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CHTACAL PROPERTIES ATTD !TSTHCDS OF AMALY ZING

CHROMIU™” CARBIDES

by: T. Ya. Xosolenoba end G.J. Soasonov
(Institute of letzl Cerardes ~nd Srecial flloys)

The chroniun carbides, perticul-riy Cr3 C‘, » exXhibit low specific gravity,
high hardness, wenr resistance ord se-le resistance Ji-4/. On this account #lloys
with e chromium carbide bese are cow.only uscl in a nurber of irnlustries for maldng
parts operating at high temperstures.

There ere fcw dzte available on the behavior of chnromium cerbldes in
different chemical media /%-6/. In vicw of this, we made a stuly of the solubility
of cb.roxn:lum carbide specinens in the pouder =l conpacted form in a variety of.
gcildic exd allaline media, ard of their resistance to oxidation.

. The carbides Cr.C, and Cr_C. were prepared by uwethods described in detall

32 T3
in /7-8/ and Cr,qCg Wos made by hot pressing a mixture of chromium end carbon with a
calculated mhle*t 1400® for 30 rdautes at 1€0 i/em® in an argon atmosphere,

The chemical cormposition of the carbldes used 1s shuwm in Trble 1,

Table 1
Chemical composition of carbides used.

Theoretical composition, % Composition of carbides used, %
Carbide : —
Cr C Cr Cbond Cfree
CryCs 86. 67 13.33 86. 36 13.39 0.22
CryCy 90. 99 9.01 90. 78 8.88 0.22
Cr;3Ce 94. 32 5.68 91.03 5.80 0.05

at room iemperature and during heating.

microns.

Stebility in zcidlc ond alkaline media

stuldy
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of chromiunm carbide powders in different media was made both

Tne size o the powder particles was 5

The stebility of the corpacted specimens was studied during heating.

o s e ——————— .




To study the stabllity of carbides at room tergerature, 0.2 3 carbide

powder was treated with 50 ml solvent and keprt for 48 hours at room temi:erature. The

undissolved residue was filtered off, dried and weighed,

then

in the solution wasdeterrined.

: ‘;;'.; [
sl

stability of the carbides

&'230 .

Cr302 ané.

Cr

Treatment by =acids, uoluu*nxtures

th5

o

-am,; the chromium content
The experimental resulis obtasined show the high
7c3 and the lower stebility of the carbide:.

solutiom of alkall at elevated .

tenxperatures was carried out by heating portions of the carbim (0.5 g) in & flask

vith a reflux condenser.

The undissolved residue was filtered otf and weighed. The .

amount of chromium in the solution was determined and the results are shown in Tables

2, 3 and L, Table 3 gives the results of study of the behavior of the carbides ..

Cr.C_ and Cr_C. in orgsnic acids,

18 the least stable,

Beh\lvior of chromium carbodes in mineral acids and mixtures of them, (heating time one hour).
° ° 1 |
8 ] L] ] [
® b' é w ® w w
. & 6 = 8 5 8
Sulphuric acid (1.84) 280 | — 58.4 265 | —~—— | 89,7
Sulphuric acid (1:1) 136 6.51 27.8 137 1.62 87.9 135 1.3 88.9
Sulphuric acid (1:10) 105 985.3 4.5 100 13.6 | 78.6 107 4.3 86.1
Sulphuric and nitric -
acid 120 83.5 14.1 125 90.6 8.2 127 96.7 1.3
Hydrochloric acid :
(1:1) . 108 96.2 2.90 110 3.49 85.9 110 3.9 88.8
 Hydrochloric and :
nitric acids (3:1) 106 90.9 7.40 106 93.8 5. 07 104 97.5 1.3
Hydrochloric acid and '
hydrogen peroxide — 105 5.6 85.0 100 | 99.0 | traces
Phosphoric acid — 112 | 95.5 4.2 —_— — ]| —
CrO; in sulphuric
acid 120 33.2 — ] 100 53.2
It follows from Table 2 that Crs 32 is the most stable carbide and Cr 23 6

The addition of oxidizers to aclds inhibits the dissolution

of the carbides through the formation of a passivating chromium-oxide film. FPronoun~

FID~TT-62-1825/142




ced passivation is observed in the most chromiws-rich carbide Cr2

306, which

for

practical purposes does not dissolve in riseral acidis in the presence of oxidizers.

Table 3

Behavior of chromium carbides in organic acids (heating time one hour).

Cr Cr
Tempera- | Undissolved coqtent Tempera- | Undissolved content
Medium ture, °C | residue, % n ture, °C | residue, % in |
4 ' solution, ’ ’ solution,
Tartanic acid (50%) 100 99,9 Not 102 99,7 Not
detected detected
Citric acid (satur- 100 100.0 Ditto 108 99.4 Ditto
ated solution)
Formic acid (con- 118 99.3 Ditto 120 . 98.8 Ditto
centrated)
Acetic acid 115 98.8 0.31 112 98.9 0.42
Oxalic acid (satur- 100 98.5 1.2} 104 95.5 3,9
ated solution)
. Table 4 T HREaik
Behavior of chromium carbides in alkaline solutions (heating time one hour).
) 8 o g ™) 8
— B Sel 4|5 |3s| 388 |95 s
AR RE IR RELR:
] 3 @ 2 @ a
So 88| 8% | Sv|8E|6E| Ep| BE| 5%
110 95.5) 4.32 | 110 196.3 | 3.54; 104 | 95.6 1.4
NaOH, 30 solution 110 99.8 | same | 110 | 96.1 | 4.01
NaOH and bromide water, | 106 88.1 | 7.6 102 |85.9 ] 9.7 104 | 85.0 | 11.3
Alkalins solution
Kg[Fe(CN),) 100 681.5{ — | 100 |83.2 | —]| — | — |

For our study of the behavior of compacted cerbide specimens 8 m in dis-
meter and 10 mm high, the Compacts vere hsated in  the appropriate solutions in flasks
with reflux condensers ; the chromiu;n content in the solution was deter-
mined (Table 5).

The data contained in T-ble 5 show the higher stebllity of compacted carbide
specimens, mmged with those in the powder form. The stzbility of Cr2306 is less
than for Cr7c3 and Cr302. Iz mineral acids the stability of cr230 2 is sharply incre-
esed by the presence of oxidizers.

The chemical stability of chromium carbides is related to their crystal

FTD-TT-62-1825/142




Teble §
Behavior of compacted chromium carbide specimens in different media (ons hour).

P . | ® §|® -
gl s  le| a |2 | 6| s - F
m g lf ! . A g il 8 -
LR B Y
. & | 5‘3 g% el & 8% = & {
Sulphuric acid (1:1)] 136 traces | 0.003]125] 21.2 |[26.4 ;| 120} 29.0 1 |-
Sulphuric acid (1:1){ 112 6.21 [0,039]110| 4.7 | 7.5 | 110] 18.2 |44.5
Nitric acid (1:1) |112] Not | — |112| 0.00 | — | 115} Not | —
detected detected

Hydrochloric and |102| 0.33 |0.15 [108] 0.06 [0.036| 110 Same | ©
nitric acide (3:1)

. Sulphuric and 124| — 0.052| 130 0.18 |0.14 | 128 Same 0
nitric acids .
Phosphoric and 184 Not —_ 188 0.4 | — 170 22 6l1.¢
sulphuric acids detected
Oxalic acid 130| Same |0.015{135 Not [0.03¢! 132 Not | O
detected detected
Caustic soda and 110| 0.29% |0.12 ]|115 0.3 | — | 112] O0.43 0.7
bromine water

structure, particulerly to the confizuretion of the cerbon stoms in the elementery
cells. Leest stable is the carbide cr2306' vhich exhibits ; &&amnnic isola-
tion of the carbon stonms; the carﬁides &302 and c:-7c3 are much more stable and in
their structure the carbon atoms form cheains, c:-3c2 being more stable and having a
rhombic cell with zig-zag chains of carbon atoms similer to the FeB cell /1/. This
observation is in close agreement with the dats obtained by Markovskiy énd Kondrashov
/9/, which show that the chemical sf:ability of the borides of trensition metals is
increased as the structural elemerts made of boron etoms grow more compleve

For owr study of the oxi.dat:lon resistance of the chromium carbide powders,
portions weighing 0.5 g were burned in a mars furnace in an oxyger. stream st temper-
etures renging from 400 to 1000° (=t irtervals of 100°). The azmount of axidized
carbon was determined by the sbsorption-volumetric method and characterized the deg-
ree of oxidation. In order to obtein comparsble results in calculating the emount
of carbon burned up, the cverall initial content in each carbide was taken as 100%.

‘The results, shown in Tchle 6, indicate that the oxidation of the carbides

proper begins at 700°, and it is only the free carbon vhich is oxidized at lower

L



ten;peratnres.

Processing of the data obtalned for oxidation of Crsc between 800 and
1000°, and the logarithuic graph plotted to shoy the oxidation rate as & function of
time, irdicate thet the oxidation follows a ;;u;ab'onc lev end can be expressed by the
equations . '_ L

Y3 - 1;09“2
PR YR
Vior = 50.23x. TR

The oxidetion of the carbide Cr,C_ obeys a more complex logarithmic lav and

T3
is expressed by the equations

Voor =97g*+4;
Yge = 196 1g¢ 4 156;
ylmo == lmuf-‘-sn.

where y is the degree of oxidaticn in tems of the amount of oxidized carbon, %;
T 13 the oxidation time in minutés.
The oxidstion 1sotherm for the cerbide with the lowest carbon content at
SOQ'. is expressed by a parabolic equation
YA = 28,4,
and at 900 and 1000° by 10garithnﬂc equations
Voo = 1001g ¥ +98;
Y = 981 %+ 165.
Hence the nature of the oxidation varies with the carbide,
The compacted specimens were oxidized by cortinuous weighing at 1';gn§pera-
tures betveen 800 and 1000°. According to the data given in Table 7, compacted
specizens of the carbide CryC, and Cr C, do not oxidize at =11 for .pi'aétical purposes

236

at temperatures up to 1000°. c:-7c3 is less steble and already ox:ldizes_ appreciably

at 800°, following a logarithmic lav expressed by the equations
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Vi = 1.51g7— 1.4
Yoo = 3.51gc— 3.5
Vi = MHIgT—IT.T.

The study of the resistance to oxidation of the chromium carbide povders R
has made it possible to work out a method of determining the amount of free carbon
in them,

The normally used method of determining free carbon in carbides, which is
tased on dissolving the carbide in a mixture of nitric and hydrofluoric acida; in
vhich the free carbon remained in the form of an insoluble residue, cannot be used
in the given case since chromium carbides do not dissoclve in this mixture., Treating
the carbide with a M,$0, sclution of CrOg, used by leyerson and Samsonov, J1o/
for determining the free carbon in boron carbide, vas not successful, either, on
account oi?:;l,ight solubility of the carbides in this nuxtxire._

The theoretical method of determining the free carbon used so far in 'bas‘ed
on treating the carbide with hydrochloric acid, determining the chromium and carbon
content in fhe weighed undissolved residue; which constitutes crsc2 and free carbon,
and then calculating the amount of carbon bonded with the chromlum, snd the free
carbon, The method is not very effective; it is tedious and involves large errors, .
end vhen the free carbon content is small (up to 0.5%) it is of no use for practical
purposes. |

On sccount of the fact that the oxidation of chromlum carbides begins at
temperatures above T00° it has been suggested that the free carbon ox:ld;izes at lower
temperatures. .

To test this hypothesis ve burned the carbides CryC, and Cr.Cy with &
measured soot additive at 600°. The results of the experiments, given in Teble 8, .
show that at this temperature the free carbon is fully burned up in 30 or LO minutes.

Relative error in this determination 18 5 - 8 4.



The results of parallel calculaticns of the free cerbon coatent in Cr3<:2

»

and Cr_C_ show the satiqmcbory reproapcibmty and possibility of applying this

73
method to the ana],yan of rgutun c.rbﬁes. - .' i R
‘ A “ Gonclusions - |

oy

1. ve studied the behavior of chroud.um carbidc npecimena in the powd.er . |

A .
*,‘L .’f,u I vl LT i ", H R ;,uu_ ,"},t»’
t N T P

and compacted foim at roon tu:perature and uhen heated in different chzﬁ.csl med.ia.

It ves eit.b;ishea that in order of descending stsbility in mineral acida;.'

mixtures of them,and solutions of alkalies, the carbides c.an be arranged in the
series c;-ac CrTCs-CrZSC » which is linked with their crystal atmctm.

The stability of the carbides is increased in the presence cf otidid.né
agents, and :lg this case they can be arranged in the sequencé Cr302-0r7c3-cr23'(26
according to the dzgre.e‘ of increase in stebility,

T Qe 4‘_.Je studied the oxidation resistance of chromium carbide specimens in
the povder and compacted forn at temp;erzrl:ures up to 1000° in en o;q,'gen stream,

It was found that the oxidation of all the carbide powders begins at 700°.
The laws governing the oxidetion vary with the carbides.

Corpacted specimens of carbides Cx°3c and Cr23(:6 are not oxidized for -

practical purposes up to 1100°.

-

e
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Table 8
Results of experiments on oxidizing chromium carbides with soot additives

.(temperature 800°)!,
Relative
error, %
_CryCy No. 1+1.01%C | 0.68 | 1.14 | 1.21| 1.22| 1.22| 1.22| .08
CryCy No. 1 +1.35%C | 0.48 | 1.26| 1.41 | 1.45| 1.45 | 1.45 7.6
CryC; No. 1+3.98%C | 1.59 | 3,14 3.61 | 3.80| 3.87 | 3.90 6.2
CryCy No. 1 +0.48%C | 0.34 | 0.47| 0.47 | 0.47]| 0.47 | 0.47 7.3
CryCy; No. 1+1.24%C | 0.46 | 1.22| 1.31 | 1.31| 1.31 | 1.31 3.1
CryCy No. 1 +1.60%C | 1,10 | 1.51 | 1.55 | 1.56| 1.55 | 1.55 5.8
CrgCy No. 1 +2.24%C | 1.33 | 2,02 | 2.11 | 2.11| 2.11{ 2.11 7.0
Mean deviation ...... 5.3%
Cr;Cy +1.12% C 0.54 | 1.08 | 1.23| 1.26| 1.26 | 1.26 5.8
CryCy +1.27Th C 0.80 | 1.31 1.37 | 1.37| 1.37 | 1.37 8.0
Cr;C; +1.63% C - 0.53 | 0.85( 1.54 | 1.69| 1.69 | 1.69 8.7
CryC; +2.46% C 0.76 | 2.02| 2.36 | 2.43| 2.43 | 2.43 °.3
CryC; +3.80% C 2.30 | 3.66| 3.78 | 3.78| 3.78 | 3.78 5.8
Mean deviation ...... 7.5%

3. A method of determining the emount of free carbon in chromium carbides

has been worked out on the tesis of our stuly of their oxidation resistance, -
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CHATCAL PROFERTIZS AIDD .TTHODS OF ANALYZING BORIDES

OF TRALSITION A"D RARE-EARTH METALS

by: L. N. Kugaey
(Institute of letal Ceramics and Special Alloys)

The borides of transition metels in the fourth, fifth and sixth groups of
the peri@c table plus the borides of rere-esrth elements are commonly used in
various branches of engineering on account of their hardness, heat resistance and
special electric, megnetic and chemical properties /1, 2/.. " _'

Tebles 1 and 2 give data on the chemical coxtpositioxi of ti:e borides of

transiticn and rare-earth metals.

Table 1

Chemical composition of borides of transition metals.
Ti-B | Zr—-B | Nb—B | Ta—-B | V-B | Cr—B | Mo—B

Ni—-B

TiB | — Nb, B o — | CyB Mo, B
TiB ZrB NbB TaB

NigB

VB
TIB, | ZrB, | NbB; | TaB, | VB, | CrB; | MoB, Ni;B,
ThBy | — | — | — | — | CraB; | MoyB, Ny, B,
By [ — | — | — | — | — [ MaB| waBs [ —

W-B
W, B

CrB MoB | WB | NiB
WB,

Our studies were cerried out with titaniun, zirconium, vanadium, niobium
end chrbmium diborides, with I-b235 and ‘f:zas and the hexaborides of the rere-earth
elements. _

Ve studied the stability of borides in acids. Titanium, zirconium, nio-
bium, tantalum, chromium, vanediun, molybdenum and tungsten borides are stable with
respect to hydrochloric acid. Vhen heated with concentrated sulphuric' acid, zircon-
ium, niobium, tantalum, molybdenum and vanadium 'borides decompose, while chromdium

voride is decomposed by dilute sulphuric acid. Venadium and chromium boride dis-

10
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solve in perchloric acid. Only chromium boride ciissolves eomplétely in hydrochloric
acid, We studied the solubility of boride in aqua regia, the nixtures n2c20h+nzoz+
HIO3, HpCo0,+H;S0y, HCL+bronine vater, HCL+HCIO, ‘and also in the mxture's. HD+aP
and 3250h+mb3. The least stable is vanadium boride, which partially digsolves in all
the acids, and completely ir nitric acid. The most steble are the borides of nj.obium
and tantalum, especially tantalum boride,. which is not deéouposed ‘b., mdneral acids or
acid mixtures. - )

Practically all the borides mentioned (with the exception of maBal and TaBz)

are completely decomposed by the mixtures HI~!03+HF and nzsoh+mn3.
Table 2

Chemical composition of borides of
rare-earth elements. ’

MeB; | MeB; MeB; MeBgy

ScB, YB, For all rare-
1, | con, | sirtclemems
-_— PI'B‘ Pm

— SmB,

— GdB,

— | osB,

— HOB‘

—_— LuB,

EEREREN:

A1l the borides ere easily decorposed by melted zllkalies, carbonetes ‘end’
bisulphates of elkaline metals and sodium peroxide.

The hexaborides of the rare-earth elements can be comparatively eeslly °
decomposed by acids (;l'able 3). In dflute nitric acids, all the hexsborides decom-
pose rapidly and completely, evén in the cold state, or vhen slightly warmed. They
also decompose ezsily in a mixture of perhydrol and nitric acid, and in a sulphuric

and nitric acid mixture. The hexacerbides ore more resistant to the ection of hydro-

1



chloric and sulph\ﬁ'ic acids., Table 3
Solubility of borides of rare-earth elements in acids and acid mixtures.

| In soluble
o residue, %
Boride HN Aqua regia Hy 80, (1:1) +
: (a:1 ©(12) SdropsHNO; | HC1 | 80,
1 I (1) | (1:a)
(2hr) | (2br)
LaB, Dissolves Dissolves Dissolves '

completely completely . | completely
when warmed when warmed when warmed
for 5 minutes. | for 5 minutes. | for 5 minutes. 9394 89--92

CeB, The Same The Same The Same 8486 | 83-84
SmB, " " " L] " " 72-80 |. M
YB‘ ” " " ” " " 77-—7‘ u__n .,
Ndn‘ ” " ” " " A L 87—'88 n .
PrB, " " " " " " 90—94 27-30
GdB, " . "o, .o 9193 87

ALl these hexaborides decorpose when melted together with caustic alkalies,
alkaline retal caroonstes and sodium peroxide.

Anelysis of borides of transition metals

In the borides of transition metals we determine the overall smount of

boron, metal =2nd carbon, and in the case of certaln borides the content of rree ‘boron.

In determining the total emount of boron, great difficuliles are e::pq'ien-
ced in decormposing the samples. lelting them with soda and using oxidizing agentﬁ
puts platinum crucidbles out of action fairly rapidly. We found that the borides of
many metals can be decomposed by melting them with a mixture of alkali =znd a ma:l.l
amount of sodium peroxide, or with sodium peroxide in iron crucibles.

Hickel boride can be dissolved in nitric aciad. 'x.’hen‘the samﬁle has dis-

-

solved and the nmetal has separsted, the boron is determined volumetrically. leny
metals can be separated from the Soron by precipiteting them with barium hydroxide,
barium carbonate or calcium carbonate. | | '

Verification of methods of separating metals fronm boron shows that the
process occurs most fully wﬁen bariun carbonate is used for the precipitstion, hence
ve uged this substance to separate titanium, zirconium, niobium, tantalum, chrordum
and tungsten,

12




Iiickel, venadium and molybdenum were separated from the boron by extraction
of their diethyldi@hiocarbahc corpplexes with chloroform, Venadium and molyblenum
can also be separeted from boron by precipitating them with berium caibonste. Vhen
rrecipiteting vanaliurm, it is essential to have trivelent iron lorns in the solution,
2nd when precipiteting molybdenur there must be trivelent iron ions or calcium ions
in the sclution, The Loron in nickel borile can be determined without geparating

the nickel if we bind it with trilon B (gable ).

Table 4 -

Analysis of borides of transition metals.

TiBy, ZrBy, s TaB,y, ' '
c:g. v::. vl},bnn:, m?'n, Mo, B, VB, NiB

Sample decomposed by melt- Sample decomposed by melt- " )
 ing with NaOBNa,0; in iron | |ing with NaOH*Na,O, innickel| |S3™Ple dissolves

crucible crucible in HNO,
Metal separated by precipi- Metal separateu by precipi- ,
tation with ;"CO, rl tation in form of diethyldi- Nickel bound with
thiocarbamate complexes versene

Boron determined volumatrically

As soon as the metals have 'been- precipitated out, the boric acild is trans-
formed by mesmns of glycerine, mannitol or invert suzar into e stronger complex acid,
wvhich 1s then titrated with caustic socda in the presence of phenolphtalein. The
best results are obtained by using mannitol or invert suger.

To determine the metals in titanium, zirconium,vanadivm and chronmm
borides, 'the weighted portions ere dissolved in a mixture of stoh and BNO3. The

.soluticn is evaporated until 503 is given off amd the metal is determined. The

13



borides of niobium, tintalul and molybdenun are decomposed by melting them with sod-
ium peroxide in a nigkel crucible. . . '

Tungsten vorfde 1s decomposed in a platinum bowl in a mixture of HF and
MOy, Wrconium, nichium and tentalum ere deternined by the grevimetric method by
precipitation w‘.lth_c@pferronate, titanium by the gravimetric or volumetric nethodp
and vanedium and chromjum by the volumetric m'ethod..l I-bhrbdenm.is Precipitated in
the form of lead molybdenate. Tungsten 1is leparated in the form of tungstic acid.
To determine nickel the method of titrating with versene end the indicator mirexide
is used,

Anzlysis of borides of rge-earth elements

In the borides of rare-earth. elements we determine the cverall amount ‘of
boron, rare-earth element and carton.
Determining rare-earth elements in hexacarbides of yttr‘i\mi lmthang.f

cer:lum‘. praesodymium, neodymium, samarium, eurgg' iun, gadolinium, terbium, ﬁterb!m
and in um de.

Ve used the method of titrating rare-earth elements vith a versene solution
using ihe indicator arsenaso /b/. A portion of boride was dissolved in mitric awd.
The solution vas trensferred to a measuring flask. Awn aliquot pa:;t of the aolution‘
vas removed ax.zd Placed in a conical flask, 3 to 5 drops of pyridine vere added, the
solution was diluted with water, neutralized vith emonie unmtil the pE value ves 6 or
7, two drops of arsenazo solution were added and the rare-earth element 0.02 M was. i
titrated with a versene solution wntil the violet tinge turded pink. Thorium vas
titrated at a pH value from 2tok.

Determining boron in the borides of rere-earl;h elements.

Ve developed a method of determining boron in the borides. 6! rare-earth

elenents without precipitating out the latter.

14



Rare-earth elements can be bound into a complex compound by versene arnd Jo

not prevent the boron being determined by the volumetric method. The boron is

determined in the following way.

Jith e plrette we remcve am aliguot part of the

solution from the measuring flask (see detervination of rare-earth elexents) and

tranfer it to a conical flask, add from & burrette the exact number of mililiters of

0.02 m versene solution required to bind the rare-earth element; the solution is thei

neutralized with caustic soda using methyl red, after which the boron is deteruined

inthe, W

Atsual jby titration with a 0.1 n caustic sclution plus invert sugar end mannitol,

using phenolphtalein as the indicator.

et

At the same time we determinsgooron after precipitating out the rare-earth
i-]

elements with bariim carbonate.

Resuvlts a 1ittle too high were only cbtained in the

case of samarium hexgboride (0.5 - 1.0%), hence we recomuend determining the boron

in smararium toride after precipitating out the samarium with barium carborate. Tabli

5 srtows the analysis of rare-esrth element borides in schenatic form.

Analysis of hexaborides of rare-earth elements and thorium.
Table §
Weighed portion dissolved
_— in HNO,

Rare-earth element " . ' .
m titrated with Thorium precipitatec
titrated with versene Thoriu Rare-earth element out with Ip rhu:: car-

and arsenazo at
pH =6-1.

versene and arenazo
at pH =2-4.

bonded with versene

bonate

1
Boron determined
volumetrically.

Determdining free boron in borides of transition end rare-earth

netals

Amorphous boron may be oxidized by a number of egents into boric acid.

Mmong these oxidizing agents are potassium permanganate / 5/ » quedrivelent cerium

sulphate /6/ » 8 mixture of perhydrol and nitric acid /7/ and also potassium lodate

and periodate /8/.

1%
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At en ea.rl?.er stage our lsborstory developed a méthod of determining the
free Yoron in boron garb:lde /9/ based on the dirferent ox1dibility of free boron
and carbide-bonded ha;on o S

In this pqper ve studied the ratio of the borides of transition cetals '
TiBy, ZrBo, m-sz, NbBa, WoBg and the hexaborihg of rare-eu‘th elenents YB;, LaB,
CeBg, PrBg, NaBg, &n86 and GdBg &N the various wdd.izing mixtures able Yo oxidize
anorphous boron. As mixtures of this kind, ve used perhydrol and nitric acid,
sulphur:lc acid solution of potassium iodate, and a sulphurie acid solution of ceri\m
sulphates. A

14 was assumed thet on the basis of the dirferent degrees of. stabﬁity:ot

free boron and the enumerated borides vith respect to different axidizing mixtures,
it would be possidble to .develop a nethod determixﬁng the grount of free boron in
these borides. , ‘

Stebility of borides in perhydrol end nitric acid

solutions
It has been found by study of the behavior of different barides in a per-
hydrol~-nitric acid mixture that zirconium diboride is the most stable compound with
respect t0 this solvent. The remainder of the borides discussed are either complet-
ely decomposed by this mixture (YBg, LaBg, CeBg, PrBg, NdBg, SmBg, GdBg) or else
partially (crna, '1'132, wans), hence oxidation b a perhydrol and nitric acid mixture
was only studied for the case of zirconium diboride. The time over which the spec-

imens vere treasted with H,_O_+HNO_ ranged between 30 end 60 minutes. - A-pa'hydrol mix-

22 3

ture (1:2 and 1:3) with 10 drops of nitric acil vas used for the dissolving. Exactly'

the same amount of boron goes into the solution, no matter for how long the diboridc
is treated or how concentrated the perhyd.rol (Table 6).
The residue obtained after the first trestment with the perhydrol-nitrie

acid solution vas treated for a second time with the same mixture for the same samount
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02 tiac, Durfrg the sezxond irscmtnont of the zirzcnicn doverlle wrduh the ot izin

mixture the Toron dil net transfer tc the sclution.

In corder to test ihe suyrrested method we carried out a nurber of deter~

rirsticns of the free boron in artificial mixtures of Zr3,+ororphous boron (72ble 7).

Table 6
mllmon of ZtB, in mixnure o! perhydrol and nilrlc acid,
Mixuwre of 20 ml perhydrol (1.3) plus MD(DB\! of 20 ml perhydrol (1:2)
10 drops nitric acid plus 10 drops of nitric acid
: No. of Treatment (%) iree " Treatment ! (%) free
specimen; Porticn, & time, min  borow o™ & time, min ' borom
. i3 o8 . 1 . 0,085
A o UAST ' 1.0 e . 0,085
| S 10 : " Yoot ’ 1,0 < Ce(90
S 5 1 0 10 .
L 03 3 4 o8, 10 i
BT R SN ; None | ic EN None
2 i B0 . ' iw 45 3
: 10 o i 60 .
I o5 ¢+ w0 ‘ > '
Table 7
Detcnnininfr free boron in artificial mixtures of
+amorphous boron
.(dlssolved in mixture of pedlydml (1 3)plns10dmpﬂ-m03)
. ' Freeboron Boron added Borom - oo
Portion o a 3 bt ve
& coatent, % mg m‘m"d error, %
. |
i l -
uo — a3 i 85,5 - uis
05 i - 9 by U2
95 | — VT 235 —15
05 | - 21 2% —12
05 ] —_ . 303 ' =Y -1 41
05 —_— . 330 ' =25 — ..)
05 - : 49,0 i 88 I
85 ! -~ i 51,0 k1 —d

Conseq:ently, the free Loror in zirconium diboride can be deten:ined with
feir sccurecy by the following method., 1 g of "BE, is dissolved in a mixture of
20 =l perhyirol with 10 drops of nitric =cid for 30 or 40 minutes. The residue is
filtered off, the fiitrate is ncutralized with caustic soda, using wethyl red as the

indicator, and the btoror is then determined as usual by titration with z 0.1 n or

~

0.01 n caustic soda solution.
Stability ¢f borides in acid solutions of potassium iodate and cerium

sulphate
According to published data /6/, the diborides of chromium, titanium and

zirconium, as well &s boron nitride and cerbide do not dissolve, either in tre co0ld

17
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or when heated,in iﬁid solution; of potassium lodate and periodate. AL the sane
timé data is cited %o the effect that elementary boron can be fairly easily twned
3to a solution vhen a'cted upon by these oxidizing sgents.

we attenpted to use sulph‘uric'acid sclutions of potessium iodate end
periodate as reagents for deterrmdning the free boron in chromium, titanium end
zirconiurz boriles, and, if it proved possible, in the hexsborides of the rare-earth
elements. . ‘
Our experiments shoved that titanium, zirconium end chrorium borides are
partially deoomposed‘by a sulphuric acid solutior; of potassium iodate., The hexa-
borides of the rare-earth elements are total;l.y decomposed b & sulphuric acid
solution of ﬁo‘tasﬁium iodate vhen slightly warmed,

Similerly, all the borides studied ere unstoble in acid solutions of
ceriun sulphate. ) .

Thus, acid solutions of cerium sulphate and potassium iodate cannot be
used to determine the free boron in borides.

Conclusions

1. Ve developed a method of determining boron in the borides of titanium,
zirconium, nicbium, tentalum, chromdum, tungsten, molytdenum, nickel and venadium.
liickel boride is decomposed by nitric acid, while the other borides are decompoéed
by melting them with elkslies in iron or nickel crucibles. ‘

To separate titanium, zirconium, niobium, tentelum, chromium or tungsten
from boron, we can use Sarium carbonate, and to separate nickel, molybdenum and
venadium from boron, we extract their diethyldithiocarbamste complexes with chloro-
form. 4

To separste molybdenum and vanadium from horon we canvprecipitate with
barium carbonate in the presence of Ca?” or Pe3* 1ons (for mlyi:denun) and in the

presence of Fe3* ions (for vensdium).
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As soon as the metals have been seperzted from the boron, the latter can
be determined alkalimetriéally in the presence of invert sugar.

2. A rationsl methud is piven for analyzing the borides of ra.re-earth
rmetals. A weighed portion of boride is dissolved ir nitric acid. The rare-earth
element anci the boron are determined from the aliquot parts: the rare-earth elements
Ly titretion witn versene with the indlcator arsennzo, and boron in determined alkali-
netrically after being bound into a rare-earth element complex with an exact amount
of versgene.

3. e have developed a method of determining free carbon in zirconium
diboride based on the different degrees of oxidibility of free boron a.ucl ‘boron

bound by a mixture of perhydrol and nitric acid.
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ANALYSES OP nmws, CHROMIUA @ ZIRCONIUM mnzs
by: V. G. &cherbakov, R. M. Veytsman, Z. K, Stegendo

(All-lhion Reseurch Institute of Hard Alloyt) C S
Dissolution S = '

The borides ot trnnsition nmetals constitute a class or coxqpoundt lomewhere |
between the intermetallic and interstitial phases /1/ They are very cloae to the
carbides in chemical properties, A characteristic festure of both is high res:lst-
ance to the action of acids both in the cold state as well as vhen heated,

Borides cen easily be decomposed by fused slkalles, bisulphates and car-
bonstes of alkaline metals'. This property is utilized in analytical Iractice to . ‘
decompose the borides. : : ?

But the melting of them togethe'r with caustic soda and sodium peroxide in %
nickel and iron crucibles gives rise to a number of practical difficulties and hardly
meets the requirements of mass analysis. . ' : o

The aim of our research was to find a sinxplgr method of decomposing the
vorides and then determining their components, | |

We found that the borides and biborides of chromium, titanium and zirconium

are quantitatively decomposed by sulphuric acid in the presence of perhydroi. '.Ihe

reaction is evidently as follows: )
21‘13-!-7!{ 0 +2H &)u-?mOSOIﬁZH m3+6520.

Our experiments show that for complete dissolution of titaniwm and zircon-
ium borides in a mixture of sulphuric acid and perhydrol we need only heat them until
S0; is generated; chromlum borides have to be dissolved for another 3 to 5 minutes
after the 3')3 vapor 1s given off and the chromium ions acquire ;1 color (+3).

At the same time we verified the volatility of boron when borides are dis-
solved in a flask witli a reflux condenser and also ﬁthout one. The boron content
vas determined by the volumetric method - by titration of the solution with alksli in

T
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the prescence of phenolphthalein aand mannitol. The experiments showed thg in the
presence cf hydrogen peroxide no boron is lost through evaporation.

In this way, the borides can be dissolved in a m‘.lxture of sulphuric ac:id
and hydrogen peroxide in an open flask provided the heauing end.s at the moment 4
sWlphwric acid vapor 1s given off. 3ub. if ﬁ.rther heating of the sulphuric acid
solution is requird to complete the dissolut:lon, the flask with 2 cork ‘and' a reflux
condenser st be used since in this case there ngy be losses in dboron thrOugh evap-
oretion., The data we obtained on the volatility of boric acl!d are in agreement 'vith
data already'éubnahed /2/.

Deternining the boron

The usuel nethod of determdning boron in the filtra;te efter precipitation
of the metal corponent in the boride with barium carbonate was not gpplied in this
case since the boride hal been dissolved in sulphuric acid. Hence we used two ver-
sions of the method of deterrining the boron:

1) titration with alkali in the presence of a cation complexed by an orgen-
ic onr-ac:ld- .

2) titration of the boroa in the filtrate alter precipitation of the cat-
don by an alkali in the form of the hydroxide of the corresponding metel.

As cormlexing u,cd*‘or cztions or the metals titanium, zirconium snd
chromium, we tested oxalic, tertaric snd citric acids. Corparative tests showed that
the best resulis were cbtained vwhen titratirg the boron in the presence of tartaric
acid, vhich was used from then on in our analysis.

A clearcut change in the color of the indicator at the point of equivalence
is ensured by adding a small excess of mamnitol to the solution. The data ocbtained

for the determination of borom in titaniun and zircorium borides in the presence of

tarteric acid are shown in Table l.

21
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Determiniag boson in titanium and zirconium borides (titretios
phenaliphthalein),

Table

1

in presmmpe of tartaric acid and
Bovon ceatent Bovoa found Relative
in oposimen, T } in specimen, % | errer, ¥ "“"m <.
15.08 15.10 +0.13 mw*"ﬂ .
18.00 YY) 118"
ie | o5n | awl
. . -0.97 'rm
20,74 29.84 +0,. 33 W
] . [ -0
6. 38 .3 +1,08 'rmm- hrln
8.28 . 8.30 -0. 60 " »
8.28 8. 40 -1.81 w' e
8.78 5. 88 +1.73 " "
5.78 .76 -0.02 " "
24.72 24. 60 -0.49 | Titaniom diberide

complexing agent is sufficiently accurate and relisble for the metal icn.

coming of the metal is the large consumption of mannital.

These data suggest that the titration of boron in the presence of a

A short-

In the case of chromium

boride, this method could not be used since chromium solutions are strengly colored.

The second method we suggest consists in separating the metals by preeip-

itation by alkalies in the form of hydroxides. The solution rlus the hydroxide

residue are transferred to a measuring flask, .topped up with water and allowed to

settle,

An aliquot part of the solution is filtered off through a dry filter,

acidulated to the extent of a slight acid reaction and the excess acid is titrated

with 0.1 m solution of glkall with methyl red as the indicator.

added and the boric acid is titrated in the presence of phenolphthglein,

Mennitol 1s then

Vhen analyzing chromium boride the trivalent chromium is precipitated by

elkali, the pH value of the solution is

until the color of the phenolphthalein changes) and the solution is boa.led.

strict

nainha

censtic soda is added .

Boiling

the solution promotes hydrolysis of the chromite with the formation of chromdum

hydroxide

NaCr0,~Cr0,+2H o-cr(on)3+on

LY

-
(3)
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Table 2 shous data for the determination of boron by this method in artifi-
cial mixtures of borides and the standard boric zeid sclution.

Table
Determinlng boron in mixtures of boridea and standard boric acid solution
(0.2 g boride)
Boron contained Boron added, Boron content Boron { | Re
in weighed mg with additive, m:‘“‘d erm““"%
boride, mg mg ’
TiB, 56.0 5.4 61.4 62.0 +0. 97
8- 64 “o “ “6 8 "0. 52
18.36 74.38 75.0 +0, 86
21.60 77.60 .7 +0.13
ZrB 13.76 18. 36 32.12 31.90 -0.68 .
10.80 23.56 24.80 +0, 97
21.60 35.36 35.50 +0. 39
18.36 32.12 32.20 +0.24
Boride 25.50 10.80 36.30 35.90 -1.10
chrome 6.48 31.98 31.10 -2.75.
16. 20 41.70 - 42,10 - +0.98
. 8. 60 34.10 33.60 -1.46

Determininz titanium

Titanium obtained by dissolving titanium boride or diboride in a mixture
of sulphurie and perhydrol is reduced to the trivalent state with zinc metal in

Somey's apperstus (see drawing).

Table 3
Comparative determination of titanium in titanium borides (TiB, and TiB).
Titanium obtained, % Error, %
Timeon%nt titrati’;yg with > ':tirt;tmg Absolute Relative
] ©, thod) ferric-ammonium potassium . €
( gAIm me sulphate bichromate
67.30 67,34 — 0.04 +0, 06
67.30 67.18 — 0.12 -0.17
67.30 67.15 L — 0.15 -0,22
610 ” r— 67. 13 o. 17 —0. 25
37. 30 . —— 67. 15 0. 15 —0. 22
73.55 73.56 — 0.01 +0. 01
73.55 73.32 —_— 0.23 - -0.31
73. 55 h— 730 36 0. 19 -0. 26
73.56 _— 73.54 0.01 -0.01
73.55 —_— 73.36 . 0,19 -0.26

The determination is completed by one of two verslons of the volumetric

method: i
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a) by di. 2ct titrrrbion’ vith o solution of ferric-arxonium sulphate in the
presence of a rodanide 1on ags the ind.icart.or;

b) titration or 'bivalent iron iors red.uced with T13+ dons by a solut:lon
of potassium 'bichromate. , '",{-j Ty

Nyt

H:} .

Both versions vere chewd with a standard soluticn ot titanium. Tehle 3 -

shows data for comparative determination of t*tanium in titanium 'borides. :
A solution of chromlum sulphate obtained when chromlm 'boride has 'been.
dissolved in a mixture of sulphuric acid in perhydrol was neutralized untﬂ. the .
reaction was slightly alkeline, after which the chromium was oxidized with tml.rogo
peroxide, 'I'he excess oxidizing acent was destroyed by boiling the alkaline solution
for a few minutes. The chromate solution obtained was acidulated and as soon as
phosphoric acid had been added, was titrated with a ifohr's salt solution. The tite:-'

for the latter was verified with a potassium bichromate solution especially prepared

on the dzy of the analysis. The titration was carried out in the presence of diphenyl-

aminosulphanate of sodium.

Fig. 1. Somey’s apparstus
a) ge view; b) imsert- porous plate
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The results of the determinatipn of chromium in chromium borides are shown

in fl‘able 4, Table 4 |
Comparative determination of chromium in chromium boride.
Chromium content in Chromium content in
boride, % boride, %
' Relative Relative
Determined Determined { error, % Determined Determined | error, %
after boride after boride
is melted after acidic is melted after acidic
with sod composition with sod composition
80. 64 80. 64 0.0 64, 32 64. 33 +0, 02
80,64 80.64 0.0 64. 32 . 64.33 +0.02 .
80.64 80.64 n.0 64. 32 64.54 +0,. 34
80.64 80.56 -0.09 59.16 59. 41 +0, 42
81.24 81.47 +0. 28 59, 30 59. 44 +0, 23
81,54 81.54 0.0 59. 30 59. 30 0.0
81.23 81.47 +0. 28 59. 30 59. 30 0.0
81.23 81.46 +0. 24 81.24 81.47 +0.24
81.23 81.48 +0. 30 81,24 81.54 +0.37

Determining zirconium

The method is based on the reaction between zirconium and versene. The
sulpbhuric acid solution of zirconium obtained when zirconium boride was dissolved in
a mixture of sulphuric acid and perhydrol was boiled to change the zirconium ion into
a zirconil ion Zr02+,

The zirconium content in the solution obtained was determined by the reverse
titration method, for vhich excess >versene was added to the ZzOSOh solution, The
solution was neutralized with armonia in the presence of congo red until the pH
value was 5. Sulphosali'cylic acid was the indicator and the excess versene was
titrated with a titreting solution of ferric-ammonium-sulphate,

The results of the complexometric determination of zirconium in zirconium
borides and mixtures of zirconium borides with a standerd solution of the letter show

the fairly high sccurscy and relisbility of the method (Table 5 and 6).
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the solution and titrated with 2 0.1 n cliiali sclutlon wuntil 1t turns yellow, after

which mennitol is sdded and the titration is continued with alkeli using phenol-

phthalein as the indicator, and toling this to be the commencement of the boron tit-

retion. The titration is corpieted if the aldition of a new portion of mannitol does
. not remove the pink color of the- solution, |

Doterminia~ boron (version JI). The sample is dissolved in the same vay

es in I. 2 m 15 solution :%hr's salt and 10 ml 5% solution tartaric acid are alded
to the sulphuric acid solution obtained and' the resulting solut:.!.on is neutrelized with
a2 205 czustic soda solution. 10 ml 0.1 n sulphuric acii solutic;n is added, the
resulting solution transferred to a ?.Qo nl neasuring flask ond topred up to the mark,
An 2liquot part of the solution (50 ml) is titrcted with a 0.1 n solution of alkali
until the rhenolphthalein turns it red, after which excess mannitol is asdded and the
titration continpued, taking this to be commencement of the dboric acid titration.

Deternining zirconium, 0.05 g zirconium boride is dissolved by hesating in

a mixture of 20:m1 hydrogen peroxide and 20 =l sulphuric acid (1:4). As soon as &3
vapor bezins to be given off, the specimen is entirely dissolved; the solution is
cooled and carefully topped up with veter to 50 ml. 20 ml 0.02 ! versene solution is
added to it ani neutrzlized vith amzonia until the congo peper turns violet, an
atterpt being mz=de to avcid excess armonia. The solution is heated up to 70°% 1.5 g
sulphosalicylic acid is =1ded and titroted with 0.04 & solution of ferric-ammonium
sulphete urtil 1t turns from lemon yellow {0 red yellow. The zirconium is calculated
from the equation .

Z - _“_(E’.‘;‘.r)r_.l@[‘g. %)
vhere .{ 1s the rolerity of the versene solution; ¥, is the volume of the same solutio
gdded to the flask prior to titration, ml; Y is the volume of the ferric-armonium
sulphate solution, ml; X is the conversion factor (ratio of molarity of ferric-

axmonium sulphate solution to molarity of versene); T is the titer of the versene witl
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respect to zirconium, g/ml- & is the portion of voride in g.

Determining chromim. 0.1 g chromium 'boride is dissolved. by heatino in
20 ml of a mixture of Wgen peroxide and 20 ml sulpimric acid (1:4). The heating
is coupleted in 3 or 5 minutes as soon es $3 vapor begins td sppear, and the Cr3+
" don tu;ns green. The galution is coole.d, diluted with watér and neutralized with a
Z0% solution & ’cmistic soda vith congo paper as the indicator. Ve then add 4 ml
hydrogen peroxide and boil for 5 to 7 minutes until tﬁe cizrqmium is completely
oxidized. ‘ The yellow chromate solution i1s neutralized with a sulphuric acid sol-
ution (1:%) with the same 1ndicator,' this tize alding 5 ml excess, The solution is
transferred to a 250 ml measuring flask and torped up to the mark with water. To
the aliquot part of the solution (50 ml) we add 1 ml orthophokphoric acid and titrate
the chromium with a O.1-n ibhr's salt solution In the presence of sodium diphenyl-
eminosﬂpﬁonate as the indicator. The total ‘amount of solution for the titration

should be sbout 150 ml.

Determining titenium. 0.05 g boride is decomposed by heating in a Mwe
of 20 ml hydrogen peroxide and 20 ml sulphuric acid (1:4) until sulphuric anlwd.ridc'
vepor appears and the boride is completely dissolved, The liquid is then cooled and
cautiously topped up with up to 20 ml water. The solution is transferred qualitastively

from the flask into a Somey sgpparatus, where it is diluted with wash vater until the 5

total volume of ligquid in the aspparatus is 50 ml. Reductlon of the titenium by zinc

retal in the Somey apparatus lasts 25 minutes.

Just before the reduction is complete, the apparatus 1s connected to a

Kipp's spparatus and a stxream of carbon dioxide is passed through. The reduced sol-

ution is poured off through the bottom tube in the apperatus into a conical flesk , ‘
containing 40 ml water saturated with cai'bon dioxide. 10 ml 50% solution armonium
rhodanate is 'add.ed and the reduced titanium is titrated in a carbon dioxide stream-

with a 0.05 solutibn ol ferric-ammonium sulphate until it turns red.
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Conclusions

1. A method has been developed for acidic decomposition of titanium,
chromiun and' zirconium borides,

2, A method has been developed for volumetric determination of the boron
in borides without the usual preseparation of the elements.

3. 'The possibility has becen shoym of the volumetric complexometric
. determination of zirconium in a sulphuric acid solution of zireconium boride.

L. A method has been put forward for non-amalgem reduction of titanium
folloved by determination of it by the reductometric method.
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GfEfian PROPERTIZS A!D AIALYSYS OF SOME Img
W 0. X. Popova tmd G. '1'. Kabannik

. (!3nstitute of Mgtal Ceramics and Special .\lloys)

The nitrides of highmelting metals as vell es those of boron end silicon
are of' grent practica.}. importence, sor exaxple, titanium, zireoniim, niobiwrm, tonta-
lun, vanadium, chromium, silicon and boron nitrides possess high electric i-esistance
end ere timwefore used in clectrical engineering. Auwthermore, they are exployed to
uake refroctories, high-ten;percthure heating a:Lloya and 8o on /l/ " The adoption of

high pelting compounds makes 1% necessery to study their chemical prope*tiel thoroush

ly and to work out rational nethods of anelywing them, _

In this paper ve consider some of the chemical properties a:}d'nethodl for

analyzing the folloving nitrides: EN, s13ky, ME, ZrB, ok, Tell, Crjll, Ok, Vi, Vi,

iy ¥gl. Except for aluminum and magnesium nitrides, these compounds are fairly '
stable with respect to a variety of chemical resgents /g-'{/. All the nitrides are
decomposed when melted y:ith elralies and sodium hydroxide. ‘

X-::#;nesium and alurinum nitrides ere less stable 'corqpound.s. :-}‘agnesi\m
nitrile decomposes in air (it is kept in ampoules) end is easily dissolved in acids;
sluninum nitride dissolves in diluted mlkalies /9/.

" Chromium end vanadium form nitrides with the composition v 1, Crpli, Vi, CrH,

VR and c:zn dissolve in certain acids and VN and CrN do not, except for nitric and

2
perchloric acids, respectively /2/.

Extremely little data have been publishéd on aunalysis of pure nitrides of
high-melting metals. The published material in effect only concerns anslysis of the
nitriles vhich are contained in steels in the form of impurities. ‘ But nitrides may
behsve differently in the free staﬁe and under different sets of conditions. Hence,
we felt it necessary to study methods of dissolving pure nitrides and working Vout

methods of chemically analyzing them,
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It is knowm /2, 11, 12/ that the residues insoluble by the normsl method
(after dissolution of the.steels) contain nitrides. The following methods are sugg-
ested fox"de‘pou@osing themg

1) conversion into solution by melting with potassium bisulphate in.the
presence of sulphuric acid; '

2) melting with sodium peroxide or a mixture of leal chromste and lead
oxide; the nitrogen content in the residue is found from the amount of gas given off;

3) dssolving in slkali. ' |

The most convenieﬁt method of decorposing the sanm.e is one in which the
entire weighed portion is dissolved (without separsting and further decomposing the"
insoluble residue. o |

To £ind suitsble methods of decomposing the nitrides, and also to study the
chemical properties, we investigated the solubility of titanium, zirconium, niobium,
tantalum, chromiuam nitrides in different acids, mixtures of acids and alkalies.

The nitrides were preparsd at the Institute of lietal Ceremics and Special
Alloys by nitriding metals =t high temperatures /1/. According to the chemical and
x-ray snelyses, the composition of the nitrides we studied was close to the thepreti-
cal composgition.

Cur method of investigating the solubility was 2s follows: ‘a weighed portio
of nitride is dissolved in & 100 ml beaker in different medis in tﬁe cold state for
a dzy and heasted for 2 or 3 hours. The insoluble residues are filtered off theough
a2 No. 't.glass Zil%er, washed, driel oni weizhed. The content of the metsl and
nitrogen in the solution is then deterrdned. The total (I.-X'_' +I r l’+ ir.soluble
residue) vas elways close to 100%.

The results of the study of the ‘sclubility of certoin nitrides are shown in

Tﬁble 1.
From the data obtained, it follows that the most steble nitrides in the

- 3%
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. group Ti-Zr-Nb-Ta-Cr are tantalum and chromiuz nitrides (CrN), vhile the least
stable are girconium nitride and chromium aitride (Crau). Teble 2 gives data on the

complete solubility of the nitrides.

Toble 1
Chamical ssbility of aitrides in scids and alkaline wlutioms’s
Medium . TIN N i NN | TN | OGN ‘ aN
- ‘ - ; i
Kazl) ...0..000. 1/2 4/85 17,3 ‘ -an —/4 —/100
a(1:8) .. ..... 2/5 47/58 176 ¢ O -—i0 -/100
Ve e o, .| W95 lmn 20 | /2 -2 -2
W (1:3) .. .....| 26 0/2 000 | 0/— —foe | —f
. dmll9 . ......| 12 11/84 0/1 1/2 -8 /100
o )B4 . . ... 3/718 55/100 0/100 0/28 -0 -lx
HNO, come, . . . . - . . .| 90/ 2/36 170 272 -8 -3 .
AP e 172 2/0 G2 | —:00 | —/100
r:g. ........... —98 | —0 | —/8 | =3 | —0 | —/2
N+ HNO, (3:1) ... .| 87/— 18/75 171 -0 -9 -/2
S AR mR L R Y e
+ ... /33 4. - ~/% —10
+:§'. ....... —/100 | —/100 | —7100 | —-1100 | — -
s+ e B:D. . ] 2/24 10/— | —/— - - gy
s + @:n....] NN B/~ —_— —i1 -2 ~pd
HSO,q + + Hiy . N P
:1:4) ... .o 59/98 19/— —_ - -— -—
kSO, + H.SO, (10g - 10mly —/100 | —/100 | —/100 { —/100 x x
w— l.;'m.uooo. _." —lo _,‘ -/7 0 0
NaOH — 109, solation, ceoee|l —/* —/0 —/13 - 0 0 -
N-\f.‘!'l-—«,% sohation, coeee "'/.‘ —I58 —Il’ —f® i 0 0
1% NaOH -- -} =9 -1 ~/8 | —16 | — -
10%, NaOH - | /84 —/13 —/10 | —.6} - -
409, NaOH - A =57 \ —52 —f00 |~ — —

Nete. tmm'mwmn-mamau-w&
accompanied by hydwlysis; x—formation of basic salts, .

1 The fipwes show the perceutige of solution in the cold state (sumemtor) and

(demominator). .
Table 2
_® Total solubility of mitrides.
N~
hoied Solvent @
LI ] N : ! i } !
TiN | HNOy 4 ! HNO,.- ! ! ;
i HF l'ks,géf 'Ha%:rs)émz i ' i
! s i . ! H ;
ZN | Ditto_ | Do | i }LSO, | ; !
& I o L) L |
NON mmiu.l i | Diw | HOp- |
TaN | Ditw 3 Diwe i , ' !
” : S : i R T
' P ! ’ 'uagdx);&so
CeN ; Hao,| 4 ¢
( (1:4)
! b | I Nl ‘m)‘.'
N I l '  Ditso
. ) ’ I i e




Irtermining nitrcgen in nitrides

™0 basic methois have been published for determining nitrozen: the Dumas
method, which involves burning the nitride with an oxidizing flux and recordin; the
molecular nitrogen, and the Kjeldahl method by which the 'nitrogen is distilled in the
forr of ermonia. It should be mentioned that to determine the nitfoge’r. in nitrides,
particulerly in titenium end zirconium nitriles, the Dumas method is the one usuelly
used. But it is o complex and long drawn out oreration and unsuiteble for nass
enelysis. In accurscy of dctermination it is ﬁot Supéricr to the distillzation meti:od.
Clearly, the distillati(m rnethod has rarely been used for anelyzing nitrides since
the solubility of the latter has not been adeguately studied.

T:ble 3

Comparative data on determining nitrogen in chromjum nitrides
by the Dumas and Kjeldahl methods.

Nitrogen obtained, %

By distillation : By distillation
Specimen after dissolving By the after dissolving

in perchloric Dumas method in sulphuric

acid acid (1:4)

CrN 1.3 20.4 : —_
Ditto 0.7 21.0 —_
Cry N 0.4 — 11.8
Ditto 0.2 —_— 10.9
CIN+CryN 2.3 17.5 : —_
Ditto 0.2 15.6 —_

In air laboratory practice nitroren in most nitrides is\ determined by dis-
tilletion. The results obtained by th’s method sgree with the results obt;ined ’by.
Dumas' method.

In dissolving the nitrides we made use of both our owvn as well as published
data on solubility. The nitrides were dissolved in the following acids or alkalies:
ZrK, Hbili in concentrated sulphuriec; Til, Tali, Bli, VN in a mixture of sulphwric acid
and.A pottasium sulphate; Cr21~1, Mall in sulphuric acid (1:4); ALN in a 40% alkali solu-

tion,
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Chromiunm nitzjide Crll is only soluble in perchloric acia /7, 11/. Our data
shov that when chromium nitrides (both Cri -and c:rgz-x) are dissolved in perchloric acid
and the nitrogen is then determined by distilletion, we observe almost couplete loss .
of thé nitrogen (Table 3).

Clearly, vhem chromium nitrides ecre itssolved in perchloric acil, fres
nitrogen is generated as follows |

borN + 3HCL0, = 4Oro, + 2N, + 3HQL.
Congequently, Kyeldahl's method is not suitable for analyziﬁs chrordum nitride CrN.

Silicon nitride is insoluble in acid /7/. Thus, in the nitrides CrN amd
313111‘ the nitrogen was determined by the Dumas method., As the flux we used a nﬂmm :
of lead oxide and lead chromate in the proportiom of 1:1.

Determining;letal in nitﬂdel

Titanium, zirconjum, niobium and tantalum nitrides. To determine the uetel,

niobium and zirf:onium nitrides were dissolved in concentrated sulphuric acid with
heating, while titanium, tentalum nitrides were dissolved in the mixture of hydro-
fluoric and nitric acids, and in aqua regia. The metal was then precipitated out vith
cupferron or elee determined by the volumetric method (titanium).

High speed methods are very important for mass analyses. We know from
published litersture /13/ that titenium, zirconium, nicbium and tentelum nitrides
change to oxide at high temperatures. We took advantege of this fact in determining
the mctal in the nitrides of titanium, zirconium, niobium and tantalum. The results
obtained by the high-speed method agrged closely with results o'bta?ned by the ordinary
method (Table h). '

The magnesium in magnesium nitride was determined by complexometric titrat-
ion after the compound had been dissolved in hydrochloric acid (1:1) /ih/ .

The vanadium in venadium nitride was determined by the volumetric method

after the sample had been dissolved in nitric acid /12/.
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Table 4

Comparison of methods of determining
metals (calcining and precipitation) ia
nitrides.

Metal obtained, %
Nitride By ] By '
caleining ' precipitation .
TiN 77.0 717.0
Ditto 76.9 71,0
ZrN 89.4 89.3
Ditto 89.2 89.5
NbN 86.5 86.7
Ditto 87.1 - 87,0
T‘N ’2. 6 ’2. 8
Ditto 92,9 92.9

Chromium nitride (Cr,N) ves dissolved in sulphuric acid (1:4). The
chromiun was determined by the persulphate-silver ‘method /12/. ,

The chromium nitride (ch) is insoluble in acids, except for perchloric
ecid, though the latter cannot be used on account of evaporastion of the chromium,
The sample of chromium nitride was therefore melted together wifh sodiuxfuoxide in
a nickel or iron crucible, after which the chromium was determined by the valumetric

method /12/.
Seperation of the nitrides CrN and CrEN. It .often happens vhen preparing

chromiun nitride CrN that we obtain a mixture of nitrides CrN + Cr.N. The pure
nitride CrXN can be separated from this mixture on the basis of sclubility data. With
this aim, 0.4 g of the compound is heated in sulphuric acid (1:4) until it dissolves,
the inscluble residue is filtered off through a No. 4 glass filter, washed with water
and dried. Here the CrN goes into the solution; the pure nitride CrN is left in the
ingoluble residue. The filtrate and the res;due can be anelyzed for chromium and
nitrogen content in the way described sbove.

Determining boron in boron nitride

A veighed sample of boron nitride is melted together with soda in a plat-
inum crucible, The melt is leached with hydrochloric acid (1:1) and the boron is

then determined by the volumetric method /8/ .
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Determining totel silicon content in silicon nitride

The veighed sarple is melted together with sodium peroxide in an iron
crucible. After precip:‘ltation the melt is leached with vater and the determination
is then conducted by the hydrochloriec acid method 2f. |

The method of determining free silicon in silicon nitride is based on the
solubility of free silicon in a 1% caustic soda solution. Here the silicon nitride
does not dissolve. The sillcon content in the solution obtained iz determined colori-
metricelly from the yellovw coloring of the silicon-molybdenum acid /12/.

Conclusions .

1. Ve studied the solubility of titanium, zirconium, niocbium, tantalum

and chromun nitrides in different acids, mixtures of acids, and clkali solutionms.

2. It was shown that tantzlum n;i.tride and chromium nitride (CrN) are the
most resistant to the action of different solventq, vhile ;ireonium nitride and the
chromiuz nitride CrZXI are the 'least steble, ’

3. The results of our study of solubility of nitrides are gpplicable to
decomposition of specimens during analysis; wethods of analyzing certain nitrides are

given.
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CHE-JCAL PROPERTIES AND METHODS OF ;rxggnm CERTAIR
sucoes L
by: T. Ya, Kooolapo;ra, L.I'. Kugay, K.D. lodylevskiya,
S.V; ~Radz;koy§kwa and 0.G, Beraya:
(Institute of Metal Ceramics and Special Allqys)
. The silicides of high-melting metaia in the fourth, f£ifth =nd sixth growps
of the periodic teble are distinguished, apart from high resistance to dzqé.ation in
_the air end to different acids and acid mixtures, by comparatively high—méiéingﬁjbints,
hardness, semliconductor characteristics and a numdber of other te&mically important
properties, on account of which they are widely employed in engineering /1, 2/ ,
particularly as hest-resistant alloys, high.temperature resistance furnace heaters,
radio engineering and electronics. | 4
Publisghed literature contains descriptions of the chemical properties of
these silicides, but nethods of chemically analyzing them have hardly been developed
at all. ‘ C

Disen and Euttlg /3/ give date on the behavior of silicides of the trensi-
tion metals in certaln media, which show that the mineral acids, except for hydro-
fluoric seid and mixtures of it with other ecids, do not decoﬁ@ose then, |

This paper studies the behavior of silicides in a mumber of media with a
view to establishing rational methods of chemically analyzing them,

The disilicides used for our study were cbtained by syntﬁesis from elementl_
bty & group of staff members at the Institute of Metal Ceramics and Special Alloys
under the guidance of G. V. Sansonov /4/. Data on the composition of the silicides
used are given in Tsble 1. ' '

The disili;cides obtained were pulverized and passed through a 270 mesh
screen. In all the experiments samples of silicide weighing 0.1 - 0..2 g were treated

with %0 ml of the corresponding acid or acid mixture and heated to 100 - 120° for two
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hours. The insoludle residue was Jilierei off, dricd and veighed, The content of
metal which had passed.into the solution was determined in the :‘iltrate., Deta on the

chemical stability of the silicides in different media are shown in Table 2,

Composition of disilicides used. _ ".Table 1
Metal content, % Silicon content, %
silicide |~ - : S Experimental

Theoretical | Experimental | Theoretical h .

o - Blov. | B | By
Tisl, 46.20° | - 45.50 53.80 54.0 | 0,32 | 53,85
TaSly 73.37 76.12 - 23.69 22.51 | 0.34 | 22.2¢
MoSi, 63.10 64.57 36, 90 34.72 | 0.12 | .0

Our data suggest that all the disilicides dissolve quickly and completely '
in mixtures of nitrae . end hydrofluoric as well as sulphuric end phosphoric acids.
Hovever, these uixtures cannot be recommended for dismolviag the silicides rvd makingh
seluddiem for determining the overall silicon. If use is made of the mixture HF+m03
the silicon eveporates In the form of SiF,, but if H S0 +E3P°h is used the silicic
acid dissolves with the formation of (310) (P03)2 /5/, ‘hence the only method of trans-
ferring the silicides to the solution in this case is to melt then together with soda,
caustic soda or sodium hydroxide., ielting them with sodium carbonate requires the use
of a platinum vessel and is therefore inconvenient. Melting them with sodium hydroxide
which is conducted in iron or nickel crucibles, gives good results., Hefe it mst be
kept in mind that the uze of a large excess of sodjum hydroxide (more than 10 x the
amount of the sample) lesds to consideratle losses through the vigorous decomposition
of the peroxide itself. '

The best' method of transferring most silicides into the solution 1is to melt
them with caustic soda in a niclkel crucibie. Here the amount of nickel passing into
the solution 1s, for practical purposes, fxegligi’ble. .

In chemical analysis of the silicicies, we determine the overall content of

39



-

silicon, free silicon and metal. ,
. s

HCI (s.g. b. 1.19) HY + HNOy HC1 + MO, (3:1)
" Distlicide |, Metal Motal = | aetal
Insoluble Insoluble Insoluble content
residue, % mm% residue, % ml.% residue, % m’.%
TiSi, (2r8Y) —_— _— 0 — 95.8 0
¥;“s' ‘M ) —— — o- 3 — ’5. 5 o. '
Crsi, 44.5 26.0 : —_— g. z &8
M ”- 8 M — o m
detected
w8, —_ —_ — —_ — —_—
Metal Metal Metal Metal
Insoluble Insoluble . Insoluble
content in content in content in | content in
residue, % solution, % residue, % solution, % residue, % solution, %|sclution, %
' Not
0 — 86.4 8.1 85.8 8.8 detected
— — — — — —_— Ditto
0 — 98.5 3.0 96.8 2.8 "
0 D — 41.4 26.0 62.8 — "
0 —_— 9.2 Not — —_— n
detected
—_— — 93.4 —_— _— —_— "

Dotermining overall silicon content in silicides

As has slreedy been pointed out, to transfer the silicides to the solution
vhen determining the cverall .content of silicon, it is best to melt them with caustic
soda in nickel (or iron) crucibles. The melt should be leached in an spproximately
107 solution of sulphuric or hydrochloric acid. |

Further determination of the silicon in chromium, vanadium, molybdenum,
-thorium, manganese, iron, nickel or ccbalt silicide presents no difffculty and cen de
conducted by either the sulphuric-acid or hydrochloric-acid method.

Most interesting & all is the determinstion of the total amount of silicon

in silicides of titanium, zirconium, nioblum, tantalum end tungsten. The use of the
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sulrhuric and hydroenloric acid method of prolucing silicis acid leads in this case
to precipitation of a considerable amount of metal together with 510, in the form of
the metel oxides, thus hampering further determination of the3102 content.

In order to prevent this hsppening, ‘for the siliclides of these metals we
- used the method of 2ddinz a complexing agent to the solution in the form of on easily
scluble compound to retadn the metal., A similar method has been put' forward by
Fen'kova and Yokovlev /6/ for de.er'n.i .inz the silicon in niobium moys.

To determine the over'x.l content of s*licon in titanium sil:lc:lde, ve used

the perchloric acid method of producing silicic acid. In this case TiO, is not pre-

2

cipitrted together with 3102. I+ should be pointed out that the precipitated residue

of silielc acid must be thorourhly washed with veter until all the perchloric acid

Table 3

Silicon content in TiSi; determined by sulphuric acid and
perchloric acid methods. -

is removed.

No. of 8i content, % Relative deviation, %
sample Sulphuric Perchloric Sulphuric Perchloric
acid method | acid method | acid method | acid method
1 52.90; 49.97; | 51.10; 51.04 5.5 0.11
63.60
2 55.08; 56. 71 §7.76; 57.73 1.8 0.40
3 50.86; 52.60 54.69; 54.57 3.3 0.20

Table 3 shows dzta obtained for 510, in titanium silicides b the sulphuric

2
acii 2nd perchloric z2cid methods,

. To detérm:’-_ne the silicon in niobium silieide (I-.'bSie), tantzlum silicide
(Ta.SiE) and tungsten siliciie ’.;312) ve added z saturcted soluticn of oxelic acid to
our solution after the sulpauric =cid solutions had been evoporated until m3

znd the

eppeared. This prevented nydrolysis of the nioblum, tantalum, wund tungsten,

silicic 2¢id is not conteminated by the oxides.
The method was checized with TaSi2 specimens and 2n artificial mixture 'n'03-

S10, by the additive method.
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The data ‘obteined is shown in T ble k&,
Consequently, the precipitation of silicic acid in the presence of oxalic

acid 1s quite suitable for determining the overall silicon content in niobiws, tan-

tolum znd tungsten sllicides. Table ¢
Results of determining silicen content in TaSi, and artificial
| mixture WO, 8i0; . o
Tasly WO, —8i
No. of No. of bl
sample Si st Relative | sample 8i0, 8i0 Relative
added, g | found, g | error, % added, g | found, g | error, ®
1 0. 0456 0. 0485 2.0 1 0. 0491 0. 0501 2.0
| 0. 0300 0. 0376 1.0 2 0. 0596 0.0573 3.9
3 0, 0420 0. 0426 1.4 3 0, 0548 0. 0551 1.5
4 0, 0388 0. 0384 1.0 4 0. 0484 0.0496 2.4
5 0. 0508 0. 0517 1.7
Mean error 1.3 2.3

Our experirments show that when deteridning the overall silicon content in
zirconiun silicides (Z.rSie), citric acid sh6u1d be ndded a2s the complexing azent.
. The addition of oxalic acid does not produce the desired result. It should be pointed
out that vhen a,'ialyzin; zirconium silicide, whern the silicic acid has Leen Lrecipitated
In the presence of sitric ce¢id, the filtrate cannot be used to determine the zircorium
present by any of the imowm nethods (cupferron, phosphoric zcid methods). A con-
siderajole ~rount of zirconiwz is left in the solution in this case,

Determining free silicon

The determination of free silicon in silicides is based on dissolving the
frce silicon in a 1% solution of caustic soda followed by calorimetric determination
of the silicic acid formed in the $wmof a yellow silicic-molybdie heteropoly acld.

Ir orler to establish vhether or not it is possible to use the given :ethod
fcr determining the free silicon in the silicides, we must first oscertein the stabil-
ity of the silicides in a 1% solution of alkali. The experiments coanducted for this
purpose were os follows. A weighed portion of the silicide in question (0.5 - 1.0 g)
vas heated and treated with 1% alkali solution in a platinum bowl for. L0, 60 and 90

minutes, The insoluble residue was filtered off and the silicon content in the fil-
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trate vas determined. IT the silicon cuntent in the soluticn ';.':15 congtant, no nsticr
how long ‘the solution % 1s toiled, it can de =zsiedl thnt the silicide does not dissolve
in a 1% caustic; soda soluti&n.

The .second method we usel to checi the stobility of silicides in a 175
21eli solution was to treat 1.5 - 3 5 disilicide with a 1‘,'3 caustic sodz solution
for a set period of tim . The insoluble rési :e was fiitered off ond carefully washe
ed., The siliccm contem:. in the filtrote was then Jdetermined, The filtrate plus the
residue wvere dried, and a sarple of the dry residue vas teien for a second determin-
ation of the {ree silicon. JSometines the opereation was carriei out z third time, Ve
wcre thereby sble to estzblisn thabl the free silicon can be determined in this wgy in
the disilicides of titanium, zirconiw:z, tantaluwm, chromiwum, vanadium, nolybdenum,
thorium, iron ani manganese. The siliciles ol niovbiws, tunzsten, cobalt and nickel
dissolve in a 1% solution of caustic soda, and we cannot therefore recommend determ-
ining the free silicon in these silicides by treatment with this solution.

On the basis of date we suggest the following method for determining tﬁe
free silicon in disildciles of titanium, zirconium, tantalum, deomium, venediun,
rnolybdenunm, thorium, iron ard man-snese® 0.2 - 0.5 3 smmples of silicide are treeted
vith %0 m1 1 coustic soda solution in a platinux;.\ bowl with heating for 45 to 60
rinutes. The insoluble residue is filtered off =nd the free silicon ‘content is de-
termined in the filtrate calorimetrically by measuring the optical density of the
yellow silicic-molybdic corplex solution. The free silicon content is found from a
calibration curve. The latter is plotted for a standard specimen of sodium silicate
prepared by dissolving silicon in a 1% caustic soda solution.

Determining‘ netal 1n. silicides

The amount of metal in silicides can be determined by two method: 1) in
the filtrate after seperating the silicic acdid, or 2) in the solution after removing

the silicon in the form of SiFu by treating the silicide sample with a mixture of

FTD-TT-62-1825/142 “3



hydrofluoric and ritric acids in a plafinum 'bawi. .

In most cases the seconé method is preterred, aince it excludes errors due
‘o metal impm'ities in the iran and nickel cruci‘blet. , 'f’*‘*' ey ‘

" The metal in the solution is determined uy one ot the accepted wlytical
nethods /1, 8/, tor exmple, vanalium is determined in e s\ﬂ.yhm'ic acid lolution, :
mengenese 1is deterrmined by the volmtr:lc method, niobium cod tn:talm by pcrecipita- ,

- tion with cupferrom, cobelt is precipitated from a hydrochloric acid oolution v:l.th
u-nitroae-ﬂ-*xaphthol, and so on. .

Ve developed a high-speed method for determnining cobalt. The method is
based on the fact that after the silicids sample has been dissolved in & veighed
bowl, in e mixture ol hydrofluoric and nitric acids to vhich sulphuric acid is t‘urthcr
added, the silicon evsporates in the form of sn',,, and as soon a8 the sulphuric acid
residues have been renoved by heating in a miffle furnace st 450 = 475° CoSO, is
left in the platinum bowl and then veighed, B

Conclusions .

1. Ve stulicd the behavior of the disilicides of tremsition metals in the
fourth, fifth and sixth groups of the periodic table 1n a mmber of acidic und
aelkaline media. It was found that the silicides are completely decormposed in a m‘lx-f
ture of hydrofluoric end nitric acid as well as phosphoric and sulphuric acids,

2. Tae most effective way to transfer the silicides to a solution when
determining the overall silicon c@tent in them is to melt f.hen'. with ceustic sode in
nickel or iron cructbles. Ve developed methods for détermining the overall silicon
content 1n the silicides of ttmgsten, niobium, tantalum, zireoni\m, besed on bomﬂn
of the metal into a soluble complex compound with oxalic acid (w, Kb, '.Ea.) or citrie
(Zr) acid with the precipitation of 3i10,. The silicon in titanium #1494“!_& be
deternined by the perchloric acid method. " Ll |

3. Ve developed a method of determining free silicon in the disilicides
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of titanium, zirconiw:, tantnlum, thorium, chromium, vanadiw:, molybéenum, iron =nd
menganese, based on dissolviag the free silicon in z 1% e-ustic soda solution,-
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