconium and hafnium carbides. T

230-240 0 C, and the dissolution goes rapidly

decompose completely upon boiling for 30-40

dium, niobium, and tantalum carbides do not

acid even for heating to 3000C.

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 aROUP
IV AND V TRANSITION METAL CARBIDES WITH SULFURIC, PHOSPHORIC

AND NITRIC ACIDS

Reaction ! Raac- Amount of

r--
jCompositi.on of Gas
Mixture (Chromato-

Reaction Products
Tempera- Lion Carbide Amorphous graphic method)tune Time Decomposed

Carbon

! GN.I	 a) ( cQ

zrc+H^ (d.126/cm3 2110-270

i

I
2.50-2v) 1

HIC+H,P0, Id- 1,7g/em3 2.10 - _'*fo 1.5
:50 1

3 250-210 115

TW-i 11,S0, (d-1.64 9/ cm 240-250 2	 i250-27U 2
315--:120 1

ZrC 4-H,SO,(d-j.84g/cm 3 260 1
200-235 1.5

HIC+I1,S0j (d-1.84 9/cm 3 2W --2611 I

3%T+	 4 (d-1.81 9/CM
290-IM 1

15
Ht

0 1
,

NDC . -H,SO4 760 1.5-2
2r1U I,5

290 -.310 1
:65 {	 1.5

TaC+H,SQ 25S I	 1,5
276 1	 1.0

ZrC+HNO, 110-120 0.5

HfC-KN(l, 110--120 0.5

NbC+HN0,,+-NH,F 110--120 0.5

iaC+HN%+NH 4F 110-120 0.5

100.0 _ 91.4
^

-

I

7.8
1

0.8
100.0 - 87.3 - 12.0 0.7

71-10 _. 62.1 - 37;: an
100.0 - 77.2 - 19.3 3.4
10010 - 69.3 -- .b.9 1.7.

T415 S710 -- 19.0 8.0 2.0
1 6.0 33.0 - as 92.4 1.3

100.0 25.7 -- Ce.0 1.3

100,0 1412 40.2 - A2 3.0
100,0 7.0 71,0 -- 26.5 2.5
100.0 16.1 64.2 - 31.8 4.0
100.0 6.3 16.2 -- 81,3 2.4

- _ - 20.0 78,0 :0
- - -- 96.1 3.i

9.1,0 16,;t - 19.7 79.0 11
9^.0 4..0 -- 24.3 73.8 1.9
100,0 - - 13.7 82.9 3.4
$1.0 13 0 - 5.4 92.3 2.3

75,0 10.0 - 2.2 96.0 1.6
AU,O 6,0 _ 6.0 92.3 1.7

IUO,U -	 Traces - 9,+97 24'a

	

100.0	 I	 -	 Same- It16+.W 2-at

1	

I

	

100.0	 2-+x3
I	 ^

	

100.0	 j	 _	 oamc^ 95 a 97 !43

The resulting solutions are thick and transparent. For exten-

sive dilution, white amorphous precipitates are formed which, after
	 I

roasting, are converted into pyrophosphates with the composition

Zr2 P207 and Hf2 P 207 . According to Brauer [5], the acid phosphates of

zirconium and hafnium, ZrO(H 2 PO 4 ) 2 and HfO(H2PO 4 ) 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 being diluted with water, i.e., with a decrease in the

3



t

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:

01UMNAh PAGE IS

ZrC + 2H,PO4 + H2O = ZK), I 1.1'Oil +CH,:	 OF POOR QUA Xry

HfC + 2H;PO4 + NO = HfO (H,POJ, + CH..

	Concentrated sulfuric acid decomposes all of the carbides at 	 /5

200-3000C. The decomposition of the hafnium and zirconium carbides

sets in at 200-220 0C, and at 230-2500C 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 0C for

1.5 hrs. They decompose completely for boiling for 1.5-2 hrs. at 290-

	

3100C. The decomposition of all the carbides is 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 0C it becomes transparent.

The formation of the amorphous carbon was observed by Greenwood

and Osborne [61 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 is decolorized by the SO 2 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 2 (30-50 volume %), and hydrogen

(2.5-4.0 volume 70. The ratio of the methane, carbon dio

hydrogen depends on the temperature.

4
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THE MAIN REACTIONS FOR THE DECOMPOSITION OF THE HAFNIUM AND

ZIRCONIUM CARBIDES BY SULFURIC ACID CAN BE REPRESENTED BY THE EQUA-

TIONS:

HfC + 2H=SO, = Hf (SO,)2 + CH,,
HfC + 4H.SO 4 = Hf (SO,)2 + C + 2SO, + 4H.0,

ZrC + 211,S0, = Zr (SO,), CH,,

ZrC + 4H2SO4 = Zr (SOJ, + 2SO2 + C + 4H.0.

Secondary Reactions

C + 2H 2SO4 = CO2+ 2H20 4- 2SO2,
CH, + 4H 2SO4 = CO, + 6H 2O + 4S02.

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 0C 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 yellow precipitate whose composition,

according to the results of the analysis, corresponds to the formula

V2 (SO 4 ) 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

r;	 which are stable in concentrated sulfuric acid [1].

The following are present in the gaseous products: carbon

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 CO 2 are not the direct products from the carbide decom-

ORIGINAL PAGE Ib 	 5
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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 + Hg$04 + 506 ^ TiOSO, + C ; SU, .+. Ho. 	
z

VC + W Ir104 •- V, (SO jy + 2C ^ 3S , } 6H4 ).
RKbC + 411,904 -+• SS% - Nb,O(SOJ4 + 2C -t_ !W,	 ! i

Nitric acid (d a 1.43) and 1:1 nitric acid decompose the car-

bides of zirconium, hafnium, titanium, and vanadium at 100-110 0C. Car-

bon is not formed in the decomposition. 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 titanium hydroxide T102•nH2O.

For the decomposition of the zirconium and hafnium carbides,

hydrogen ( 2-0) 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 100-1200C.

After the decomposition, the solutions are transparent and no amorphous

carbon is formed. The gaseous products contain carbon dioxide (96-97X)

hydrogen (2-3%) and traces of carbon monoxide.

The reactions of the carbides with nitric acid take place ac-

cording to the following equations:

ZK; + 61M, ZrQNOs4 + CXk + 2NO 2NO, + 3H,0,
HOC + bHNU, HOCxN 44 + CXI + 2NO . _%^ + 3MA

VC 4- 4HNOj VON%+ 0D j + No# + 2NO + 2H,0.
TIC } 4HNU6 .- Ti% • 4H,0 t- CDs + M + 2N%.

6



+--	 I	 'i	 --^., ----r	 per- r	 ' _ ...► _____.•.-- _^	 .^-^	 ^k ^,,,	 .r. •• . .

	

J	 I	 ^

It follows from the results that only zirconium 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 4 groups which have a stable sp a electron

configuration. The even carbon bonds are symmetrical and identical 	 L
and form polareovalent bonds with the metal atoms, which results in a

tturked polarisation 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 is 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 stability of

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. 	 i

The tantalum carbide 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 [33.	 i

CONCLUSIONS

Concentrated pht.;_.phoric acid decomposer only the mirconium and

hafnium carbides at 230-250`4 with the evolution of methane ( 70-90% by
volume). The titanium, vanadium, niobium and tantalum carbides ave

not decomposed by phosphoric acid even at 3000C.

t.
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METHOD FOR THE QUANTITA'.'ITS X-RAY ANALYSIS OF THE	 //9
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 is

chemical analysis. Two chemical methods are known: the direct deter-

mination of C free	 total	 total*and from the data on B	 and CThe 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 4 C and that the Cfree is in fact free, pure carbon [5]•

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 	
IIt

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 compositions from B 4 C to B
6.75 C [3,8].A

These assumptions in the existing chemical methods for the quan-

titative determination of the Cfree concentration in boron carbide made

it necessary to i'evelop a method for x-ray quantitative analysis for

the feee carbon in it, taking into account the composition and struc-

ture of the boron carbide and carbon phases [9]. 	 1

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

*VNIIASh (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 eco z 150 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	 6c,	 18.50 (Fig. 2).

01! ^C1 io2 fIC-0 ► 2M	 328

E)"J)

1	 ,

OC2	 too lot 004 Ito 1122	 114

Fig. 1. X-ray uiffraction diagram for a single phase
boron carbide B 4.78 C (a), technical boron carbide con-

taining boron carbide and about 2% free carbon (b), and
ARV graphite (c). Radiation Cc = Ka.

I

	

	 The x-ray quantitative analysis for the C free 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 /11

system being analyzed, on a single film. By varying the ratio of the

^f

	

	 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.	 lb
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It was necessary to develop

ind pr*dU*o a special camera or 
the a-85 type to got the super-
position x-ray diagrams. The

camera was 85 mm in diameter and	 At-

It allowed consecutive x-ray dia-

grmmn to be taken for two and

more samples on a single rilm'^ 	 +,.
without recharging the camera'

The camera with the indivi-

dual parts is shown in Fig. 3. In	 44

contrast to the usual Uebye	 Fig. 2. Mloruphotogt,nr	 tt ►e
camera b the b-85 has a replace-	 rront segment or the a

- i -iiy diagram
ror technical boron Q.;+rbide oon-

Able holder unit ror the eylindri • twining rree carbon ( sirs rvont
cal sample, which allow s the	 lines are given for Moron eavbikie

and the (002) line or graphite).
:sample to be adjusted outside the radiation Co a Ko%

eamera by means or a special ad-

justing atta c hment (4), The holder with the ndjusted sample+ is not
in the charged camera. The camera allows thh listen whirtt ^^^ >rron4+^+rni

to reflection angles " from i to t?T.,r)0 1 o he recorklod [ - ). l'rov to sass

Is made for the rotation or the simple during expos%tre.

Various carbon materials havc fine dirreron%^eo in t lio .1ogroo tit,

development or the crystal lattiee b the sample and dimensions or dta-

gram ( rig. s) Specmeally, ttre nine struoturo and abnolute .Intensity
or the strongest line (0021 ) changes as a function o r t.110 struetur"al
state or the carbon phase and this line wan used to determine tiro con-
centration or Crree In the sample. The erit+erintenta I ly desovntirtpd An-
tensity or the ( 002) line for pet ro l ertm coke Is o hown an a runol l on o r
the graphitising temperature in 101g. o. 'rho intensity or the (00* )

line ror ARV graphite is arbitrarily taken an 100%. We east Poo that

as the temperature or graphitizing increases the :intensity car the

m2) 1'Lne ror the petroleum coke increases. Howrver, An wo can see

rrom the x-ray diagram s , the dirrueenosn and washing out or cha odgos
or the (002) line ror petroleum eoko are retained. Clarl.ty, sliarp-

tress, a high intensity and the absence or splitting ror the (m) iwo
are characteristic for ARV or Acheson graphites. Natural graphite

"'^^"A. `."	 _''"'	
,r^s^:a:,...,ta .,:.,..Jc^ir.^;.	 . ^ ..	 .^..»max ::_ a► 	 ,:.	 .._.
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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 (the
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; 14) bushing in
which the trap 13 is set; 15) nut with a fluorescent
screen (it screws into the bushing 14).

Fig. 4. The D-85 camera in the
assembled state and the adjust-
ing attachment which allows the
sample to be adjusted outside
the camera.

Fig. 5. X-ray diffraction diagram:;
for different carbon materials:

a) petroleum coke roasted at
15500C 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. 0. 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. In

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 15500C.

We have encountered graphite in the form of larger segregations also

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 carbide when the boron carbide

decomposes, the graphite is segregated in the form of developed petal-

crystals 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 diagrams for natu-

ral graphite (Fig. 5,e), although often the lattice periods a, and

particularly c, are greater than for the natural 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, 0.16x ash, and 0.95% volatile materials)

and boron carbide having the composition R 4.78 C 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 diagram, 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

13
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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 B4.78C

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	 C•
another series of superposition x- 	

4'78 '
b-f) boron carbide + graphite;

ray diagrams with other samples of	 g) graphite; t gr/t b.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	
Radiation Co = Ka.

graphite, natural graphite and petroleum coke, which had been roasted

at 1550 0C, were used. In addition to B 4.78 C, 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 B 4.78 C 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 B 4.78 C and 5 hrs. for the carbide B6.75C.

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- /15

netted 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

v .^



') 1 \

The operating conditions for the URS-70 device were kept con-

stant by stabilizing the voltage on the primary coil of the high volt-

age transformer using the SH-1 stabilizer (127 + 0.5 V). The radia-

tion was Cc -- Ka.

In practice, the quantitative determination of Cfree in boron

carbide from the superposition x-ray diagram is done as follows:

First, a series of x-ray superposition diagrams are taken with the

D-85 camera for boron carbide and graphite with different values of
the exposure (tgrA b.e ). The ratio of the intensities of the lines

for boron carbide and graphite, I002 gr/I002 b.c.0 are determined for
each photograph and a calibration curve of I	 /I	 = f(tgr/002 gr 002 b.c.
t b.c ) is set up.

Considering the variety of possible structural states Cfree in

boron carbide and also the wide range of possible composition and its

phases (from B 4 C to B6.?5C), it is 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 is closest in its structural state. The

composition of the boron carbide [31 is determined from the lattice
parameters (the angle Ots ). 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 S002/S110 is determined, which is

equal to the ratio of the intensities I002 gr/I110 b.c. if we are work-

ing in the range of blackening <1 .

The ratio of the exposures t grAb.e. , which correspond to the

given value of I002/I110' 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 identical to the sample with respect to the structur-

al state (Fig. 8). Cfree (Fig. 9) is read from the curve C f a f(tgr/

tb.c. ) which has been set up for a boron carbide with the same composi-

15
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tion as the sample, from the values of tgr/tb.c..

The standard curves in Fig. 9 are set up from the system of

equations [41:

Car (u/P)b.e.tar

Ub.c. IN/O)grLb.e.

Cgr + Cb.e. ' 100%

where C is the concentrations of graphite and boron carbide by weight,

t is the exposure time for graphite and boron carbide on the superim-

posed photographs, IA/pare 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 graphite B4C B4.78C B6.75C

N/P 8.5 5.5 5.4 5.2

if tine composition of the boron carbide differs from B 4C, B4.78 C, or

B6.75 
C. for which the standard curves have been set up, the 

Cfree con-

centration is found by extrapolation. In the case in which a large

number of photographs make up the series of superposition x-ray dia-

gran.3 which differ by small stages of exposure, a visual selection

can br- made, without measuring the blackening, of the superposition

x-ray diagram on which the ratio of the intensities of the analyzed

lines is 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 carbide for greater accuracy.

The method was developed for the analysis of samples containing

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.

/17
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Fig. 8. Calibration curves set up
from a series of superposition x-
ray diagrams for different boron
carbides and carbon materials:

1) B6.75 C + ARV graphite;

2) B4.78 C + ARV graphite;

3) B4.78 C + petroleum coke

roasted at 15500C.

Fig. 9. Standard curves for
determining the free carbon
concentration in boron carbide
by the superposition method.

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
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In our studies, the superposition method seemed particularly

valuable because of the very small samples 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 diagrams 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., if

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 diagrams 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 171 as well as in research

studies: in ,studying the phase diagrams, to refine the results of

chemical analysis, etc. Specifically, this method gave good results

in analyzin g; 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 0C 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

suitable. The oxidation of the carbides takes place along with the

burning ff of the free carbon and the first process predominates overg	 P	 P
the second [6] and the polyfluorethylene is totally burned up before

the carbon at 600-7000C.

Various mixtures were tested in order , to select the conditions

for the total oxidation of the given types of carbon: 1 0 ml 11 2 SO 4 +

10 ml HNO 3 + 5 ml HC10 4 + 20 ml K2 Cr 2 0 7 ; H 2SO4 + K2 Cr2 0 7 + HC10 4 (with

different ratios of the components), H 2SO 4 + HC10 41 HC104 + K2Cr207,

H2SO 4 + K2 Cr2 07 , H10 3 + H2SO4 , H 3PO 4 + H2SO 4 + HC10 4 [1,3,7,8,11].

The oxidizing action of the mixtures was checked with various	 119

types ofra hite (PROG - 2400g p	 , pg-50, AG-1500, etc.), carbon blacks

(gas channel, thermal, PG-33), and cokes (KNPS, cracking, furnace,

aryl tars, etc.). The experiments showed that all the types of carbon

*NIIGRAFIT (Scientific-Research Institute for Graphite.
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which were studied are completely oxidized only by mixtures Nos. 5 and

E

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

r•

Orange

60 1:1 0 Orange-red 0.0
51 1:1 60 Dark red 2.5
40

29
1:1

1:1
120
180 Reddish green 10.0

300
30 1:4 180 Orange 0.8	 j
31 1:2 ING

Orange-red 3.0

28

30
1:1

2:1
180

180 Reddish green 20.0

800
30 4:1 180 Green 10010

Dark green
I

The mechanism for the oxidation of carbon by the H 2 SO 4 + K2Cr207

mixture is given by the equation

3C + 2K.Cr._07 + 8H_SO, 2K.S0, + 2Cr_ (SO,), 3C0: + 8H.0. i

In this reaction, clear-cut stoichiometry may be expected under

certain conditions which can be used to 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 carbide phase or other inert substance quantitatively at the

same time.

21
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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, 	 120

the time :required for the complete oxidation of the graphite decreases

with an inc:-ease 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 	 I

chromium is reduced. The amount of chromium which is reduced depends

i	 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 sulfuric acid (sp. g. 1.84) on the re-

duction of chromium in the blank run are shown in Fig. 2.

H o	 0 20 40 50 80 100
Concentrated

r,rrr-- • ' ^T
KZ S4 S^KZL'ZO^,wr

Fig. 1. Dependence r f the time
for complete oxidation of the
free carbon on the sulfuric acid
concentration in the chromic mix-
ture:

1) 0.01 g; 2) 0.05 g; 3) 1.0 g.

2	 5 7 T min

Fig. 2. Effect of the boiling time
and the composition of the chromic
mixture on the reduction of chrom-
ium in a blank experiment:

4K,Cr,O, (10%	 1:2 — IHrSO.:
:2F.(r.0, 110',.•	 ); J —)HrSO.: 1K CriO. 5%-

I: 4—IHrS0.: KrCr,O, .0	 u^— 2HrSO.:
^tiN..; 	 IO n-	 ); 6 — 111%0.: I K.Ct,O, 1IOa.-
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It is riot recommended that a 10;. solution of potassium di-
c ni-omate bL' used in preparing the oxid i :ing mixtures, since a large
;amount of the potassium dichromate precipitates out of Lich solutions

upon standing. In mixtur'Os of sulfuric acid (sp. g. 1.84) with a 5%

,.o l ution of potassium dichromate  0.002-0. 003 g of the chronii ;Lin ;are	 /21
. o xidized for :a 1 :1 ratio of the components and for boiling foz- '-3
hi-i,z . Th Ls equals 0. 02 -o. 3% of the chromium used.

For prolonged boiling of the solutions (5-11 tar:: ) the :amount
of ctaroniiunt reduced to 0.04-0.07 g. which I. equal to 5-9%
of the ;amount used.

TABLE 2

RESULTS OF DETERMINING FREE CARBON BY OXIDATION WITH
DICHROMATE

Ai ,.io nt of
i ,ectro-
.^i^ically

Amount of hexavalent
in the oxidati on

chromium used
of the ogz ra hite

Carbon ob-
tained, mg
(arithmetic

Absolute
err• . , r.
mg

Rc l at i f , r	 I{
et r. r.	 x

Calculated Determined Deviation1'ure graph- fr,^tu the experiment- fr^^m cal- average from
ite,	 mg. tv:tetion ally (:frith- culated 10 determi-

^::^ t ions)metic aver- value
age from 10
de t t , rmina-
tion: )

J0.5 -}	 1.6 S.t tl,.t 5.6
10.0 ;,:,, 58.7 +0.9 10._` - 0.2 :.o

I iP.l +2.4 A).1 0"' ..tt
40.0 : a l . t 1.6 ; 0,5 40.1 (U 0.2
t^l.t 146. ^44,.1 ^,t f^^.0 U 0 _

104'.0 I	 ; _, S:1).t' {-1.7 I00..' 4-0.7 I	 0-V

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).

trch mixtures oxidize 1 grant 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 aue to this
.• ;act be oxclu,lod or lowered to a minimum.

:.	 hei ,e on the tree mi n ion wns Ox 1J1.-.ed with ;a rixture of

23
i
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li'



r

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 between 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 /22

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 -Ii^ 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 0 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 is titrated with a 0.05 N solution of potassium permanganate

[2]. The amount of carbon is calculated by using the formula

A . 100X	
5,78 a

where x is the carbon concentration, %, a is the sample weight in g,
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TABLE 3

COMPARATIVE DATA ON THE OXIDIZABILITY OF SOME CARBONACEOUS
MATERIALS

Time required
Sample Material	 for complete

oxidation, min.

PG-33

Carbon black
thermal
gas channel

KNPS, not roasted

Coke
cracking
furnace

KNPS - graphitized

Graphite
PROD-2400
ZOPG
PG-50
ARV
Natural
AO-1500

2o_25

0,gl(I1N AL PAGE 15 2"s
pWit gUALITY 20-25OF

10--20

10--20
10- 20

1m--ISO

is0- 180
IW_ I u

IM--180
IWo	 1a)

i	 160-IW

and 5.78 is the amount of chromium used to oxidize 1 g of carbon, and /23

A is the amount of chromium used to oxidize the free carbon in the

sample. A u B1 - B. The value of B 1 is found in titrating the blank

and B is found from titrating the sample from the formula

a .Ic•ri — tj - rllm  -

where C . V'/V" is the ratio between the solutions of Mohr's salt

(v") and the potassium permanganate (v'), v l is the amount of Rohr's

salt (in ml) added to the aliquot, v is 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 sulfuric acid and potassium dichromate

are given in Table 3. Since it requires 3 hrs. for the complete oxi-

dation of structurally-free graphite -- the most chemically stable of

the carbonaceous materials -- the oxidizability of some refractory

compounds was studied under identical conditions (Table 4).

25
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TABLE 4

Amount of oxidized carbon, %

Sample	 5	 10 15 20 30 45 1 1 hr 1 hr 1 hr 2 hr 2 hr 2 hr
Material*	 min min min min min min hr. 15 min 30 	 45	 15	 30

min min	 min min

Graphite
PROG-2400
(0.02 g)	 --	 18,0	 —	 18.78 19,81 20.62 1 2042 1 17,32	 20, Ifi 1 20,52 1 21.38

r^

B 4 C
	 I 3.021 4,2 I 4,241 3,8 I 9.2 I 7,731 8.091 8,84 I — 	 I 8,73 I 9.71 (	 4,4+

Mixture of B 4 C	 I	 :.

(0C08
 (Og02+g )	 11.79 1 --	 17.37 19,57 27.25 2'.2	 24,07 26,52	 26,79	 25,91	 48.1N1	 28,58 'tl,' +

*Sample weight 0.1 g.

As our experiments showed, the oxides (Al 2 0 3 , Fe 2 0 3 , and Si02)

do not dissolve in the chromic mixture, but B 2 0 3 and P 2 0 5 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

Silicon carbide	 Graphite
(boron carbide)

_ 0.0500
0.5000
0,5000 0,0.`i00
1.0000 0.0 100
0.1000 -
0,1000 —
0.1000 —
0.5000
0.1000 0.0^'00
e.1000 0.0100
0.1000 0,0300

PolyfluoroE

0.9000 -
0.9000 0.1000
0.9 1-100 0108M

Free carhnn fmind

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. 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.

3. The method is applicable for separating and determining the /26

free carbon in materials which contain refractory compounds.
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TABLE 6

COMPARATIVE DATA ON DETERMINING THE FREE CARBON
BY DIFFERENT METHODS

(Free carbon Free Carbon Found, %

tcoon
ncentra- This Heating in Gas-

ii
Sample Material

from
pecifica-

method muffle fur- volume

ions or by
^alculation

nace at method

850°C

Silicon' carbide	 0.12	 1	
0.10	

1	
_	 0.12

Artificial mixture

silicon carbide-

graphite

Samples of the

SiC-graphite

system

No. 1

No. 2

No. 3

No. 4

No. 5

Type II boron carbide

Sample from the boron-silicon-

carbon system

Polyfluoroethylene2

Artificial mixture

polyfluoroethylene-graphite

Samples of the polyfluoroethylene-

graphite system

No. 1

No. 2

No. 3

t'

a•

b0
	 .,0.10
	

50.0

10
	

10.13
	

9.85
	

0.^

	

1.34
	

1.20
	

1.27

	

61.47
	

61.10

	

61.08
	

60.50

	

67.02
	

67.7

	

61.44
	

8'2.1

no 18
	

10.60
	

10.07

"15
	

44.821
	

42.62

0
	

0

10
	

9.86

8
	

7.94

50 50.30 —I

50 52.10

65 66.80 I	 —

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

850 0C, 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 8500C 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.i	 I
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THE STABILITY OR COMPOUNDS OF THIS BORON-CARBON SYSTEM

IN OXYGEN AT HIGH TEMPERATURES

L. Ye. Peohentkovskaya and T. N. Naaarohuk#

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 -- their refractory nature.

The processes for the high temperature oxidation of such com-

pounds as the jarbidee and nitrides are complicated by the fact that

gaseous products are formed along with the solid oxidation products.

The objeot of this work was to study the oxidation of alloys of boron

with carbon at various temperatures.

According to Moissan's data [7,, oxygen does not oxidize boron

carbide at temperatures up to 500°0 and at 1000 0C the latter burns in

a stream of oxygen forming CO. and B203.

Ridgway M studied the oxidizability of boron carbide

with time at different temperatures. 0. A. Meyerson and Q. Y. Samsonov

[2) studied the oxidation of boron carbide at various temperatures;

820 6 1040 and 10$00C. On the basis of the results on the rate of oxi-

dation of boron carbide, an attempt was made to develop a method for

determining the free carbon in it.

A study of the oxidation of boron carbide at various temperatures

In the 6100-130000 range [3] showed that it begins at 700 0C. Complete

oxidation is observed at 1200-1300 00, in which case the stability of

the boron carbide to oxidation depends on the carbon that is present

in it.

The oxidi$ability was studied for alloys of the boron-carbon sy-

stem to determine the *treat of the chemical composition on their

*lnatitutt of Material Behavior Problems, AN. Ukr, SSR.
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stability in oxygen. For this study, alloys were used containing vari-

ous concentrations of carbon and boron. 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, %

13000C at flow rates of 200 ml/

min. The degree of oxidation was Alloy No. "fre

judged from the amount of carbon

and boron oxides in equal periods 	 13.9
2	 16.5

of time.	 3t	 :bs
5

6
7	 QT gAs we can see from Figs. 1 	 r1.3	 0.1g	 g	 :^.1	 I	 ^^.^	 (	 o.1 0 

and 2, the oxidation of boron-ear-

bon alloys begins at 500 0C. At

thi.3 temperature the oxidation can

only be observed from the forma-

tion of B203 . 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

6000C. Actually, the oxidation of the boron-carbon alloys begins at a

temperature of 7000C. At 700-12000C, 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 1200-13000C9

i.e., at a temperature for which the volatility of B 20 3oxide film which

is formed up to 12000C protects the boron carbide to some extent from

further oxidation.

Although the oxidation curves for all of the alloys of the boron-

carbon system have a !inique 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

Btotal free

r2.7 O.A
62.4 Not found.
hu it of

79.1 of of

76.8 it it

;12 0.05

r
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I

I

4
C
oxi-- dized x 100%

Ctotal $oxidized	 .,0

I)F WR'QUALITY
ur^ Y

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 0C), the boron

is oxidized, apparently those atoms which occupy the least stable posi-

tions in the lattice. At 600 0C 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 00 the oxidation of

carbon takes place vigorously. The ratio of the oxidized boron to the

oxidized carbon decreases and at 800 0C it becomes stable, becoming al-

most constant (rig. 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 (B12 C3 ( =B 4 C). For samples with a less defective structure,

such an abrupt formation of boron is not observed.

32
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Fig. 3. The ratio of oxidized
boron to oxidized carbon at differ-
ent temperatures.

As we can see from this fig-

ure, the ratio Boxidized becomes con-
O^diZed

stant at 800 0C. 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 0C. Up to the time for which

the oxidation had not as yet ceased
ec^^ = 0)	 The samples which re-

mained after oxidation were washed
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to remove the boric anhydride, dried, and the boron 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

B11 C 2 . 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 B4.6C.

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 B 2 0 3 ) is a compound whose composition corresponds to the

formula B 3 C. The alloy containing 30.1% carbon forms a compound with

the formula B
12 C 5 (B2.4C).

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 B
11 C 2 , B4.6C, B 3 

C and

B12C5'

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 for the placement, at the maximum, of two additional atoms. Such

an explanation was given for the compound B12 C 5 which they also pre-

pared.

Clark and Hoard C51 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 B 14 C 3 which corresponds to B4.67C.

F

I

t

A

34



AL p 
pi;V:" is

u Olt QIU "Try

TABLE 3

CHANGE IN THE COMPOSITION OF THE ALLOYS ITV THE BORON-CARBON
SYSTEM DURING OXIDATION AT DIFFERENT TEMPERATURES

Composition of the initial Comiosition of the compound :after
wle (before oxidation) removing the oxidation produo is

^ o
nr •^

ce ,

m cx3
o  k kc^ u

,^2.7 13.9 B13C2 BS.RC B5.4C 	 1J5.3c -

_ 82.; 15.5 B5C Ft%C ksL k6c R.	 C

a ?0. ; 17.9 B`C — B4.e1 ' 84.6C B3 ; C

7C'8 22.3 Ba.eC
kvc k6c B.1C B'.'C

73.2 20 B1.2C IC Ra.r Br tC —

6 71.3 27.9 NC I	 1 B5C Nc - 05C

6&3 11.1 B.:.uC
B&SC N.5C ( B1.4C Kmc

V. I. Kudryavtsev and G. V. Sofronov [11 think that it is possi-

ble to prepare a continuous series of solid solutions of boron carbide

according to the scheme

where B12C 3 has the boron carbide lattice in which the voids (holes)

are vacant, i.e., they are not occupied by either boron or carbon

atoms. B12 C5 and B 14C 3have 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 B 12C45 and B4.6 C was confirmed by these authors. The

compound B 
3 
C (B12C), can be represented as a solid intrusion solution

based on the cell B 12C 3 , in which an additional carbon atom is placed.

Proceeding from these concepts, the compound B11C2 (B5.5C) 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 B5.66C was indicated by Allen [4).
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CONCLUSIONS	 /32

.. It ",is 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 0C. At 800-12000C,

the ratio BOxidized = const.	 For samples with a defective structure, a
xi ized

marked oxidation 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. In

this way, the presence of four compounds was established for the boron-

carbon system. These have the arbitrary stoichiometric formula:

B11 C 2 , B4.6C, B 3 
C and B12C (B2.4C).
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SOME OF THE CHEMICAL PROPERTIES OF BORON CARBONITRIDE

L. E. Pechentko , ^skaya 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 tbc • Action of various reagents.

It is relatively new and has not been i studied to any great extent.

In this work, some of the chemical properties of boron carboni-

tride were etudied, 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

CALCIUM OXIDE AND BARIUM CARBONATE IN A

STREAM OF OXYGEN

Bgron carbonitrides with the following compositions were used:

t i ^, : ^i ! — 63,5lf1 — B; tl.t% — C; _ 9Q.S!i -r !i "'
h ^i ^ 4 — 51.Ma — B; 5.11^ — C; 3^.1l^ -+ N
BNC M 3 — b.3!9 — B; $^ — C. 30.0% — N

The finely ground powder of the boron carbonitride was mixed in

a porcelain combustion boat with calcium oxide which had been dried at

1200C 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 0C while oxygen wPj 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 VTI-2 apparatus. The sintered mass was dissolved in water by

*.ustitute of Material Behavior Pro ,9 ems 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 CaB 2 0 4 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

I	 the boron carbonitride to the calcium oxide in the roasting was 4 : 1.

The resulting cake was boiled for about 1 hour in water and the in-

'	 soluble residue was filtered 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 CaB 4 0 7 , 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.

J	 Summing up the foregoing, the reaction between the boron carboni-

tride and the calcium oxide in the stream of oxygen can be represented
	

i

in the following way:
	

t

BNC , CaO -:- O: CaB 4O; + CaB.O4 + Ns +CO,.

Analogous experiments were made to explain the reactions for the

f	
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 0C. The sintered mass was dissolved in water with boiling. The

boron and barium concentrations were determined in the water extract 	 /34

by precipitation in the form of the sulfate). The results of these

studies are given in Table 2.

Thus, the polyborate with the composition Ba 2 B 2 0 5 was formed

from the roasting of boron carbonitride with barium carbonate in a

stream of oxygen.

I

38

^^



CUT i 	 I	
73

TABLE 1

Found Ca`	 Found 0	 Concentration Calculated
No. BNC B3+' g-ions (calculated) g- formulag-

ions ions

1 2.78.10_y 0.7^ 10"-3 4.9 10-3 CAB'O,

2 1.41	 10'-3 O"T5 10—a 2.3.10-3 CAB'S

In addition to oxygen, nitrogen and carbon dioxide were found in

the gas phase. 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. The avail-

ability of the oxygen ceases and the reaction stops. Therefore, it is

recommended that a mixture of barium carbonate and calcoium oxide be

used in the sintering of the boron carbonitride in which the calcium

oxide acts as a loosening agent.

TABLE 2

BNC B3+ Found Bat+ Found 0 2	 Concentra- Calculated
g-ions g-ions tion (calcu- formula

lated) g-ions

t
1\i I 3.1	 10`'j 2.?.10'3 7.2.10—j

.Vv I S.ti• 10—' ` r),I. 10 "3 I:Lb.10"^ 13	 1i^11,

142 b.8.10-3 fi S• 10
 

14.2.10-3 B+^i^^	 '
X, 2 2.9 10 -4 2.9.10-3 77.3.10-3 1 : Ke0► 	 1
^M 3 1.2.10-3 1.1.10--1 2.9.10-3 Bw	 U,

1



REACTION OF BORON CARBONITRIDE WITH CALCIUM OXIDE 	 I.0
IN A STREAM OF CARBON DIOXIDE

Finely ground powder of boron carbonitride was mixed in a

porcelain combustion boat with calcium oxide, which had been dried at

1200C, 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

9000C and the flow of carbon dioxide was continued for two hours. The

gaseous reaction products were collected. The sintered mass which is

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 acid extract.

TABLE 3

B3+ Found Ca + Found Concentration of Calculated
BNC g-ions g-ions 02-(calculated) formula

g-ions

N! l 2.71.10'-' 0,7,10"4 4.9.10-4 dSAr
;1,0• its , 0,72 10 —'	 ; %9. I r" c'	

r
M 2 1.42.10-1 0.35.10" 2.5.10	 1 caB, h
A► 2 '%4(1- to--4 0,63 10-4 	 I 4.4.10' CABA

i,

Thus, the product of the reaction between boron carbonitride and	 !	 \

calcium oxide and carbon dioxide is a polyborate having the composition	 !

CaB407.

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 weighing 0.2 g were kept in a stream of carbon diox-

40
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TABLE 4

B3+ FoundI Caz+ Found I B : Ca

g-ions	 g-ions	 Ratio

7J 10'-3 	1.2 10-3	 6,0
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7.1 10-3	 0.7.IV3	 9,4

4.010-3 	0.8.10-1	 5.0

f

I

f

BNC -i CaO + CO2 CaA.O, + C + CO + N2.

1	 ,

r

^i

ide for 15 min. at various tempera-

tures and then they were treated

by boiling water for 1 hr., fil- 	 BNC
tering the sample and determining

the boric anhydride in the fil- 	 xrl

trate. As we can see from Fig. 1, N:1

the oxidation of the boron car-	
.r•1

bonitride sets in at 700 0C and in-

creases sharply with an increase

in temperature.

Ea

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 +CO2 , B4O,+CO+N..
j

In addition, the sintered 	
<c

mass which is found in the combus-

tion boat is covered with a black	 30

layer of free carbon whose presence
20

is confirmed by burning the in-

soluble residue in a stream of oxy- 	 to

gen at 6000C. If the same weight
n

of the boron carbonitride is burned	 500 700 900 loco t,

without preliminary treatment with Fig. 1. 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	 1'

following way:	 [



► 	 1	 I	 ^	 ^	 j

TABLE 5

BNC	 Sample	 Cfree Con-
weight	 centration,

g

No. 1
(after the reaction with CO2)
	

ar ► 00	 0.51.10-=

No. 2
(after the reaction with CO2)
	

0,2011
	

1.46.10-2

No. 1
	

O.M
	

0.03 10-4

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 800-9000C, it was found that:

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

oxygen according to the scheme:

BNC + CaO + Ct -^ CaB4O, + C&%O• + N, + CO.;

i

/37	
1
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2) the reaction of boron carbonitride with barium carbonate

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

I

BNC; + Ra(.10, --r O, -. Ba.B 4O. + Ns + CO,:

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

stream of carbon dioxide;

4) the reaction of boron carbonitride with calcium oxide in a 	 9

stream of carbon dioxide is as follows:

BNC + UO + C:O, CaB4O, + C + CO i- N,.

42+
^	 J
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Concentrated sulfuric acid decomposes all of the carbides at

200-3000C. The zirconium and hafnium carbides decompose at 200-230oC.
The zirconium and hafnium carbides decompose at 200-230 0C with the
formation of amorphous carbon and methane as the main gaseous product

(50-70 volume w). The titanium, vanadium, niobium and tantalum car-
bides decompose at 250 -300 oC 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
	 i

crystals of compounds of the AWB' type using gas transport reactions

151 in which the starting material is often powdered phosphide. 	 i

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 4 is formed in the
	

10i
chlorination and nitriding of boron phosphide. G. A. Goryunova [21

has published data on the initial temperature for the oxidation of the

gallium and indiutr, phosphides. It was shown that gallium phosphide

starts to be oxidized at about 8750 and indium phosphide at 5000C.

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 KMn0 4 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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Fig. 1. Scheme of the apparatus
for oxidizing the phosphides in air:

1) marble slab; 2) support;
3) thermo-balances; 4) platinum
filament; 5) container with the
sample; 6) slab; 7) vertical muffle
furnace; 8) slab, water-cooled;
9) guide tube; 10) thermo-couple;
11) EPD-52 potentiometer.

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.

The absence of gaseous oxi-

dation products for the phosphides

at 600-9000 and the formation of

the phosphates meant that the

gravimetric method could be used

to study the oxidation 13-41.

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

1 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 0C, gallium phosphide is stable to 7000

and indium phosphide to 700 0C. It should be noted that enlargement of

45
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TABLE 1

RESULTS OF THE OXIDATION OF BORON, QALLIUM 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 phosphide, cm 3 , T is

the oxidation time in min.)

Tt

Phosphide (Temperature, I Oxidation Equation
oC

Remarks

6

Particle size -
sP 6W y2 — 2.34 . 10-4 t

.^, re. 1„; 10-4 T 2-3 u
.00 ^'l	 X6.lu-6

°W y""6"5 10-t ^ Particle size -

CaP 700 y	 2.7 10—' 7-io u
7W y'.' 	 3,63.10—'
800 y' ,• 1,32 10" s Time period -

900 Y"'-%3.1V' = 0-14 min.

950 y .. T.1 10'= t

^ Particle size  -

111P 800 v'•a — 1,78 . 10-3 s 7 — 10 u

&50 '	 W 10-'s Time period -
9W y a. 4,7.10-'

0-36 min.

TABLE 2

RESULTS OF THE ANALYSIS OF THE PHOSPHATES
AND THE VALUES OF THE ACTIVATION ENERGY

FOR THE PHOSPHATE-FORMATION PROCESS

E

Phosphate

Composition, weight % Lattice Parameters Activation
Energy,
cal/moleP Me

BR), 29,7 10.6 a - 4.33; c — 6.34 24 500
U1'U, 18.2 414 a = 4,92; c = 6.87 24 750
in 26.3 56.2 .. 31 ; W

i
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.

i
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Fig. 2. Oxidation isotherms for
boron phosphide in air.
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Fig. 4. Isotherms for the oxida-
tion of gallium phosphide in air.
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Fig. 3. Results of the oxidation
of boron phosphide in the co-
ordinates log y - log T
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Fig. 5. Isotherms for the oxida-
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: 600-9000

for boron phosphide, 700-850 0 for gallium phosphide, and 700-850 0 for

indium phosphide.

	

Because of the intensive reaction at 900 and 9500C for gallium	 /41

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.

0

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

Ppu,15
UK1vIN AS, QU ULIT^	 4 7
OF P00'a
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toA '`
`•^	 empirical. The fact that in the

s	
majority of cases the quadratic 	 r s

} '	 parabolic oxidation rule, which is

t?"V

	

	

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- onset of oxidation for the phos-
tion of boron phosphide (1), gal-
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 0C. Gallium and indium phosphide are stable

, R • 	 up to 7000C.

2. The kinetic curves for the oxidation of the phosphides obey

a parabolic law for temperatures of 600-9000C for boron phosphide, 700-

9000C for gallium phosphide, and 700-850 0C for indium phosphide.

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

products are the phosphates.
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RESISTANCE OF REFRACTORY MATERIALS OF SILICON NITRIDE-
	 /42

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 [l].

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 controlled with a thermocouple. The flow rate

of the oxygon was constant in all of the experiments. The oxygen flow

was passed through the r(taction zone for a fixed period of time and the

amount of oxid.l .ed carbon was determined by the absorption-gas exchange

method [1]. The amount of oxidized carbon was determined from the

formula

Coxidized	 (C total	 Cfree^	
100

'bound

where Ctotal is the amount of oxygen burned off in the given time period
in %, Cie is the amount of free carbon in the sample in %, and °* Cbotuid
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

1).

It follows from the data shown in Figs. 1-6 that at 1000 0 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 Problems, AN UKr SSR by V. K. Kazakovyi.
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Fig. 1. Oxidation of the initial
silicon carbide as a function of
time over:a range of temperatures.
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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. 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. 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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Fig. 5. Dependence of the 'degree
of oxidation on time for various
temperatures for alloy No. 4 con-
taining 40.3% silicon cat-bide and
59.7% silicon nitride.
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sv IV do kv
if we compare these data

Fig. 6. Dependence of the oxida- with the data on the oxidation of
tion of the silicon nitride on the the initial silicon carbide, it ap-
com.position for various tempera-	 pears that the oxidizability of thetures for a period of 1 hr.

silicon carbide increases somewhat

in the alloys which contain silicon nitride.

The greatest difference in the oxidation of the alleys and of the

initial products is found at 14000C and for a ratio of the components

of S1 3N 4 : 1.8 SiC. It is apparent that at this ratio compounds are

formed with a maximum instability to oxidation.

Thus, the stability of the refractory alloys which consist of

silicon carbide and silicon nitride towards oxidation decreases some-

what as compared with the initial silicon carbide and nitride.

^44
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METHODS OF PREPARATION AND THE CHEMICAL STABILITY

OF THE HYDRIDES OF THE GROUP IV AND V

TRANSITION 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 is 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 is most often

produced by the decomposition of the titanium, zirconium and uranium

hydrides 171. 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 pieces 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 CaH 2 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)

Hydride

Hydrogenation
Temperature,

0 

Hydrogenation	 Chemical composition
Time, min.	

I 
of the hydride, wt.%

a
	 rogen

TMI	 400
	

30
	

451"-	 4.02

ZrH,	 CW
	

10
	

911.86
	

2.1

HrH,
	

800
	

30
	

900
	

1.10

vt^,	 10)
	

170
	

99.25
	

1.75

NbH
	

goo
	

120
	 A44	 1.06

Tat ^J	 800
	

60
	

99.12
	

O.JS

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.

1

	

	 The temperature of the production process fluctuates in the 900-

11000C range. The resulting hydride is washed with a weak solution

of HC1 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.

.	 ,	 {

t
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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

1'iii^ ^ 	 96.7	 103	 15
Z tl i	97.51	 2.00	 F--6
N bH	 96.70	 1.06	 10- 15

Compact samples of titanium and zirconium hydride were first

produced ,just recently 13,12] 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 is 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

900-10000C, 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 	 /47

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 [81). 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

1 g in a stream of oxygen in a quartz reactor placed in a resistance

lI

r

1
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Fig. 1. Kinetic curves for the	 Fig. 2. Kinetic curves fora the
oxidation of titanium hydride:	 oxidation of zirconium hydride:
1) at 400 oC; 2) at 500 oC; 3) 550oC; 1) at 400 oC; 2) 450oC; 3) 470oC;
4) 600 oC; 5) 700 0 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 0C. 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 0C, for zirconium hydride it begins at 450-

4700C, and at 300 -3500C 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

^	 57

1	 '



i

for the oxidation of the hydrides,

calculated from the weight of en-

trapped water vapor and the in-

crease in weight, differ quantita-

43 tively and qualitatively from one
a^ another.	 It may be assumed that

a0 

tic
( the oxidation of the hydrogen pre-

jH -r s ^---^ cedes its decomposition with the
subsequent separate oxidation of

° o -^?o 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
oxidation of niobium hydride: the dissociation of these hydrides
1) at	 300°C; 2)	 350°C;	 3)	 400°C; in a vacuum [4].
4) 500°C.

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 weight loss. The metal which is dissolved was deter- 	
i

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	 %	 I	 %	 %

H.0 100 100

Iid Concentrated 108 %,4 3.60 3.60
lici	 (1:1) 108 95.4 4.60 I	 4.50

IfNO:, Concentratea
HaA 110 97.8 2.20 2.25

HNO, (1:1) 110 97.8 2.20 2.23
H,S . Concentrated 280 -- 100 100
H SO, (1:1), 136 68.95 31.05 10.95
4 Concentrated 25 — 100 100
H,PU. Concentrated

100 — 100 100

H10, (33%) 100 99.35 0.65 0.65
NHH 2OH 25 100 — 0.37
NaOH 110%) 110 102.2 — 30.7
KOIl (10% 1 105 100.8 — US
Acetic acid 100 100

I
— 1.41

Tartaric acid 25 100 — —
Oxalic acid 1 193.72 6•'-8 6.27	 i

(
I

Acetone 25 100 —	 I —	 .
Ethyl alcohol 25 100 —	 ! —
HF " H N O3 0:1):l) 25 — 100 100
HNO' + H^SO, 0:1) 100 85,8 14.2 14.15
HNO3 + HP, 0:1) 100 97.7

I
2.3 3,10

l

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

Medium ture, % material,	 solution,

0 %	 %
11 ,0,_ 100 100
1111 Concentrated 100 — 100	 100
H\03. Concentrated

25 •. 59.8 40.2	 40

H=SO, Concentrated
280 y 100	 100

.	 H SC)	 (1: ► i 120 — 100	 100

H^ G^oncentrated 25 — 100	 100
+	 IisPO, Concentrated 70 — 100	 100

H,PO	 (1:1)
NH,UH

100
100

3.97
108.5

W03	 1+8.70
—	 0.44_

KOH (10%) 100 112.2
'	 Nat H 00%) 100 111.8 i	 43,8—

Tartaric acid loo loo i	 —	 —

`^	 Acetic acid l00 100 I	 —	 —

Oxalic acid 100 58 I	 96.42	 97.2
25 1 00

Acetone 2.5 100 —

Dichloroethane 25 loo —
HF+ HNOs 0: 1) 25 — 100	 100
HrSO, + HNOs (1:1) 100 — 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 is also observed in a mixture of

sulfuric acid and nitric acid. It may be assumed that in this case,

TiO2 (or TiSO 4 ) 2 ) is formed, which then dissolves with the formation

of titanylsulfate TiOSO 4 , 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 TiO 2 as the material, and leads to the con-

clusion that in the initial period of dissolving titanium hydride in

concentrated sulfuric acid, Ti(SO 4 ) 2 , which has a limited solubility,

is formed which, upon further boiling, is converted into the readily

soluble t itanyl sulfate TiOSO4.

^: x

1
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TABLE 5

STABILITY OF NIOBIUM HYDRIDE IN CHEMICAL SOLUTIONS

Medium
Tempera-	 I

ture,o

C

Residue,
%

'	 Dissolved	 I	 Metal in
material,	 solution,

H2O 100 100
11cl Concentrated I	 108 61.1 I	 38.9	 3"

H0 (1:1)_ 108 96.8 3.2	 296
HNON Concentrated

Has I	 110 99.4 0.6	 0.5
HNO, (1:1) . 100 AS 1.2	 1132
H,SO4 Concentrated

Nan 1	 280 — 103	 100
H=SO4 (1:1) I	 136 43.35 56.65	 57.1
H IN)4 Concentrated

WIN 10(1 5.,1!1 94.61	 94.70
P. PO, (1:1),
HF Concentrated

I	 I W

i	 25
69.2
—

30.8	 30.8
1(10	 100

K04i (10%) 100 27.8 72.2	 no
NaOH (10%) 100 107.5 --	 40.2
H,0= (3.; °;,1 1(x1 92.9 7.1	 7.15
Tartaric acid 100 9618 3.2	 .1.25
Acetic acid 100 100 —	 —
Ocalic acid 100 60.6 39.4	 39.5
cc], 25 100 --	 --
Acetone 25 100 —	 —
.Dichloroethane 25 103 —	 --

A colorless solution is formed in sulfuric and orthophosphoric

acids indicating the presence of the tetravalent Ti 
4+ 

ion. In 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. In 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 is 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

k .
	 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.

9
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CHEMICAL ANALYSIS OF THE PRODUCTS FROM THE REACTION

OF BORON WITH ARSENIC AND PHOSPHORUS

A. A. Reshchikova end 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;x.

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 B 6As 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 ars-nic 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 700-7600 and 1100 0C, 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 Inorganic Chemistry im. N. S. Kurnakov,
AN SSSR.
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TABLE 1

SPECTROSCOPIC ANALYSIS OF THE STARTING MAT ERIALS

Impurities, wt. %

Si	 I	 7e	 I	 Mg	 !	 Pb	 I	 Al	 I	 Cu

	

3 . 10-3 1.3 . 10-3 	3 . 10-{ 	5 . 10-4 2.7 . 10'-4 4.5 10-4

	

3.6.10-4 1.8.10-4	 -	 -	 1.10-4	 1.101

10-5 	10-5 	-	 -	 10-6	 -

Material analyzed

Boron

Phosphorus

Arsenic

two chemical compounds with arsenic: BAs and B 6As. In the presence

of an excess of arsenic as compared with the stoichiometric amount

(> 50 at. %) and at 700-760 0 C, a black powder of BA:. was formed which

was readily separated from the arsenic by distilling off the latter	 /54

at 4000C in the "cold" part of the ampule. At 1100 0C a yellow-brown

powder B 6 As 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 B 6 As 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 0 C. The BAs loses part of its arsenic be-

cause of thermal dissociation and is converted to B 6As. The arsenic

which is given off is 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 B 6 As 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

Up,joIN A, L,

OF POOR QUA,
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OF POOR QUA ATY
TABLE 2

CHEMICAL STABILITY OF B 6As 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.

HNO, (d -=1.4 9/Cm3 	 28.7	 35.0
HN(^ -•- H,U, (1 a) 	 3	 43.0	 36.1
HNO^ }- HiO, (d = 1.19 g / CM 	2.9	 2.5
Ha + HKU, (3:1) 3	 41.1	 4K0
ti,S(I

'l

 (d — 1.8 9/cm It 	 815	 5.0

soluble state. For this, 0.1 g of the powder sample was fused in a

nickel crucible with 1 g of alkali and 0.5 g of sodium peroxide. At

first the alkali 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 is 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	 r

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

(1 :'1) H2SO 4 vas 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/cm 3 ) and 0.5-1 g of potassium

iodide were added to the mixture. The iodine which is released is

titrated immediately with a 0.02 N solution of thiosulfate until the	 1

solution has no color. The titration is completed without starch,

since the latter gives unreliable colors in strong acids. After 20

minutes, the solution is titrated to completion if it takes on a

66
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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 alkali in the presence of mannite. The end point is

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 carded 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 achieved 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
	

i^
neutral point with respect to phenolphthalein. Therefore, in analyz-

ing the arsenic hexaboride, the boron is,idetermined somewhat different-

ly.

The neutral point is established with methyl red, which corre-

	
f^

sponds to the neutralization of strong hydrochloric acid and the first

step of the w:-ak 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 titration 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 alkali used in determining

67



Boron	 Arsenic
taken,	 added,
mg	 mg

	

Correctionl	 Boron
factor,	 found,
mg	

I	
mg

Error in determination

mg

TABLE 3
	

/56

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

8,0 - -	 8,0 0,0 0.0
8,0 - -	 8.0 0,0

I
0.0

8.0 - -	 8,0 0.0 0.0
8.0 9,8 1.20	 8.1 +0.1 1.2
8.0 9.8 1.20	 8.0 0.0 0.0
8.0 918 1.20	 8.1 +0,1 1,2

16.0 - -	 16.0 0.0 0.0
16.0 - -	 15.9 -0A 0.6
16.0 24.5 2.29	 15.9 -0.1 0.6
16,0 ,	 24,5 2.99 1	 16.1 +011 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 alkali titer was de-

termined with twice recrystallized boric ejcid 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 determining boron does not exceed

+0.4 relative

In calculating the bound boron and arsenic in the hexaboride

powders, the concentration of free, un,reacted elements was taken into

account, which were determined after moiling the sample in hydrogen

peroxide with the addition of a few 4rops of nitric acid.

Gueilleron and Thevenot [12] determined the ratio B : As =

6.2	 6.3 for this compound by chemical analysis which allowed them to

choose between the formulas B As and B As .
6 r l3 2^

l

68

f mow-`^"



I

.l 1	 1	 II	 t17 ., I 	 E	 i	 i	 1	 I

ORIGINAL UALI'I'YOF POOR
TABLE 4

POTENTIOMETRIC DETERMINATION OF BORON IN THE PRESENCE OF
PHOSPHORUS AND ARSENIC

Used, in mg	 Boron	 Relative Boron Boron	 Absolute
_ found,	 error, %	 used,	 found,	 error,%

Boron Phospho- I AArsenic	 mg	 I	 %	 %
rus

i27.1 - - 27.1 I +0.041 loo 100.04 + 0.04
27.1 27,13 +0,11 1 LAi 100.11 0, l 1
27.1 - - 27,05 -0.19 100 99.82 -0.19
27.1 36.4 - 27,45 + 1.30 42.68 43.23 + 0.55
27.1 36,4 - 27.09 -0.04 42.68 42.67 -0.01
27.1 36, 4 - 27,13 I	 +0,11 42.68 42.73 +0.05

27.1 - 37.3 27.06 i	 -0.15 42.08 42.12 -0.06
27.1 - 37,3 27.10 0.0 42,08 42.08 0,0
27,1 36,4 37.3 27,22 +0.44 26.88 27.00 +0.12
27.1 36.4 37.3 27,30 +0.74 26.88 27.08 + 0,20
13.55 29.145 29,78 13.47 -0.60 18.69 18.58 I-0.11
1:3,5 i 29,85 29.78 13.5U -0,40 18,69 18.62 -0.(17
13.53 29,1+5 29.78 13.64 +0.60 18,69 18,82

I
{-0.13

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 B 6As 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 400°C and the variable

temperature for the boron zone was 1000- 1150°. 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

d

W
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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 HNO 3 with H2 O 2 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	 /58
phosphide by boiling it with a mixture of HNO 3 and NaNO 3 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 alkali 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 HNO 3

(d = 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 HNO 3 (1 : 1) and after estab-

lishing a pH of 1.0-1.1 with NH 3 , 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
filtrate

In the
residue

From the filtrate From the residue

% %mg mg

I8.4 IK3 +0.2 1.1 +0.1 0.5
1P.3 IN.1 +0.1 0.5 -0.1 0.5
18.3 18.2 +0.1 0.5 0.0 0.0
11.1 18.0 -011 015 -0.2 111
18.1 18.1 _0'I 0.5

1
-0.1 0.5

18.1 18.1 -0.1 0.5 -0.1 0.5

The results of determining phosphorus from artificial mixtures
i

of phosphate with boric acid are given in Table 5. The composition

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

analysis of several samples) is 27.1 + 0.05% boron and 72.0 + 0.5%

phosphorus. This differs somewhat from the stoichiometric composition

1 . 1.

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 it.

After the mixtures were kept at 800-1100 0C, 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	
1

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-	 1

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 Na 2 CO 3 , K2 CO 3 and NaNO 3 (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

ciiin. 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 600C 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 HNO 3 (d = 1.4 g/cm 3 ) 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(NO 3 ) 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) HNO 3 . The results for the precipitation
	 I

j

	

	 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
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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)	 I
with Complexon)

0,3432 0,5876 0,9308 0,9370 0,59.18 +0,0062 I	 1,0
0,3432 0,5876 0,9308 0,9232 0,5807 -0,0069 1.21I
0,3432 0,5876 0.9308 0,9254 0.5822 -0,0054 0,9
0,3432 0,5876 0.9308 0,92; 2 0,5840 -0.0036 0,6
0,3391 0.7103 1,0494 I	 1.0L47 0,6856 -0,0247 3,5
0,:3391 0,7103 1,0494 1,0280 0,6889 1-0,0214 3.0
0,3391 0,7103 1,0494 i	 1,0369 0,6978 1 -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 B 6 As is assigned to the hexaboride of arsenic on

the basis of the chemical analysis.
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COMPLEXONOMETRIC ANALYSIS OF MOLYBDENUM ALLOYS 	 /61

L. N. Kugai, 0. F. Galadzhii, and V. I. Kornilova* 	 y

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 lifht 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 prec{pitation 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

III = 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 boiling 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
1

pentavalent state, is also possible using 1-(2-pyridyl-azo)-naphthol	 !

(PAN) as the indicator [6]. In this case the molybdenum is reduced

* Institute of Material Behavior Problems, AN Ukr. SSSR

1'
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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.

F	 The problem before us boils down to developing a method for the

^

	

	 complexonometric analysis of alloys ZrB 2-Mosi 21 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 [3,50,11] 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 ZrB2-Mosi2

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 is titrated with the same zinc chloride solution.

In analyzing the TiB2-MoSi2 alloys, the titanium is tied up with

sodium fluoride. In 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 zinc

chloride.
t
f^.
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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 is 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

is done at a pH of 5. The data obtained for the titration of synthetic

mixtures of molybdenum and aluminum are given in Table 1.

f^a

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 equivalence point is

not clear-cut and the data are not very reproducible or accurate (Table

2.
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4.71	 3,05

	

7,00	 1,53

	

10.50	 2.29

	

17,50	 5.35

	

21.0^	 Mr-

	

8.17	 3.44

	

10.04	 5.05

	

11.67	 6.11

	

i 1.68	 7.64

	

12.84	 `l 3

	

15.17	 2,67

	

2:1.35	 182

Used, mg.

Molybdenum i Aluminum

Found, mg

Molybdenum Aluminum

Relative Error, %

Molybdenum Aluminum

TABLE 2

REPRODUCIBILITY OF THE RESULTS FOR DETERMINING THE COMPONENTS
IN MOLYBDENUM ALUMINIDES

Taken, mg. Found,

Mo

mg

Al

Mo	 :	 Al	 I
Ratio

Relative

^-

Error,

Mo	 , Al

21.02 3.82 .1.13 3.69 5.	 : 1 +0.52 + 1.84
17.50 5.35 17.23 5.42 3.2: 1 -1.54 + 1.30
11,67 6.11 11,80 6,11 2:1 -	 1111 0
4.70 3.05 4.90 2.98 1.5: 1 {- 4.25 - 2.29

10.45 18,75 11.58 18.45 1:1,7 t 5.75 - 1,6
1'3.'20 26.42 14,08 216. 10 1 : 2 - 6.66 -1.21
4.80 12.00 5.40

(
11.70 1 :2.5 - 12.5 - 2.5

6.1s 2:1.70 6.40 13.40 1 :3.8 + 10.4 -1,26

TABLE 1

COMPLEXONOMETRIC DETERMINATION OF ALUMINUM AND MOLYBDENUM IN
SYNTHETIC MIXTURES

,

Indicator - eriochromeblack T
4.90	 2.91
6.91	 1,55

10.30	 2.29
17.23	 5,4=
21,13	 3."	 t

Indicator - xylenol orange
1	 ,

8.31	 3.49	 I
9.80 5.05

11.80 6.11
12.04 7.64
13.07 5,;15
1 S. 521
2167 3.777

+445 -2.29

	

-1.14	 + 1.92

	

-1.93	 0

	

-1.54	 +1,30

	

+0.52	 r1.14

1.71 } +1.45

	

-- 2.3'3	 0

	

- 1.11	 0

	

't:6	 0

	

1.79	 0

	

+ 3.83	 0

	

+ 1.39	 -1.33

1

E	 ,

ANALYSIS OF ZrB 2 -MoSi 2 ALLOYS

The zirconium in these alloys is determined by direct titration

with Cemplexon 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

as the indicator. The molybdenum is first reduced with hydrazine
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TABLE 3

COMPLEXONOMETRIC DETERMINATION OF MOLYBDENUM AND 'ZIRCONIUM
IN SYNTHETIC MIXTURES

Taken, mg	 Found, mg	 Relative Error of Determination

Mo	 Zr	 Mo	 Zr	 Mo	 Zr

24,0	 30.0	 24.2 I 20,17	 +0,8	 +0.85

12,0	 20.0	 12.07	 20.10	 +0,58 +0.5
12.0	 10,0	 11,90	 9,95	 -018	 -0.5
18.0	 15.0	 18, 30	 14.80	 + 1.u5 —1.33
18,0	 25,0	 18,3:?	 24,73	 +1,72 —1,08

I	 Z`

hydrochloride. The zirconium and molybdenum can be determined for a

}	 single solution.

i

	

	 The sum of the zirconium and molybdenum (V) is determined ct a

pH of 5 by titration of the excess Complexon III with a solution .)f

zinc salts using xylenol orange as the indicator. Ammoniim fluoride

. 1 is added to the titrated solution to break down the zirconium comp:1ex-

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 diosolved in a

platinum beaker by heating in a mixture of hydrofluoric and n:_tric

acid and then 5-6 ml of sulfurJe acid (d = 1.84 g/cm 3 ) is added and

the solution is evaporated to the evolution of sulfuric acid fimies. 	 /65

The solution is 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 ire

added to reduce the molybdenum. The mixture is boiled for 3-5 n1in.

until the solution becomes yellow and then an excess of Complexon III

}	 is added. The solution is allowed to stand for 5-10 min. and then f::ve

drops of a 0.5% solution of xylenol orange 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 zinc chloride solution.

'' 9



TABLE 4

DETERMINATION OF MOLYBDENUM AND TITANIUM IN SYNTHETIC MIXTURES

Relative error
Taken, mg.	 Found, mg.	 of determination,

Mo Ti Mo Ti Mo	 I T1

t S.b181Y, A &W 1(1:100	 58.0
17910 80.0 14,10 610 ♦0.5 }&0
IBa.O 04.0 Mill) 70,0 + 1.3 ♦ 1 A
3:t 0 Mo 1.14.0 74.0 +0.8 x-1.3

114,0 140 111.0 Wo 0 0
4$1 1 ".0 96.0 98.0 ♦ 1.0 ♦ 1.0
16.0 10510 7&0 - I tIl'o _&4 --1.9
57.0 11:110 !1.'1.0 11.1.0 1- ;t,5 U
31l 1	 131.0 AO 119.0 —8.3 --I.7

Determination of zirconium. Ammonium fluoride is added to the

titrated solution :end the mixture is heated. The Complexon III that is

released is titrated with a solution of zinc. This determines the zir-

conium concentration. The molybdenum concentration is determined from

the difference between the first and second titrations.

following way: Two

the xylenol orange

of the solution and

until the rose color

s checked on synthetic

The zirconium can also be determined in the

hundred milliliters of 2 N water*, a few drops of

solution, are added to an aliquot portion (20 m1)

the mixture is titrated ^;?owly with Complexon III

of the solution changes to yellow. The method wa

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. Molybdr-.,um (V) is 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 is determined 	 /66

by back titration of the excess Complexon III with a zinc chloride

solution at a pH of 5 using the same indicator [8]. Under the condi-

tions for titrating the titanium, they molybdenum (VI) forms a complex 	 1

compound with the hydrogen peroxide which does riot react with Complexon

*This is obvious mistake in foreign.
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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 ib 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 is added. The mixture is 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 is 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 xyle:iol 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 is added and the excess Complexon III 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 is determined by titration with Complexon III

at a pH of 8 using murexide as the indicator. The molybdenum is

, n
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determined after it is first re-
t

(PN	 duced and the copper is tied up by

thiourea by back titration of the

excess Complexon III with a zinc

oval chloride solution at a pH of 5 us-

bde- ing xylenol orange as the indicator.

TABLE 5

COMPLEXONOMETRIC DETERMINATI
OF TITANIUM IN TiC-Mo SAMPLE

Titanium found, %

With removal of	 Without r
the molybdenum	 of the mo

num

^;:	 '4	 I	 Method of analysis. A sample

weighing 0.3 g is dissolved btO	 7.1	 f 	 Y heat-
4.2	 4.2	

^'	 ing it in 15-30 ml of nitric acid

	r^	
(1 : 1). Then 10 ml of sulfuric

acid (1 : 1) is added and the solution is evaporated to the evolution
r

of sulfuric acid fumes.,/

The solution is transferred to a 100 ml volumetric flask. To de-

termine the molybdenum-, a 20 ml aliquot is transferred to a tapered

flask, 10 ml of hydrochloric acid (1 : 1) and 5 ml of a 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

allowed to stand for 5-10 min. and then it is 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

DETERMINATION OF MOLYBDENUM AND COPPER IN ARTIFICIAL MIXTURES

Taken, mg. Found, mg

Mo Cu Mo Cu

13,25 10,0 13.0 1010
15.00 12.0 15.25 12.15
15.00 5.00 15.50 8100
31.25 515 31.50 5145
11.00 1010 11.25 10.10
16.25 15.10 16.10 15105
16125 &0 16.45 7,84
17.50 12.80 18.00 12,48
18.75 &00 19.00 8.00
25,00 9.60 24.65 9160
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Relative error
of determination,

Mo
	

Cu

- 1,88 0
+1.66 +1.25
+3.33 0
+0.8 -0.9
+ 2.27 +1,0
-0.92 0

1.23 - 2.00
2.20 -2.5

-}	 1..13 0
+1.40 0
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To determine the copper, an aliquot portion of the solution

(20 ml) is 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, ZrB 2 -MoSi 2 , MoC-Ti, and TiC-Mo alloys and molyb-

denum-copper alloys without preliminary separation of the components.

i
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ANALYSIS OF THE GERMANIDES OF TITANIUM, ZIRCONIUM,

HAFNIUM AND TANTALUM

G. T. Kabannik and 0. 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 13,91, precipitation with hydrogen sulfide,

etc.

Fusion with an alkali and sodium peroxide, sintering with a mix-

ture of calcium oxide and potassium nitrate [4], and also with calcium

oxide 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. In addition, titanium germanide

dissolves completely in a 30% solution of hydrogen peroxide. The

1
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tantalum germanide dissolves in a mixture 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 titanium, 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 C51 /70
that prolonged heating is required fov 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.

The titrometric method was used to determine germanium, i.e.,

the titration of the complex mannitegermanic acid with an alkali.

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

01
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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,-1 ml of 30% hydrogen peroxide is added

to an aliquot part of the solution and an excess of a titrated solution

of Complexon 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

alkali 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 is formed is titrated with the same alkali. The

86
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Coe - Zr	 5,60
Ge - Zr	 5.60
Ge - Ti	 3.60
Ge - Ti 1 a60

6.90	 6.74	 - 2.3
1.01	 14.10	 2.1
12,77	 12,50	 -2.1
5.52	 5169	 1 -T- 3.0

TABLE 1

DETERMINATION OF GERMANIUM IN SYNTHETIC MIXTURES

System Metal taken, Geranium taken, Germanium found, Relative
mg	 mg	 I	 mg	 error, %

alkali 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

Germanide Ge Concen- Ge Taken, Ge Added Total Ge Found,	 Relative
tration,	 % mg mg Ge Con- mg	 i error,	 %

centra-
tion

ZrGe= 57,7 5,69 12.77 18,46 18.22 - 1.2
5,69 12,77 18,46 18.13 -1.7
5.52 6.38 11.9 12,04 +1.5

Zr,Ge, 32,3 5.52 6.90 12,42 1226 -1.2
5,52 6.90 12.42 1 2. 77 +2.8

Ti `&, 47,5 8111 6,38 14.49 14,49 0
8.11 638 14,49 14.67 + 1.2

IIf,Ge, 17.8 7,59 6.90 14,49 14.49 0
7„59 6,90	 j 14,49 14.16 - 2.3

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.

87
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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.

CONCLUSIONS

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 'PROPERTIES OF GERMANIDES

0. I. Popova*

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: Li 4 Ge and Li6Ge2.

They decompose in moist air to form Li 2 CO 3 . LiGe is more active [1].

Hohmann and Johnson [6,9] described the properties of the

potassium, sodium, urbidium, and cesium germanides. Alkali metal

germanides with the following compositions have been synthesized:

KGe, NaGe, RbGe, CsGe and the compounds more enriched with germanium

KGe 4 , NaGe 4 , RbGe 4 and CsGe 4 . All of these are only stable in an in-

ert dry gas atmosphere. In air they decompose to form the correspond-

ing alkali and a brown, amorphous material -- germanium hydride

(GeH) x l . The latter is oxidized 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

4800C in a vacuum.

Magnesium forms the germanide M92 Ge 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 germanium

hydride. It is also readily decomposed by water [4].

Calcium forms two compounds with germanium: GeCa (silvery-

white in color) and GeCa 2 . Both are unstable in air and decompose

with the formation of Ca(OH) 2 or CaCO 3 and an orange powder [7,8]

i

1
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Data have riot been given on the chemical properties of the rare earth 	 1



which is apparently the germanohydride.

The copper germanides Cu 3Ge and Cu 5Ge 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 ThGe 3 and a- and ^-modifications of ThGe 2 with germanium. These

compounds react vigorously with 50% hydrochloric acid, concentrated

hydrofluoric acid, aqua regia, and a 10% solution of sodium hydroxide 	 /74

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 [51 among the vanadium subgroup germanides.

The niobium germanides NbGe 2 and Nb 3Ge 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,

Mo 3Ge 2 , Mo 2 Ge 3 and MoGe 2 . They all react with alkalies, are dissolved

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

drofluoric acids [11]. The germanides Mo 2Ge 3 and MoGe 2 decompose in

nitric acid or in hydrogen peroxide, forming a precipitate of german-

ium dioxide GeO2.

The iron germanides FeGe 2 and Fe 2Ge are known. An increase in

the germanium concentration in the Fe-Ge system increases the corro-

sion resistance in air. In air, FeGe 2 does not change at all.

The chetaical properties have been studied for the compounds of
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TABLE 1

CHEMICAL STABILITY OF TITANIUM, HAFNIUM, AND ZIRCONIUM GERMANIDES

Insoluble residue, %

Solvent	
Ti5Ge3 IHf 5Ge 3 1Zr5Ge3

Hydrochloric acid (concentrated) 19 21 17

Hydrochloric acid (1:1) 20 15 15

Nitric acid (concentrated) - 184 -

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 73 -

The major part of the Ti 5 Ge 3 decomposes, forming a hydrolytic
precipitate.

germanium with :manganese: Mn 3 Ge 2 , Mn 5 Ge 3 , and Mn 5 Ge 2 . 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

9 i
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TABLE 2

^iiij;i1CAL STABILITY OF TANTALUM GERMANIDE

Solvent	 I Insoluble	 Solvent	 (Insoluble
res 1.due,	 jresidue, %

y roch cr c ac id
•;	 (concentrated)

Hydrochloric acid (1:1)

Sulfuric acid (concentrated)

Sulfuric acid (1:1)

1	 Nitric acid (concentrated)

f	 Nitric acid + hydrochloric
!	 acid (1:3)

Nitric acid + hydrofluoric
acid

`	 Hydrochloric acid + hydrogen
peroxide

Hydrogen peroxide (30%)

Nitric acia yu.0
97. 0 Sulfuric acid +
98.0 potassium sulfate 0

70.0 Sodium hydroxide (1%) 88.0

99.0 Phosphoric acid	 i 99.0

100.0 Bromine water 98.0

Ammonia + hydrogen
98.0 peroxide 97.0

Ammonium fluoride +
0 hydrogen peroxide

i

53 .0

Sodium hydroxide +
99 .0 hydrogen peroxide	 I 54.0

97.0 Ammonium fluoride +
ammonium persulfat 	 37.0

many germanides have not been studied, the solubility of the germanides

of titanium, zirconium, hafnium, tantalum, chromium and molybdenum 	 /76

were studied in certain solvents. Samples of the germanides weighing

0.1 g were placed in 100 ml beakers and various solvents and their mix-

tures were added. The beakers were covered with water glasses and the

mixtures were boiled for 1 hr. Several additions of volatile or un-

stable solvents were added to maintain a fixed volume and concentration

for the solution. After cooling, the insoluble residue was filtered

off in a No. 4 Schott crucible and weighed.

As we can see from Table 1, all of the germanides of the ti-

tanium subgroup, Ti 5Ge 3 , Hf 5Ge 3 , and Zr5Ge 3 decompose completely in a

mixture of hydrofluoric and nitric acids, and they are dissolved exten-

sively by concentrated and dilute sulfuric and hydrochloric acids, and

almost completely dissolved by aqua regia.

Ti 5Ge 3 dissolves completely in 30% hydrogen peroxide and partial- ;'77

ly in nitric acid, forming a hydrolytic precipitate.

Tantalum germanide Ta 5Ge ,3 is quite stable with respect to

92
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TABLE 3

CHEMICAL STABILITY OF THE CHROMIUM AND MOLYBDENUM GERMANIDES

Solvent	 Insoluble residue, %

r 3Ge MoGe 2 	 0 3 0 Mo 2 e3

iI	 Sulfuric acid (concentrated) 	 471	 -	 -	 -

y	 Sulfuric acid (1:4) 	 99	 -	 -	 -
Sulfuric acid (1:1)	 51	 -	 74	 -

Hydrochloric acid (concentrated) 	 0	 96	 97	 97

'
t
	Hydrochloric acid (1:1)	 -	 100	 98	 97

'	 Nitric acid (1:1) 	 -	 1	 0	 0	 0

Phosphoric acid	 -	 -	 100	 98

'	 Acetic acid	 -	 53	 98	 93

Hydrochloric acid + nitric acid (3:1) 	 115	 0	 (	 0	 0

Sulfuric acid + hydrochloric acid 	 ! 6	 -	 -	 -

Hydrogen peroxide 	 -	 -	 100	 0

Ammonia + hydrogen peroxide	 -	 -	 25	 39
v
'	 Hydrochloric acid + hydrogen peroxide	 0	 ; 5	 20	 12

Sulfuric acid + hydrofluoric acid 	 0	 -	 -

Bromine water	 -	 29	 19	 21

Hydrochloric acid + ammonium per-
sulfate	 40	 -	 35

Sodium hydroxide (20%) 	 -	 -	 99	 -

Sodium hydroxide + bromine water	 74

1Salt6 are formed

ordinary chemical reagents (Table 2). It does not dissolve in hydro-

s

	

	 chloric or sulfuri.c acids, or in aqua regia, and it only dissolves com-

pletely for wet fusion in a mixture of potassium sulfate and sulfuric

acids or in mixtures of nitric and hydrofluoric acids. It dissolves

to a significant extent in mixtures of sodium hydroxide with hydrogen

peroxide, hydrogen peroxide and ammonium fluoride, and anunonium fluor-

ide and ammonium persulfate.

	

}	 The results of studying the solubility for the chromium and

molybdenum.  germanides are giver_ in Table 3. We can see from the re-

sults that chromium germanide Cr3Ge is unstable in ordinary acids. It

! I
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dissolves in hydrochloric and sulfuric acids, in mixtures of sulfuric

and hydrofluoric acids and, to a significant extent, in concentrated

sulfuric acid, simultaneously forming basic salts. It dissolves al-

most completely in a mixture of potassium sulfate and sulfuric acid,

but it also forms basic salts in this case. Nitric acid and mixtures

of nitric with other acids (for example, with sulfuric) do not dis-

solve chromium germanide because of the passivation of the chromium.

The results of studying the solubility of the germanides in

acids confirms, in general, the literature data. It should only be

noted that the formation of a germanium dioxide precipitate was not

observed fir the dissolution of Mo 2Ge 3 and MoGe 2 in nitric acid and
hydrogen peroxide.

The MoGe 2 germanide dissolves partially in acetic acid. All of
the molybdenum germanides are dissolved extensively in bromine water

and MoGe 2 and Mo 2Ge 3 dissolve in a mixture of sulfuric acid with
ammonium persulfate.
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ANALYSIS OF THE SELENIDES OF THE RARE EARTH ELEMENTS

V. A. Obolonchik and T. M. Mikhlina*

The studies of the selenides of the rare earth metals (REM) is

mainly aimed at determining their physical properties. There are no

methods in the chemical literature for chemical analysis and authors

refer to data from x-ray structural and x-ray phase analyses.

A preliminary study of the chemical properties of the selenides

of the rare earth metals allowed us to develop methods for chemical

analysis. By studying the solubility of the REM selenides, it was

concluded that it was reasonable to determine the total selenium and

metal concentration in a nitric acid solution. The nitric acid com-

pletely dissolves the REM selenides with the formation of selenious

acid and the metal nitrates. The determination of selenium in seleni-

ous acid presents no difficulties. Methods are described in the liter-

ature [2] for the determination of selenium which is present in solu-
tion in the form of SeOi.

In developing a method for determining free selenium, the solu-

bility of the selenides was studied in water and then the reaction was

used for the formation of selenosulfate from the reaction of selenium

and sodium sulfite: Na 2SO + Se aNa cSeS0 3 . Its constant k	 I'
depends on temperature [1]. As the temperature is increased, the re-

action shifts towards the formation of the selenosulfate. It is stable

in slightly alkaline or in neutral media in the presence of an excess

of sulfite which shifts the equilibrium to the left:

SeSA:-f SCE;- + St.,

The removal of the sulfite from the solution with formaldehyde or by

acidifying the solution gives the quantitative separation of the red

modification of selenium:

*Institute of Materials rroblems, AN Ukr. SSR
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SeSO,' + H+ Se + HSO, .

In an acid medium, bromine oxidizes the selenosulfate to selenious

acid and the sulfate. The latter does not interfere with the determi-

nation of selenium. The analytical method was checked by the method

of additions (Table). The relative error in the determination is about

2%.

Thus, the total, and free selenium and the rare earth metal

are determined in the REM selenides by methods of chemical analysis,

gravimetric and volumetric.

TABLE

CHECKING THE CONCENTRATION OF FREE SELENIUM IN CERIUM SELENIDE BY
THE METHOD OF ADDITION

Weight of i	 Se freeSe AddedI Se Present 	 Se Found	 Relative
Ce2Se3 , mg	 Concentration,	 mg	 I	 mg	 mg	 I	 error, %

110 0,44 Is 15.14 15,65 +135
Its 0.36 222 22,46

1
71.81 +1.56

112 0,44

1

17 1',44 17.67 -1,:10

1

105 0.42 14 14.32 14.67 +1, 75
108 0.43 16 16,43 16.2; --1,10

1 '!

1
To determine the total concentration of selenium, the selenides

are decomposed with nitric acid which oxidizes all of the selenium,

both the bound and free selenium, to selenious acid. Since the reac-

tion takes place vigorously, the experiment is carried out in a tapered

flask with air refluxing to avoid loss of the selenium during solution.

In the gravimetric method, the selenious acid is reduced with sulfur

dioxide to the elemental selenium. In the volumetric method, the

selenious acid is reacted with potassium iodide and the evolved iodine

is titrated with sodium thiosulfate using starch as the indicator. The

starch solution must be added before the iodide to avoid complicating

the titration by the red amorphous selenium which is formed and which

absorbs the iodine. The change in the color from blue to orange is

sharpn the resulting colloidal solution of selenium.i

I	 ^	 ^
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In determining the free selenium, a sample of the selenide is

heated with 2 Nf	 it	 fl k i h	 dWM a 	 um sdi 	iu a e n a as w t a con enser on a boil-

ing water bath for 40 min. The selenium in the filtrate is determined

either gravimetrically or volumetrically.

The gravimetric method is based on the decomposition of the

selenosulfate with the formation of elemental selenium. Formalin is

added to the solution and the selenium is formed quantitatively with

the removal of the excess sulfite by the formaldehyde.

The volumetric method is based on the oxidation of the seleno-

sulfate to give selenious acid with bromine water. The excess bromine

is°emoved by boiling slightly, followed by the addition of a few drops

of an alcoholic solution of acetanilide. The selenium in the selenious

acid is determined by the method given above.

The determination of the REM in the selenides is based on their

decomposition with nitric acid followed by titrating the solution with

Complexon III. The lanthanoid ion forms a stable complex with Complex-

on III. Selenious acid, which is present in the solution, does not

interfere with the determination. An aliquot part of the solution is

neutralized to a pH of 4.5 with ammonia and an acetate buffer solution

and a mixed indicator of alizarine C and methyl blue are added to the

solution. The mixture is titrated with Complexon III while boiling

until the color changes from raspberry red to dirty-green.

Controlling the concentration of Fe, Ca, and Cu in the selenides

Is of special interest, since the starting materials, the REM oxides,

contain these impurities. In some studies, it was shown that iron

selenide sublimes above 900 0C. The iron in the oxides is determined

according to GOST (State Standards) and a method was developed for de-

termining the iron in the selenides which is based on the colorimetric

determination of trivalent iron using sulfosalicylic acid, or on the

colorimetric determination of divalent iron by the o-phenanthroline

method. The trivalent iron can be reduced to the divalent with hy-

droxylamine hydrochloride or with sulfur dioxide, i.e., the same solu-

tion can be used which is used to determine the selenium by the gravi-

r'
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metric method.

The analytical results showed that in the selenides, which are

prepared at 11000C, the iron concentration was cut in half as compared

with its concentration in the oxides and at 800 0C it remains about the

same. This confirms the assumption that compounds can be produced

which have a lower amount of impurities than the starting materials in

high temperature syntheses.
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COMPLEXOMETRIC ANALYSIS OF ALLOYS OF THE RARE EARTH OXIDES
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WITH THE GROUP II OXIDES AND CHROMIUM OXIDE

S. F. Boremskaya and G. T. Kabannikk

One of the main problems confronting chemists is the creation

of new materials which are to be used at high temperatures. The rare

earth oxides (RE) (yttrium and scandium), as well as the compounds
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and solid solutions which they form with refractory oxides of the
Group II elements, are of great interest in this respect since these

compounds have very high fusion temperatures (about 2000 0C) and other

valuable properties.

The nature of the reaction of the RE oxides, yttrium and

scandium, with the refractory oxides of the Group II elements (mag-

nesium oxide, calcium, strontium, and barium oxides) have hardly been

studied at all. Therefore, such studies are of practical and theo-

retical interest in creating highly refractory materials based on them,

for the production of special glasses, and electroceramics. The al-

loys of the REE (rare earth elements) with chromium oxide have inter-

esting and important properties.

The methods which can be used to make certain determinations

quite accurately and with the least loss of time are very important

in the analysis of a large number of samples. Among these are com-

plexometric titration which has been widely used in laboratory prac-

tice.

In determining and separating the REE from other elements, the

gravimetric, oxalate method was used most often until recently. How-

ever, it is not suitable for production work because of the consider-

able expenditure of time and the low accuracy.

The volumetric, complexometric method is the most reasonable.

}Institute of Materials Problems, AN Ukr. SSR
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Several complexometric methods, both direct and reverse, are described

in the literature for determining the REE which form quite stable com-

plex compounds with Complexon III.

•^

	

	 A method [4] is recommended for the determination of the REE

of the yttrium subgroup based on titration with Complexon III in a

slightly acid medium and using a mixed indicator (a mixture of the

ammonium salt of alizarinsulfonic acid and methyl blue). A method is

,k

	

	 also known for the titration of the rare earth elements using Erio-

chrome black T as the indicator [5). Urotropine (pH 5) is used to

establish a given acidity. It is recommended that xylenol orange [8]
or arsenazo [7] be used as the indicator for the complexometric titra-
tion of the REE. It is recommended that the titration with arsenazo

be carried out at a pH of 5.5 - 6.5 in the presence of pyridine.

Several variations have been suggested for the method of back

titration for determining the REE; for example, titration of the ex-

cess Complexon III with a solution of zinc chloride or sulfate using

Eriochrome black T as the indicator [6].

S. P. Onosov [2] suggested a method for back titrating the ex-

cess Complexon III with solution of nickel chloride at a pH of 10 in

the presence of murexide. Prshibil [91 suggested a method for back

	

titrating the excess Complexon III with lead nitrate at a pH of 5.5
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using xylenol orange as the indicator.

The ability of the REE scandium and yttrium to form complecon-

ates at a pH of 3-7 and at a pH of 10 for magnesium and calcium [1]

was used to develop a method of complexometric analysis for the oxide

alloys of the REE, scandium and yttrium, with the alkaline earth ele-

ments.

According to this method of analysis, the concentration of the

rare earth elements was determined by direct complexometric titration

at a pH of 5 with pyridine and arsenazo as the indicator. The solu-

tion changes its color from violet to orange. The alkaline earth ele-

ment and magnesium, which form violet colored complexes [3], are de-

termined in this same solution by direct titration. At the equivalence

At
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point the solution changes its color from violet to orange for titra-

tion with Complexon III. The suggested method was tested on synthetic

mixtures (Table 1).

On this basis the following method is suggested for determining

the rare earth and alkaline earth elements for alloys R 20 3 (SrO, BaO,

CaO, MgO). A sample, which had first been heated to a constant weight

at 10000C, weighing 0.2 g, is dissolved in 4 ml of hydrochloric acid

(1:1). For samples of the REE wits magnesium and calcium, the sample

can be dissolved in sulfuric acid i1:4) with heating (if the sample

does not dissolve the mixture is evaporated until acid fumes are

formed). The solution is cooled, diluted with water, and transferred

into a 100 ml volumetric flask. An aliquot part of the solution (25

ml) is transferred into a tapered Flask and 5-6 drops of 0.5% arsenazo

solution are added along with 15-20 drops of pyridine. The solution

is neutralized to a pH of 5-6 with ammonia using universal indicator
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paper, and the solution is titrated with a 0.025 M solution of Com-

plexon III up to the point for which the violet color becomes orange.

The concentration of the alkaline earth element is determined in the

same aliquot. For this, ammonia is added to the titrated solution to

reach a pH of 10. In this case the color reverts to its initial color.

The titration is carried out with the same solution of Complexon III

until the violet color changes to orange. The titer for the Complexon

III solution is determined from a standard solution of these elements

under the conditions for the analysis.

A number of samples were analyzed by this method. For compari-

son, the REE, yttrium, scandium, and the alkaline earth element were

determined in the same samples by the classical gravimetric method:

ytterbium and yttrium by the oxalate method, barium, calcium and

strontium by the sulfate method (Table 2). 	 /8

As we can see from the results, the suggested method for the

analysis of such alloys is quite satisfactory both in terms of the

accuracy and reproducibility.

In analyzing the alloys of the REE with chromium oxide, the de-

composition of the sample presented difficulties. It was suggested
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TABLE 1

COMPLEXOMETRIC DETERMINATION OF THE RARE EARCH AND ALKALINE EARTH ELEMENTS
IN SYNTHETIC MIXTURES

Yb203 - BaO Y203 - coo
Ytterbium Oxide - SrO

Ytterbium Strontium Ytterbil= Barium Yttriuu Calcium

Taken	 ound,Rela- _ak-en, Found, la- Taken, Foundj Bela- . Taken, Found 4Rela- Taken jFound, Rela- Taken, Found

mg	 mg tive mg mg tive mg mg	 'tive mg mg ive mg ! mg tive mg ag ive
;error, error, error error error, rror,

z x x	 I z z z

YI5.23	 15,x1 0 18.40 1861 +0.72 21.76 21.76 0 13.15 13M +0.67 40.1 40.5
T- •..01520A	 20.4 0 16.63 16`63 0 4 ,.0 41.07 -=41.67 40.17 20.17 0 46,1 46,3 t-0,14 464 W

10.w	 11.1 +12 13.2 13.2 0 17.60 17.54 -0,76^ 12.04 tt	 13.02 ♦IA 00.2 80.6 #O,5 90.1 91.1 -^ IA?
10.86	 11.01 +1.2 10.35 10.% 0 10.00 WAS 0 13." I	 13.73 +IA 60.2 60.6 --0b7 654 "A --0.7S
54.4	 54A 0 27.72 27.72 0 40.8 40.93 +0.33 27.2 27.2 fi 1221 122.3 0 32A =.7 +1*	 r
301A	 30.00 0 44.k8 45.14 .^0.6 48.96 49.23 +0.56 3k W !	 37A -0.71 75.0 73.0 0 50.6 SU 0

49..`3 0.95 ^ 2 O^is 0	

^

^ 0 %A

^

+OX 5818 a o- E6220 ( . 0 IOR, too" 6&WMA) 7702

Y203 - Sr0 Y20	 - Ba0

Yttrium Strontium	 ' Yttrium Barium

Taken ound,. ela- Taken, ound, Rela- ; Taken ound ela- Taken 4Found, Bela-
109 mg dive mg mg	 tive mg	 i

!
mg rtive mg mg tive

^errar, error , r, error, -	 -
x z z x

601 60.9 +1.3 26.3 25.9 -2.0 60.2 60.5 X0.67 ,	 16.3 18.1 -1.0
Q G 802 80.2 0 39,.5 W5 0 40.1 40.1 0 21.9 21A -0JI3

-1.2580.2 X).2 0 7.9 8.0 -x-0.17 NA21 80.0 +o73 13 6 14.4
46̂ 5 46.1 --`1,06 26.4 !	 28.6 -:-1A 702 j 70.5 -^0.`r7 21.0 9 .-0,07
5611 56,1 0

0
47,5
AO

47 S
38.2

0	 i
--0.7

41.7
5,6,91

42.1
569

+496
0

36.6
11,3

36.4
IIA - (AA46.J 46.1 {

C* 66.1 f».A -0.6 52.7 52.9 --0.45 9M.21 98.2 1	 0 18.3 J0.3 0
160A 160. `	 0 . 40.9 40.9 ^	 0 417'1.'5: 200.5 !	 0 36A '	 347 1 441616 ";	 1

^y

0

_ I _ - !1 ..iLL,u^ ,ate ^ t
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TABLE 2

DETERMINATION OF THE RARE EARTH AND ALKALI METAL ELEMENTS
(weight %) BY THE GRAVIMETRIC AND COMPLEXOMETRIC METHOD

Rare Earth Elements	 Alkaline Earth Elements

Sample	 Gravimetric Complexometric	 Gravimetric Complexometric
Method	 Method	 Method	 Method

Y, - Srtl 67.15 67,01 32.8
Y	 - Sr0, 7 7,85

I	 32.7
N-q

6
77.8 21.9 21.9

Y,(
b
; - Ball 57.5 57,5 42.6 42.5

YasCa,_ Ba0 70.45 70.4 29.55 2915
Y	 Cap) 76.83 76.7 23.2 :.I
N' % - 0410 10.E 9.9 P419 89.8
Y:(N - CUO 99.2 99.1 0.7 0.7
Y.O, - f ao 6.4 6.3 93,5 911.6
1'b,n, - MO 74.0 74.1 25.8 25.9
Yb,O„ - Mr0 50.25 50J4 49.7

I
49,6

Yb*% - INFO 34,9 35.0 W).0 65.0
N'W, - AgU 19.2 19.3 80.7 ti0.7

Or,IGINAL PILE IS
OF p0 OH QUALITY

that they be sintered with a mixture of soda and magnesium oxide at

10000C in aluminum oxide crucibles to decompose them. Such crucibles

are stable at high temperatures and, moreover, the small amount of

aluminum which goes into solutions can be readily masked with sulfo-

salicyclic acid in determining the rare earth elements.

ANALYTICAL METHOD

A sample weighing 0.2 g is sintered with a five-fold amount of

a mixture of sodium carbonate and magnesium oxide (5:1) in an aluminum

oxide crucible for 2-3 hrs. at 900-10000C. The cake is leached with

water in a beaker and (1:4) sulfuric acid is added drop-wise while

heating until the cake is completely dissolved. The solution is trans- /85

ferred to a volumetric flask, first oxidizing the chromium with ammon-

ium persulfate.

The chromium and the REE are determined from aliquot portions;

the latter by titration with Complexon III at a pH of 5 using xylenol

orange as the indicator, first typing up the aluminum with sulfosali-

cyclic acid. The titer for the Complexon III solution is established

from a standard solution of the REE. The chromium is determined by

the persulfate-silver method. The method was tested on synthetic mix-

tures (Tables 3 and 4).
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TABLE 3

DETERMINATION OF GADOLINIUM OXIDE
IN SYNTHETIC MIXTURES IN THE PRES-

ENCE OF HEXAVALENT CHROMIUM

Taken	 Found	 Relative
Mg	 I	 mg	 I error, %

92.77 92.77 0
µ4.63 94.15 _0,4
58.26 57.52 -1.3
3h,96 A49 --1.0
74.2 74.5 X0.5
30.8 30.6 _0,7
3:139 :k"1,39 0

66.50 66.50 0

TABLE 4

DETERMINATION OF GADOLINIUM OXIDE
AND CHROMIUM OXIDE IN SAMPLES

Gadolinium Oxide, %	 ;Chromium
oxide,

Gravimetric	 Complexo-	 %
oxalate	 metric
method	 method

- 22.9 7(,.6
210 i	 76.6

44.1 1? 5;.1,
44.2 44.3 56.75

52.4 52.6 47.1
52.4. 52.5 47.2

65.0 6.x,3 AT
65.0 65.2 34.65

- 68.8 31.0
6&8 31.2

69.8 343
69.6 30.1

1-

CONCLUSIONS

1. A method has been developed for the analysis of the alloys

of rare earth and alkaline earth oxides based on the complexometric

determination of the rare earth and alkaline earth elements in the

same solution at different pH using the same indicator.

2. A method is suggested for the analysis of the alloys of the

rare earth oxides with chromium oxide. Sintering with a mixture of

,sodium carbonate and magnesium oxide (1:5) in aluminulr , oxide crucibles

at 900-10000C is used to decompose these alloys.

REFERENCES

1. Nazarchuk, T. N. and Popova, 0. I., Kompleksonometricheskii analiz
metallokeramicheskikh i keramicheskikh materialov i nekotor kh
stlavov	 Complexometric Analysis of Metalloceramic and Ceramic

	
1

Materials and Some Alloys"), Metallurgizdat, M., 1965, 23-32.

2. Onosova, S. P., Zavodkskaya laboratoriya, 1962, 2,, 271.

3. Polyak, L. Ya., Zavodskaya laboratoriya, 1961, 7

4. Brunischolz, G., Cahen, R. - Helv. Chim, acta, 1956, 39, 324•

105



5. Brunischolz, G.,	 Cahen,	 R.	 - Hely .	 Chim. acta,	 1956,	 39,	 2135.

6. Flascka, H. - Microchim.	 acta,	 1955,	 1, 55.

7. Fritz,	 J.	 C., et	 al.	 - Z.	 Analyt.	 Chem., 1953,	 30,	 1111.

8. Patrowski - Cell Czechosl.	 Chem.	 com.,	 1959, 24,	 3305.

9. Pribil,	 R., Vesely, 7.	 - Talanta,	 1963, 10,	 899.

lUU



	
r
	

r	 F
l

I	 ^.	 1
	 I	 ^	 1

	
i

SEPARATION OF ALLOYED CHROMIUM CARBIDES OF THE TYPE
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Cr2C (METASTABLE) AND Cr^ 3C6 OR Cr7C3

ISOLATED FROM STEELS AND ALLOYS

L. V. Zaala yskaya, N. V. Ivanova, and N. F. Lashko

(Moscow)

The presence of the alloying elements Cr, Mo, W, V, N. etc.,

in steels and alloys facilitates, under certain conditions, the forma-

tion of carbide or nitride phases with widely varying composition of

the Pie 2C or Me t N type with a hexagonal crystal structure. The tem-

perature range in which these phases are stable in steels and alloys

depends on their degree of alloying. These phases often exist with

other carbides or nitride phases which makes the determination of their

chemical composition and the analysis of the distribution of the alloy-

ing elements between the various phases difficult.

Specifically, only recently was it established that the harden-

ing of the heat resistant steels which contain 12% Cr and which are al-

loyed with Mo. W, and other elements, and which are widely used, de-

pends on the features of the segregated phases of the Me2C type, their

composition and dispersion [2,3,4]. The authors designated this phase

by Me2X. This phase can either be a chromium carbide of the Me 2C type

or a carbonitride Me(C,N). The metastable phase based on Cr 2C becomes

stable when it is alloyed with Mop W. V, or N.

N. F. Lashko [1] observed the Me2C phase in an alloy which con-

tained 0.2% C, 18% Cr, 8.9% W, and 58% Ni with a variable concentration

of vanadium of 1-4%. In this case a phase segregates based on the car-

bide Cr2C which is enriched with vanadium ( up to 20%) and with tungsten

(up to 40X).

The chemical composition of the phases of the Me 2C type, based

on chromium, which were isolated from steels containing 12% Cr, wa5

not determined since the Me 2C phase is isolated electrolytically along

with the chromium carbides Me 23C6and Me 7C3.
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On one hand, the Me 2C phase based on chromium is analogous in	 /87

chemical properties to the carbides Mo 2C and WIC and the nitrides Cr2N

and Nb 2N with a hexagonal structure, since they all decompose in hydro-

gen peroxide, but on the other hand the Me 2C based on chromium decom-

poses in acids like the cubic chromium carbide which is not decomposed

by hydrogen peroxide.

The instability of the Me 2C phase to hydrogen peroxide was used

to separate it from the cubic chromium carbide. Three steels were

used. Their composition is given in Table 1. A 5% solution of hydro-

chloric acid in hydrolytic ethyl alcohol was used as the electrolyte

for the electrolytic isolation of the phases. The current density wa3

0.1 - 0.2 A/cm2 . Along with the carbide Me 23C6 , a chromium carbide of

the Me 2C type with a hexagonal structure having the lattice parameters

a = 2.86 A and c - 4.47 A was found in the anode deposits from Steels

1 and 2 by means of x-ray structural analysis. The isolated phases

from Steel 3 corresponded to the chromium carbonitride Me2 (CN) and

Me23C6.

TABLE 1

CHEMICAL COMPOSITION OF THE STEELS, %

Steel	 I	 I Mn ( S1	 Cr ( N,	 W ,^	 r+	 u	
Quenching

it	 No.	 tempera-

ijiture, o
1	 0.15 0.50 0,50 13.60 3.05 1.66 Her ^ 0,20 0.03;1A00 1 150 ^ 041 	 C
2	 0.24 0.30 0.46 12.70 1.70 1.17 1.70 0.24 	 tier	 Her 1050
3	 0.15 0.38 0.2(1 14.45 4.47 Her 2.48 An.ra 	 — O.L%	 105Y wager, =

cold

I
treatme!

(-70h2 hrs .
The anode deposits were treated with alkali to remove contamina-

tion by tungstic and molybdic acids which are introduced into the de-

f	 posit during electrolysis. The method for separating the phases con-

sists of the following: the anode deposit, which has been washed to

remove the alkali, is placed in a 0.5 1 beaker and 100 ml of hydrogen

peroxide is added and it is heated on a hotplate (on a thick asbestos

i
sheet) for 2 hrs. adding hydrogen peroxide as it decomposes.

The cubic or tri oval chromium carbide is. g passivated by the

hydrogen peroxide and remains in the residue. The Me 2C or Me2(C,N)

phases are decomposed and are in the filtrate. A chemical analysis

of the filtrate and of the insoluble residie indicates the amount of

108A1, 
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a
the elements present in the Me 2C phase and in the Me 23C6 or Me

7 C 3 car-

bides. The results of the differential chemical analysis are given in

Table 2.

The concentration of the elements in the separated phases are /88

shown in Fig. 1 for Steel 2. We can see that the Cr, Mo, and W concen-

tration in the Me2C phase is higher than in the Me 23C6 carbide and that

the Fe concentration, conversely, is much lower in the Me 2C phase than

in the Me23C6 phase.	 j

Fig. 1. Composition of the carbides Fig. 2. The amount of the Me2C
Me 2C and Me 

23C7 
for Steel 2.	 (1) and Me^ 3C6 (2) carbides

in Steel 1 as a function of the
temperature (heating time - 3 hrs)

The change in the amounts of Me 2 C and Me2?C6 isolated from Steel

1 is shown in Fig. 2 as a function of the heat treating conditions.

After quenching from 1050 O and tempering at 5400C for 3 hrs. only a

carbide of the Me 2Ctype based on chromium is isolated in an amount

equal to 1.60%. As the tempering temperature is raised to 560 0C, for

the same period of time, the amount of the Me 2Ccarbide decreases and

the cubic chromium carbide appears in an amount equal to 1.60%. With

a further increase in tempering temperature to 600 0C, the amount of the

carbide Me 2C becomes still less and the amount of the cubic carbide is

increased by approximately 3.5 times. This behavior for the Me 2C car-

bide can be explained by its relative stability at low temperatures and

its metastability at elevated tempering temperatures. The cubic

chromium carbide is the stable phase at elevated temperatures.
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Fig. 3. Effect of the temperature
for the additional heating on the
kinetics for the formation of the
carbides Me 2C (1) and Me^ 3C6 (2)

After additional heating at for Steel 2.

400 and 4500C for 100 hrs., the

amount of the cubic carbide decreases and the amount of the Me2C car-

bide increases accordingly. As the temperature of the additional heat-

ing is increased to 5500C for the same period of time, there is a re-

verse change: the amount of the cubic carbide increases and the amount

of the Me 2 C carbide decreases accordingly. Consequently, as in the

case of Steel 1, the Me 2C phase is relatively stable at lower tempera-

tures (400, 450 0C) and the Me 23C6 carbide is stable at higher tempera-

tures (550-6500C), and for this reason there is a redistribution of

the alloying metals among the phases.

In view of the fact that nitrogen was added to Steel 3, its con-

centration had to be determined in the anode deposits. The addition of

nitrogen to the steel makes the Me 2 (C,N) phase more stable because of

the formation of chromium carbonitride which is more stable than the

Me 2 C type of chromium carbide.

The results of the differential chemical analysis of the anode

deposits isolated from Steel 3 are given in Table 3. The value given

for the carbon concentration is a calculated value. We can see from

the table that during tempering at 500 0C for 1 hr. a small amount of

the chromium carbonitride of the Me 2 (C,N) type is formed. After a

second tempering at 450 and 520 0C for the same period of time, the

amount of the chromium carbonitride increases. At 650 0C the concentra-

tion of the Me 2 (C,N) increases to 1.75% and the amount of cubic carbide

which is formed is 0.90%.
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The kinetics for the forma-

tion of the carbides Me 2 C and

Me^ 3 C 6 are shown in Fig. 3 as a

function of the temperature of the

additional heating for Steel 2.

After quenching and tempering at

6800C for 4 hrs., a large amount of

the chromium carbide of the Me2C

type (1.97%) and of the carbide

Me 23C 6 (1.66%) are isolated.
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It should be pointed out that the temperature range for the

stability of the Me 2C phase in Steel 1 alloyed only with tungsten is

narrower than that i'or the other two steels. After tempering at 560°C

the amount of the Me 2C phase begins to decrease, and at 600
0C it is

only 0.31% and there is 1.81% of the cubic chromium carbide.

The Me 2C phase in Steel 2, alloyed additionally with molybdenum

and vanadium, is more stable. At 550°C it is present in an amount

equal to ' . 51% in the presence of 1.57% of the cubic chromium carbide.

i In Steel 3, which is alloyed with molybdenum and nitrogen, the

phase of the Me 2 ( C,N) type is even more stable. 	 At 6500C there is

^tt
more of it than of the cubic chromium carbide (1.74 and 0.88%, re-

F
t

spectively).
;y

'• CONCLUSIONS

I.	 A quantitative method is suggested for separating the car-

bides or carbonitrides of the type Cr 2 (C , N) and the chromium carbides

M23 C 6 for their combined presence.

{ 2.	 The concentration of iron in the Me 
2Xphase, based on

i

f

chromium, is much less than in the cubic chromium carbide.

3.	 The temperature range for the existence of the metastable

i phase depends on the alloying of the steel. 	 The phase is stabilized

^'	 I

'	 1

to a greater extent by molybdenum and nitrogen than by tungsten.
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EMICAL AND ELECTROCHEMICAL METHODS FOR THE SEPARATION

OF THE MeC CARBIDES AND Me(C,N) CARBONITRIDES

OF THE GROUP IV AND V METALS

G. F. Georgiyeva, N. F. Lashko, and K. P. Sorokina

(Moscow)

e reactions of the MeC carbides, MeN nitrides, and Me(C,N)

carbonitrides of the Group IV and V metals with mineral acids both

with and without the application of a current, differ from the reac-

tions for the carbides and nitrides of the Group VI-VIII metals. This

fact can be used to isolate the individual carbides MeC and nitrides

MeN from a mixture of carbides or nitrides or from steels and alloys

in which these phases are present. It is more complicated to separate

the MeC carbides and MeN nitrides of the Group IV and V metals from

one another.

Synthetic MeC carbides of the Group IV and V metals differ from

the carbides which are present in steels and alloys which have been

smelted in open furnaces in their reactions with mineral acids because

they also bond with nitrogen (from the materials in the charge and from

from the atmosphere) and, as a rule, they contain the alloying ele-

ments (Cr, Mo, W. etc.) from the steels and alloys.

It was shown that the carbides TIC and nitrides TIN are passi-

vated in aqueous and alsohol electrolytes which contain the C1 1 , SO4",

PO4 1% and NO 3 ' ions, and can be isolated quantitatively from various 192

steels and alloys in contrast to the Me23C6 and Me7 C 3 carbides, which

are passivated and can be isolated quantitatively only in electrolytes

which contain the C1' ion.

Solid solutions based on nickel are in an active state in

steels and alloys and are dissolved in the electrolytes which contain

the NO 3 ', SO 4 ", and PO4 '" ions at potentials at which the TIC carbide

and the strengthening phase Ni 3 (A1,Ti) are in a passive state. This

allows the Ni 3 (A1,Ti) phase to be isolated quantitatively along with

the TIC carbide or the Ti(C,N) carbonitride.
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TABLE 1
	

!92
SOLUBILITY OF THE MeC CARBIDES OF THE GROUP IV AND
V METALS IN STRONG ACIDS, THEIR MIXTURES, AND IN
THE PRESENCE OF OXIDIZING AGENTS (for boiling).

14-4
	 _	 =	

s
+	 _	 +

r	
u	 z	

+

x	 s	 r	 s	 x	 s	 s	 x
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Remarks: According to Blanter's data [2], NbC dis-
ssolves in H 2SO 4 . Here and in Table 2, H - does not

dissolve; p - dissolves; ca ► - dissolves sligh.-1y.

TABLE 2

SOLUBILITY OF THE GROUP IV AND V METALS IN MINERAL
ACIDS AND THEIR MIXTURESI

u

"ClFi 'So,	 HM),	 +	 Hf	 =i	 +
^	 s	 -

ORI11INAL PAGE I.

	

TiP	 r	 P	 r	 P	 OF POOR QUALITY
Zr	 H	 H	 H	 r	 P
}it	 H	 H	 N	 r	 P	 -'
V	 N	 It 	 r	 P	 P
nD	 H	 H	 H	 N	 It
1.1	 11	 H 	 H	 it 	 P

V. V. Nekrasov. Kurs obs hchei khimii (Course in
General Chemistry , Goskhimizdbc, M., 1963•

The separation of the particles of the Ni 3 (A1,T1) phase from

the TiC or Ti(C.N) is possible because of the ability of the Ni3(Al,

Ti) phase to be dissolved when boiled in dilute aqueous solutions of

hydrochloric or sulfuric acid. The TiC carbides, Ti(C,N) carboni-

trides, and TiN nitrides are not dissolved.

Finding the conditions for the chemical separation of the N13

(A1,Ti) phrase from the MeC or Me(C,N) phase is of practical interest.

The carbide (MeC) and carbonitride (Me(C,N) phases containing three 	 it
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elements - Ti, Nb, and V - are encountered most often in steels and

alloys.

The results of our experiments on the chemical separation of

the MeC carbides by boiling in mineral acids are given in Table 1 along

along with literature data [1,2]. The MeC carbides are more stable,

in terms of their solubility in mineral acids, than the metals in them

(Table 2).

The carbides of the Group IV and V metals in the fourth period

(Ti and V) have the greatest solubility. The solubility decreases for

the bound metals in periods VI and V. We know that the addition of an

oxidizing agent, particularly strong oxidizing agents (HNO 3 and H2O2)

facilitates the solubility of the carbides MeC.

Judging from the data in Table 1, the chemical separation of the

NbC and VC carbides should not be difficult. In studying the phase

composition of a number of austenite steels, which contain niobium and

vanadium (particularly E1481 steel), it was shown that the carboni-

tride Nb(C,N) and carbide VC which are formed in them are separated by

roiling in nitric acid (d - 1.4 g/cm 3 ) [4]. The vanadium carbide dis-

solves in this case.

A special study was made of the separation of the phases Ni3(A1,

Ti), Nb(C,N), and TiN which are formed in nickel alloys of the EI-698

type. The chemical composition of these alloys is given in Table 3.

The heat treatment was carried out under the following conditions:

quenching from 11200C (8 hrs.) + 1000 0C (4 hrs.) + 775 0C (16 hrs.)

cooling in air after each operation. According to the data from x-ray

structural analysis 1 , the EI-698 alloy is a multiphase system in which

along with the solid solution austenite, the following phases are

present: Ni 3 (Ti,Al), (Nb,Ti) (C,N), TiN, and the boride phase

(Mo,Cr)3B2.

The phases can be separated and determined individually by the

following scheme:

KV. Smirnov did the x-ray structural studies.

f
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lyte) is boiled with a 5% solution

of sulfuric acid for 1.5 hrs. dur-

ing which the Me 3B2 dissolves com-

pletely.

The selective dissolution of 'Phase composition of a,

titanium (Table 4) was observed for (,C, N), 
TiN,Me3A2

boiling the anode deposit which is

isolated from the EI-698 alloy

16

C '	 Cr I	 ri At %^, W

0.M4 14,36 71fe 1,47 2,99 1.96
0.05,1 14.36 210 1.47 «!^ 1,9R
UP? 14.36 IV 147 «99 1,96
0,12 14.33 2.7 1.65 193 2,1 4
0120 146•113 2.7 1,66 MA 2,14
0.31 14.33 3.7 1 JA 2.93 2.1 + 1

1	 ,

Anode deposit isolated in the Anode deposit isolated in
electrolyte 18 (NH 4 ) 2SO4 + electrolyte 81

citric acid

CN	 + TiN +Me3
2

alloy (boiling with 20x +	
e	 23

(boiling  with 5$ H2s04)

_	 H2SO4

Residue IIFiltrate

Res	 ue	 rate
[Miling

,Ti)(CN) + Ti	 Me3B2

(Nb,Ti)(C,N) + TiN	 , + Me38e2 with HF
boiling with HF)	 alloy ueFiltrate

N
es
Nb Ti C N	 TiN

esidue II	 Filtrate I
(Nb,Ti)(C,N)	 TiN

The anode deposit isolated in an aqueous electrolyte (18) which
contains 10 g of ammonium sulfate, and 30 g of citric acid, which is
enough to prevent the precipitation of niobic acid from the solid solu-
tion, is boiled with a 20% solution of H2s04 during which the a'-phase
and the Me 3B2 boride go into solution. The concentration of the boride
phase can be ignored since no more than 0.01% of the boron is present
in the alloy, and the boride phase is not usually completely separated
in aqueous electrolytes which contain sulfates.

The anode deposits which are 	 TABLE 3.	 CHEMICAL COMPOSITION OF
isolated in the alcoholic electro- 	 ALLOYS STUDIED (NITROGEN CONTENT

0.03%) 1
lyte 81, which contains the C1' ion

and which consists of (Nb,Ti)(C,N)

TiN, and Me 3B2 (the latter is com-

pletely isolated in this electro-

1

1



HF (concen-

1.20

1.24

1.22

trated) 1.5 h 1.20 0.49
HF	 (50%) 1.5 h 1.26 0.48
HNO 3 (con-

centrated) 3 h 1.16 0.07
HNO 3 (con-

i

centrated) 5 h 1.18 0.08
50 ml H2SO4

!(1:4)	 +	 2 ml
HNO 3 5 min i	 Not found

50 ml HC1 +
2 ml HNO

3
5 min

HNO 3 + 1% NaF 5 min

0.55

0.53

0.54

(Nb, Ti) (C, N) +
TiN

ORIGIN A QUALITY
 

IS

OF POOP.

Not
found 0.03
"	 0.04

it	 1 0.45

it
	 1 0.44

I	 I	 I	 - .!" ? -	 -_ I - .- "--	
----

r

TABLE 4

SOLUBILITY OF THE ISOLATED CARBONITRIDES IN ACIDS AND THEIR MIX-
TURES (alloy of the EI-698 type, C = 0.31%)

Residue	 Filtrate
Phase	 Solution	 Time

Nb	 Ti	 Nb	 Ti

/95

TABLE 5

CONCENTRATION OF THE ELEMENTS IN THE
Ni 3 (Ti,Al)	 PHASE,	 %

C in the Sum of theN, ri	 a I	 „, n. .,
i Elements , %Alloy, I	 I I (

0.024 14.72 1,7.0 0,49 0.12 0,60 0.95 18.90
0,053 14,48 1,49 0.49 0,12 i	 0.60 0.93 18.58
0,087 13,00 1,23 11,50 0,11 1	 0,51 0.84 16.23
0.12 12,31 1,16 0,46 0,10 0.4h 0.83 15.-;7
0,20 11.16 1,03 0.44 0.10 (	 0,45 0.70
0,31 8,62 0,92 0,40 0.08 0.41 0.62 11,21

TABLE 6 /96

CONCENTRATION OF THE ELEMENTS IN THE PHASES
(Nb,Ti)(C,N)	 + TiN + Me B 2 ,	 %

C in thel
N1 +	 Nb ri G „o Sum of the

Alloy,	 % I  Elements,%	 1

0.024	 I <0,01 0.24 0.13 0.02 0,06 0.45
0.05.3 <0,01 0,25 0.14 0.03 0,09 0,51
0.087

I
<0.01 0,33 0.18 0,04 0,10 0,65

0.120 <0,01 0,52 0,22 0.04 0,11 0,89
0.20 <0,01 0.73 0.:L3 0.04 0,16 1,26	 l
0•:31	 I	 0.01 1.24 0,54 0.08 0,12% 2,12	 I

7.
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which contains niobium carbonitride

^•
:t,
	 and a small amount of titanium ni-

"^	 ,.	 t.rt,io. After belling with nitric
id, a large amount of titanium

-	 as found in the filtrate. Accord-

'	 ing to the x-ray structural analy-

sis result:, before boiling with

X. XAV1;1 " "' ZIX a_XV	 nitric acid the elementary cell
of the concentration of parameter of the carbonitridoe ( Nb ,

the	 (1) and of the NbC(2 ) Ti) (C,N) is e,lual to 4. 393 A and
:n the EI- L)98 

alloy on the carbon after selective dissolution of the
., c)ncentrat ion.	 p

titanium it changed to 4.397 A.

,Iae anode deposit which contains the (Nb,Ti) ( C,N) and TiN

;s dissolves completely In a mixture of hydrochloric and nitric

and also in a mixture of sulfur:'c and nitric acids and in the

L , nce of hydrogen peroxide.

The composition of the a'-phase was determined by means of the

chemical separation of the phases. The concentration of the a'-phase

can be determined by two methods, regardless of the carbon concentra-

tion in the alloy. The carbide and carbonitride phases of niobium and

titanium are separated quantitatively in ail alcoholic electrolyte which

contains hydrochloric acid and also in aqueous electrolytes which con-

tain aitunonium sulfate.

The data on the concentration of the a '-phase, determined by

means of the chemical separation of the phases in the anode deposits

and found by differences in the results obtained by two methods for

the electrochemical separation in electrolytes which contain either

the C1' or SO ,," ions, agree within the limits of experimental error.

The averaged data on the concentration of the a'-phase are given in

Table 5 as a function of the carbon determined by different methods.

The concentration of the a' -phase decreases from 18.9 to 11 . 2% as the

carbon is increased from 0.02 to 0.31%. The carbonitride and nitride

phases increase ,. :n this case, from 0.45 to 2.12 % (Table 6). The

chaztge in the concentration of the Li'-phase and of the carbides is

shown in the figure as a function of the carbon present in the alloys.

I

1

1
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CONCLUSIONS

1. The Me  carbides and Me(C,N) carbonitrides of the Group IV

and V metals can be isolated quantitatively in electrolytes which con-

tain the C?', SO4 11 , 140 3 ', and PO 4 111 ion:; therefore, the composition

of the strengthening phase, based on N1 3A1 in heat resistant alloys

which also contains the phases MeC or Me(C,N), can be determined by

two methods: using the chemical separation of the anode deposit iso-

lated in an aqueous electrolyte containing the NO 3 ', SO 4 ", or PO411'

Ions or by the difference between the data found with double electro-

lytic isolation of the two phases in an aqueous and alcoholic electro-

lyte (containing the C1' ion).

2. For prolonged boiling of the carbonitride (Nb,Ti)(C,N)

with nitric acid (3-6 hrs.), selective dissolution of titanium occurs.
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ELECTROLYTIC SEPARATION OF THE a-PHASE FROM HEAT RESISTANT	 /97

STEELS AND THE DETERMINATION OF ITS COMPOSITION

E. F. Yakovleva, I. M. Dubruvina, and L. V. Stegnukhina*

The conditions for the formation of the a-phase and its effect

on the properties of steels and alloys has not been definitively es-

tablished as yet. Therefore, further studies in the area of develop-

ing methods for the differential electrochemical analysis of steels

and alloys, which contain the a-phase and also other phase components,

are of great impertance. Studies were made of the austenite, boiler-

turbine steel EP17 and the heat resistant steel meant for long-term 	 /98

service at high temperatures with the following chemical compouition:

	

C	 Si	 Mn	 Cr	 Ni	 Ti	 W	 Mo	 Nb	 B
EP17	 ON	 0,.'0	 1. 72	 19.2	 14,3	 —	 2.57	 —	 0.93	 0,005

	

E P 5 0 8 0.OA
	 0.50	 0,5	 13.0	 18.0	 1.3	 1.3	 1,3	 —	 0.005

According to the data of a preliminary micro structural analysis,

the main phases in the EP17 steel are Nb(C,N), Fe 2W, M^ 3 C 6 , and in the

EP5O8 steel they are Ni 3Ti, Fe 2 (W,Mo) and Ti(C,N). The a-phase was ob-

served in the sample of EP17 aged at 700°C for 5000 hrs., and for a

sample of the EP508 steel aged at 700°C for 5688 hrs. Parts made of

EP17 and EP5O8 steels are used for long service items. Therefore, the

study of the phase conversion under various types of heat treatment

was of great interest. We know from the literature data that the hard-

nesses and tensile strength of steel increase as the a-phase is formed

and the plasticity decreases. In rare cases, the a-phase can be the

strengthening phase. The segregation of the a-phase along the grain

boundaries is riot desirable since it results in their impoverishment P '

in chromium. This causes a tendency to intercrystallite corrosion and

embrittlement.

In the literature, n-phases having different stoichiometric com-

positions are encountered: CrMn 3 , CrCo, FeCr. The iron in the n-phase

	

*'i'sNIIChM - Central Scientific-Research Institute for Ferrous 	 I
Metals
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may be replaced by V. Mo, W. As yet, Nb and Ta have not been observed

in the,* -phase. The 0 -phase of the FeCr type was studied. The micro-

structure of the EP17 steel with large segregations of the * -phase is

shown in Fig. 1.

I 00 g KC1 1 200 ml hydrochloric
acid, 50 g ammonium citrate in
1.1 water

N. F. Lishko indicates that

strong carbide- :orming elements (Nb,

Ti, Zr) facilitate the formation of

the *-phase. These elements are

present in the EP17 and EP508

steels.

A number of electrolytes

were tested for the isolation of

the a -phase from EP17 steel:

Electrolysis Conditions

Current density 0.05 A/cm`,
temperature 50C, electrolysis time
1-1.5 hrs.

Current density 0.05 A/cm2,
temperature 200P . electrolysis
time 1-1.5 hrs.

f Va ^,•^	 r.J	 ^ .

Nicrostructure of EP17
steel with large segregations of
the a -phase.

Electolyte's Composition,

1,150 ml methanol and 50 ml hydro-
^hlorio acid

5 g oxalic acid and 200 ml hydro- Current density 0.05 A/.m`,
chloric acid in 1.1 of water	 temperature 200C. electrolysis

time 1-1.5 hrs.

X-ray structural analysis l showed that Nb(C,N), M 230, and Fe2W

were isolated from all of the electrolytes and a phase of the FeCr

type was observed only in the sample which had been aged at 70000 for

5000 hrs, in place of M^ 3C6 . This phase had a tetragonal crystal

lattice with cell parameters of a n 8.74 kX, c - 4.55 kX.

Differential chemical analysis was done to confirm the presence

of the a-phase. This was based on treating the anode deposit with an

1V. A. Helyaeva did the x-ray structural analysis.
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Fig. 2. X-ray diagram for the pure a-phase

equivolume mixture of 20S tartaric acid and 30$ H 2O2 . The a-phase is

passivated and it remains in the residue and Nb(C,N) and Fe 2W dissolve

completely. The completeness of the phase separation was confirmed by

x-ray structural analysis. An x-ray diagram was obtained for the pure

a-phase which serves as a standard for reading the x-ray diffraction

diagrams (Fig. 2).

The chemical analysis of the deposit was made after its electro-

lytic deposition in an electrolyte having the same composition as that

used for the x-ray structural analysis. However, the results of the 	 /100

chemical analysis showed that the formation of the a-phase from this

Oleotrolyte is not always quantitative, since parallel analyses did

iot give good reproducibility.

The a-phase is formed most quantitatively from an electrolyte

which contains hydrochloric and oxalic acid. The a-phase was formed

from this electrolyte in an amount actual to 3.89 weight % and 2 weight

% from the preceding electrolyte.

The concentration of the elements in the phase for sample 24-11

which was tempered at 700 0C for 5000 hrs. was:

Element	 Weight, %	 Atomic,	 %

Cr	 43.96	 48.22

w	 7.71	 2.35

Fe	 48.32	 49.33

In this case the atomic ratio fe/Cr+W a 0.97, i.e., according

to the-results of the chemical analysis, it approaches the stoichio-
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metric ratio which is equal to 1. In addition to the 0-phase, the

Nb(C,N) and the Laves phase based on Fe 2W were found in this alloy.

The composition of the Nb(C,N) phase was determined after treating the

anode deposit with hydrofluoric acid in which the Nb(C,N) does not

dissolve. The composition of the Laves phase was calculated from the

difference between the data from the chemical analysis of the total

anode deposit and the sum of the niobium carbonitride and the 0-phase. /101

The results of the differential chemical analysis are given in Table 1.

The elements were determined as follows: Niobium - photocolorl.metric-

ally with cyanoformazsne; tungsten - photocolorimetrically with thio-

cyanate; iron - photoeolorimetrieally with sulfosalieyclic acid;

chromium by the volumetric persulfate-silver method.

TABLE 1

RESULTS OF THE DIFFERENTIAL CHEMICAL ANALYSIS OF THE PHASES ISO-
LATED FROM EP17 STEEL (Heat Treating Conditions:

7000C for 5000 hrs.)

Concentration of the
Phase	 elements in the phases

Weight 	 Atom c

Concentra-
 

Atomic ratio
tion of the

phase

(Fe. Cr), W

At
Or
W

N b (C. M
Nb

N,

a-phase

Or
W
Fe

_. w	 0.N

+o-	
4.09

0.13 :,00	 —
0.43 406	 —
0.58

}
31.83	 - -

0.74 --	 - -
0.014 -	 - -
0.017 -	 - -

- -	 a89 v ^^ 0.97 

1.71 4000	 -- -
0630 2.35	 - -
1.88 49.33	 -

^
-

An electrolyte containing 20; . potassium chloride and hydro-
	

1 11 a

chloric acid and 8% ammonium citrate was used to isolate the a-phase

from the EP508 heat resistant steel after aging at 700 0C fox' 5688 hrs.
The electrolysis conditions were: Current density 1 A/cm 2 , electro-
lyte temperature 0 0C, electrolysis time 10-15 min. The x-ray structur-
al analysis of the anode deposit showed the presence of the Laves phase 	 1
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TABLE 2

RESULTS OF THE DIFFERENTIAL ANALYSIS OF THE PHASES ISOLATED FROM
EP508 STEEL (Sample 71-1)

Concentration of the
Phase	 Elements in the Phases Concentra- Atomic ratio

I %	 tion as theWeight %	 Atomic phase

^ 11N^	 1 0.30 - - -
W - - - -
!t,, -

N, 0.0P - 1,927 Fe 4 or

Fe.(W. MO) -
Fe 0,71 50,25 - .-
W 043 11.42 -- -.
Cr 0.197 15.04 - -.
M0 0.56 21Z - -

F#	
1.=

Fe 0.21 55.45
Cr 0.11 31.12 - -
w 0.08 6,78 - -
%w 0.04 6.64 - -

1

i

t
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based on Fe2 (W,Mo) and Ti(C,N) in addition to the a-phase. The methoo

developed for the EP17 steel was used for the chemical separation of

the a-phase from Fe 2 (W,Mo) + Ti(C,N), i.e., treatment of the anode

deposit with a mixture of tartaric acid and Perhydrol in which the

Laves phase and the titanium carbonitride dissolve and the y a-phase

remains in the residue. The cleanness of the phase separation was con-

firmed by x-ray strsictural analysis, which was done by V. A. Belyaeva 1102

and V. 0. Kostogonov. The differential chemical analysis of the

a- phase showed that Fe, Cr, W. and Mo are present in it. The atomic

ratio of the iron to the sum Cr + W + Mo is equal to 1.2, which is

close to the stoichiometric value. The results of the differential

chemical analysis are given in Table 2.
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CONCLUSIONS

1. A method was developed for the differential chemical analy-

sis of Nb(C,N), Fe 2W, and the a-phase isolated from austenite EP17

steel and Ti(C,N), Fe 2 (W,Mo) and the a-phase isolated from the heat-

resistant EP508 steel.

2. On the basis of these methods, the chemical composition of

the a-phase in these steels was determined.

3. The method has been adopted in laboratory practice.
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REACTION OF THE REFRACTORY GROUP V METALS WITH ZINC

A. P. Obukhov, V. N. Gurin, I. R. Kozlova,

Z. P. Terent'eva, and T. I. Mazina*

Because refractory compounds of the transition metals [21, par-

ticularly V, Nb and Ta, can be produced in a zinc melt, the reaction

has been studied for these metals with zinc. The data which are now

{ available on the V-Nb and Ta-Zn systems are incomplete and not precise.

The most detailed and broad studies of these systems have been made by

K. Shubert, et al. [7,91. The structural characteristics of the inter-

metallic phases in these systems are given in Table 1. As we can see,

the structures and elementary cell parameters have only been deter-

s	 mined for a few of these compounds. The system Nb-Zn has been studied

4	 most extensively.

The reactions were studied between the refractory metal powders

with an excess amount of fused zinc at the boiling point 907°C. The

boiling time varied in the range of 10-30 min. The concentration of

the metal in the compositions did not exceed 10% by weight. The oxi-

dation of the surface of the boiling zinc was prevented with a stream

of argon. The niobium zincide intermetallide was separated from the

zinc by treating the contents of the quartz test tube, after its solid-

ification, with HC1(1:1). The intermetallide was obtained in the form

of a powder. The vanadium zincide is less stable and it dissolves in /103

the acid along with the zinc. The tantalum zincide is separated along

with tantalum.

Since the niobium zincide is obtained in a pure form, it has

been studied more thoroughly. Segregation forms are clearly visible

in polished microsections: the grain boundaries are well marked, ap-

parently being individual crystals. Their shape is hexagonal with

some uneven sides. In one cross-section (Fig. 1), dendrites are seen

and skeletal growth forms with inclusions of the mother melt. The

Vickers hardness varies from 90 to 338 kg/cm 2 for different grains,

*Phyisieotechnical Institute, AN SSSR

;7
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TABLE 1

STRUCTURAL CHARACTERISTICS OF THE PHASES IN THE V-Nb AND Ta-Zn
SYSTEMS

Phase Structure Lattice Parameters
Literature

a +	 b c Source

V.Z% — 8.91 -- .12 181

VZa_3 Cu 3.84 - - This work
VZn, Cu,A u — — — 181
NbZn

Nb,Zn,

NbZ% Ni,Mg 5105 — 16.33 171

1%1bZn7.0--L? Cu ;0&115 - - This work

Nbin, Cu,:1u
49.'3344 _ _ '61

Ta^ ? HF,Zn, — — — 131
T&Z% ? — — — — 131

1

i

which indicates a wide range of homogeneity.

The chemical analysis of the niobium zincide [1,3] was carried

out in the following way: a sample weighing 0.2 g was dissolved by

heating in a mixture of concentrated acids (4 ml HF + 2 ml HNO 3 ) and

2-3 ml of H 2SO 4 was added. The mixture was evaporated to the evolu-

tion of SO  fumes and the main part of the niobium was removed by

means of tartrate hydrolysis. The zinc was precipitated from the fil-

trate in the form of the sulfide, filtered off, roasted, and weighed

as LnO and converted to Zn. The conversion factor was 0.8034. After

the hydrogen sulfide was removed, the Nb in the filtrate was precipi-

tated with cupferron, roasted and weighed as Nb 2O 5 . The Nb2O 5 precipi-

tates, after separation by tartrate hydrolysis and with cupferron, were

added together and converted to Nb. The conversion factor was 0.6990. /104

The method was tested on synthetic mixtures. The mean square error was

+ 0.5 for Nb, and + 0.4% for Zn. The results of the chemical analysis

showed that the composition of the compound is given by the averaged

formula NbZn2.35 . A variation is observed in the Nb to Zzi ratio from

NbZn2 to Nb?n2.7 , which indicates the wide range of homogeneity for

I

i
i

I

i
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Fig. 1. Microcross section with the  phase NbZn2.0-2.7 x 64.

this intermetallids.

The results of the x-ray structural analysis of the powder led

to the suggestion that the niobium zincide had a copper structure

which was confirmed by calculating the intensity of the reflections

on the diffraction diagram based on the assumption that the Nb and Zn

atoms are set in a disordered way at the interstices of the copper

lattice. The lattice period is 3.9325 A and the accuracy of determin-

ing the period is + 0.0001 A. The interatomic distance is 2.78 A,

which is close to the sum of the atomic radii for Nb and Zn, which is
0

equal to 2.84 A. It is interesting to compare these data on the

structure of Nb-Zn 2.0-2.7 with Vold's results [10/ from studying the

compound NbZn 3 . Vold 0found a Cu 3Au type structure for it with a lat- /105

tice period of 3.934 A. The relationship between the compound studied

by Vold and by us is obvious.

1

The NbZn 2 has an

copper. The zinc in it

face. Vold studied the

Our data show that diso:

from the stoichiometric

ordered structure based on the structure for

occupies the positions in the center of the

disordering at 470-8700C. It was not observed,

rdering takes place when the composition differs

value.
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The changes in the lattice
j4 ^ I	 period were studied as a function

T	 of the change in the composition.
,•	 i

^„3,	 A change in the zinc concentration

within the range of 6.2 at. % corre-

66 6^ cd 69 /TVIr^,aL • p sponds to a range Uf fluctuat
io
ion in

.Fig. 2. Relationship between the the lattice period of 0.0009 A. A
elementary cell parameters and the linear increase was found in the
zinc concentration in the compound

NbZn2.0-2.7	 lattice period with an increase in

the zinc concentration (Fig. 2).

This dependence is explained by comparing the ionic radii of Nb and Zn

and not the atomic radii as in the case of the intermetallic compounds.

From this we reach the conclusion that the metallic bond in the

compound Is not pure and it becomes more covalent in the presence of

impurities which was confirmed by the properties of the compound, e.g.

its stability. The decrease in the interatomic distance as compared

with the sum of the atomic radii for Nb and Zn also Indicates the

stronger reaction.

The solubility of the intermetallide was studied in dilute and

concentrated alkalis and in concentrated acids, both in the cold and

with heating. As we can see from Table 2, it is almost insoluble in

boiling concentrated HNO 3 . It dissolves somewhat better in IM and in

alkalis and dissolves completely in boiling concentrated H 2s0 4 . An

analysis of the filtrate showed that the stoichiometry is destroyed.

For dissolution in acids, the Zn to Nb ratio increases, and in alkalis,

particularly dilute alkalis, it decreases. The chemical individuality

of each of the components of the compound is expressed in this way.

The compound of vanadium with zinc was observed in cross-sec-

tions. It could not be isolated since it dissolves in acids with the

predominating dissolution of the zinc, as shown by x-ray analysis. We

can see from Fig. 3 that vanadium reacts completely with zinc to form

the intermetallide. The change in the microhardness from 120 to 298

kg/em2 indicates a wide range of homogeneity for it. The shapes of

the segregations are the same in all cross-sections. These are iso-
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TABLE 2

BEHAVIOR OF NbZn2.3-2.7 IN DIFFERENT MEDIA IN THE COLD (1 hr.)

AND WITH HEATING (2 hrs.)

In the Cold With Heating
Concentration Concentration

Medium Insoluble in solution ,% Insoluble , in solution ,%
residue,% Nb	 Zn^ residue,% N 	 Zn

I W.1 19,23 27.20	 53.47 1449 30,45	 50,66
'	 1INO,

H,50'
9N.96
69,18

—	 —
9.51	 19.02

1

99.20
Initial

31101 + HNO, 64.62 10.43`	 )2.77 36,22 14.47	 141.81
11F-} HNOa None Initial None Initial.
NaOH ( 1!6) Mue 9.28	 3,28 59.56 l&b6	 19,67
NaOH (104„) 60.24 14.21	 24,69 8,72 3207	 57.30
KOH 0%) 93,52 1,90	 1.20 83.86 6,95	 8.06
KOH (10%) 75,04 7,88	 14.96 13.95 30.37	 52.76

Z

lated,	 circumscribed grains which, for the most part, have a quadrangu-

lar shape (rhombus, square), regular triangles, and hexagonals often

with uneven sides. Skeletal growth forms of crystals and growths of

the penetration twin type at right angles are encountered.	 A cubic

symmetry can be assumed on the basis of the shape of the grains.

C

7 .	 PAGE 1S

t

Fig. 3. Microsection with the intermetaliic phase in the V-Zn
system. x 64
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An x-ray study of the powder showed that the vanadium zincide

has the copper structure with a cell parameter of 3.84 A. The inter-
0

atomic distance (2.72 A) almost coincides with the sum of the atomic

radii (2.73 OA). The compound VZn 3 with a cubic, Cu 3Au structure was

reported by Robteutschler and Shubert [6].

By comparing the structures of NbZn 3 and VZn 3 and our niobium

and vanadium zincides, it may be assumed that the vanadium intermetal-

lide that was obtained has the same chemical and structural relation-

ship with VZn 3 as the NbZn2.0-2.7 has to NbZn 3 and that its structure

is the result of disordering in the VZn 3 compound because of the lower-

ing of the Zn concentration.

+

	

	 Since the tantalum intermetallide could not be isolated, the 	 /107

formation of a compound of Ta with Zn was established by measuring the

microhardness of the phase present in the zinc which has a high reflect-

ing ability. The Vickers microhardness of the intermetallide is ap-

proximately equal to 320-360 kg.cm 2 and that for tantalum is 165 kg/cm2.

CONCLUSIONS

1. A new intermetallic compound was obtained for niobium with
	 ,

zinc having a variable composition NbZn2.0-2.7' Its structure and

elementary cell parameters were determined.

2. A compound was observed in the V-Zn system with a copper

structure which has a wide range of homogeneity and the parameters of

the elementary cell and the approximate composition were determined.

3. The order-disorder ;phenomenon was observed in the Nb-Zn

and V-Zn systems.

4. A method of chemical analysis was suggested for the niobium

zincide and its solubility in acids and bases was studied.
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DETERMINATION OF TUNGSTEN IN BINARY TUNGSTEN-MOLYBDENUM ALLOYS 	 /108

Z. S. MuknJria, L. I. Ill'ina, and N. S. Kondurkova

(Moscow)

The determination of tungsten in molybdenum is a complex analy-

tical problem. T.ey are separated by precipitating the molybdenum

with hydrogen sulfide in the presence of tartaric acid. The tungsten

is determined in the filtrate [2]. The error of the determination is

large at low concentrations.

At the present time methods based on the use of organic precipi-

tating agents are recommended for the gravimetric determination of

tungsten. Chernikhov and Goryushina [9], Gusev and Kumov [4] use py-
ramidon for the precipitation of tungsten. Golubtsova [3] uses

0-naphthoquinoline for the gravimetric determination of tungsten in

steels and in ferrotungsten. Rivanol (ethodin), methylene blue, and

nicotine 151 are also recommended. A method has been described for

determining tungsten Frith hydroxyquinoline in the presence of Complexon

III [7]. In the ASTM Standards for 1965, cinchonine with additions of

benzoinoxime is recommended for the gravimetric determination of tung-

sten.

The thiocyanate method [2,6] is used for the colorimetric deter-

mination of tungsten and molybdenum. It is based on the formation of

thiocyanate complexes of molybdenum and tungsten at different acidities

of the solution. The dithiol method is also used [2,8,10].

Hexavalent molybdenum is extracted completely with dithiol in 	 /109

petroleum ether from media which are 6-14 N w.*Lth respect to sulfuric

acid. Tungsten forms an analogous complex with the dithiol only in a

medium which is 0.5-2 N with respect to sulfuric acid [11,12].

Molybdenum can be separated from tungsten by extraction with

acetylacetone in 2 N sulfuric acid [13].

Recently, sulfur-containing organic reagents, which form in-

soluble compounds with the metals of the hydrogen sulfide group, have

I 
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been used in practice in place of hydrogen sulfide (a poisonous gas),

viz. thioacetamide, thionalid, thioxine, bismuthiol, sodium diethyl-

dithiocarbaminate, dithiznne, etc. They are used to precipitate the

elements or form extraction [1,8,10].

We pause briefly on two variations of the separation of molybde-

num and tungsten: precipitation of the molybdenum with thionalid and

extraction of the molybdenum with a mixture of chloroform with acetyl-

acetone.

—NH—CO—CI lz—SH
Thionalid	 I I	 precipitates many

elements in solutions of mineral acids: arsenic, antimony, tin, gold,

palladium, copper, silver, mercury and bismuth. Only thallium is
s

precipitated in an ammonial solution in the presence of complexing

agents. There are no data in the literature on the precipitation of

tungsten and molybdenum. According to our observations, molybdenum

is completely precipitated by thionalid in a mineral acid medium at a

pH of 1-3. The complete precipitation of molybdenum is reached in the
presence of a two-fold excess of the thionalid.

Tungsten does not react with thionalid and it remains in the

solution in which it can be determined gravimetrically or polarograph-

ically (Table 1;. This method for separating molybdenum and tungsten

gives the most accurate results for alloys which contain 25% tungsten

or more (Table 2).

A sample weighing 0.1-0.2 g is placed in a platinum crucible

and treated with a mixture of hydrofluoric and nitric acid. The solu-

tion in the crucible is evaporated to dryness and the residue is

treated twice with nitric acid and once with water. Each time the

process of evaporating to dryness is repeated. The dry residue is
i

fused with 1.5 g of sodium carbonate and the button is leached in

water and then the solution is diluted to 150-200 ml with water. A

pH of 1 is reached with hydrochloric acid and 1 -3 ml of a 10% solution
of ammonium persulfate and 30-40 ml of a 2% acetic acid solution of
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TABLE 1	 110

DETERMINATION OF TUNGSTEN IN TUNGSTEN-MOLYBDENUM ALLOYS

Charge for alloy	 Method used	 Method used for the
W	 W found,	 Relative	 to separate	 Determination

%	 error,%	 W from Mo

Precipitation Gravimetric with

75.0	 25.0	 74.4	 -0.8	 w/thionalide	 R-naphthoquinoline
75.0	 25.0	 75.1	 +0.1	 Same	 Same
50.0	 50.0	 49.8	 -o.4	 "	 to

50.0	 50.0	 48.7	 -2.6
50.0	 50.0	 49.3	 -1.4
50.0	 50.0	 50.7	 +1.4	 "	 Polarographic

Gravimetric with
25.0	 75.0	 24.0	 -3.2	 1 0-naphthoquinoline
25.0	 75.0	 24.3	 -2.8	 "	 Polarographic
25.0	 75.0	 24.6	 -1.6	 "	 Photocolorimetric
25.0	 75.0	 24.3	 -2.8	 Extraction	 !	 Same
3.0	 97.0	 2.85	 -5.0	 of	 of

3.0	 97.0	 2.90	 -3.3	 to

;1.5	 -	 1.5	 0.0
1.5	 -	 1.44	 -4.0 	 Polarographic1.5	 -	 1.58	 +5.3

the thionalid are added. The precipitate is stirred vigorously and the

solution, with the precipitate, is transferred to a 250 ml volumetric

flask, brought to the mark with water, and stirred again. It is then

allowed to stand for 30 min. so  the precipitate can settle out. The

solution with the precipitate is filtered through a dry filter into a	 i

dry beaker. For the gravimetric determination of the tungsten, an

aliquot portion of the solution, 50 or 100 ml, is heated to 60-'(00C

and the tungsten is precipitated with 30 ml of a 1% solution of

B-naphthoquinoline. The solution with the precipitate is placed on a

water bath to coagulate the precipitate. The precipitate is filtered

off, washed two or three times with a 1% solution of hydrochloric acid,

and placed in a weighed porcelain crucible. It is dried and ignited

at 500-6000C.

For the polarographic determination of tungsten, a 10 ml aliquot 	
++

part of the solution is placed in a heat resistant beaker and the or- 	 i

ganic material is destroyed with a mixture of sulfuric and nitric acid. 	 i	 111

The solution is then evaporated until a light-yellow-colored residue

is obtained. The residue is dissolved in concentrated hydrochloric

acid and the tungsten is determined polarographically against a back-
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ground of an 8 N solution of hydrochloric acid. The half-wave poten-

tial for the tungsten is -0.42 V.

The molybdenum is extracted with a mixture of chloroform and

acetylacetone from a less acid medium than that for the extraction

with the more costly reagent - acetylacetone.

A sample of the alloy weighing 0.5 g is placed in a platinum

crucible and treated with a mixture of hydrofluoric and nitric acid.

The solution in the crucible is evaporated to dryness and the residue /111

Is treated twice with nitric acid and once with water. Each time the

evaporation to dryness is repeated. The dry residue is fused with

3 g of sodium carbonate. The button is leached with water and the

solution is transferred to a 100 ml volumetric flask and brought to

the mark with water. Twenty milliliters of this solution is trans-

ferred to a separatory funnel and enough hydrochloric acid is added

to make the solution 2 N. To this we add 20 ml of an organic mix-

ture (acetylacetone + chloroform, 1:1) and the solution is extracted

for 3 min. After the layers have separated, the lower organic layer

is transferred to another separatory funnel and the aqueous layer is

transferred to a beaker. After extracting the molybdenum, the organic

phase is washed with 30 ml of 2 N hydrochloric acid and the organic

layer is removed. The aqueous layer is added to the beaker with the

main aqueous phase and boiled for 5-10 min. to remove the organic

materials from the solution.

If more than 5% tungsten is present in the alloy it is deter-

mined gravimetrically. For this the aqueous layer is diluted with

water to 100-150 ml and the tungsten is precipitated with a 1% solu-

tion of 0-naphthoquinoline with heating, as described above.

.

If the tungsten concentration is less than 5%, the aqueous

layer, after extracting the molybdenum, is boiled for 5 min. to re-

move the organic material and then transferred to a 100 ml volumetric

flask. An aliquot portion is taken and the tungsten is determined

in the form of the thyiocyanate complex by the photocolorimetric

method using the FEK-N-57 photocolorimeter. The optical density of

the thiocyanate complex of tungsten is measured in cells with 1 -
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TABLE 2 TABLE 3

AMPEROMETRIC DETERMINATION DETERMINATION OF TUNGSTEN
OF TUNGSTEN IN ALLOYS

Taken, g	 Found, g Concentra- Found. X
tion in the Ampero-

0.039	 oALA charge, % Thiocyanate
metric0.0'-4	 MOM Method

0.0.04	 0.0258 Method
0.0	 0.064
0.0:1'.+	 0.040
0601 4 	 0.0194 00 {.N 4.48

5.60 5.7+ 5.66
1(%30 10 OS 10.12
15.90 13.12 15.29
20.M 20.76 MAC,

30 mm with a No. 2 light filter (blue). A freshly prepared solution

of titanium trichloride is used as the reducing agent.

For the polarographic determination of the tungsten, the

aqueous layer, after extracting the molybdenum, is placed in a 50-70

nil beaker and evaporated to dryness. The residue is treated with a

mixture of sulfuric and nitric acid to remove the organic material.

The residue is then dissolved in 25 ml of concentrated hydrochloric

acid, transferred to a 100 ml volumetric flask and diluted to the mark

with water. An aliquot portion of the solution is taken, such that 	 1112

it contains no more than 10 mg of tungsten, and the tungsten is de-

termined polarographically against a background of 8 N hydrochloric

acid. The half-wave potential for the tungsten is -0.42 V.

S-Naphthoquiline can be used both for the gravimetric and for

the amperometric determination of tungsten. By 1946, V. Sandberg

developed a method for the amperometric titration of cadmium with

S-nanhthoquinoline in a 0.5 in solution of sulfuric acid in the pres-

ence of potassium iodide at a potential of -0.9 V.

An attempt was made to use 8-naphthoquinoline as the titrating

:,.)lution to determine large amounts of tungsten. The titration was

done at a pH of 3.5 for solutions of sodium tungstate. Solutions of

phosphoric acid, which forms the readily soluble phosphotungstate

complexes with tungsten, was used to acidify the sample to the re-

quired pH. The migt ,ation currents were suppressed with potassium
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iodide. The amperometric titration was carried out on solutions of

sodium tungstate with a known tungsten concentration (Table 3). In
all cases the volume of the solution for the titration was 40 ml. To

each sample 2 g of potassium iodide was added and the solution was

titrated in the cold with a 0.5% aqueous solution of S-naphthoquinol-

ine at a voltage of -0.86 V.

Alloys containing 0.5-60% tungsten, along with titanium, alumi-

num, iron, manganese and iron, were analyzed in addition to the syn-

thetic mixtures.

A sample of the alloy weighing 0.5 g was dissolved in 40 nil of

1
sulfuric acid (1:3) with heating. After the pieces were dissolved,

nitric acid was added dropwise until SO  vapors formed. The residue

was cooled, dissolved in 50 ml of water with heating. The acid solu-

tion was transferred into a 500 ml volumetric flask, which contains

30 ml of 20% sodium hydroxide, and stirred. After cooling water is

added to the mark and the mixture is again stirred, the mixture is

filtered through a dry filter into a dry beaker and 10-15 ml of the

solution is used for the determination. This is neutralized with

dilute (1:10) phosphoric acid, diluted with water to 35-40 ml, and

2 g of potassium iodide are added. The resulting mixture is titrated

with a 0.5% solution of S-naphthoquinoline.

CONCLUSION S

1. Methods have been developed for determining tungsten in

tungsten-molybdenum alloys. For tungsten concentrations of 25% and

more, a method was used which is based on the precipitation of the

molybdenum with thionalide and then the tungsten is determined

gravimetrically or polarogramphically. For 1.5% tungsten and more

a method is used which is based on the extraction of the molybdenum

with a mixture of acetylacetone and chloroform (1:1) followed by

gravimetric or polarographic determination.

2. The accuracy of the gravimetric and polarographic methods

(tungsten concentration of 25% and more) is + 1.5%. For the polaro-

graphic and photocolorimetric determinations (tungsten concentration

/113
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less than 25%) it is + 3% (relative).

3. The possibility was demonstrated of using the amperometric
method to determine tungsten by titrating with 8-naphthoquinoline.
The relative accuracy of the method is + 2% for tungsten concentra-

tions of 0.5-20x.
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DETERMINATION OF MOLYBDENUM IN THE PRESENCE OF TUNGSTEN
	

/113

V. G. Shcherbakov, S. K. Stegendo and R. A. Antonova*

The individual determination of large amounts of molybdenum and

tungsten for their combined presence is a complicated analytical prob-

lem. The existing methods are long and require the final, colorimet-

1ric determination of each component. Complete separation of these

;elements is not achieved by acid hydrolysis of tungsten even with sul-

furic acid.

We have shown that the separation of tungsten and molybdenum
	

/114

with R-naphtholquinoline In highlyacid solutions is also proscribed

by a certain molybdenum concentrat on above which the molybdenum co-

precipitates with the tungsten.

The work of Gopala Rao1 is of much interest with respect to the

determination of molybdenum in the presence of tungsten. He was the

first to determine the oxidation-reduction potential of the Mo6+/Mo5+

spair in phosphoric acid of different concentrations.

A ccniparison of the potentials for the Mo 6+/Mo 5+ and Fe3+/Fe2+

pa.'rs showed that up to a concentration of 5.8 M phosphoric acid and

the Fe 3+IFe 2+ pair has a higher oxidation reduction potential than the

Mo bi ,"D;O 5+ pair. For orthophosphoric acid concentrations greater than

11 M, the difference between the potentials for Mo 6+/Mo 5+ and Fe3+/

F_, ' becomes quite large, which makes it possible for the divalent

iron to reduce the hexavalent molybdenum at room temperature. The de-

pendence of the electrokinetic potential for Mo 6+/Mo 5+ and Fe3+/Fe2+

,n the orthophosphoric acid concentration is shown in Fig. 1.

For orthophosphoric acid eonceaLL'k1rAOf18 of about 13 M, the dif-

.^.e in the potential between the two pairs is large; therefore, in

vVNIITS

^zopala Rao G. - Talanta, 1963, 10,61047

3

140
I



r	 '

C

141

ORIGINAL PAGE 1:
OF POOR 4UAIX"

1..3 M acid the hexavalent molybde-

num oxidizes the divalent iron

rapidly. The oxidation-reduction

potential for Mo 6+/Mo5+ in a 13 M
elution of orthophosphoric acid

is 0.685 V and that for Fe3+/Fe2+

is -0.386 V. The reducing poten-

tial for methylene blue and thi-

onine are -0.55-0.56, respectively.
0	 2	 s	 e	 d	 b '*A- Mole Therefore, these indicators can be

i
Fig. 1. The dependence of the 6+	 used to titrate Molybdenum with a
electrokinetic potential for Mo / solution of Monr's salt.

M0 5+ (1) and Fe 3+ /Fe 2+ (2) on the
orthophosphoric acid concentration.

V

1

so
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Molybdenum was determined in

solutions with a known molybdenum concentration in the following way:

A solution containing 1-20 mg of molybdenum was diluted with water to

30 ml and 60 ml of orthophosphoric acid and 1 ml of a 0.1% solution of

methylene blue were added and the mixture was titrated with a 0.05 M

solution of Mohr's salt in a stream of carbon dioxide. After each

addition of two drops of a titrated solution of Mohr's salt, the solu-

tion was stirred carefully for 15 sec. and more of the titrated solu-

tion of Mohr's salt was added. In titrating small amounts of molybde-

num (1-10 mg) the solution became a pale blue towards the end of the

titration and at the equivalence point it became colorless. For molyb-

denum concentrations of 10-20 mg, the color of the solution, which was

blue at the beginning of the titration, became pale blue at the end.

The results of the experiments are given in Table 1. The relative

error of the determination does not exceed 9% for determining low molyb-

denum concentrations (about 3 mg) and for higher concentrations it is

no greater than 3%.

In determining molybdenum in solutions containing different

molybdenum to tungsten ratios (Table 2), the sample solution was

diluted with water to 30 ml and then the method used to determine molyb-

denum without the presence of tungsten was used. For molybdenum con- 	 /iii

cen'Lrations up to 5 mg, the relative error does not exceed 6%, and for
concentrations up to 24 mg, it does not exceed 4%.
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TABLE 1	 TABLE 2
5

DETERMINATION OF MOLYBDENUM BY TI-'•.VOLUMETRIC DETERMINATION OF MOLYB-
TRATION WITH A FERROUS AMMONIUM 	 DENUM IN THE PRESENCE OF TUNGSTEN
SULFATE SOLUTION [Mohr's Salt]. 	 €	 (69.6 mg)

hlo Taken, Mo Found, Differ-
t

Relative	 Mo Taken, Mo Found, Error in the Deter-
mg mg ence error, %	 mg

-4,9

mg mination

mg %1,02 U.97 --0,05
1158 1.44 -0.14 =-8.9
2,52 2.74 -}-0.2 -}-$,7	 IM (k97 0.05 -5.@
3.16 3.28 10.12 +3,8	 2.27 2.32 0..-) +2.2
4.74 4,80 +0,0fi +1.2	 3,00 3,20 (X20 +6A
600 6.40 -}-0,10 4-1,5	 3,47 3.68 0.21 --6,0
7.90 80) -{-0,10 +1.2	 51M 5,36 0.17 -3A

11.06 11.:36 -r-0.A -17«7 	 7.90 8.00 0,10 +1.2
11.98 11.84 --0.14 -1,1	 7,94 7,99 0,04 AS
15.80 15.55 --0.21.5 -1 15	 11.85 12.30 0.45 +3.8
19.00 19,11 +0.11 +0.6	 14.22 14.76 (04 -23.8
19,50 19.56 +0.06 4-0.3	 15.80 15,40 0,40 --25
20,00 19,84 -0.16 -0.8	 15N0 15,90 0.10 -;-0.6

17.. 38 17.83 0,43 4-2.5
19,75 2U.20 0.45 -•-2.2
22.23 22.14 00) --0.4
U4 23.A 0.1 U 446

The effect of sulfuric and hydrochloric acid on determining

molybdenum in solutions containing tungsten and molybdenum was deter-

mined by adding 5 ml of the given acid to the solution along with the

orthophosphoric acid. The experimental results are given in Table 3.

From these we can see that sulfuric or hydrochloric acid do not inter-

fere with the titration of molybdenum.

TABLE 3

DETERMINATION OF MOLYBDENUM IN THE PRESENCE OF SULFURIC OR HYDROCHLORIC
ACID (Tungsten Concentration in all of the Experiments, 69.6 mg)

Molybdenum	 Acid	 Mo Found,	 Difference,	 Relative
taken, mg	 I	 I	 mg	 I	 mg	 I errur, %

- r

3.00 Hydrochloric 3.06 0.06 +2,0
5.53 ► i	 5.ti0 0.07 +1.2
7.90 , 8.12 0.22 +2.7

11.91 . I	 12.00 0.08 +0.7
1,143 • 13.58 0.15 +1.1
15,80 s 15.64 0116 -110
;j,q6 Sulfiri c 4.10 0.05 +1.3
7.90 8,a7 0.47 +5.8

11,91 s 12.00 008 +0.7
15,80 1 i.0 0 0
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	 A decrease in the concentra ion of the phosphoric acid makes the

the titration less clear-cut. Am  nium salts have no effect, but the

presence of chromium, manganese an vanadium in large amounts inter-

fere with the determination of mol bdenum.

The molybdenum can also be

tion in 13 M phosphoric acid. A

electrode and a calomel electrode

equilibrium potential is reached

The titration conditions are the

tion	 --

etermined by potentiometric titra-

atinum wire serves as the indicator

s the comparison electrode. The

ster if the solution is stirred.

me as for the volumetric determina- /117

For molybdenum concentratio s up to 20 mg, the potential has an

abrupt jump. However, for concent>^ations greater than 20 mg, no large

jump is observed in the potential + the end of the titration could

only be judged from how little it Ohanged near the equivalance point.

In this case, 1 ml of methylene blue indicator was added to the solu-

tion to fix the potential jump at the equivalence point.

The indicator lost its coloi somewhat before the equilibrium
'f

potential was reached. The presence of sulfuric or hydrochloric acid

in the solution did not interfere with the titration. We can see from

the data on the potentiometric titration of molybdenum in the presence

of tungsten, which are given in Table 4, that it gives good results.
1

TABLE 4

N10	 MO	 Mo

	

Taken,	 Added,	 Found,

mg	 mg	 mg

	

9 65	 'm 42	 9 CIO

TABLE 5

Error in the Tungste	 Method
determinatioq concen-'

tration Gravi-	 Volu-	 Potentio-
mg	 Rela-	 metric	 metric	 metric

tive	 ---- —
!	 A2	 4.90	 4JO	 4,85

0 05	 —10	 t	 16.5	 2.66	 1 	 2.74	 2.60

9.0) 9,60 0.05	 —1.0
19130 :A4.42 19.20 0.1	 —4.5

.	 28.95 42.63 2.1+0 0.15	 --0.5
4N.25 42.6:1 48.48 0.23	 +0.5

4

3

Data are given In Table 5 o	 the determination of molybdenum

in two tungsten concentratrates by the volumetric and gravimetric
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CONCLUSIONS

1. Volumetric and potentiometric methods have been deve:

for the determination of molybdenum in the presence of tungsten

on the oxidation reduction reaction Mo b+/Mo5+ and Fe 3+/Fe2+ in

orthophosphoric acid solutions.

2. These methods can be used to determine molybdenum in

presence of tungsten in various solvents as well as in ores and

centrates.

f!N
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PHOTOMETRIC DETERMINATION OF BORON IN NICKEL AND 	 /117

TITANIUM BORIDES USING THE MAGNESON 1 REAGENT

IN AN ALKALINE MEDIUM

Ye. I. Nikitina

(Moscow)

The classical volumetric method of titration with a solution

of sodium hydroxide in the presence of glycerine or mannite [1,2,6] 	 /118

is used to determine boron in the borides of refractory metals and in

ores and minerals, and steels in which its concentration is greater

than 0.2%. If its concentration is less than 0.05%, colorimetric

methods are used with guinalizarin, carminic acid aresenazo 1, etc.

for which the reaction with boron takes place in concentrated sulfuric

acid [1,4,7].

Studies have been published on new organic reagents for deter-

mining boron in weak acid solutions 13,51. N. S. Polyektov [71 indi-

cated that boron should give color reactions in slightly acid and

alkaline solutions with organic reagents of the hydroxyazo dye type

which have an OH group in the para position with respect to the azo

group in one ring and In the ortho position in the other.

N. S. Polyektov suggested using n-resorcin for the colorimetric

determination of boron in an acetic acid medium. Hardly any methods

have been suggested for the colorimetric determination of boron in

alkaline media. In this work a method is given for the photocolorime-

tric determination of boron with the reagent Magneson I

N—\ j—OH) in slightly alkaline media.

Its solutions have a brownish-red color at a pH of 8-10.5 and

a violet color at pH of 12-13. We have shown that boron forms a

yellow-colored compound with Magneson I in a slightly alkaline medium.

The effect of the solution's pH on the color of the boron compound

with Magneson I is shown in Fig. 1, from which it follows that the re-

action of boron with Magneson I to form a colored compound can only	 /119

1
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a	 9	 fu	 If pN

Fig. 1. Effect of the pH on the
optical density of solutions of
the compound of boron with Magne-
son I.

D	 "

I

0
42	 44	 0.6	 0.6	 f, 0 S. al9

Fig. 2. Standard curve for the de-
termination of boron with Magneson
I (0.1-1.2 mg boron in 100 ml of
solution).

i

take place in a slightly alkaline median with a pH of 8-10.5. The

colored compound for boron with Magnesium I is formed at room tempera-

ture immediately after the reagent -- Magneson -- is added to a slight-

ly alkaline solution of boron. The color of the boron compound with

Magneson I is stable, readily reproducible, and quite suitable for

photometric determination. For boron concentrations of 0.11-3.0 mg,

the color of the compound that is formed with Magneson I obeys the

Lambert-Beer law (Figs. 2 and 3). The solutions of Magneson I in an

alkaline medium are intensely colored; *,lerefore, in determining dif-

ferent boron concentrations, different amounts of the solution are

used. A standard curve is set up with 6 ml of a 0.05% solution of 	 r^
Magneson I (see Fig. 2) for the photometric determination of 0.2-1.2

mg of boron, with 12 ml (see Fig. 3) for 1.0-2.8 mg, and with 16 ml

of reagent for 2.8 mg.	
i

The curves for the light

absorption in solutions of the

boron compound with Magneson I

and of the reagent are shown in

Fig. 4. The intensity of the

color for the boron compounds was

measured at 560p in the range of

a yellow light filter.

D

Q3
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i
1

t,p U	 !4 46	 0 2,0 2,2	 B,,mg

Fig. 3. Standard curve for deter-
mining boron with Magneson I (1.1-
2.4 mg boron in 100 ml of solution).

The data on the photocolorimetric determination of boron using

Magneson I in a slightly alkaline medium are given in Table 1, and

they show a good reproducibility of the results for the colorimetric

146	
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TABLE 1

^FFECT OF FOREIGN METALS ON THE RE-
ACTION OF BORON WITH MAGNESON I

I

Added, mg	
B Used, mg	 B Found, mg

'All Mo 1 Ba

0.5 2.0 0.1

1

0.54

;

0.56

0.5 — 0.1 1.29 1.25
— 2.0 0.1 2.16 2.11

2.0 0.1 1.94 1.9
0.5 -- 0.1 5.0 :3.2
— 2.0 0.1 3.0 3.1

1

JV	 :.."d.	 -At, !.;

Fig. 4. Light absorption curves
for solutions of Magneson I (1)
and its compound with boron (2)

V .	
, "	 T'^ j

",'AL PAGE IS
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etermination of boron with Magneson I.

'	 Since the reaction of boron with Magneson I takes place in an

1kaline medium, in using it for alloys it is necessary to remove or

complex the components which form hydrated metal oxides in alkaline

media.

'	 EFFECT OF COMPLEXING AGENTS ON THE REACTION

OF BORON WITH MAGNESON I

j	 Studies ', i_ve shown that the presence of tartaric, oxalic, acetic, 	 I^

carbonic and nitric acids, as well as hydrogen peroxide and other oxi-

dizing agents, interferes with the determination of boron with Magneson	 i

I and the hydrochloric acid and sulfuric acid ions do not interfere 	 1120

with this determination.

The effect of cations which

during the analysis of the borides

boron with Magneson I: molybdenum,

presence of 0.5 mg of aluminum and

does not interfere with the photoc

with Magneson I.

remain in solution in alkaline media

was also studied on tha reaction of

aluminum and barium (Table 1). The

barium and up to 2 mg of molybdenum

olorimetric determination of boron

ANALYTICAL METHOD

One drop 0.01 of a methyl red indicator is added to the solu-

tion of boric acid in a 100 ml volumetric flask and the solution is

neutralized with 1 N sulfuric acid nr 0.1 N sodium hydroxide until the
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color changes to a rose. The flash is heated to boiling and then a

0.1 N solution of sodium hydroxide lis carefully added dropwise from a

burette until the rose color disappears. Using a burette, 6-12 ml of
a

a 0.03% alkaline so utior of Magneson I is added tc . the neutralized

solution and 5 ml of a 1. 7" solution of gelatin is added. The mixture

is stirred and freshly boiled watet is added to reach the mark and the

mixture is again stirred.

The intensity of the color is measured in a photocolorimeter

with a yellow light filter in a cell with a layer thickness of L 50

(for 6 ml of reagent) and 20 mn3 (for 12 ml of reagent). The boron

concentration is found from the standard curve:

Boron Boron Boron Boron
taken, found, used, found,

mg mg mg mg

0.11 0.11 1.41 1-45
0.32 0.32 2.16 2.1 6
0,54 0.53 2.4 2.3

0.64 0.64 3.0 3.1
1.08 1.1 3,5 3.45
1.29 1.3

DETERMINATION OF BORON IN NICKEL BORIDES

The color reaction for boron with Magneson I, which takes place

In a slightly alkaline medium, was uaed for the photocolorimetric de-

termination of boron in nickel, titanium and chromium borides.

The nickel borides contain up to 30% boron and, depending on

the production technology, they may or may not dissolve in hydrochlor-

ic acid. Samples weighing 1 g are used to determine the boron in

borides which are soluble in hydrochloric acid for boron concentra-

tions of 0.5-2.5% boron. Foil larger boron concentrations samples

weighing 0.2 g are used.

The sample is dissolved in 50 ml of hydrochloric acid (1:1)	 1121

and heated (but not boiling) for 2-3 hrs. When the sample haz dis-

solved, 5 drops of a 3% solution of hydrogen peroxide are added and

the solution is boiled for 15 min. The solution is cooled, trans-

ferred to a 200 ml volumetric flask and the excess acid is neutralized

148 '
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with a 20% solution of sodium hydri

iThen an excess of 2 ml of sodium h;

above the precipitate should be co,

with water to the mark and stirred

tates out quantitatively in this p:

filtered and 20 ml of the solution

xide until a precipitate is formed.

droxide is added (the solution

orless) and the solution is diluted

thoroughly. The nickel precipi-

ocedure. Part of the solution is

`is withdrawn into a 100 ml volumet -

+

	

	 ric flask. One drop of methyl red indicator is added and a 1 N solu-

tion of sulfuric acid is added dropwise until a clear rose color is

obtained. The flask with the solution is heated to boiling and boiled

for 5 min. Then a 0.1 N solution Ibf sodium hydroxide is added from a

burette until the rose color disappears.-- - The precision of the neutral-

! ization is checked by adding a drop of 1 N sulfuric acid to get a rose

color and again adding 0.1 N sodium hydroxide carefully, dropwise, un-

itil a yellow color appears. Magneson I, 6-12 ml, is added to the neu-

tralized solution and immediately 5 ml of a 0.5% solution of gelatin

Is added. The mixture is stirred $Lnd brought to the mark with freshly

uoiled water and then it is again Stirred. The intensity of the color

lis measured in a photocolorimeter is described above. The boron con-

^1 s►tion is found from the standird curve. A blank with all of the

reagents is run along with the samples and the optical density of the

blank is subtracted as a correction factor. The results of the photo-

^colorimetric determination of boron with Magneson I in nickel borides

(Table 2) show that boron can be determined photocolorimetrically us-

ing Magneson I for boron concentrations of 1.0- 6% (Experiments 1-7)

and greater ( 8-10). In the latter case, the samples are sintered to

'convert them to a soluble state.

The data in Table 3 show good reproducibility for the results

of the photometric method and good agreement with the results of the

classical volumetric method -- titration with an alkali. The method

can be used to determine boron photometrically using the color reac-

tion with Magneson I for a boron concentration of 1-23X.

t

The reaction of boron with Magneson I was used to determine

the boron in titanium borides and din alloys based on them with chrom-

ium and molybdenum which contain up to 25 -29% boron. The titanium

boride and its alloys are not solo le in hydrochloric acid and only

'14 9

t-
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TAB E 2

COMPARATIVE DATA ON THE DETERMI ATION OF BORON WITH MACNESON I
AND BY THE VOLUMETRIC MtTHOD IN NICKEL BORIDES

Number of	 Sample weight,	 Boron found	 Boron found photo-
experiment	 g	 volumetrical-	 colorimetrically,%;

ly, %

1	 1.0	 1.08	 1.0;	 I.
2	 1.0	 1.2	 1.29
3	 IA	 1.75	 1.83	 1le
4	 1.0	 2105	 2.96	 2.)

b	 0.2	 610	 5.8	 6.OR
0.2	 810	 8.1	 2
2.0	 0.:3R	 Q.42	 0,44

8	 0.1	 910	 9.2	 9.4
9	 011	 12.5	 1211	 12.3
10	 01	 .-	 -	 22.4	 ZZ	 I 22.5

d1z 0olve in sulfuric acid in the presence of hydrogen peroxide. They'

can also be converted to the soluble state by fusion with sodium

peroxide and sodium hydroxide. In,both cases the presence of an oxi -
dizing agent interferes with the reaction between boron and Magneson I.

i

i

f

DETERMINATION OF BORON'TN-TITANIUM BORIDES WHICH ARE

SOLUBLE INACIDS

The conditions were found which avoid the effect of the oxidiz-

ing agent in determining boron in ^he titanium borides which are

soluble in sulfuric acid with hydrogen peroxide.

1

A sample of titanium is dis olved 20 ml of sulfuric acid (1:1)`

and the level of the liquid in the:beaker is marked and then 6-10 ml
of 30% hydrogen peroxide is added

ial. The same amount of the reage

the blank. The solutions are heat

is removed (the titanium solution

evaporated to the mark so that no

ors indicated the lodL of boron. +S

After the entire sample hasidecomposed the solution is trans- 	 /123

ferred to a 200 ml volumetric flash and 10-15 ml of 0.05 N ferrous

!ammonium sulfate are added (to red ce the remains of the oxidizing
a
Laeent 1 and_..the ,ion and_titanium a e precipitated with a_ 20%_ solut ion i

earasnce of the sulfuric acid

or complete solution of the mater-I

t is added to another beaker for	 +

d until the excess hydrogen peroxidi
ecomes colorless) and they are

ulfuric acid vapors are lost. Thei
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TABLE 3

COMPARATIVE DATA ON DETERMINING THE BORON CONCENTRATION IN
TITANIUM BORIDES, %

No. of the,	 Sample
Experiment	 weight,

g

0.1 titanium + boron
I	 Same
3	 0.1 boride
4	 Same5
6
7
8
9

Method

Volumetric Colorimetric	 (with
Magneson I)

X 10,0 10.2 10,5

20.0 20.5
18,9 19,1 18.8
18,9 19A 19,3
24.9 25,1 25.4

24.9 25,3 25.8
2&9 28.5 28,7
28.9 28.6 28.8

3U.0 29.5 29.8

of sodium hydroxide (no more than 2 ml). The solution is brought to

the mark in the volumetric flask with water, stirred, and allowed to

stand. The blank is done in the same way. For the colorimetric de-

termination with Magneson I, 20 ml of the initial solution is trans-

ferred out as described above. The boron concentration in titanium

boride is determined from the standard curve. The results of deter-

mining boron in titanium boride are given in Table 3.

The data in Table 3 show that large amounts of boron (up to

28%) in titanium borides can be determined colorimetrically with Magne-

son I. The error for the method in determining large amounts of boron

is +0.5 - 0.7%.

Materials are encountered among the titanium and nickel borides

which are insoluble in acids which is due to the method used for their

production and the technology for their treatment. Such materials

must be fused, but without an oxidizing agent since it interferes with

the reaction between boron and Magneson I. In these cases the fusion

is best carried out by sintering the sample with barium carbonate. The

The sample of titanium or nickel boride poured into a high porcelain

crucible containing 5 g of barium carbonate. Ten grams of barium car-

bonate is added. The contents are stirred, being sure to clean the

crucible walls with the barium carbonate. Then, after stirring, the

mixture is covered with a layer of pure carium oxide. The heating is

I'
i^

I	 \.
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done at 1000 0C for 2-3 hrs. in a muffle furnace. 	 The temperature is
Y

checked accurately, using a thermocouple. 	 After heating, hydrochloric

acid is added to the sintered mass in the cold and then the hydrochlor-

ic acid is neutralized with barium carbonate until a slightly alkaline

reaction is attained.	 The mixture is transferred to a 200 ml volumet-

ric flask brought to the mark with water and stirred. 	 A 20 cal aliquot

is withdrawn to a 100 ml volumetric flask for the colorimetric deter- -

mination of boron with Magneson I, as described above.	 A reagent

blank is run at the same time. 	 The experimental results are shown in

Table 3 (Experiments 6,8,9) and 2 (Experiments 8-10).

CONCLUSIONS

1.	 A new method is suggested for the photocolorimetric de-

termination of boron with Magneson I in an alkaline medium.	 The

Magneson I reagent allows boron to be determined quantitatively for

concentrations of from 0.11 to 3.5 mg in 100 ml of solution in a

slightly alkaline medium at a pH of 9-10.5.	 The optimum conditions /124

were found for the photocolorimetric determination of boron and the

' 	 pH of the solution, the amount of reagent, and the reaction time, the

`	 light absorption, the temperature and the effect of a number of

cations were determined on the reaction between boron and Magneson I.

It was found that the presence of up to 2 mg of molybdenum and up to

0.5 mg of aluminum and barium do not interfere with the determination.

The method's sensitivity is 1 pg of boron in 100 ml of solution. \

2.	 The conditions were found for the photocolorimetric deter-

mination of boron with Magneson I in nickel and titanium borides and

the .alloys of titanium boride.

The method allows boron to be determined photocolorimetrically

in amounts of 1.0 to 28%.	 The reaction of Magneson I with boron can

be used to determine large amounts of boron in an alkaline medium.

i

i
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SPECTROPHOTOMETRIC STUDY OF THE REACTIONS OF COMPOUND 	
/124

FORMATION BETWEEN NIOBIUM WITH THE PAN REAGENT

V. I. Kornilova*

The pyridine azo compounds which were first prepared by A. Ye.

Chichibabin [1] were not used for a long time in analytical chemistry.
Recently, the reagents began to be used as complexometric indicators

and for the photometric determination of many elements. The azo com-

pound with the hydroxy group in the ortho-position to the azo group,

which is synthesized by the combination of diazotized 2-aminopyridine

with 2-naphthol, resorcin, creosol, and other phenols, is of most

Interest. ..ost often 1-(2-pyridylazo)-2-naphthol (PAN) and 1-(2-py- 	 /125

ridylazo)-resorcin (PAR) are used:

7	 f

N=N—^ \	 I^h ^N—^^\-01 i

HO^	 HO
PAN	 PAR

It was found [2] that, depending on the acidity, PAN can be

found in three forms in solution: the yellow-green acid form (H2R+)

at a pH <2 which is soluble in water A	 1.26x10-2, the neutral

yellow form (HR) at a pH < 2 which is insoluble in water and which

forms colloidal solutions, and the dissociated red form at a pH of 11,

which is soluble in water 'K A„' = 6x10 -13 . The dissociation of the PAN

reagent can be represented in the following way [2]:

HYR+ .-tIIR+H+ ; 11R—̂_R- +H+.

The most complete information on the use of the pyridine azo

compounds in analytical. chemistry is given in the review by A. I.

Buseva and V. M. Ivanov [3]. Lassner and Puachel [4] studied the re-
action of the peroxide complexes of niobium, tantalum and titanium

with some metallochrome indicators including PAN. It was found that at

*Institute of Materials Problems, AN SSSR

r
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a pH of 1.5-7 niobium forms a red-violet compound with PAN in the
presence of hydrogen peroxide which can be extracted with amyl alcohol.

The purpose of this work was to make a more detailed study of

the reaction for the formation of this compound.

Preliminary experiments showed that when hydrogen peroxide is

replaced by other complexing agents (Trilon B, tartaric, citric and

oxalic acids), no colored compounds are formed.

The starting nic;aium solution was prepared by fusing niobium

pentoxide with potash followed by the dissolution of the potassium

niobate in water. The PAN reagent was prepared by dissolving the

precise amount in ethyl alcohol.

The formation of the colored compound was studied as a function

of the solution's pH which changed from 1 to 5 (Fig. 1). We can see
from this figure that the maximum optical density for solutions of the

complex compound occurs at a pH of 2.6 and that the complex is stable

at pH values of from 2.6 to 4.

The absorption spectra were found for the colored compound of

niobium with the reagent PAN and of the reagent itself at a pH of

2.6 (Fig. 2). As we can see from this figure, the greatest difference

in the optical denf7tties of the complex and of the reagent are ob-

served at X — 560 -mui. . From here on, the optical density was measured

at this wavelength.

The dependence was studied of the optical density of the com-

pound of niobium with PAN on the hydrogen peroxide concentration. The

experiments were set up in the following way. Mixtures were prepared

of a calculated amount of potassium niobate and hydrogen peroxide. A

calculated amount of alcohol and of the reagent were added to it and

the solution was diluted to some fixed volume using a buffer solution

with a pH of 2.6. The ratio of niobium to the PAN reagent in the solu-

tions being tested was always Nb:PAN = 1:2. The concentration of the

hydrogen peroxide was varied over a wide range (Fig. 3). As we can
see from the graph, the addition of the hydrogen peroxide up to a

/126
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Fig. 1. Dependence of the optical
density of a solution of the com-
pound formed by niobium with PAN
on the acidity of the solution
(niobium concentration - 8x10-5
moles/1., of the PAN reagent -

1.6x10 -4 moles/1., -).Z-W.Z;
cell - 1 cm.	 Fig. 2. Absorption spectra for

solutions of the PAN reagent and
its compound with niobium:

ratio of Nb:H 0	 1:250 results	 1) PAN reagent a^ a pH of 2.6, con-2 2	 centration 8x10- moles/1.,
in an intensifying of the solu- 2) compound of niobium with PAN at
tion's color. A further increase a pH of 2.6, niobium concentration

in the hydrogen peroxide concen- 4x10-5 moles/1.

tration does not change it and the color only becomes less for a ratio

of Nb:H202 = 1:2500. It is apparent that the addition of hydrogen

peroxide up to a certain Nb:H 2O2 ratio facilitates the conversion of

the niobium Into a reactive form.

We know that a solution of PAN in an alkaline medium has a red

color. The complex of niobium with PAN is also red; therefore, it may

i
be assumed that only the hydrogen of the hydroxyl group is replaced by /127

the metal in the formation of the colored complex, forming a more polar

bond with the oxygen atom of this group than that formed by the hydro-

gen atom.

The ratio of the reacting components in the niobium - PAN sy-

stem is determined by the isomolar series method. The total concentra-

tion of the components was 3.6x10 4 moles. The pH of the solution was

2.6 and all of the solutions contained 0.1 ml of Perhydrol. The opti-

cal density of the solutions was measured on a SF-4 spectrophotometer

in a cell with a layer thickness of 1 cm. The data on the determina-

tion of the composition of the compound formed by niobium with PAN are

given in Fig. 4. The maximum on the curve corresponds to a ratio of

15 6 	 0K1u1NAL 
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Fig. 3. Effect of the excess of
hydrogen peroxide on the optical
density of solutions of the com-
pound formed by niobium with PAN
at a pH of 2.6 (the niobium con-
centration was constant and equal
to 8x10" 5 moles/1., the H2O 2 con-

centration varied from 8x10-5

'x10 -1 moles/1.

Fig. 4. Determination of the ratio
of the reacting components by the
isomolar series method in the nio-
bium - PAN system (total concentra-
tion of the niobium and PAN -

3.6x10-4 moles/l., a — ^so^..^
cell - 1 cm.

Nb:PAN = 1:2.

The solutions of the colored compound formed by niobium with

PAN obey the Lambert-Beer law for niobium concentrations of 1.8 -

9 Pg/ml.

CONCLUSIONS

It was found that niobium forms red colored compounds with PAN

in acid solutions (pH from 2.6 to 4) in the presence of hydrogen

peroxide with an absorption maximum at ),;47OA". 	 The composition

of the compound corresponds to a ratio of Nb:PAN = 1:2.
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DETERMINATION OF ARSENIC IN VERY PURE MOLYBDENUM	 /128
+1

V. G. Shcherbakov Ond G. V. Onuchina*

I
As of now, no description has been given for the determination

of small amounts of arsenic (of the order of 1x10 4 %) in metallic

molybdenum and molybdenum salts. !rhe existing spectroscopic method

can be used for arsenic concentrations above 5x10 4^. The most sensi-

tive and useful method in our case; is the determination of arsenic

based on the formation of the heteropoly acids H 3/As(Mo 3O10 ) 4 fol-

lowed by its reduction to molybdenum blue.` This method can be used

for its determination in metallic tungsten [2].

An attempt was made to use the coprecipitation of arsenic with

Ithe ferric hydroxide with ammonia for separating arsenic from large
A

!amounts of molybdenum. The method did not give good results. Preci-

1pitation with Ca(NO 3 ) 2 to remove phosphorus from arsenic did not g{ve

good results either. Satisfactory results were found when Alekseyev's

}method [1] was used to separate arsenic from phosphorus and molybdenum.
This is based on the difference in the solubility of the heteropoly

acid of arsenic and phosphorus in organic solvents.
4

The phosphomolybdic heteropoly acid can be readily extracted

with a mixture of isobutyl alcohol and chloroform. The arsenomolybdic

heteropoly acid is extracted from an aqueous solution with a mixture

of isopropyl alcohol, ethyl acetate, and chloroform.

The optimum conditions were found experimentally for determin- 1129

ing arsenic in the 0.0001-0.0005 mg concentration range. The optimum

volume of the aqueous phase is 40 ml and the volume for the organic

solvent mixture is 8 ml. The extraction was made at an acidity of

0.4 N with respect to nitric acid. Under these conditions, up to

0.5 pg of arsenic can be determined in 25 ml of solution. The optical

density of the solution was measured on an FEK-N photocolorimeter in

*(VNIITS) (All-Union Scientific Research Institute for Refractory
Compounds) .
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a cell with a layer thickness of 50 ml using a No. 7 light filter with

an effective wavelength of 610 mu.

The standard curve was set up in the following manner. We

added 10 ml of a 25% solution of sodium molybdate to different quanti-

ties of a standard solution of arsenic and the mixture was neutralized

with nitric acid having a specific gravity of 1.19 and then an excess

of 2.5 ml of the nitric acid was added. The solution was transferred

to a separatory funnel and diluted to 40 ml with water to remove

possible phosphorus impurities. The mixture was shaken and allowed

to stand for 10 min. to form the heteropoly acid and then 4 ml of iso-

butyl alcohol was added to saturate the aqueous solution. Then 4 ml

of a mixture of isobutyl alcohol and chloroform (1:3 by volume) was

added and the funnel was shaken 30 times. After standing, the lower

layer was removed and the extraction was repeated. Under these con-

ditions the phosphorus is completely extracted, as proved in experi-

ments with a standard phosphorus solution.

After extracting the phosphorus complex, 4 ml of a mixture of

isobutyl alcohol and ethyl_ acetate (1:1 by volume) were added and the

mixture was shaken vigorously. Then chloroform was added (4 ml) and

the solution was agitated by reversing the funnel 30 times. After

the layers were separated, the lower layer was filtered into a 25 ml

volumetric flask. The extraction was repeated once more. The result-

ing yellow complex of arsenomolybdic hereropoly acid was reduced in

the flask with 0.5 ml of a 0.4% solution of stannous chloride and

diluted with isobutyl alcohol to the mark. The optical density of

the solution was measured on the photocolorimeter. A number of deter-

minations were made for arsenic in solutions of known concentration.

The given method gives accurate results (Table 1). Several portions

of molybdenum metal were analyzed by this method. The arsenic was de-

termined under the following conditions. One gram of the molybdenum

was dissolved in 20 ml of aqua regia on a water bath. The solution

was evaporated to dryness and 10 ml of doubly distilled water were

added and it was again evaporated to dryness. The molybdic acid is

dissolved in 5 ml of 20% alkali, neutralized with nitric acid (sp. g.

1.19) and an excess of 2.5 ml of the nitric acid is added. The solu-

1
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tion is then transferred to a sepa-
TABLE 1

ratory funnel, diluted with water

to 40 ml and allowed to stand for ETERMINATION OF ARSENIC
IN A STANDARD SOLUTION

10 min.	 The extraction was carried

out in the same way as for the No. of Arsenic , Arsenic Relative
Experi- taken, found, error,%

standard solutions.	 In analyzing ment mg mg

the sample, the molybdenum was used
1 0.0005 0.00055 J-10

as the reagent needed to form the 2 0.000' 0.00035 -jo
3 010010 0.00085 - 15

arsenomol bdic complex (Table 2).Y	 P  45
0.0010

1
01OW95 -5

O. Oul-ro 0.0018 -10
6 0.0020 0.0019 -5i 0.0030 0.0032 -i.7

According to spectroscopic 8
9

0.004

0,005
0.0044

0,0052
+10

+4

analysis, the arsenic in these 10
11

0.006
0.00-

0.006-4
0 .0069 -16

-samples was less than 5x10 	 ^.	 As
12
13

0.00`3
01010

0.0005
0.0101

6
-1 1.0 

we can see from Table 2, the re-

sults of determining the arsenic

are quite reproducible.	 The accu-

racy of the recommended method for determining arsenic was checked by

the method of additions.	 For this, a given amount of the standard

arsenic solution was added to the sample of molybdenum. The experi-

mental data are given in Table 3.

Portion
Number

TABLE 2

DETERMINATION OF ARSENIC IN MOLYBDENUM METAL SAMPLES
(sample weight - 1 g)

Arsenic Found	 Average Arsenic Concentration

bmg	 mg

261 0.00035	 0.000035 0,0003 0.00003
0.00025 1I 0,000025
0.0032	 i 0.00032
0.0034	 0.00034

259 0.0027	 10.00027 0.003 0.0003
0.0027	 0.0002'

262 Not found - ' -
257 0.0046	 0.00046 0.0043 0.0004.1

0.0.39	 1.0,00040

255 Not found
2.% 0.0030	 0100030 0,0029 0,00029

0,002	 j 0.00027,
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i	 DETERMINATION OF ARSENIC IN MOLYBDENUM METAL IN THF PRESENCE OF
a	 ADDITIONS OF A STANDARD SOLUTION OF ARSENIC (sample weight of
}	 molybdenum - 1 g)

Sample
No.

Arsenic concen-
tration in the

Arsenic
added,

Arsenic present Arsenic found Relative
error,r Q,

sample, 8 mg
mg p m8 p

%

Not found
0.001 0.001 0.0001 0.0011 0.00011 440

Same	 I 0.002 0,002 0.0002 0.0017 I	 0.00017 --15
s	 s 0.003 0.003 0.00-13 OJIM 0.00031 +10

s 0.004 0.004 0.0001 0.(x142 0JA 42 +5
0.1415 0.(*5 0.0005 0.00444 0.00018 -4
0.006 0.006 0.0W6 0.0061 O.OU061 -44
OJOS 0,008 WMA 0.0080 0.00080 0
O.009 0.(W o.ono9 0.009; O.OLW7 -a
0.010 4).010 0.0010 O.M10 11.0110 -r-10

^61 0.0003 1`.00•) 0.0023 0.00), 3 0SKM 0.0im -4
0.0003 0.003 0033 0.00033 11.0n.3O 0.000:4 __*

258 0.003 0.001 0.oi4 0.18104 0.103'1 0.18 042 +6
0.003 0.002 0.W5 0.000.-1 0.11051 0.ikkis1 -1-2
0.00.3 0.004 0.007 MOW OmO75 0.(0075 +7
0,003 0.005 0AXI S OA)08 0.00111 040071 -12
0.003 0.006 0.009 0A M9 0.01193 0.0ix1J3 +3
0,003 I	 0.008 0.011 0.0011 0,0120 0.0C 120 +10

t

I

l
On the basis of the data in Tables 1 -3, it follows that this

method for determining arsenic gives a relative error of not more than

12% in the determination.

CONCLUSIONS

1. A photocolorimetric method has been developed for determin-

ing arsenic in metallic molybdenum. The method is based on the forma-

tion of arsenomolybdenvm blue and it can be used to determine concen-

trations of arsenic of 1x10 4p.

2. The lower limit of the sensitivity is 0.5 ag of arsenic in

25 ml.

3. The relative error in the determination does not exceed 12p.

4. The method can be used to determine arsenic in molybdenum

anhydride, ammonium molybdate, and other molybdenum preparations.
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CHEMICAL PHASE ANALYSIS OF MIXTURES OF CARBIDES,	 /132

BORIDES AND BOROCARBIDES

N. V. Vekshina and ^. Ya. Markovskii*

In studies of the metal-boron [1,2] and metal-boron-carbon sy-

stems C3,71, which showed the presence of a large number of new and

as yet unknown individual phases, the method of chemical phase analy-

sis has been widely used. This method is based on the careful study

of the chemical composition of the borides, particularly their stabil-

ity with respect to water and acids, and can be used to isolate indi-

vidual complex compounds from the mixture obtained in the synthesis.

The individual nature of these compounds is then proven by x-ray

phase analysis.

The purpose of this work was to demonstrate the effectiveness

of this method on concrete examples.

CHEMICAL PHASE ANALYSIS OF SOME BORIDE SYSTEMS

It has been shown [8-10] that the borides have a lower hy-

drolytic stability and give a greater yield of the borohydrides the

greater the amount of metal present in them. This fact can be used

in the separation of the various boride phases in systems of the alka-

line earth and rare earth metals with boron and in determining the

concentration of them in the given samples. Jk These borides were syn-

thesized by mixing the metal powders with the boron and roasting at

800-13O0 0C. First, all of the known boride phases for these metals

were produced an! their properties were studied. It was found that

the tetraborides of La, Ce and Gd, as well as the hexaborides of these

metals and calcium, are almost insoluble in very dilute hydrochloric

acid. Only the tetraborides decompose in concentrated hydrochloric

acid with boiling. The hexaborides are readily dissolved in nitric

acid. The further studies of the hydrolytic decomp- - "' - -

*GIPKh (State Institute of Applied Chemistry)
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number of boride compositions, synthesized over a wide range of con-

centrations for the starting materials, showed that the samples pro-

duced with an excess of the metal in the reaction mixture, decompose

more or less vigorously with the evolution of the borohydrides when

treated with dilute hydrochloric acid. This indicated the presence

of the lower borides, which were as yet unknown, in the sintered mass

masses. These have compositions and properties which are different

from McB4 and McB6.

/134

The experimental data from studying the chemical properties of

the boride compositions with alkaline earth and rare earth metals

were used to develop a method for their chemical phase analysis (see

following page).

According to this method, the products from the reaction of the

metals with boron are pulverized, screened and weighed. They are then

treated in the cold with very dilute hydrochloric acid (1:10) until

the decomposition is finished. The insoluble residue is filtered off

and weighed. The filtrate is then analyzed chemically for its boron

and metal concentration, using well known analytical methods.

The experimental data showed that the sintered mass from lantha-

num and gadolinium with boron undergoes the fastest and most complete

decomposition with the dilute hydrochloric acid in the cold. In this

process, according to the data in Table 1, the lanthanum and boron and

the gadolinium and boron go into solution in amounts which correspond

to the atomic ratios 2:1 and 1:1. This indicates that readily decom-

posed phases having the compositions La 2B and GdB are formed in the

La-B and Gd -B systems.

The residues from the sintered masses which do not decompose

In dilute hydrochloric acid at room temperature are then treated with

HC1 (1:10) with boiling. The experiments showed that the samples pro- aL5,
duced by sintering calcium and gadolinium decompose vigorously as the

result of this treatment with the formation of the borohydrides. Ac-

cording to the chemical analysis, in this case the ratio between the

metal and boron which go into solution is close to 1:2. From this, it

may be concluded that calcium and gadolinium form boride phases with

.^	 164



CHEMICAL PHASE ANALYSIS OF THE PRODUCTS FORMED IN THE Me—B SYSTEMS /133

Treatment of the sintered
mass with HC1 (1:10) in

the cold

Tref.tmc;it of the
residue with HC1
(1:10) with boil-
in

Treatment of the
residue with con-
centrated HC1
with boiling

Filtration:	 insoluble
residue al , % by weight,

Chemical analysis
in the filtrate - Ir, , % of the filtrate
by weight for the metal and

boron concentra-

Filtration:	 insoluble
tion (B1 , Mel,wt.p

residue a2 , % by weight,

in the filtrate -	 ^: -- - -- --	 - - —
weight

Chemical aralysis
of the filtrate
for the metal and

Filtration:	 ii;soluble
boron concentra-

% by tion (B2 , Me2,wt.%
residue a3 ,	 weight,	 I

in the filtrate - Is
weight Chemical analysis

-`^ of the filtrate
for the metal and

Chemical analysis of the boron concentra-
filtrate for the boron tion (B3 , Me3,wt.%
and metal concentration
(B, , ,	 Meg , ,	 weight	 %)	 i

Phase Composition
of the Initial

Product

% MqB (Mes)-(BI + Med
al

I
MeB = + Me a,a:

1 % ueB,s(Ba ej - ai
(
-
S
TS

1 0D
 W
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t
rn	 TABLE 1
°i 	RESULTS OF THE HYDROLYTIC DECOMPOSITION OF THE PRODUCTS FROM THE REACTION OF SOME ALKALI14E

EARTh AND RARE EARTH I4ETALS WITH BORON, PRODUCED UNDER OPTIMUM CONDITIONS FOR THE SYNTHESIS
OF THE INDIVIDUAL BORIDE PHASES

Atomic Dissolved for the Decomposition Dissolved for the Decomposition
Cornposi Reaction of the Borides in HCl(1:10),% of the Borides in Boiling Acids, %

At Room T2m . For Boiling Concentrated HC1 Concentrated HNOtion of Tempera
At. Atomic Atomic

_r
Atomicthe Re- ture,

action Me B Total Ratio Me B Total Ratio Me B Total Ratio Me B Total Ratio0Mixture Me:B Me:B Me:B Me:B

Ca+?B 900 - - - - 128.0 17,1 45,1 1:2.21 - - - - - 54.0 i	 $4.0	 -
CA+4B 1000 - - - - 48,1 26,9 75,0 1:2.1 - - - - - 24.2 24.2	 -
fi -r 6B 1300 -- - - - - ( - - - - - 37.7 61,5 99.2	 1.6.0
La ♦ 2B 900 86.5 3.4 89,9 2:1 -

_ _
li - - - - - - ,	 9.8 9.8	 --

L + 2B 1000 46,4 2.0 48.4 1.9:1 - - 39,0 12.6 5116 1:4.1 - - -	 -
La -+- 4B 1 100 33.6 1,5 1	 35.1 2:1 - - - - 44.9 14,0 5819 1:4.0 9.0 4.2 13.2	 1:"
La + 6B 1300 - - - - - - - - - - - 67.0 32.2 99.2	 1:6.1
Gd + B 1200 87.5 5.8 93.3 1 : 0.9

^
-

Gd -} 2B 131y) - - - - 815 11.1 94.6 1 :1,9 - - - -
78.2 21.4 99.6 1:3.9 - - -	 -

Gd } 6B 1400 1 69.8 29,8 99,6	 j	 5 0

O
O

Y^

^ell
^
9
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the composition McB2.

The sintered masses of cerium and boron do not decompose notice-

ably for treatment with dilute hydrochloric acid and, apparently, they

do not contain readily hydrolyzable lower borides.

The products which do not decompose in 1:10 HC1 are then boiled

with concentrated hydrochloric acid. The solid residues which remain

are filtered off, weighed and boiled with nitric acid. The hydrochlor-

ic and nitric acid solutions are then analyzed for the metal and boron

concentrations in them.

}

According to the data in Table 1, the tetraborides of the rare

earth metals dissolve in concentrated hydrochloric acid and the hexa-

borides of these metals and of calcium dissolve in the nitric acid.

The calcium tetraboride, apparently, does not exist. The presence of

the lower boride phases for calcium, lanthanum, and gadolinium is also

confirmed by x-ray analysis. The lines for these borides are found on

the powder diagrams.

CHEMICAL PHASE ANALYSIS OF A NUMBER
	 /136	 d

OF TERNARY Me-B-C SYSTEMS

It has been shown in the studies which have been cited that

ternary phases are formed for the reaction of some metals with a mix-

ture of carbon and boron. The borocarbides of the alkaline earth [3] 	 j

and rare earth metals [4,6], beryllium [7], chromium and manganese [11]

have been described. Thus, along with the borides and carbides of the

metals and boron carbide, borocarbides exist in the Me-B-C systems.

The method of chemical phase analysis can be successfully used

for the separation of these compounds and for determining their compo-

sition and concentration in the given samples. Two general schemes

for this analysis have been developed in application to ternary sy--

stems. One of them was used when the metal forms readily hydrolyz-

able borocarbides with the boron and carbon, for example, to determine

the borocarbides of the rare earth metals. The second is used for the

chemical phase analysis of the products which contain chemically

stable borocarbides, for example, the borocarbides of beryllium.
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Figure 2 for the chemical phase analysis of the sintered masses

resulting from the reaction of the alkaline earth metals and some

lanthanides (La, Ce, Gd and Eu) with boron and carbon, propose the

following sequence of operations:

1. The chemical analysis is made of the initial product for

the carbon, boron and metal concentrations (Me 1B1C1).

2. Determination of the presence of carbides of the McC 2 type

in the sintered masses for the individual samples and the correspond-

ing amounts of metal and carbon (Me 5 C 5 ) based on the amount of acetyl-

ene which is formed when the sintered cake is treated with water. It

should be pointed out that as a rule such carbides are not present.

If they are produced at all, they react with the boron to form the 	 t^
borocarbides.

3. The initial sintered mass is treated with dilute hydrochlor-

ic acid. In this case, the borocarbides and the carbides of the metals

usually decompose.
t

4

{

The lower borides of the alkaline earth and rare earth metals

are unstable in the presence of carbon and their presence is excluded

in the given sintered cakes.

As was shown earlier [12], the hydrolysis of the borocarbides

in acids is very vigorous and it is accompanied by the formation of

solid, liquid and gaseous organic materials, but the latter do not con-

tain acetylene.'

4. The residue which does not decompose in hydrochloric acid	 /138

	

—	 i
is filtered off and washed first with water and then with acetone which

dissolves the solid organic products from the hydrolysis of the boro-

carbides.

f

5. The filtrate is analyzed for the boron and metal concentra-

tion (B2Me2).

^I
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In this scheme, no account is made for the very small amount of

boron which remains in the organic material. Such a simplification of

the analysis does not have any noticeable effect in determining the

composition of the borocarbides.

6. The amount of carbon which is converted into organic materi-

al in the hydrolysis of the borocarbides and carbides (C 2 ) is calcu-

lated as the difference between its concentration in the sintered cake

before and after hydrolysis.

7. The composition of the borocarbides which have undergone

hydrolytic decomposition is calculated using the concentrations found

for the metal, carbon and boron (B2) Me 21 C 2 ) (after subtracting the

amount of carbon and metal in the carbides).

8. The undecomposed residue is treated with nitric acid. The

hexaboride decomposes and the carbide B 4 C and graphite, or a mixture

of these, remain in the residue.

9. The nitric acid filtrate is analyzed for its boron and metal

concentration (B 3 , Me 3 ) whose total amount corresponds to the MeB

concentration in the sintered cake.

10. The boron present in the residue after treatment with nitric

acid is determined and the amount of B 4   which corresponds to it is

calculated.

The concentration of free carbon can be determined as the dif-

ference between the total carbon and that combined in the form of B4C.

11. In conclusion, the phase composition of the initial product

is calculated using the data on the chemical analysis of all of the

solid residues and of the acid solutions using the formulae given on

page 170.

As an example, the results of the hydrolytic decomposition and
	

/140

chemical phase analysis of the products from the reaction of calcium
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CHEMICAL PHASE ANALYSIS OF THE PRODUCTS FROM THE REACTION
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OF THE ALKALINE EARTH AND RARE EARTH METALS

WITH BORON AND CARBON

Elemental chemical analysis
of the initial product for
the carbon, metal and boron
concentration (Me 1B1Cis
weight %)

I
Treatment of the sintered
cake with acid and acetone

Filtration: insoluble resi-
due al , wt. %; in the fil-

trate /n , wt. %

Determination of the amount
of carbon bound in the or-
ganic materials, n C 2 =
C1 - (C3a/100)

Treatment of the residue
with concentrated HNO 3 with
boiling

Filtration: insoluble resi-
due - a2 , wt. %, in the fil-

trate fs , wt. %

Determination of the
amount of carbon in
the residue (C,,, wt.%

Chemical analysis of
the filtrate for the
boron and metal con-
centrations, B3

, 
Me 

39wt. %.

Determination of the
McC2 concentration in

the initial sintered
cake and the amount ofd
metal and carbon that
corresponds to it 	 I
(Me r , C am , wt. %)

unemicas analysis or
the filtrate to deter -
mine the boron and
metal concentrations
(B2 , Me 

29 wt. %)

.1

(Chemical analysis of
the residue for the
boron, metal and Car-
on concentrations
(B4

, Me 4' C4 , wt. %

Phase composition of the initial product
% borohydride = B, = (Me_ -; Me,j -w'(C: + Cj

g; MeB, _ (Mes + Ba) 100

f	 12 \ alas
".e W = (B4 + Bs i3.3) 100

%C^ = C. —B^ 433

1
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TABLE 2

RESULTS OF THE HYDROLYTIC DECOMPOSITION OF THE PRODUCTS FROM THE
REACTION OF CALCIUM AND LANTHANUM WITH A MIXTURE OF BORON AND CAR-
BON PREPARED UNDER THE OPTIMUM CONDITIONS FOR BOROCARBIDE SYNTHESIS

Atomic com- Decomposes for treatment of the Atomic ratio
`	 position of

^Reac-
tion sintered mass with 1:4 HC1,	 % Me:B:C (from

the reaction Temp., data on the
mixture 0 Me	 B C Total hydrolytic de-

composition
Ca + 2B + 2C 1300 ;i&s	 10.2 21.8 1	 67,8 1 : 2 : 1
G + 28 + 4C 1900 35.0	 21.1 41.8 97.9 1:2:4 

LA + B + C 1300 80.5	 6.6 7.6 94.7 1:1:1,1
La -+- B + 2C 1900 78,5	 7.2 12.1 97.8 1:1.2:1.8
La + 28 + 4C

1

1900 64.0	 9.5 22.9 96.4 l : 1.9 ,. 4.1

and lanthanum with boron and carbon are given in Table 2. According

to these data, two borocarbide phases are formed in the Ca-B-C system

with the compositions CaC 2B and CaC 4Be and three are formed in the La-

B-C system: LaBC, LaC 2B, and LaC4B2.

The borocarbides of strontium and barium with the same composi-

tion as those for calcium and the borocarbides of cerium, neodymium,

praseodymium and gadolinium were identified in the same way.

In studying the products which are formed in the Me-B-C system,

x-ray phase analyses were also made of the initial products and of the

residues which are insoluble in the acids. The resulting data con-

firmed the results of the chemical phase analysis, particularly the

existence of all of the borocarbide phases given in Table 2.

The method of chemical phase analysis of sintered cakes which

contain chemically stable borocarbides (using the system Be-B-C as an

example (see p. 172)) consists of the following parts:

1. The sample product is analyzed chemically for the boron,

metal and carbon concentrations (B l , Me l , Cl).

2. The initial sintered cake is treated with concentrated hy-

drochloric acid with boiling.

Owls R Q13,1I'Y
Ur' pu0
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CHEMICAL PHASE ANALYSIS OF THE PRODUCTS PRESENT	 1139 ^.

IN CHEMICALLY STABLE BOROCARBIDES

Chemical analysis of
the products for the
metal, boron and car-
bon concentrations
(Mel , Bl , Cl , wt. %)

Treatment of the
sintered cake with con-
centrated HCl with boil-
ing	 1

Treatment of the
residue with con-
centrated HNO 3 with
boiling

Filtration: undecom-
posed residue -- al,

wt. %, in the filtrate -

f' , wt • %

Chemical analysis of
the filtrate for the
boron and metal con-
centration (B2 , Me 

2
)

Decomposition of the
residue by fusion with
KNaCO 3 and determining

the boron and metal
concentration in the
solution (B4 ,

 
Me 4)

Chemical analysis of the
residues after treatment
with HC1 and HNO 3 for

the carbon content (C2
and C3)

1Chemical analysis of
,the filtrate for the

Filtration: undecomposed 	 boron and metal con-
`-'residue - a2 , wt. %; in	 centration (B , Me )

the filtrate to , wt. % 	
3	 3

Phase composition of the product:

c Be:C == (Me . + c) — 100'

°o BeC:B: = lBa t Me_) 1x00 -t- (ca — 1 W 
ca. \

 100

alasq;, BeB j zC, = (B, + Me4 + c,) 100 . 100
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3. The residue which does not decompose in hydrochloric acid

is filtered off.

4. The filter is analyzed for the boron and metal concentra-

tion in it (Be 22 Me 2).

5. The product which does not decompose in the hydrochloric

acid is boiled with nitric acid. The solid residue is filtered off.

6. The nitric acid filtrate is analyzed for the beryllium and

boron concentration in it (Me 
32 

B '0 .

7. The amount of carbon which corresponds to its amount in the

compounds which decompose in the HC1 and HNO 3 is calculated from the

difference of the concentrations in the products before and after

treatment with each acid.

8. The solid residue which is found after treatment-of the

samples with nitric acid is decomposed by fusion with KNaCO 3 and dis-

solution of the button in acid. The beryllium and boron in the solu-

tion are determined. The carbon concentration . in the residue is de-

termined from a separate sample.

9. On the basis of the results of the chemical analysis, the

phase composition of the given product is calculated.

According to the experimental data which are given in Table 3,

the reaction of the initial sintered cakes with concentrated hydro-

chloric acid only dissolves the compound which contains only beryllium

and carbon (B 2 = 0). In this case, the Be:C ratio is close to 2:1,

i.e., it corresponds to the carbide Be 2 C. Consequently, as a result

of the reaction between the boron, beryllium and carbon, no readily

hydrolyzable borocarbides are formed.

According to the results of the analysis, a ternary compound

which contains beryllium, boron and carbon in the ratio 1:2:2 decom-
t

poses in nitric acid, i.e., a borocarbide with the composition BeC2B2. 	 4
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Total Atomic Be B C
Iratio
Be:B:C

73.7
I

1:1,8:2	 — —	 —
:s5,0 1 : 2: 2

—	 —98,4 1:1,9:2	 —
37,9 1:2:2	 3,b 48.5	 10,2

5,3 1 75,1 1 14.1

r

TABLE 3

RESULTS OF THE ACID DECOMPOSITION OF THE REACTION PRODUCTS FOR BERYLLIUM WITH BORIC AND CARBON

AT 20000C

Decomposes for boiling the cake	 jData of the chemical analysis of the
Molar
composi-
tion of
the reac- Be C
tion mix-
ture
Be:C:B

2:1 :1	 12,3	 8,9
1:1:1	 30,2	 24,8
1:2:2	 -	 -
1:2:4	 -	 -
I: 2: 12	 -	 -

HC1
	

HNO3

Total Atomic Bel B { C
%	 ratio

Be:C

21,2	 1,8:1	 12.8	 30.0	 30.9
55.0	 1,9 : 1	 5,8	 14,2	 15,0
-	 -	 16,6 38,2 43.6

	

I-

6,2	 15,2	 16,5

roducts not decomposed in HC1 and
HNO

3

	

Total	 Atomic ratio
Be:B:C

	

62.2	 1 : 11,7:2

	

98.5	 1 : 12: 2

1

f
a

^	 1

— 

b
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As the boron concentration in the ha.ge  is increased, sintered cakes

are formed which mainly contain a .ompound which is not soluble in

either hydrochloric or nitric acid This substance, which was first

purified of B 4 C and BeC 2B 2 impurities by acid treatment, contained

Leryl.lium, carbon and boron in an atomic ratio of 1:2:12 and, conse-

quently, it is a beryllium borocar6ide with the composition BeC2B12.

The existence of two borocarbide phases for beryllium was con-

firmed also by the method of x-ray phase analysis. Using the given

binary and ternary systems as an example, we can see that chemical

phase analysis, amplified with x-ray studies, can lead to well founded

I
eonclusions about the phase composition of the given sintered cakes

`and about the concentration of the individual. components in them.

This method can also be used to identify new binary and ternary com-

pounds and to determine their composition.

CONCLUSIONS	 /142

1. Good results are obtained for determining the phase compo-

sition-of the products which are formed in some boride and borocarbide
i

systems by using chemical phase analysis based on the different chemi-

cal stability of the compounds which are formed in the Me-B and Me-B-

C systems during hydrolytic decomposition and reactions with acids.

1

As an example, a method is studied for the chemical phase analy-

sis of boride compositions of the alkaline earth and rare earth ele-

ments. The presence of new phases of the lower borides for these

metals was found and their composition was determined.

3. Two general schemes are discussed for the chemical phase

analysis of products formed in certain Me-B-C systems. One of them

can be used when the metal. forms readily hydrolyzable borocarbides

with the boron and the carbon, for example, the borocarbides of the

alkaline earth and lanthanide metals. The second can be used for the

chemical phase analysis of the products which are present in chemical-

ly stable borocarbides, for example, the beryllium borocarbides.

4. As an example, the results of the chemical phase analysis

175
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are given for the products of the reaction of calcium and lanthanum,

as well as beryllium, with boron and carbon. These confirm the pres-

ence of ternary phases in these systems.

5. The conclusions drawn on the basis of the chemical phase
analysis should be confirmed by the results of x-ray phase analyses.
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THE REACTION OF BORIDES WITH CARBON AND CARBIDES	 (143

L. Ya. Markovskii, K. V. Vekshina,

and Ye. T. Bezruk*

The question of the reaction of borides with carbon and carbides

is of great scientific and practical importance. Its practical value

is associated with the fact that many borides are used in contact with

carbon and carbides which are often used as structural materials.

The studv of the reactions of borides with carbon and carbides

complements our information about the chemical properties of these

compounds and those conversions which take place with them in reac-

tions with carbon and the carbides at high temperatures. The question

has not been studied extensively. The literature shows only the work

of Maser [12] on the reaction of the transition metal borides with

carbon, in which the high stability of the borides was shown with re-

spect to carbon, and the articles of Benezovskii and his colleagues

[14,15] which are devoted to the study of the ternary systems of the

Group IV, V and VI elements and the actinoids with carbon along with

a few works of G. V. Samsonov and his colleagues on the solid phase

reactions of refractory c, • npounds. The studies done at the GIPKh on

the ternary systems Me-B-C should also be mentioned, in which the

existence of borocarbides of the Group II and III metals and chromium

and manganese was demonstrated [3,6]. The formation of these com-

pounds must be taken into account in studying the reactions that take

place when borides come into contact with carbon-containing substances.

THE REACTIONS OF THE GROUP II AND III BORIDES
WITH CARBON AND CARBIDES

Among the Group II metals, magnesium forms a number of borides--

MgB2 , MgB 6 , MgB 12 [9] which decompose (200000) upon roasting with car-
bon r.t high temperature. The magnesium volatilizes and the boron re-

acts with carbon to form B 4 C. The magnesium borides do not form ter-
nary compounds with carbon. Only one boride phase has been studied ex-

tensively for the alkaline earth metals, i.e., the hexaborides having

*GIPKh

0'7

9'
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the composition CaB6 , SrB 6 and BaB 6 . The reactions of the hexaborides

ti	 with carbon were studied by heating a mixture of the boride and graph-

ite at 1300 and 2000 0C [1].

The resulting samples were subjected to chemical phase and x-

ray analysis. The chemical analysis showed that they do not react
	

/144

with water and hydrochloric acid and they do not give off even trace

amounts of acetylene or organoboron compounds, which should occur if

carbides or borocarbides of the metals are formed.

The powder diagrams of the resulting products contained the

lines for McB6 and graphite. The hexaboride dissolves upon boiling

in nitric acid and only graphite remains in the residue. Thus, the

mixture of McB6 and graphite does not change upon roasting. Conse-

quentl5, the hexaborides of Lhe alkaline earth metals do not react

with carbon.

The high chemical stability of the hexaborides with respect to

carbon is also confirmed by the formation of the borides McB 6 from the

reaction of carbides with the composition McC 2 with boron, and also in

the reduction of the oxides of these metals with boron carbide.

In results published earlier [7] of studies at the GIPKh, the
existence of alkaline earth diborides was demonstrated. In contrast

to the hexaborides, these react rather readily (at 1300 0C) with carbon

to form ternary phases -- borocarbides with the composition McC2B.

'

	

	 Beryllium forms many boride phases, including Be 4 B, BeB2 , BeB3,

BeB4 , BeB6 , BeB12 [2,10,11]. They all decompose upon heating in a
E	

mixture with carbon. In this case, the borocarbides of beryllium are 	 /145

formed as well as the beryllium carbide -- BeC 2 B 2 , hexagonal structure,

or BeB 12 C 2 (B 4 Ctype of structure).

At high temperatures, the beryllium borides react with beryllium

and boron carbides as well as with carbon. Borocarbides are also

formed in this case, which have a very high chemical stability (Table

1).

178



ORIGINAL PAGE iS
OF POOR (QUALITY

TABLE 1

RESULTS OF THE REACTION OF BERYLLIUM BORIDES
WITH CARBON AND CARBIDES (t = 2O000C)

Molar composition Data on the chemical phase 	 Results of the
of the reaction analysis of the sintered 	 x-ray analysis
mixture _	 cakes	 %

Total

Beg, + 2C 97.0	 -	 8.2	 100.2 AY4 DOCIBa
BeB, + 2C 23.3	 74.0	 —	 97.0	 J	 * i  ReCN

do
BeB + 2C —	 9919	 —	 99.9	 Lf*

Fie	 ^- BrBuC,
+B +

+ B.	 -}- 4C 98.0	 —	 —	 S+P.0
Be%+ I.0	 BeC,B,I+BrC+5C NO	 —	 —	 96.0

I+I.SB,C + C —	 99.0	 —	 98.0	 Lf	 BeB,,,C,

+ Brie C + SC 43.0	 57.0	 --	 100	 Lf *	 B,
L & Be%,

*Lf --- Lines for

For the Group III metals, their reaction with carbon was studied

for a number of the hexaborides of rare earth metals, including lantha-

num, cerium, gadolinium and europium.	 j

The experimental data showed that the hexaborides of the rare

earth elements, like those of the alkaline earth metals, do not react

with carbon. Conversely, the lower borides of lanthanum [8] and gado-

linium, which were recently prepared react with carbon to form boro-

carbides of varying composition, specifically McC 2B, McC 4 13 2 and McCB.

REACTION OF THE CHROMIUM BORIDES
WITH CARBON AND CARBIDES

The data on the chemical phase analysis and of x-ray studies of

the products from the sintering of chromium bromides having the compo-

sitions Cr 2B, CrB, and CrB2 with carbon and chromium carbides at 16000C

are given in Table 2.

a
It follows from these da;.a that the different chromium boride 	 /146

phases behave differently with carbon and the carbides. The mono- and

diborides do not react with carbon. The lower boride -- Cr 2B -- is un-

stable in the presence of ca:°bon and is converted to CrB and Cr 3C 2 .	 t

The sintering of the chromium borides with carbides results in the
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TABLE 2

COMPOSITION OF THE PRODUCTS FROM THE REACTION OF CHROMIUM BORIDES
WITH CARBON AND CARBIDES (t = 16000C)

Data from x-ray
analysis

-r.,

GB

Molar composi-
tion of the
reaction mix-
ture

Cr,B + C
CrgB,+C
Cr 	 C
Cr g +cr C
CE + Cr,
CA + Cr.

Cr B + Cr,(
Q^ + Crx

*Lf — lines for

Data of the chemical phase analysis
of the sintered mixtures--T
	 i

Cr 
3 

C 2 +B	 CTota

up t o
10 at. %

53.9 — 100 1V *	 CrJ3B&
— 17.1 99.9 Lf i► 'C'CrB I C
— 15.1 100 Lf * 	 Cra, & C

— -- — 100

1

— 101
199

l Lf*	 d s4 .
l44,8 — — 54.5 — 99,3 Lf*	 CrB ^,

ac,
87.1 12.7 99.8 I Lt;* 	 Q,BC.

1—
— 81_1

1W
° — 100 Lt	 QA

formation of products whose powder diagrams do not have any lines of

the borides; consequently, the borides react with the carbides, The

data from the chemical phase analysis and x-ray analysis showed that

in this case either solid solution of the borides in the Cr 3 C 2 lattice

are formed or a ternary compound, the chromium borocarbide Cr7BC4.

REACTION OF MANGANESE BORIDES WITH CARBON
AND WITH MANGANESE CARBIDES [3]

Only manganese monoboride is stable in the presence of carbon

at high temperatures. The borides Mn 3B 4 and MnB2 are converted in the

presence of carbon into a boride with the composition MnB and the lower

borides form borocarbides with carbon.

Alloys having the composition Mn 4 B react with carbon when heated

to 1300°C to form a mixture of the borocarbides Mn 7 BC 2 and Mn 8BC, but

for heating above 1500°C ortly the borocarbide with the composition

Mn 7 BC 2 is formed.

It follows from the experimental results (Table 3) that torocar-

bides with the composition Mn8BC are formed from the reaction of the

manganese borides with the carbides at 1300 0C and Mn 7 BC 2 is formed at

18o
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TABLE 3

RESULT, OF EXPERIMENTS ON THE REACTION OF THE MANGANESE BORIDES
WITH MANGANESE CARBIDES AND WITH BORON CARBIDE

Composition of the start-	 Roasting	 Phase composition of the
ing charge molar ratio	 temperature,	 reaction products from

0 	 the chemical and x-ray
analysis

Mn 4B	 W 2 ,Ce 1300 Mn,BC
MnB -1- Ain-C ;; 1300 Ain-BC. r Mn,BC
Mn.B + Mn23C„ 1300 Mn„ BC
A1n.B + Mn..MCA 1600 Mn.BG,
Mn

"
 B+Mn,C 1800 Mn,BC.,

MnB -+ Mn-C, 2(W Mn-BC.. ^- C
^tnB + B,C 2000 MnB + Mn,BC,

higher temperatures.

The manganese borocarbide with the composition Mn 7 BC 2 has ferro- /147

magnetic properties and the structure of the hexagonal carbide Cr7C2.

The borocarbide Mn 8BC is not ferromagnetic and it has the structure of

the complex cubic carbide Cr^ 3 C 6 . Both compounds are hydrolytically

unstable. Liquid and gaseous organic products are formed from their

decomposition with water and acids.

The fact that the manganese borocarbides that were prepared have

a structure similar to the carbides Mn 7 C 2 and Mn^ 3 C 6 shows that they

are derivatives of the carbides and are formed by the replacement of

the carbon atoms by boron in the corresponding crystal lattices.

DISCUSSION OF THE RESULTS

A list of the available experimental and literature data is

given in Table 4 for the nature of the reaction between borides with

carbon. As we can see, the borides react differently with carbon de-

pending on their composition, structure and chemical properties.

All of the lower borides of the metals, e.g., Me 4 B, Me2B4,

Me 3B 2 , i.e., boride phases with high concentrations of the metals, are

unstable with respect to carbon and react with it to form either car-

bides or borocarbides.
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s m m	 i s	 mX  4 3 d

Me H'	 I — H' — i — If — 
I H• H.	 I H'

Mg — — — — I — H — H — H
Ca, Sr,
Ba — — — — — H' — — a —

,hanoi — — — H' — — Y -
Ti* — H — H — y - -- — -
Zr' — — — H — J' — — — H
Hf' -
Th , — — — — — — — H' y
V, Nb•,

iTa — — H H H Y — — - —
Cr — H • — H — y — —
NO — H • — Y — Y H — — If
K • — H — Y — V — — H
Mu — H • — Y H H — — — --

Metal

Lan
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TABLE 4

STABILITY OF THE BORIDES WITH RESPECT TO CARBON

Remarks: H - unstable in the presence of carbon; H' - unstable in the
presence of carbon, forms borocarbides; y - stable in the presence of
carbon; *-according to literature data [12,15]•

As the boron concentration in the borides increases, which is	 /148

accompanied by a strengthening of the boron-boron bond, their stabil-

ity increases. Thus, the hexaborides, which have skeletal structure

of boron atoms, are more stable  than the diborides and these are more

stable than the monoborides, etc. This general rule is clearly evi-

dent in the other chemical reactions of the borides, particularly the

hydrolytic decomposition, and is applicable, in its general features,

to the reactions between the borides and carbon and carbides, also.

However, in this case the problem is a little more complicated. There

are certain exceptions which are not clear. Thus, for all of the do-

decarborides that were studied, an instability with respect to carbon

is characteristic. Among the manganese borides, the monoboride is the

most stable with respect to carbon. It should be pointed out that a

number of other manganese borides, for example, Mn 3B 4 and MnB 2 , are

rapidly converted to MnB in the presence of carbon. In addition,

since the borides react with carbon at high , emperatures, the energy

of the boron-boron bond is not always the determining factor and the

ratio of the affinity of the metal for boron and for carbon is of im-

portance.

1	 \
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It can be assumed that the further study of the mutual conver-

•

sions for reactions between the borides and carbides will expose the

determining rules.

REFERENCES

1. Vekshina, N. V. and Markovskiy, L.	 Ya.,	 Zh.P.Kh.	 (Zh.	 Priklad.
Khim.),	 1961, 34,	 2171.

2. Markevich, G.	 S., and Markovskiy,	 L.	 Ya., Tr.	 GIPKh.	 1960,	 45,	 139.

' 3. Markovskiy, L. Ya.	 and Bezruk,	 Ye.	 T.,	 Zh.P.Kh.,	 1966,	 39,	 258.

4. Markovskiy, L. Ya.	 and Vekshina,	 N.	 V.,	 Zh.P.Kh.,	 1961,34„16..

5. Markovskiy, L. Ya.,	 et	 al.,	 Zh.P.Kh.,	 1966,	 13,	 39.

6. Markovskiy, L. Ya.,	 Vekshina,	 N.	 V.,	 and Pron',	 G.	 F.,	 Zh.P.Kh.
1962,	 35, 2091.

7. Markovskiy, L. Ya.	 and Vekshina,	 N.	 V.,	 Zh.P.Kh.,	 1961,	 34,	 16.

8. Markovskiy, L. Ya.	 and Vekshina,	 N.	 V.,	 Zh.P.Kh.,	 1965,	 38,	 1945.

9. Markovskiy, L. Ya.,	 Kondrashev, Yu.	 D.,	 and Kaputovskaya, G.	 V.,
Zh.O.Kh. (Zh. Obshchei Khim.),	 1955,	 25,	 443.

10. Markovskiy, L. Ya.,	 Kondrashev, Yu.	 D.,	 and Kaputovskaya,	 G.	 V.,
Zh.O.Kh. 1955, 25,	 1045.

11. Markovskiy, L. Ya.	 and Markevich,	 G.	 S.,	 Zh.P.Kh.,	 1966,	 33,	 1667.

12. Glaser,	 F. -	 J. Metals.,	 1952,	 4,	 391.

13. Nowotny, H., Rudy E., Benesovsky, F., Mn. Chem., 19:;x, 92, 393.

14. Rudy E., Benesovsky, F., Toth, L., Z. Metallkunde, 1963, 54, 6. 345,

15. Toth, L., Nowotny, H., Benesovsky, F., Rudy E., Mn.Chem., 1961, 92,
794, 956.

183

1 ► .	 -	 -



t

I \

Y

CHEMICAL PROPERTIES AND ANALYSIS OF SOME TRANSITION
	

/149

METAL SULFIDES

S. V. Radzikovskaya and V. F. Bukhanevich*

The transition metal sulfides are among the refractory materi-

als whose preparation and physicochemical properties have not been

studied extensively. Only the compositions of the phases which are

formed in the transition metal — sulfur system during synthesis from

the elements are known and some of their crystallochemical properties

(type of structure, lattice parameters). There is no information on

the stability of the sulfides in various media or their resistance to

oxidation. Therefore, it is of interest to study the chemical proper-

ties of the transition metal sulfides and to develop, on this basis,

methods for their chemical analysis.

Some of the sulfide phases were studied for a

tion metals: Sc 2S 3 , HfS 2 , V2 S 3 , NbS1.6 ,TaS 21 Cr2S3.

pared by the action of hydrogen sulfide on the metal

oxides at 1300-1500 0C [1,2,37. The crystallochemica

the chemical composition of these sulfides are given

The stability of the sulfide powders was studied in solutions 	 /152

of various reagents for heating for 1 hr. The weighed sample of the

sulfide was placed in a tapered flask equipped with a reflux condenser

and the reagent was added. The insoluble residue was filtered off

through a Schott crucible and the total sulfur and metal concentra-

tions were determined in it. The metal which dissolves in the decom-

position of the sulfide is determined in the filtrate. Results were

obtained on the stability of Sc 2 S 3 , HfS 2 , V2 S 3 , TaS 2 and Cr2 S 3 powders

and these are given in Table 2.

The powders of these sulfides are stable in air at room tempera-

turf for a. long period of time and even for boiling in water. Sc2S3

and Cr2 S 3 do not decompose for boiling in alkali solutions. All of

the sulfides decompose completely in oxidizing acids (nitric, dilute

*Institute of Materials Problems, AN Ukr. SSR

number of transi-

They were pre-

powders or their

1 properties and

in Table 1.
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TALE 'i
CRYSTALLOCHEMICAL PROPERTIES OF THE SULFIDES OF SOME

TRANSITION METALS

Lattice,	 Density, g/cm3+Chemical com-

	

Sul-	 Color	 Structure	 eriod	
tion

fide	 a	 bl	 a pieno-	 X-ray 	 4',

	

4l metric 	 01
 co _

Se2S3 ' Yellow- Ortho- ) l `

orange rhombic 5,1; — — 2,96 45.8 ; 55.1
HfS2 Brownish- Trigonal

red 3,63 — 5,85

V 2 S 2 Black Hexagonal 6,39 — 22,13	 I -- — 48.5 51,0

1
3,338 17 ,827 a9 co 62,2 35,4 

NbSl. Black Hexagonal
I

1

TaS2 Black w/ Trigonal 3,36 — 5,89 ;,i 7,16 -:3,o 125.3

green tint

Cr2S2 Black Trigonal 5,942 — 1 11,125	 1 3.6 — 52.0 45.".

sulfuric (and in solutions of bromine and hydrogen peroxide.

The oxidizability of the sulfides was also studied by heating

them in a stream of oxygen. The particle size of the powders was 270

mesh and the flow rate of the oxygen was 200 ml/min. The degree of

oxidation was determined from the amount of sulfur dioxide that is

evolved.

The results on the oxidation of the niobium and tantalum sul-

fides are given in Table 3. It follows from th(,se data that NbS1.6

and TaS 2 begin to oxidize at 300 0C and total oxidation occurs at 400-

5000 C and oxidizes completely at 1000 0C. The final oxidation products

are the metal oxides.
,

Thus, the scandium, hafnium, vanadium, niobium, and tantalum

:sulfides, like other refractory sulfides, are unstable for heating in

air. The ready oxidizability of the sulfides for heating in air can

be used to determine the total concentration of the metal by roasting /153

weighed samples of the sulfide and the amount of sulfur can be deter-

mined simultaneously from the amount of sulfur dioxide that is evolved.

>ulfur dioxide gas is trapped in an iodine solution in a 3^ solu-

of hydrogen peroxide followed by the titration of the sulfuric

,

^i

1

6
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00 TABLE 2

Chemical com-
position of Metal'

Insol residue cone
Sulfide Reagent in Remarks SulfResi- soln.

iuble

due ^ Me d
/0 t

Sc^S, 0 -_ - - Decomposes
Vrc,3 d - 1 ' 0 - - 5 completely y
Ta,% 0 - - 73.0 vTS,
G:St 0 - - - Ta5T

- GTS,
0

%' TS.,	 1 H,SO,. 1: 1 59.5 52.4 39.8 25.7 - Hf S,
TaS, 99.6 22,9 73.0 1.8 S
GTSs 99.3 - - 0.25 TaS.,z

SITS,

Hf
Gz^8

0 - - -
vr% H©, d = 1.19 96.0 48.2 51 ,4 I.7 - '--
TaS, 98.0 2110 73,0 Ili
U.S. 1001 1 I	 0 0	 " 0 HfS,

1 0 - - -
7a5

a

HfS, 0 - - - cr,%
vlS, H(3 = 1: 1 96,3 48.1 51.0 1.7 -
TaS: 96.7 23,2 72.9 110
CrTS,	 9919 0	 0	 0

HS,sc_- v - - -

VTS HNO,, d = 1.4 0

_

-

_

- 51.2
Decomposes v

Ta%
TaS, 0 - - 73,0 completely Cr.
G , 0 ^	 - - 52.0

r	

_

HfS,Sc2sz 0 _

V:S

H=S Hti0„ 1:1 0 - - 51.2 Decomposes TaS=
Tai 0 - - 73.0 completely Cr:S,
G :S, 0 - - 52.0

Chemical com-I

position of Metal'
Insol-	 residue	 cone.

.Reagent uble
	 in	 , RemarksResi-	 soln.l

due I Stotal Mtotal %

0
0 " -

H=OT. 3001 0 - - 19.;	 Decomposes
1) - - 73.0	 completely

92.1 - - 3.7

3.A93.0 0.4 51.0
79.6 25.0 7.3.0 14.8

HzC,O&, 6% 9919 0 0 0

0
Bromine	 0
water	

74.8

81.

99

82.
NO	 99.

99.
100.

0

93
NaOH. 40%	 97.

98.

51.2	

`	

4 *2	 I	 0	 -

-	

1	
-	 7,75

47

4	 48.4	 51,2	 0	 -

8	 48,4	 73.0	 6	 C `d
0	 0	 0	 0	

Q

0	 6.0	 72.8	 2.4	 -

J
.5	 47.7	 5015	 5.5	 -

0	 0	 0	 0	 -
i

0	 1

98.6	 47.6	 55.2	 0
36.0	 9.3	 72.9	 55.5	 -
999.5	 0	 0	 0

97.9	 -	 -	 -

N 0

-

HtS_	 -

TaS..	
H,POa d =1.21	 -

1,4

99.9

Hf5=
^^tss
Ta$=	 NaOH, 100,;

U.S.
SC,S,	

I

22.0	 72.9	 51.0

0	 0	 0

i

.s	 .
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TABLE 3

OXIDATION OF THE NIOBIUM ANDiTANTALUM SULFIDES IN OXYGEN

Tempera-	 Amount of sulfur oxidized weight %

t U Pe, 0 	 NbS1. 6	 TaS2

Oxidation time min.

	

10 1 20	 30	 M)	 50 I 00 1 911 ( 1211	 10 12D 1 Al ( 4-1 1 50 + W 90 11:0

	

300 i i 1.3	 2.1 i _'.? I ^.v I :^s	 4.51 5,4 i 1,4 1 1.412.512.:' 2.51 2'.51 2.7 14.0

	

^^^^ I ; ! 11, r 14.51 15.4 i A 21.2 ?5.9 :^.0	 iJot investigated

Remarks: Complete oxidation of Nbl1.'6 at 4000C and of TaS2 at 5000C

takes place after 10 min. for TaS 2 and the amount of oxidized sulfur

at 400-4500 C after 2 hours was 6-5.5%.

acid that is formed with an alkali.
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/153
ANALYSIS OF THE dILICIDES OF THE

GROUP IV-VI TRANSITION METALS

V. P. Kopylova and T. N. Nazarchuk*

Modern requirements for analytical chemistry consist mainly of

increasing the sensitivity, accuracy and selectivity of the methods

for determining the elements. In this plan, the analysis of refractory

compounds is of great interest because of the high chemical stability

of these samples which are difficult to analyze.

The silicides of the Group IV-VI transition elements are widely

used in modern technology. Their analysis is complicated by the high

chemical stability of the silicides. In addition, the decomposition

may take place with the evolution of gaseous decomposition products -

silanes of various composition, which may lead to incorrect results.

The usual methods for decomposing the silcides is fusion with

soda and sodium peroxide, which is not completely satisfactory to the

analysts since it results either in the waste of platinum, which is

scarce (for fusion with soda) or to the possible loss of silica in the

form of silanes which often are evolved for fusion with sodium peroxide

and in making the analytical procedure more complicated because of the

large amounts of iron or nickel that go into solution. It has also

been recommended that the insoluble silicates be decomposed by fusing

them with a mixture of sodium hydroxide and sodium peroxide in nickel

crucibles [2]. Sintering, which is already used for the decomposition /154

of boron carbide and nitride and the borides of some transition metals

and some nitrides in determining the nitrogen in them [1,3-5], appears

still more promising.
11

An attempt was made to use this method for the decomposition of

the silicides of the Group IV-VI transition elements. Preliminary ex-

periments showed that the silicides of titanium, zirconium, hafnium,

vanadium, niobium, tantalum, molybdenum, tun gi')ten and chromium, as well

`Institute of Materials Problems, AN Ukr. SSR
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as the silicon carbide and nitride decompose when sintered with a

mixture of soda and zinc oxide. It is recommended that the sintering

be done in nickel crucibles at 9041000 0C. For this, a sample of the

silicide weighing 0.1 g is carefully stirred with 2 g of a 1:1 (by

volume) mixture of sodium carbonati and zinc oxide which had been pre-

viously dried. A zinc oxide "cushion" (no more than 1 g in weight) is

placed on the bottom of the crucible and the sample is covered with

the sintering mixture (about 1 g) and the mixture is sintered for 1.5-

2 hrs. in a muf°le furnace at 900-10000C. After cooling, the sintered

mass is poured into a beaker (if there is a residue in the crucible,

it is dissolved in 1:4 sulfuric acid) and 25 ml of concentrated nitric

,acid is added or it is treated in an appropriate way to determine the

chemical reactions that take place during the sintering of the sili-

cides.

All of the silicon from the silicide is found in the aqueous

.extract for sintering the silicides of titanium, zirconium and hafnium..

Phe zinc oxide in the sintering mixture dissolves in hydrochloric acid.

'The analysis of the residue which is insoluble in the hydrochloric

acid showed that the metal concentration in it corresponds to the

stoichiometric value for the dioxide. For the Group VI elements, all

of the silicon and the metal go into the aqueous extract or, more

properly, into the sodium carbonate solution. The residue which is

insoluble in the soda solution, according to the analysis, corresponds

to zinc oxide.

In discussing the processes in the sintering of the Group V

silicides, we must take into account the reactions for the formation

of the niobate, vanadate and tantalate of the alkali metal, which go

into the aqueous extract along with the sodium silicate for vandaium

or with potassium silicate and the corresponding niobate and tantalate.,

and the insoluble residue dissolves in hydrochloric acid and is the

zinc oxide which was used to sinter the silicides.

Thus, in sintering; the silicides of titanium, zirconium and

hafnium, ;,hey decompose to form sodium silicate and the oxide of

corresponding metal according to the equation   

WL 

a

.I
}
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Meg `Si, + Ma CO, + 30. Y 2Na 2SiO2 -+- 2CO3 + MeU. .

The decomposition for the sintering of the silicides of chromium,

tungsten, molybdenum takes place with the formation of sodium silicate

and the sodium salt of chromic, tungstic, or molybdic acid, according 	 /155

to the equation

6+Si9 + Wa=CO, + 701 — 4Na .SiO2 t 6C% + 21:k,4ie`t
R.

The decomposition for the sintering of the silicides of the

transition elements of Group V takes place with the formation of

sodium silicate and sodium va.nad.ate (for vanadium silicide) according

to the equation

4VSi, + 10Na=CO;, + 130,
= 8Na,SiO3 + 1000: 4Na%'08.

For the decomposition of the silicides of niobium and tantalum, the

ortho salts are formed by means of the reaction

4Me.Si, + 14Na.CO3 + 70,
— 8Na.SiO, -+- 7CO, -^-

+ 4Na,,A4eO,.

Zinc oxide in this mixture only serves to prevent the fusion

of the mixture and allows us to carry out the sintering at a higher

temperature.

For the sulfuric acid separation of the silicic acid with a

single evaporation to SO  vapors, some part of it is converted to

the soluble state. From the data on the single separation of the

silicic acid with its additional determination in the filtrate (Table

1), it follows that the amount of silicic acid which remains in the

filtrate varies from 0.2 to 2.5% for a total silica concentration of
	 it

50% in the chromium silicide. For a total silicon concentration of

38%, the losses in the acid filtrate are - 0.2- 1.5% (for zirconium

silicide).

190



^	 y	 , 	̂ I	
I	 ^	 I

dk	 I i

ORIGINAL PAGE IS
OF ft)R QUALITY

The most complete separa-

tion of the silicic acid from

these data takes place for evap-

oration of its solutions with

nitric acid followed by evapora-

tion to S03 vapors ( twice) and

also with the addition of a gela-

tin solution in dissolving the

salts. In this case, the silicic

acid is almost completely separ-

ated in the i=)luble form from

aqueous solutions. It is readily

and rapidly filtered through a

"white ribbon" filter and is al-

most insoluble in washing.

TABLE 1

SULFURIC ACID SEPARATION OF
SILICIC ACID IN CHROMIUM
AND ZIRCONIUM SILICIDES,X

kuount of silicon	 Total amt.

Slicide	 found	 I	 of
First	 Second jsilicon
$*par&-	 separa-
tion	 tlon

i9.1 ^	 1.t0 !6370	 '.
4%4 aro 63,10
4k:' 1.10 5p.1^►
0.6

pt}^,
At
i^i7T s'tt^0

^y,t c^so a►uu
^b 1,10 49

i,40 sagointo

37.60	 I aan 37.80
,Cal 1.80 AN

Si

1^6

The ability of metals to	 3&30	
agA	 o 'A^110

form stable complex gompounds with 	 3&x0	 loo	 A^
some oomplexing agent was used as

the basis for separating the

silioic acid from the second com-

ponent of the melt (metal). Thus, ict order to prevent the precipita-

tion of the insoluble basic sulfate of trivalent chromium, it is

recommended that a saturated solution of oxalic acid be added before

the evaporation, which forms quite stable complex compounds with

trivalent chromium ions. Oxalic acid in the presence of hydrogen

peroxide also favors the retention of niobium, tantalum and tungsten

in solution during evaporation to S0 3 fumes. Consequently, in using

the sintering method followed by the use of complexing agents and the

conditions that were found for the most complete separation of the

silicic acid, a reasonable method is given for determining silicon in

all of the silioides of the Oroup IV-VI elements.

SINTERING METHOD

A sample of the silicide weighing 0.1 g is carefully stirred

with 2 g of the sintering mixture in a glass weighing  bottle and then

it is carefully poured into a nickel crucible whose bottom has been

I .) i



thickly covered with a "cushion" of zinc oxide (weighing no more than

1 g). The weighing bottle is "washed out" with two portions of the

sir,Lering mixture (no more than 0.5 g each) and this is placed over
the sample and covered by the same mixture. The silicides are

sintered at 900-1000°C in a muffle furnace for 1.5-2 hrs. The result-
ing cake is in the form of a small tablet which, in most cases, is

readily removed from the nickel crucible. The nickel from the cruci-

ble does not go into the sintered mixture. If the sintered mass

sticks to the nickel crucible, it must be cleaned out mechanically.

THE DETERMINATION OF SILICON IN TITANIUM,
ZIRCONIUM AND HAFNIUM SILICIDES

j The cake which is formed is placed in a beaker which is

covered with a watch glass and 25 ml of nitric acid is added (sp. g.
1.43) along with 10 ml of a 30% solution of Perhydrol. If pieces of
the cake remain in the nickel crucible, it is washed out with small

portions of 1:4 sulfuric acid using total volume of 20 ml. Twenty
milliliters of sulfuric acid (sp. g. 1.84) are added to the beaker

and the resulting solution is evaporated to SO  fumes for 5-10 min.
The resulting solution is cooled and 25 ml of hot nitric acid (sp. g.
1.43) and 50 ml of hot water are added to dissolve the salts. Then	 /15;
20 ml of 1:1 sulfuric acid are added and the solution is again evap-

orated to SO 3 fumes for no less than 5-10 min. The solution is
cooled and then 100 ml of 0.15% solution of gelatin, heated to 60-70°C,
is added while stirring to dissolve the salts (without heating on a

i

	

	 hotplate) and the silicic acid which is formed is filtered off through

a "white ribbon" filter. In mass production work, it is recommended

that after the salts are dissolved the sili.cic acid should be filtered

off quickly. It is washed on the filter first with hot hydrochloric

acid (1:99) and then 2 -3 times with hot water. It is then ashed and
Ignited at 1000°C in a platinum crucible to a constant weight. The

ignited precipitate is treated with 2 -3 ml of hydrofluoric acid, 2-3
drops of sulfuric acid, evaporated to dryness, ignited and weighed.

DETERMINATION OF SILICON IN VANADIUM
!+I	 AND MOLYBDENUM SILICIDES

1

The cake is placed in a beaker which is covered with a watch
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glass and 25 ml of nitric acid (sp. g. 1.43) is added. The residue
from the cake is transferred from the nickel crucible to the beaker by

washing with a solution of sulfuric acid (1:4) with a total volume of

20 ml and then 20 ml of sulfuric acid is added (sp. g.1.84) and the

solution is evaporated to SO  fumes over a period of 5-10 min. The

resulting solution is cooled and 25 ml of hot nitric acid is added (sp.

g 1.43) along with 50 ml of hot water to dissolve the salts and 20 ml
of sulfuric acid (1:1) and it is again evaporated to S0 3 fumes for no

less than 5-10 min. The solution is cooled and 100 ml of a 0.15% solu-

tion of gelatin, heated to 60-70oC, is added and the salts are dis-

solved by stirring (without heating on a hotplate) and the silicic acid

which is formed is filtered off through a "white ribbon" filter. It

is washed on the filter first with hot hydrochloric acid (1:99) and

then 2-3 times with hot water. It is then ashed and ignited at 10000C

in a platinum crucible to constant weight. The ignited precipitate is

treated with 2 -3 nil of hydrofluoric acid, 2-3 drops of sulfuric acid,
and evaporated to dryness, then ignited and weighed.

DETERMINATION OF SILICON IN CHROMIUM SILICIDE

The sintered cake is placed in a beaker which is covered with

a watch glass and 25 ml of nitric acid (sp. g. 1.43) is added. The

residue from the sintered cake is transferred from the nickel crucible

to the beaker by washing with a solution of sulfuric acid ( 1 :4) with
a total volume of 20 nil and then 20 ml of sulfuric acid are added (sp.

g. 1.84) and 50 ml of a saturated solution of oxalic acid are added.

The resulting solution is evaporated to S0 3 fumes for no less than 5-

10 min. After cooling, 25 ml of hot nitric acid (sp. g. 1.43) are
added to the solution along, with 50 ml of hot water to dissolve the

salts. Then 20 ml of sulfuric acid (1:1) and 50 ml of a saturated

solution of oxalic acid are added and the solution is again evaporated

to S0 3 fumes for no less than 5-10 min. The mixture is cooled and 100

ml of a 0.15% solution of gelatin, heated to 60-70 0C, are added and

the salts are dissolved with stirring (without heating on a hotplate)

and the silicic acid is filtered off through a "white ribbon" filter.

The operation is continued as described above.

I i
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DETERMINATION OF SILICON IN NIOBIUM, TANTALUM
AND TUNGSTEN SILICIDES

The sintered cake is placed in a beaker which is covered with

a watch glass and 25 ml of nitric acid are added (sp. g. 1.43) along

with 10-15 ml of a 30% solution of Perhydrol, 20 ml of sulfuric acid

(sp. g. 1.84), and 100 ml of a saturated solution of oxalic acid, and

the solution is evaporated until the niobic, tantalic and tungstic

acids are completely dissolved. After cooling, 25 ml of hot nitric

acid (sp. g. 1.43), 10 ml of a 30% solution of Perhydrol, and 100 ml

of a heated saturated solution of oxalic acid and 20 ml of sulfuric

acid (1:1) are added and the solution is again evaporated to SO  fumes

until the niobic, tantalic and tungstic acids are completely dissolved.

The solution is cooled and 10 ml of a 30% Perhydrol solution is ,added

and the mixture is stirred. Then 100 ml of a 0.15% solution of gela-

tin in saturated oxalic acid heated to 60-70 0C, are added with stirring

to dissolve the salts (without heating on a hotplate) and the silicic

acid is filtered off on a "white ribbon" filter. The residue is

washed on the filter first with hot hydrochloric acid (1:99) and then

2-3 times with hot water. Then it is ashed, and ignited to 1000 00 in

a platinum crucible to constant weight. The ignited residue is

treated with 2-3 ml of hydrofluoric acid, 2-3 drops of sulfuric acid,

and evaporated to dryness, ignited and weighed.

A number of analyses were made for the transition metal sili-

cides using the proposed method. For comparison, some of the samples

were analyzed using the methods now in use: decomposition by fusion

with soda in a platinum crucible and the separation of the silicic

acid twice, fusion with sodium peroxide in nickel crucibles also with

the double separation of the silicic acid, sintering with a mixture

of soda and zinc oxide (Table 2). It follows from the data that the

suggested method is as good in terms of its accuracy as the known

methods and gives a savings in time because of the single separation

of the silicic acid.
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TABLE 2

DETERMINATION OF SILICON IN SILICIDES, %

Silicide. Fusion with sodium Fusion with soda Fusion w a. Deviation Mean Square

LAI	
peroxide and	 with the double mixture of from the error for

	

double separation separation of 	 zinc oxide average	 the wethod
of silicic acid	 silicic acid	 and soda w/. value

a single sep
aration of
silicic acid

	

25.0	 —0.1

Hlsi,	 25,'2	 25.1	 25.2	 +0.1

	

24,8	 —0.3	 2.25 • 10-

	

25.5	 +0,4

	

34.4	 +0.1
Zrsi,	 34.4	 34.2	 34.5	 --011	

0 33 • l0_y

	

34.3	 0	 6

	

48.7	 +0,1
VSi	 48,6	 48.5	 48'9	 +0..,	 t

	

98,3	 -0,3	 316 • I0"

L,

	

48.5	 --0,1
Crsi,	 48,6	 48.4

	

48,6	 0 2	 0,83 • 10-'
I

CONCLUSIONS

1. A method of sintering with a mixture of zinc oxide and an-

hydrous sodium carbonate in nickel crucibles is proposed for the de-

composition of the silicides of the Group IV-VI transition elements.

2. A reasonable method has been developed for determining the

total silicon concentration in the silicides of the Group IV-VI tran-

sition elements by the sulfuric acid method with a single separation

of the silicic acid.
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