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PREFACE

The planned development of the national econoW of the USM in

tho years 1959 - 1965, acccptce1' y the •wenty-First Congress of the

KPSS, marks a wide use of materials with improved and special

characteristics and properties, such as, corrosion-resisting and

heat-resisting metals, light alloys, semiconductor; ferromagnetic and

other materials, focusing attention on the industrial application of

the facilities of electronic t..chnicues for %ne mechanization and

automatization of the cantrol of production and also on the development

of new kinds of equipment for the chemical industry.

Rare me+aX.s play a fairly big role in solving these problems,

Je i•sie of which must be significantly increased for the seven-year

plan.

N•Oiun and tantalum hold a special place among rare metals,

posebssing, together with high melting temperatures, high thermoemissivity,

the ability to actively absorb gases, corrosion resistance, as well as

the ability to yield a number of induatri-_ly important alloys.

Information concerning these metals is disseminated according to

nrmerous literary sources, in which exists none of the sufficiently

complete surveys of their technology and areas of application. In

domestic literatu.,, attempts to complete this gap, is the creatios

of appropriate chapters in books on rare metals by 0. A. Sogina,

L-
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A. N. ZeLfiman, G. V. Samsonov and O., T. Kreyn, G. A. Meyrson and

A. N. Zelikman, which appeared from 1954 to 1956. However, these

chapters, according to the very character and purpose of materials

cited in them, cannot yet give a full and broad presentation concerning

technology, alloys and applications of tantalum and niobium.

In a given monograph the authors made an attempt to generalise

thc voluminous ii i-A **" a] concerning tantalum and niobium.

Special attention was given to the properties of tantalum and niobim

in it and to the area of their application, 'he technolngy of extraction j6

from concentrates, obtaining metals, and also tb the properties and

application of alloys. It is natural that such work on the creation,

on the nature, of the first monograph concerning such important metals

for engineering as tantalum and niobium can not eliminate shortcoainge,

* The authors will be grateful fcr all notes and remarks which the

readers of the book submit, but they do hope, nevertheless, that in

spite of the shortcomings it will be useful to a wide circle of engineers

and researchers, working in the most diverse branches of tbchrooloo

and connected, in one way or another, with the production or application

of tantalum, niobium and their alloys.

Chapters 2 and 6-9 were written by G. V. Samsonov, chapters 4 and

5 by V. I. Konstantinoy and chapters 1 r-nd 3 by G. V. Saausncv and

V" I. Konstantinov jointly.

In the writing of chapter 2 the interest of Yo. F. Zv wae redged,

in the writing of chapter 6 the interest of T. Ta. Kosolapor was

reckved, to whom the authors express thanks,.

-2-
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Th~apterI

(ýeneral In-forn-tion oni Tantalum aM 4Jiobim

The tantalum and niobiLn constitute eie~nents accompanying each other

and endowed 1-iitL2 clocely related -ýhysica1 and chemical properties.

The histor-; off tantalum~ an2 niobi= is uniqut; it is cha~racteristtic,

at the 3ere time, that the ch-.mists were unable for a long time to distinguish

between them, due to a clozz reseablance of their properties.

In 1803., the English ch--e~st '.ýtch~ett reported the discovery of a new

chemical elerment wvich he n-med wcol=-biurý'. The tame of 'coluzbIte'

x'as chosen by bim for the mineral corntsi:-Ang this ometni. Approximteiy

-,ithi1.i a year after the -iscovery of colu:-biurn, ;j:ber detected in one

of Lainerals a ne-d eleaetnt wat-ciihab namel 'tntel=u; this nw-e -.as meant

to syambolize t'.e a 1,"c-altiea ex.-erienced by c.~ezýsts in their atte.pt3

to dissolve t,,e isolated' oxide of thi;s new eke.-&nt ic ;actds. T-.e mdneral

cnntaLiinA~g this new ele7,nt recejiel tne nam of 'tantblite'.

;ýssin~g on rezearc."es, rirlythose of olstnas-A, Ze7Aelj

it we2 ass=-gd for a laai; tir-t t-nt coi'z~biuz. ard tantal= are L Aen tical.

':Koweyer, 'ýolllston hiz5ei-f foxil au. t-.t t.-e 3Tccific weirght of colunbite

(52 64)is c--asi.~erably Iower twe% t-;e s;m'i fic weiiýýAo ~t rntmlite

-7.2). Th.e diffcre.aces iiere ýetected alsn i oxides cof these metasa,

isol~ be! fror: minerrls. Years hav ;-3e =Ail ~oo(in 18$ý4)

an zc (in 'S6)prove! that col=uz:i'e czxtnina t1*0 .

viz. niob'kur. Cnp--ied by lose in hnrzor of the EJo1 d~ess of t,!!ar a

e , :-e e ~r : A Tt I Ius) a r.. tantal=z.

4 -3
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T.ae 13ter researc.-,es by ~e~~,a .'-ussian c.-er-.it, and

a ~ei~caemist, co:iflr.--ed t~ie existen~ce 01 two ele.Lert, ia~ioou and tantalum.

7ausit ws prven hat tc iett's columboium conitains two elez~ent, ng ly

niobiujm and tantalum (.Abl. 1). In t~e L" anr2 !n.a~arid, zLiobium was ca1iea

o~~wiu-, (designalel by the symbol Zb) for a l~ong time. -1.arting with 1952

a 2int;'e asr,&e viz. niobitz.. -ds a-ccepted for this element.

ýor was tae first '.,: obtain tatlu- 'In aa§) ' niobium (in 190)

in f~,. of t.-le -'Lre cai4,a~ct etal. .- c ;~8iCt:ýrnt2iI -. as used for fiiame~its

o: l z.Lto a:-s, w-er-ce I*. .aa:Szeiiý~ reT1icel by tuajsten,

ac A- evelojz-.ernt of iti..:~~ ~ eri-.-ation 4' , -r, , '.e63n. later on,

iz con.-i:ction. *iti, a successfil i~iir of t~.aui= ci-rentv rectifiersa

(1HZ) .n in Partic' ar In rzic :-ulES (1923 - 192)

.able 2

ýOnstants 2an t a 1u; >iob Ii

Thiex nizber 4

. ;t a II c s * uc ture~-e~r cý-ba b-cy-critex-sd cube

iararicter o~f lattice. A t593.2

.o-.ic ralius, -A ( 1*47 14

ionic ra.lius, A, (0)1

0.67

ý05 +
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The tables 3, 4 and 5 provide data on mechanical properties of tantalum

and niobium. The thermel, electric -=d other properties are presented I
in tables 6. 7 and 8,

Table 3

L trenFth an, Zxpansion of Tantrilum. .nnealed at 17000 (7)

Testing Yield Tensile 5rIform Total Relative
Temperature Poin• StrengthA Eloagation E'lngation Contraction

0krJm ~~

-. 95 87.1 - 1 12.4 75

-180 73.5 - 0 13.4 78

-130 58.7 - 0 15 81

73 422. 41.3 16.0 37 69

-30 39,7 39.2 20.0 34 86

+25 27.6 35.0 28 45 86

+200 18.4 32.9 24 31 86

--400 15.4 22.6 18 27 84i

iýeing endowe3 with a good resistance with respect to the action cf molten

metals, applicd a3 heat-transfer agents in atomic reactors, tanta3lum and niobiu=

hia- different values of the therxvrl-Deutron -apture cross section, which

amount to 20 barn/cm2 for tantalum and 1.2 barn/em f or niobi.uam.

I

I

A
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Table 4

';tren;th and Slo.:;ation of :;iobit., Awnealed at 2ic-)

Testing Proportional Tensile E1ongation

Temperature Linit Strength
°c =22

20 16.74 27.23 49

200 10.08 23.25 48

300 9.77 24•.03 38

400 ... 1.08 22.94 28

500 10.54 24.64 35

550 7.28 22.32 24

Table 5

Cr_.e I..,r; a ,i.a,. acteriktirs of Tantalum and I;iobitm

Ckharacteristio Tantzlum i;iobi=u

Compressibility fpctor, 1;9m 2 21050 (9) 17670 (10)

•astct Moduluo, kg/r= 2  17830 (11) 1o600 (L?)

O1ip ratio, kg==2 7o00 (13) 8521. (12)

Poisson's r-tio, (111) 0.35 0.39

4rinell hardness, kg/mm , of sheet (14)t

for aanecled sheet 45-125 " . c

for strained sheet 125-350 200-250

for a sheet which absorbed gases
while heated in an ii )rfect vacuum up tQý 600 ,

Mfl3croh dn of annealed sheet, kg/mm ,
undcr loadL3 of. 10 .....
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Taule 6

I.vermsra1 Froperties of Tantalum and .NobLuM

Properties Tantalum Niobi-=

.;elting point. °C 2996 (14) 2468+_10° (16)

;3oiling point, 00 5300 3300

Temperature of transition

into superconductive state, °C (19) -268.8 -263.8

-. elting heat, cal/gm (19) 37

Burning heat, eal/g~m (141) 1379 2379

Evaporation rate, &fca 2.secs

for tantalum according to (17)

for niobium according to (18)
2000 -12
20O0"• .6 .•12

2200 9.78-0--

2400 3.04.10-9
S2467 - i.16-io"7

261% 5.54. 10-8-

2628 - 1o08•10-6

2800 6.61-10-7

28A12 -1.00.1o-5

3ojo 6.7910-6 -

3200 3.82.10-5

3269 6.8o.io-5

-1
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Properties Tantalum Niobium

Evaporation heat$ kilocal/gm-stom
at To oOK (4) 185.5 170.9

Linear expansion coefficient,
cm/cm.degree z

o - 1000C (19) 6.5.1o0 711.10o

o -.-500 6.6.1o-6 (19) 7.47.10-6 (S)

o - Xooo - 7.88.10-6 (8)

20- 1500 ,.o.01" (19) -

Specific heat, cal/g,•egree (19):

00 0.03322 o.o645

100 0.03364 -

400 0.03495 0.0682

800 0.03679 0.0724

1200 0.03873 0.0774

1600 0.04078 0.0832

2000 0.044 -

.1eat coihduction, kilocal/c-n.sec.°Cs

for tantalunm according to (14)

for niobium according to (8)

00C - o.125

20 - 100 0.13 -

100 - 0.130

200 0.135

-s 0

L
rN
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Properties Tantalum Niobium

500 - 0.151

1430 0.174

1630 0.186

1830 ().198-

Table 112

Llegtric ,roDerties of Tantaium and :Niobium

Propertiea Tantalum liobium

Electric resistancegX 106 ohm.cms

000 . 15.22

20 1-3.5:

100 1(3) 19.18 (6)

200 - 23.13

500 35.0 35.00

1000oK (20) 45.0 -

1500 62.4

2000 78.9

2500 94.4

3000 1o5.6

3269 115.5

Teimperature coefficient of electric resistance,
x103 (19g)

20%0 3.1 3.95

0 - I00 3.J2

L 4
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-I

Properties Tanatelv iAiobbim

.lectron emission, a/c2 (3)s

16ooNK 9.1o10' 2.19.10-5

2000 6.21.10-"3 1.16-O"2

2400 0.500 0.300

2800 12.53 bo.C7

3000 45.60 -

Richardson con.stant, a/=2.coj (3) 60 37

Work function, ev (3) 4-12 4.01

Coefficient of secondary emission (3) 1.35 1.18

Positive emission, ev (4) 10.00 5.5 3
Potential of ionization, v (4) 7.3 .0.3 6.77

Radiated power, watt/cm2 (3)g

16 00K 7.36 6.40

2000 21.6 18.5

2400 51.3 45.3

2800 105.5 13o.6

3000 144.4

3269 214.5 -

-ladiation coefficient at -a 6650 As

20°C (23) 0.493 0.37

9301 0.45 -

173oJ 0.418
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Properties Tantalum 1iobium

Specific susceptibility at 180 C 0.849 106 (21) 2.24 106 (22)

Table 8 J13

Corrosion Resiptance of Tantaluj ane! I:Jobimn (1ý. 25 - 30)

Nedium Conce:ntration Temperature Corrosion Resistance

¶2antalum iiobiun

Inorganic Ac ,id O

Nitrous acid cone. 150 0.0000 -

Nitric acid 3 200 0.0000 -

50 200. 01.0000

70 200 0.0000 -

conc. 25 O.0O000 0.0000

:ditric acid with edmixtures
of organic acids conc. 150 0.0000 -

175 0.0000

ý200 0.0300 -

',.iz•ture of nitric
and •ydrofluoric acids 23 - 100 Dissolves Disso1yea

rapidly rapidly

.iyrobromic acid coce, 0 - 150 0.CO00 -

,Wdrosilizofluoric acid cone. 0 - 150 Dissolves -

Crthoarsonous acid cone. 0 - 150 0.0(JC0 -

Crthophosphoric acid 85 25 0.0000 0.0005

L
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I.Mium Concentration Temperature Corrosion Resistance

Tantalum Niobiun

ilydrogen peroxide 30 21 0.0000 0.0008

:-ydrofluoric acid 40 20 - 100 Dissolves Dissolves

801. i a.cid 20 21 0.CO00- 0.0000

25 21 o0COo0 0.0000

98 21 0.0000 0.0004

cone. 21 O.CCO0 0.00051

cone. 50 U.C000 0.0032
(brittle)

cone. 100 0.0000 0.076
(brittle)

conce. 150 0.0000 0.632
(brittle)

cone. 175 0.0004 5.65
(dissolves
repidly)

cone. 200 0.006 -

conce. 250 0.116 -

conc. 300 1.368 -

Fuming sulfuric acid,

coutaining 151 SO3  23 0.0012 -

70 0.368 -

130 15.6

Suifuric acid +CrO 3 (solution
for chrome plating) 1000 0.0000 0.032

s4
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Concentration Temperature Corrosion Re-vistance
0% •C ,. _. _ _ _ _ _ _

"Tantalum Miobium

rdxture of sulfuric and nitric
acids - 0 - i50 0.0000 -

:y!drihior•c acid 20 19 - 26 0.0000 0.0000

conc. 19 - 26 0.0000 o.0=06

conc. 100 0.0000 0.0234

IixAture of aydrochloric
and nitric acids (2s1) - 19 - 26 0.0000 0.C005

- 50 - 60 0.0000 0.0254

Fhosphoric acid 85 150 0.0000 C.0000

85 210 0.0008 0.C032

85 250 20 -

cone. 20 0.00012 -

conc. 150 0.10 - 0.15 -

!ercalorio acid conc. 150 0.0GC0 0.0000

:jpochloric acid conc. 0 - 150 0.0000

CYhromic acid - 0 -150 0.0000 -

Frussio acid conc. 0 - 150 0.0000

Alkaline Solutions ' ti

A=,onia (aqueous solution) 25 150 0.COoo O.CCOO

iotassium aydrate 5 20 - 0.1855
(actic
on surface

of liquid)

-13-
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I-idium Uoncentration Temperature Corrosion Resistance

lantalum iiobiumf

Potassium iydrate 5 100 S3table Brittle

40 100 Dissolves Dissolves
rapidly rapidly

Sodium hyIrate 5 20 0.02S15
(action
on surface
of liquid)

5 100 :,ediocre i..ediocre
(brittle)

40 100 Dissolves Zissolves
rapidiy ra r. id ly

Inorganic Salts and Bases

Ftassiuz alumosalfate S;aturated
aqueous sý.Iution 0 - 150 0.0000

LodiuL brom.ide :Same 0 - 15C 0.0000

-sodium tungxstate Same - 150 0.OOCO

Dfrium hy3roxide Zam- 19 - 26 0.0000 -

Fotasssum bichronte 3Same C - 150 O.CCOO Corrodes

Fotassium carbonate 20 0 - 150 0.0000 -

^r-•o nium nitrate Saturated

aq- iecus solution 0 - 150 C.000 - I

Ferric nitrate
(witi or without admixture
of :-o a 0 -150 0.,oo

Sodium nitrate Same 0 - 150 0.Q0000

-ic0 - io o. OOOokel nitrate L aze

SiAlver nitrate Same - -.000.
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Concentration Teiperature Corroaioa Resisatnce 4

Aj~oniUM sulfa te Saturated

aqjueous solution 0 - 150 O.COOO-

Iron sulfate Lamne 0 - 150 0.0000-

A, -kel sulf ate Lawi 5 0110000-

Zinc sulfate ..aai~ - 150 0.0030

J;odiuxr. crilorats :;ar 150 0.00

,%uru-inuz cUloride Same 0 150 &ý.COO 0.Q0 00

zn~c=Lcm c,ý1oride Zae 150 0.03000.00

iron calorlde m 0 -150 3.0030-

i~otassium efiloride 3c~C-150 C .00

ia&-iesium c:.lorid6 Laze i5 -50 01.CcO C . rx 0

Jodiu= c~1oride VeeC-10 0.000~0

ilic.-el c,,oride C-13 000

Urnk. cdloride Lae0 - 1;0 D. c000 0l.ýOcc

.:.na &aloride C- 15 C 0.3C00 0.01000

r a n ic e a e nt a

&:~et Ate A.,2 0.0000

-~~ie(black) 19z -6 O.CDOOO

-ctn 1) - 26 C..OO 0

lartaric acid 20 -22-.00

Citric acid 19-b 000
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:once~tra io 'e:.perature CIII.102le3stuc

'etwisloha19 - 26 0. 0000

.,tayl..sulfu~rio acid-19-2 
000

j~actic acid 5519,- 26 0.0000 31*0000

NiJtrobeflzonS 
1A9 - 26 0.0000

,-itrosylac*alorIds 
19 - 26 0.0000 -

Ace~qc exiiydride 19 -26 0 1 0Co00 -

Acetic acid 
19c}- -926 0.0000 -

ipienol 
3aturated 19 - 26 C.3000 3603=0

ac.UeOU3S OlUtIOD

A~t.-1i 
anhbydride - 19 - 26 0. 0000-

..eU.4yl ct-lorile 
19 - 26 0.3000-

Od~oroberiz ene - 19 -26 OC~c00

Chlorofro 
- 19 - 26 0.00C00 - 16

Se1i tci 3at ursted 19 - 26 0. 0300 C.C14051

96 O~ -.)

itL~yl r1cohol 
o6 00000

ai~~.&h -3D0 

Good

600 -Lz~Ated

- 100C Corrodoa

-1k- J



A~aCoznctntrntion 'Aepat~a Corrosion Reaiv'aice

Ci

______ _____ ~ alum, Xiob..Uin

.oAmuuth.-1eed 55.r." Bi. lOU0 diss-c`yeb dissolves

Potsssl=~ (with izdnlisum
content of orleen) -300 good gc-ýd

0 00 'Ood gc

Ga lcium - 00 good -o

600 limnited limited

;.,agnesiu. 600 good c c

Sodlium (with xruinimua
contoent of oxygen) -300 Eood good

-600 good go0,4

q900 nt0.9 a6 1t 0 0o• -

w--11-3 tested
for 163 h~ro

7, in 1740 dissolven i

-300 good good

eaviorof talur and i,= in t sere of Various Gaoo

The tanta1ljm anil niobium are itaba when exjio- to c-,lid in the air atmosphere;

they besin to oxidiza in heatiag up to a temperatu- exce00ing 3000

nefez to pp 163 and 199 for information on zhe dissolvability of oxygen

in tantalum and ndobi"o

9co -~o96~o o
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'kile exposed to tbe at:.Losphere of hydrogen, tftntalum and niobium

adsorb the lat•er (refer to pp 156 and 192); at 4he sam time, the dissolvability

of hydrogen in these metals decreases with en increase of the temperature.

The heating of tantelum and niobium in the nitrogen atmosphere at a temperature

lower than 6000 causes the absorption of nitrogen in a significaut amount,

as well as the production of Tal; and iNo; nitrides (refer to pp 151 end 188).

The data, presented in Table 9 (Bibl. 29), .,z-ke it possible to visualize

the beh3vlor of tantaiu and niobium in the atuosphere of various gases

a:,- the variation in mechaiical properties of aetals.

4

I



'00

W4 .

0' 
-A -

0 ~~ VP*QI ~

0 '
*0 co %-IEIR9 0 0n

E-4 000 0 0 0

0.

o 
0

E-44

94,C
0 C

en 0 ,l

'CY

C:N En( l VN Nf

2 24
0 24 0

o ~44 44 -f4 W4

0 
4

0 0-

to 00

* O

4'0c 9 0 C

0oo 01
44 93



I

1 .CL 656/1
I

At a high temperature (1200 - 1400°), carbon and carbon-containing sesso

(a. g., 9Ci4 and GO) interact with metals and produce carbides of tantal&

and niobium (TaG and NbC). At a temperature lower than 6000, CO is absorbed 2

by metals,

Tantalum and niobium yield to the action of fluorine at the indoor

tec~perature; chlorine effects tantalum at the temperature utpward of 2500,

and niobium - at the temperature upward of 2000; bromine acts upon tantalum

at temperatures exeoeeding 3000, and on niobium - at temperatures exceeding 250°.

In relation to the gaseous iodine, t3atalum remins inert throughcut the entire

temperature range up to the red heat (Zibl. 30),

Iantalum is inactive with respect to the Gaseous 4ydroien chloride

up to 4000, and with respect to aydroien broraide - up to 3750 (IDibl. 35).

Free SO and sulfw' monocbloride corrode tantalum.

Z -ological Froqxrties of I.etal!ic Tantalum and 'Niobium

(G3bl. 19. 36 Mg 371*

In the pure form, tantalum is hard, forgeable and ductile. It can be rolled

in thin sheet: and also drawn into a thin wire. A good mechanical workability

in the cold state is crmbinnd in tantalum Aith a good weldability. The welding

of tantalum (and niobium) seans should be carried out under the protection

of water (or .'irbon tetrachloride), or else in the neutral atnosphere (argon).

Tantalum and niobium are comparable to Dickel as far as their suitability

for the die stamping, molding and drawing is concerned.

*IRefer also to Chapter IV.
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A high cutting speed is desirable in the working on a lathe. Tantalum

is endowed with a good wear- and abrasion resistance, providing that their

action is not focused for a long time in one place. The wear resistance

can be increased to a significant degree by hardening,

One of the characteristic properties of tantalum consists in its high

erosion resistance, even in the annealed state. Upon hardening og the metal

its erosicn resistance increases to such a degree that the metal is capable

of withstanding the effect of a hign-speed liquid or vapor stream.

The negative properties of tantalum consist in a very poor stability

, unuer loaL, as well as in its poor welding adhesion to nost aetals (incl.trig

tantalum itzelf); in this respect, tantalum resembles strongly the stainklss steel.

"The pwe niobium yields readily to the pressure treatment (f.rging, rolling

and drawing). It is extremely pliable at the norral temperature and endowed

with a negligible tendency to the cold hardeiiinc. :.iobiu• is forgeable, ductile

and weldable. The pliability of a niobium wire is sufficient for its coiling

at the indoor temperature.

In addition to all the above-indicated properties of tantalum and niobium

it is necessary to note tde fact that tnase uetals are capable of passing

the current only in one direction upon their iuersion in the acid electrolyte.

In live ortanisms, thete metals do not cause any irritation of tissueb (Bibl. 30).

Among the properties of tantalum and niobium, analyzed above, the following

qualities are particularly interesting :na exceptionally high corrosiona

resistance of metals, including the resistance to the action of molten metal&,

cowbined with a sufficiently nigh strength and heat conductivity; high pliabilityl

L -- L
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high melting point; low work function of electrons (attesting to good emission

;roperties) and the gas-absorbing capacity of metals.

Regardless of the affinity in properties of tantalum and niobium, they differ

from each other in some respects. Thus, for instance, niobium is lees

corrosion-resistant than tantalum; it h~s a lower melting and boiling point,

and its volatility, by comparison with tantalum, is significzntly higher.

.t the same time, the specific weight of tantalum is twice as high as that

of niobium; as a result, niobium is endowed i-th a higher structural strength.

The nuclear properties of Aiobiam differ noticeably from the properties

of tantalum; the effective np tron-cap-ure cross section with niobium

is much smaller than 1--ith tantalum,

2. MOHI=ETS OF B-IkIC TJ.UXLT,LI- A.iD ,•Io rlOBIiK co=_otzS

Tentalum and niobium are transient elements in the group V of the priodic

system; they have therefore a metallic character. In compourds of a higher

valence, both metals display, as a rule, the acid nature.

Tantalum and niobium are known to exist in various val.nt states,

such as penta-, tetra-, tri-, di- and evcn monovalent states.

The valence+5 constitutes the most typical valence of tantalum and niobium

in chemical compounds. This malent state is observed in their higher oxides,

various tantalates and niobates, as well as in many complex compounds

(oxalates, citrates, eta).

1M
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The state of tantalum- and niobiwr oxidation to lower degrees is observed

in lower oxides. The tantalum- and niobium oxides of a lower valence are known

ordinarily in form of solids; however, in some cases, the multinuclear complex ions,

containing these elements, are known to exist in solutions.

The description of most important tantalum- and nicbium compounds

is provided in the next section.

1

Tantalum. :.:iobiu= and Oxyven

The tantalum pentoxide (Ta 0-j" and niobium Tentoxide (Nb 0 constitute
5_)5 5'

the most frequently encountered tec'mical products. The anhydrous pei.toxides

are nonvolatile, tasteless and odorless substa;.ces of a white or yellowish

color (niobium pentoxide).

Fentoxides can be derived by various methods, viz. by oxidation of metal

powders, tvdrJdes, nitrides and carbies, as well as by celcination

of hydroxides - tantalic and nobi- acids, to which the formula 14205 • x 2 O

is ascribed (where M.2e is Ta and Nb). There are references to the existence 120

of hydrates with a diverse value of x (izibl. 38 - 45). According to the data

in (Bibl. 33 and 363), a comnplete le.ydration of tantalum hydroxide occurs

at temperatures exceeding 4500, and that of niobium hydroxide - at ter-;ertures

upward ot 4000.

The .hydroxides of elenzents can be obtained 4urtPn the lixiviation by water

of products whica hive been derived in the fusion of their compounds

with potassi~um pyrosulfate; during the neutralization by Aronia of hydrofluoric-

-acid solutions containing tantalum and niobium; during the treatment by acids

of tat- late an! nlobate solutions, an! as a firal product in hydrolysis

-23-
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of halide compounds of elements.

The freshly deposited tantalum hydroxide dissoves in water, as well as

in hydrochloric and sulfuric 3cids, to a very negligible extent. The niobic

acid dissolves to a slightly higher extent in water, and also in weak hydrochloric

an- sulf.±ric acids (Libl. 3S). T.e niobic Pcid is Aissolvable in concentrate:-

.,r:c:.loric sna euli'uric acids; io-.evcr, it falls out once again upon the dilution

of solution'3. Tte tantalun hydroxide -roýuces complcxes with tnnnin, as well as

with oxalic, salicylic, citric, tartaric end pyro-allic acids; the niobiin

hydroxides produces also corresponding complexes with oxalic and tartaric acids.

,'ae aydroxides of tantalum and niobium dissolve readily in oxalic acid

and in alkaline solitions of potassium. Correspondin, slts of weak tantalic

aad niobic acids, viz. tentalates an! niobatts, are produced in the latter case.

Depending on tae calcination temperature, pentoxides of tantalum and niobium

exist in various crystallic variants (Jibl. 38, 46 - 50). Accorlding to 2choenberg

('ibl. 51), the higher oxide of tantalum Ck-Ta 2 05 is an isomorph of the low-

-temperature version d-_b20 (iibl. 49); according to data in (Bibl. 48),

0the former changes irreversibly iuto a high-temperature version at 1320!20 C.

The results of a X-ray diffraction study of - and #-Ta 2 05 , performed

in the research (Bibl. 52), show that c-Ta2 05 hs the space group 14 (&ta)@2 5

with cell periods am 3,80; cs56.6 A and the density of 8.53 gm/l=3,

whie Is P-Ta 20 5sa the cell P 2.2.2. with a c 6.80; by 43-931 0&3.890 A
and til density of 8.30 g/a 3 . The specific weight cf various versions

of tantalum pentcxilde changes from 7.35 to 8.71 (Bibl. 53).

8I
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According ti Zagharissen (Bibl. 49)9 ;0b.O 5 exists in three versions,

viz. a, P and w , waerein the low-temperature 0a-version is Iscmorphous

with respect to Ta 2 05 , This is confirmeC also by Kiesslng (50). Brauer (54)

asserti that niobium pentoxide is homogeneous from 10 2.40 to Nb0 2 .05

and that it exists in three versions, nanely the low-temperature version

(up to 900 - 9500), medium-temperature version (from 1000 to 1100 - 11500)

and higih-temrperature version (upward of 1100 - 11500; forred completely

at 1200 - 12500). Folyt~orphous transfor-ations of niobli= Dentoxide

are m.onotropic. The specific weight of niobiu:L pentoxide varies for various

versions from 4.37 to 5.C2 (Bibl. 53).

The heat of Ta205 formation from elements constitutes 4E.3to0.5 kilocal/oole,

while that of ,-o20- for-mation enounts to 455.2:o.6 kilocal/.ole (Bibi. 55).

The neltin& point of Ta205 equals 16200 (Bibl. 56) and that of Nb205 - 15320

(Bibi. 57).

The pentoxides of tantalum and niobiun are steet-le sabstanes; however,

upon the calcination in vacuo, they decom;ose lierating oxygen; in particular,

Nb2 05 breaks down, during the melting in vacuo. rroducine NbO2 .

The dissolvability of calcined pentoxides in dater. acids and alkaline solutions

is significantly 1(cer than that of non-calcined nentoxides, and it decreases

with the increase of calcination tem/ersture.

In contradistinction to a more stable tartalum pentoxide, niobium pentoxide

is reduced by hydrogen to dioxide at 8ZO - 1200 (Bibl. 58 and 59); niobium nitride

is formed during the interaction with N•b at 5CC - 80 0 o; volatile chloride

and oxyshloride of niobium are formed durin4ý the reaction of INbO0 witi. chlorine

L L
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0
at the temperature of 100 - 1050 or with carton tertachloride at the temperature

of 200 - 2250, while tantalum oxide remains unchanged (3ibl. 61). It should be

noted, in passing, that the temperature on the order of 320 is required

for the transformation of Ta205 into a corresponding chloride during the reaction

with, e. g., CCI 4 (Bibl. 62).

According to data in (Bibl. 63 and 64), pentoxides of tantalum and niobium

produce a continuous series of solid solutions. T'ie specific weight of &Kide

m.ixture varies in pro;portion to the composition (Rig. 1).

?ir-. 1. Variation in 34ecific weight of Oxide '.ixtare (Ta 2 05 and :20 Oxides)

in Dependence on Compositioa.

Le~en• in Fir, 1: 1 - specific weight; 2 - content, ' (by weight).

Tantalates &n: Niobatep

The fusion cf tantalum- aid niobiu= pentoxides with oxides of various netals

and tne treatzant of pentoxidea by alkaline solutions r3sult in the formation

of salts of a coaplex ccmposition which May be expressed by the generel fornula

xieO yR,- zH2 0, where 1-. is the corresponding =etall R - Ta or Nb.

!4
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Potaasi=- and sodium tantalates and niobstes are most important &22

arxxg varicus tantalatea arA niobates,

Tantalates ad N!:iobetes of iotassium. There exist potessiua tantalateo

with the X.• 1 Ta&2C ratio from 3 1 7 to 10 a 3 and potassium niobates

with the k2 0 3 1N"205 ratio from 1 t 3 to 5 1 1. Among themethe f1llowin&

tantaslates anW ziobates are dissoluble in waters 4K2 0 • 3Ta 2 05 * 16%k0

or 7k 0 * 5Ta 2 05  •2i o0 k0  " Nb2 05  " 410 bo • 7Nb 2O5  • 3210;

7X2 0 - •.2O05 e 272 0 ; 4K20 l3- c; 3C 9 • 2( o 131

and 5K20  Nb205I

The dissolvability cf X20 • Nb2 0 - 41HC salt constitutes, at 25°, 59.53%

of an~ydrous salt; that of r420 - L *b0 27&.C constitutes 55,05% of' anhydrcuB

salt (the 7:6 salt caanges into tne 413 salt in the aqueous solution of KOH

with alkali concentration exceeding 20%; tae conversion is reversible);

that of 4K2 C • 3:;b 2C 5  16.2k0 constitutes approximately 561 of anhydrous salt

Cthe dissolv&bility of salt decreases abruitly .-ith sig'her concentration of KOH);
refer to ý'ibl. 65'. According to iA2 r (2ibi. 353), the dissolubility

of K bO constitutes 10.87 • iC" nole/l Rt 250. ",nile that of Kb.,0 azounts3
to 8.7. - 4ole/l.

Tae folio.ing stable salts are best 'ziown a.-ong tuntaeltes and nlobates

of potasaiums

:: L20 • Ta2o - potassium rmtatantalate,

2. ý'X20 • T'02C - potassium hexatantalAte,

9 3- K20 " 'b2 05 - otassit retaniobat ,

4.4K•2 -S:,b205 - potasasiu hexaniobete.

IL
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The salts 1 and 3, as well as 2 and 4, are isomorphous (Bibl. 60); at the same

time, salts 2 and 4 are identical with salts having tae ratio equal to 7s6,

which is conditioned by the possibility of exchanile of water molecules

for alkali (KOH). These salts cnn be represented by the general formula, e. g.,

K,6[Tal 203 61(oz) 4 O 3020.

wiTere the substitution of 02- ion for OH-, the loss of water molecules

ani the addition of K4 Ions are possible (Bibl. 503).

Accordin. to data in (.ibl. 554), ot-ssium metaniobate can exist in form

of various Iydrates, containing 2, 0.4 and -. .sater tolecules per one molecule

of salt; aydrates of potassium hexaniobate hay ave 27, 9, 6 and 4 water molecules

and h. irates of hexatantalate - 38, 6, 3 and 1, respectively.

T3ntalates and Niobstes of 1 1,;e fusion of Ta2C- and .'b• wi th caustic

scý'a or ca.stic potash, followed by tne water treatment of the fusion,

or the addition of sodium salt to solutions of potassium tautalate and niobate,

result in tne formation of sodium tantalates and niubatos w.i-ch are endowed,

in coatradistinrtion to potassium salts, witU a low !earee of the dissolvability

in water. 'e are faziliar wit- various sodium tantalates, w'oae Na2 0 Ta 2 05 ratios

azount to •:3, 7:5, 1�1, 1:3 and 2t7. ior corresponding niobiu salts

these ratio: are equal to 5:1, 3:1, 3:•, 6s5, 8:7, 1:1, 7•8, 3:• • 2*3.

The exlstence of salts with ratios or 3:1, 3:2, 6:5, 5,7, 3:4 and 2a3 ii doubtful.

best known are tae following saltas :.`Ts03- :;a5 ¶a05 . 'a20 • ,Ta205 1"0,

* a 5 • ';&2C 5

I
______________________________
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,'xcording to researcheb (Aibl. 67 and 69), nrAbate with the compositio

of .s5:bO5 (5 NE2 • 2 is produci during the fusion Of :b 205 with Na0H*

In aqueous solutions, thks salt is subjecte tc. the hydrolysis

according to the reaction of 12 Z'a-N0 4-55 H "-* 7 32 i20+46 NaOH.

During the fusion of Ta 2 05 wita 141a, i we obtain, correspondingly, Ia TaO5 salt

which. is subjected to the 4ydro'sis in water an3 yields ;a7TasO01  • i H20

(Bibi. 38). The researches (iibl. 68) are devoted to studying sodium tantalates.

The following are the values of dissolvabiity of sodium niobate (7:6 salt)

in .ater a-nd caustic-soda solutions at emperatarcs of 20 and 900 "Bibl. 6ý)%

Content o1 Navfa
gm/=.l of solution: - C.1 -.2 0.3 0.4 0.5 0-6 0-7 0.8 0.9 1"0

Sodium niobate 2.

at 200 1.60 1.05 0.66 . . . . . . . .

3 90° 2.60 1.y0 1.20 0.75 C.49 0.32 0.24 C.13 01! 0

•nen the concent.ration of laOH is equal to 1.5 ,r/100 mlI, t 6 salt

is ;ractibeily insoluble,

At 13.5°, ore part of' tant, lurm salt (4:3) is dissoluble irn 493 psrts of water.

:t 250, the dissolvability of NaTao salt constituteb 5.5 " 10,75 Mole/l,
3,

and that of NsaLbO3 - 5-9 Ilo-4 mole/l.

The 5Na 2 0 • 6Ta 2C5 salt can exist in fo= of hydrates having 52, 7, 5 and 1

wate, molecules per one molecule of salt; correspondingly, the y.a2O • 5Ta 2 03 salt

_27-
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is capable of annexing 29, 3, 2 ana 1.7 water molecules, niobium salt 7skO " 0

6.b 2 0 5 - 32. 6. 4 arA 2 water moieeules. trnd N1:&: 3 salt - 3-5. 1 and 0.5

wat er mole(aies per one salt molecule (Bibl. 554).

According to laitskiv. Na2 Ta0 5 nelts at 10300. sodium netaniotates at 12. 00 i

and b05 at 980°.

1.jtatantalates and metaniobates of alkaline end eA.kali-eamrth metals

are thermally stable and nonvolatile at high ternperetures (1200o).

Tantclates and niobates have some conmn features,' which proffars

a possibility of proposing a number of structui-ai forneles for the clarification

of their structure. Accordino to La2itskiX, for instance, the general atructure

oI aquapolycompourns of tantalun and niobium car be represented by the following

formula

iix 6092 a•ý2 M20

where 3- Ta and :;bj I-c - LI, Na, k and othersl n - 1, 2, 3, 4 san 5; x - 14.161

H;I2 O . water, coordinated arouna cations. L2L

Tantalum. Niobium and Haloqena

Fiuorides of Tantalum and Niobu.M L

The a.tallic tantalum and niobium, tVntalum and niobium oxides, as well as

many of their other compounds, dissolve in kydrofluoric acid. The addition

of potassI;..n salts to oxalic-acid solutions of tantalum and niobium, containing

upward of 7% of the free L7, results in the formation of complex composite

compounds, viz. potassium fluotanta.ate KTa.F7 and potassium fluonic.bate K2 NbWT7 ;

wihen tho concentration of -T in the solution is lese than 7%, the salt KLITh7"

hydr•lyzes, producing oqyr-compo-oa•s of K2VbO?5 "HO.

5-.3-
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The aforementioned compounds Con3titute some of the most important

tantalum and niobium compounds, and they play an important role

in the technology of these elements. In particular, the industrial methodi

for separation of these elements is based on the different dissolvability

of 2 TaF7 and KJ"bF5 H2 0 salts (Fig. 2).

Fig. 2. Dissolvability of Couplex Fluorides of Tantalum and Niobium

in Oxalic Acid of Various Concentration at 25 and 750. Dissolvabilities Are

Deterziained Separately for Each Salt.

L.ren! in Fia. 2s i - content of K2hF7 and K,,TaF7 , %. 2 - content of 1W, %.

jtg• f ttg , K2 TaF7 , exists in the for. of thin, prismoidal needles

whica are isornorphous with the correspondiug niobium sclt, kjbF. The specific

weight of the salt equals 5.24 (Bibl. 30).

The fluotantalate is stable in a dry eir. The melting point of the salt

constitutes 720 t100 (Bibl. 30).

I-
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•Aile boiling in water, KTaF?7 salt hy7rolyzes, producing the insoluble

co;iTound of K T3 0 (XatnriEcac q<t ,.)sies agqin upon an increase
44 1r4 5

in the concentration of 'F in the solution.

In contradistinction co potassi=m flusniobste, potassium fluotantalate

does not hydrolyze in solutions contai.iing an insignificant amount of the oxalic

acid (if these solutions are not boiled). :ence, the normal fluotantalate K2TaF7

is stable in the solution with all the concentrations of 1-7 (up to 45%).

The dissolvability of the salt increases in proportion to the increase

in the concentration of MF1 roughly from 0.. (with l.0* concentration of FY)

to 6,5; (with 40% concentration of WF).

S

Fig. 3. Dissolvability of Fotassiut Fluotautalate in l, Solution of HI.

Lerend in Fig. 3s 1 - temperature, °C; 2 - dissolvability of KFTaF 7  %.

The dissolvability of the coiuplex tantaluM salt deper.de alo, in a marked

manner, cz the excess concentration of potassium fluoride added to the solution.
According to the daOs of Savchenko and Tananaaev (Bibl. 71), waen the excess

concentration of XF equals 1%, the dissolvability of KTa? 7 decreases

by tili factor of 10; with Z% concentration of 17 it decreases by thu factor

of 15 - 20 times, and with 5% - by the factor of 35 times

4
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Fig. 4. Dissolvability of K2TaF 7 in Relation to Concentration of NY

in the Solution. (Concenilration of Salt is Expressed Conventionally by Content

of Ta. 5 in the Solution.

1_!ýRenl in Fig. 4& 1 - dissolvability of XNbF7 recalculated into Ta? 5 , Z;

2 - concentration of U, Z.

The presence of niobium salt affects also the dissolvability of fluotantalate

in oxalic-acid solutions.

AccordinG to Ieycrs, Zverev and Zubkovs (Bibl. 72), the presence of niobium

salt decreases strongly the iissolvability of potassium fluotantalate.

The presence of niobium salt creates an excess concentration of potassium-

and fluorine ions which exert a salting-out effect on the tantalum salt.

In order to reduce the dissolvability of K2TaFF to 0.05%, the concentration

of niobium salt should constitute 1.5 - 1.7% at 200, ind 3.5 - 3-7% at 60%

(Fig- 5).

-33-
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Fi:-. 5. Dissolvability of K2TaF 7 vs Concentration of K2j''bOF5 in Solution

Lerend in Fir. 5 1 - dissolvability of KT2F 7 , 2; 2 - concentration of KoOF5 , %.

Fotassium flgoniobate, KJLJbF 7 , exists in the form of small monoclinic crystals

which are isonorphous with KiTa?7 and Ký2hF6, but not isomorphous with K2T-F 6  H20.

The specific weight of potassium fluoniobste equals 3.21 (Bibl. 53).

During a heating in the humid air. KjbF7 changes irt, iKiU05 • H20.

DirinS the dissolution in water and weak solutions of i-OF, }Lj 7 is subjected

to hydrolysis terminating in tie forntion of the dissolvable salt, viz.

potassium ory-fluoniobatc, KjJbO• -0.

Conseqlently, the isotherm of dissolvability of complex niobium salts

in oxalic-acid solutions consists of twi branches. The first branch corresponds

to the equilib:ium of the solution with solid-phase crystals of KFjbOF5 - H20

(up to 7% of HY). The second branch corresponds to the equilibrim of the solution

with crystals of Kf9hF7 . Depeading on the concentration of i7 (in excess of 7%),

the diss;ivability of K2NbF 7 lecresses first (to 26 - 272 of (F) and then increases.

The diminishing dissolvability is explained by the suppression of the hydrolysis

of KbF7 in proportion to the increasing concentration of HF. The growing

dissolvability upon a further increase in the concentration of HY is explained

L.
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in the paper of Savchenko and Tanaaayev (3ibl. 70) by the formation of ions

In the same manner as for potassium fluotantalate, the dissolvability

of pota3sium fluoniobate depends, to a zarked degree, on the tempersture (3ibl. 71);

however, with an increase in the concentration of KF, the dissolvability of the salt

decreases to a significantly lower degree than in the case of the complex tentalum

salt. Thus, in 10% solution of oxalic acid, the dissolvability of K2 n1 7

decreases only by the factor of 4.7, when the concentration of KF changes

from 0 to 1I%.

iotassium ox.-fluoniobate. 7,-b0F5 a ¢. Tae noraal crystallic version

of this salt exists in the form of cnaracteristic crystals of a lamellate shape,

which are isoxorphous with crystals of L2TiF6 * :.20 and X'2 "Q 2 F4 • .20.

The potassium oxy-fluoniobate is stable in the air at the nor~al temperature

:-nd during the heating. 7he -onohydrate loses water uron heating to a teuperature

exceeding 100 (Bibl. 73).

The potassium oW-flaoniobate is stable --d readily dissolvable in cold

and boiling water, as well as i-' weak solutions of HF.

The ratio of dissoivabilities of K2Ta? 7 and KjibOF5  '12 in weak solutiora

of 17 4s presented below.

Te~mperature, ................. 20 40 60 80

Ratio of dissolvabilities ....... *. 111.9 1,11.6 lslO.1 1S11

IL.
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Fkentaf luorides of tarnt~lur aud niobiuni, Ta?5 and ýb?, A-hey are obtained

upon tne action of fluorine on metale at a temperature on the order of 3000.

The tantalum pentafluoride is a colorless, crystallic salt, dissolvable

in a mildly ecid solution of :7T without hydrolysis. The niobium pentafluoride

produces colorless, nonoclinic prisrm durinag the distillation in vacui.

The salt crystals are veryj hygrosco~ic; during the dissolution in water

and 7ildly acid solutions of .- ', the salt hydrolyzes, producinj free HF

sn! the so-called o=4-fluoniobic acid, H'. "CF . According to the data in (Oibl. 74),"2r 5
the melting point of TaF5 equ3ls 55.10; boiling ;.int- 225.2'; AIIe a 13.0

evap.

'-ilocal/:zjle; lg F -:gvLS8.524, 2-8233,r; melIting Foint of :-F5equals 80.0

bo1iling point .. 234.90 " 2.9 ::iloc~l/molc; ig F ai-: iALO.435 - 2.524f1.

Apart from fluot3ntalate, fluoniobate and oV,-fluoniobate of potassium,

jentafluories of tantalum a-id niobium produce nu.xrous coralex compounds

with fluorides of a-!aline, alk•ali-earth- and so.e heavy aetals, as well as

with a;-r.oniam and pyridine.

Ch2Iori-es of >Pntalut and Nlob-iu

7cntachloriLes of tintal= an! niobiin. Chlorides of Ta (V) and Nb (V)

are obtainad in the action of chlorIne on r•tals luring tVue heating at roughly 2000

in the action of chlorine on mixtures of oxidee of elements with carbox

at the temperature of approx±=tely 30C0 , and also in the action of a dry Xi!

on the :',etallic tentalum or niobium at te;•peratures of 3CC - 350o (iAbl. 75).
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The tantalum pentaciloride is a while or bright-yellow crystallic ealt,

fuming in the humid air. Tantalum pentachlorlde hydrolyzes in water, but dissolves

in absolute alcohol, carbon bisulfide and carbon tetrachloride (Bibl. 76).

The niobium pentachloride in the solid state is a crystallic, yellow-colored

salt; in the melted state, it is a red-colored liquid. 'iobiL pentachloride

fumes in the air and reacts with water vapors. The salt react3 with water

very rapidly, producing 4.-droc.loric acid and niobium hydroxide as a result

of the hydrolysis. :-iobiu= pentachloride dissolves in concentra-.ed hydrochloric

and sulfuric acils; however, tae dilution or boiling :f solutions results

in tht hyvrolysis wita the sedimentation of nicbium hiyroxide. iiobium pentachloride

is !insolvable in sulfur =onochloride, carbon tetrachIloride and in organic

solvents, such as chloroform, alcohol and ether.

Fentachlorides of tantalum and niobium are hig.ly volatile subs+snces.

Accordiug t0 (Piol. 77), tae iieltingl point uf TaCl_ eq;als 4-20.0c boilin• point -

239.30; 3- A 13.6 "A--/mole. 7he t•etino :oLst of "bCL- equala
evap. TaCl

209.50; boiling point - 254.C0 ; &-i 13.2 kilocal/iole.

Tall and :1cbi• produce a continuous series of solid Solutions (Bibl. 78).

Aefer to Fig. 6. They are endowed witt nwny ct•-zon iroperties. Thus, far instance,

in contredistinction to pentafluoriles, they do not produce any corresronding

coc~iex salts with chlorides cf vbrious :.etals; the fusions of pentnchlorides

do not conduct electric current.

9 -31-
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Botha tantsluzm chloride and niotium c~joride are thermrally unstable

at higa tem.eratures; they ýecompose, producing, metals, while in Tacuo

on surfaces aented up beyond 60cc. .ýt Ugip te=,eratures, pentachiorides

are reduced by ibydrogen to mretals; however, at a tem~perature of up to 4000.

'2nCl is niot reduced, waile ;;bCl- form~s realily the lower chloride, NbCl5 3
(iBibl. 79). Apart frc) that, niobium ;entacaloride can be reduced

to tetracaloride bott7 by metallic niobiux and tentaluzn, according to reactions

.,;bcl 54 + b 45i:bcl4

.and

5.~ +T~ C 4 "aC½15

Cu the contrary, tanatalum pentactL~oride is not re~uced urler these

c nd itions (..ibl- 75). --he behavior o'f pentach~lorides is also different

durin2 tie reiuztion by .ctallic alr-inizi.

:iobiu:T oxýYchloriLe. In conýa~istizctban to t-.ntalum, n~obiua tends realily

towýar-d the forzacior of v-"ious oV-coizox~ns with *,aloid!-. T-.e niobium

ovchloride. '.ZOCL-, cznstitutes one of tae most ir-ortant coapounds

anMOIn1 thle.-; it is derived -u;on the action of clhiorine on niobium- pentoxide.

5 kg 20 (k8U)*

In a heavy current of -..aloriue, ti'e reaction begins at 4C00 ;, Lowever,

it becomes c~oticeable a*. hig')ier t~e.ýer~iture3 ý4iibl. 75). ;.cor'din.g to 0,pow

arOd ir-rshwiov (Lb1 80). t.:e reacti-on constant, Kr. constitutes 7.14 01

at loco". 1. is al~so iossible to obtain a;oOcl~ during the reaction
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between vapore of :iCi and Nb205 and during the interaction of pontoxido

with niobium pentackiloride

-3:b Cl5 + *b205  51bOCL3

Such a compound is not typical for tantalum (if car~bon Is absent, chlorine

does not act uon tantalum pentoxide up to 12000; refer to iBibl. 73). N;iobium

o~rchlorida sublimates at 4000; at a lower te.re-rature, it precipitates

r.the form of white, thin needles. 1001 3 for-7ns co--.j'±ex salts with clorides

of alknline m~etals and wiith .3,z o ,an-Ic con.pounds (Bibi. 30).

The pressure of :..bCCI 3 vapor is ex,-ressed by t'>.e following quantitiee

(6ibl, 80):

1e.rq.erature, C~ 0*00.0***.... 237 21.C .5 0 270 2 C 290 300 3130

Va;or prebs~zt, am Ng ...... 0 9.1 13.76 20.s 62.0 115.0 2o6 2C85 4218

oxides of niobiun- are fozrmed on 0-ne rt,-dctio.,. of oxy-coz.ou.nd by Vrogen,(Zib1.

LQ-ý ch,-riPes of tqr:V31uz. anl niobium. _.o c.;lorides of 1C..er valencies

of tantalum. and nio~ciu are ;rcxl-uce-d ri the -irect chlorinantion of Initial

ro~ucts (of titAsu=. and nio.z~i,, or their rt~oxide:); they can be obtaine-i,

in case of tent~iiu;- ~Airin6 t'he reduction of tantalum- ;entechiloride by aAUr-inx=

ar.3 V;.1r_,6nj ^ný in zese of :.iobium., _!uriz t.-e re~uctioc of oltzbium

;entachllorile '!y ýy.2ro,ýen, t-antal=z ani niobium.

L
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Tad, is the black-Freen powder. diassiving in water PMd in diluted

acids (iAD1. 82). N'.bCI,4 is known in the fort )f a;.Ll, black-brown needles,

isomorphous with !aCl (Oibl. 83). "a3Cl ~s the dark-green pown'er (iiibl. 831).

..bCl 3is descri:,e'! as the black 'ýeposit which is stable durini: the heating up

to the temperatu~re of u~to 2703 in tn2e air and in the oxygen atmosphere

(. 3 il. ~. ave or bv3 t-. ese lower c.iciiiPea are vol:!6ile substances,

s~i.-lrlyý to penta-co-Toiz2ýi. The litr! etLre cnnttiis refcre-.ces to the existence

of tantalum- ar5 r.iobiw:n c-.orides of lc-.er vslencies (Thibl. 35).

1.1e -entabro:.._i-'es of ttn an!. riobiza. T1&2_- and ~Dr-*are ob)tZinedi

eitner :%rizq: t.-.e action of -ra'rbe v-?,ors on rretals st ten:ý,tra tures

or ;I. - C 0 , or 1ui~ .e -no f~>ine on t-e znixture of pez-.oxides

an c~irbon blacks at. temea~e~t,.ýres of 700 - '--00.

-a..r- Cezists in 1ýre for-, of beautilfJ, yellow-orl~rge CI-yetals, tnhe $&lt

.iv I lyzes -;le~issolviii-; In water. Du~rint tn.- e--,ýoratioa in vac-1o,

air_)i-s st3ble ain_- loes :not -1ecozjose. Nolr 5 is tae red ro-.9 er. ýiasolvsbl*

in water, alcohol an ethi-yl brcmide.

The meltin,, ;ýoint of ahir 5(0 bl7) e:;-als 13 o 'Doi ling point

t- ~ A~ 1,.g. kilocal/nole. The melting -1oint of N-Wbr 5

eq"UIlS ZC5.-- 0 ; boilir.: :oint - 6.L01; %37 ~l..l~.
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Io-i~e o~Thntalwy nd er1'7obium

lae pentaicxdi1es of" tante1uz and niobil= cai: bte obt.~ineC 7uring the reec~ion

between thie iodine v,, .,r e _1 tile tantahizi- or niobLin'. row,,er heated up

to ".-v, TA.-0 *Iie t:.-ntýu, pentaioc~iae f- bczc'-ttsubliz-Ati~i

- 3u aC.~stc; nlo'iu;.ý en~taiudide is -'j2 ,n- ble. Inas.-.ca

as it 1i"-er2;es l.odire even~ duri.n-,- sn insýý--nificant lheating-up (3ibl. 86).

_ýth cozmpounC's 'aydrolyze read-Iy in the air.,

ThL,: zeltinG point of TaJ.- equals 0 : the bcilirC point -5430;

'9.7 ':dloca1/zole (Bibl. 86).
evep.

~:,ar"i "e-s- o f 'at~nt-1-am An ;-iobi=

Thua carbildes o4r tantal= an-4 niobium teloniE to som~e of the mo.st refractory

&ani h-ard coapoi,;us. Tunabz-a and ni:bLiuz produce carbides of various

^0oý7ositivn,. ThC zn NbC, inc L2dci in noz-4 hard- powdered-aeta1 ailloys

C(i~bl. 37), constitue the mos t imp~ortant Qprbides. Thae tantaliz carbide0,

':aC. Isz the cr-Istallic 2arR-browrn powder; the niobium carbide, A~C,

is thf- rrey-brown powder *dita a vlolet hue. Erot!h carbides are insoluble

in all the acids, except for the mzixture of oxalic and nitric acids.

The carbides are resistant nwainst the oxidization in the air during thle heating

Up) to 1100 - 11C00 ; they tend toward the formation of nitrides dur~ng the action

of aitrogen or aiaijonia. The~ hardness of carbides, neasured on the 1-4)hs scale,

3au~unts to apProxirmtely 10. The melting point of TaC equals 3,980 0 C, and that

of .I'hC - 3900 C. 'he density of' TaC constitutes 14.4 gM/cm 3 , and that of NbC

':erc-_r to p, 1~30 -211 for Inforr:.-.tion on !ýb -c and r -c sy~tems.
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- 7.82 gw/cm'.

;.2rides of Tantalbn ann NiobiumI

"The hydrides of tantalum an3 niobium are obtained f.rinZ the heating

of metals in the hydrogen atmosphere. They are highly brittle compounds;

this property of "hydrides is exploited in processinZ the watte of these metals.

At B00 - 90°0, the conposition of hydrides may vary in dependence on conditions

of the derivation. The hydrides are stable ..:hile exposed to the air at the normal

temperature1 during the heating, they oxidize to pentoxides. As regards the action

of shericel reagents. the properties of hydrides are sinmilar to the properties

of pure metals. During the heating up to 100C - 12CCOOin high vacut7, the hydrides

cecompose, separating oxygen.

Complex Crganic Co:rmpounds of Tantalum aný Niobium

The compc'-ds with tannin are most important arong the complex organic

qonpounds of tantalutm and niobium.

The tantalum complex -with t'r.nin has a lemon-yellow coloring, and prezipitates

upon boiling from a weak-acid solutior within the range of pHs3 - 4.

The orange-colored niobium complex falls out from a neutral or a highly

weak-acid solution with a surplus of tannin.

The difference in conditions of precipitation of 'antalum- and niobium

complexes is exploited for the separation of these elenents in the quantitative

chemical analysis.

3efer to pp 156 and 192 for iifor-oation on 11b - 7 and Th - 3 systems.
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3. A.PLICATION OF TA;,TALUi AXZ NIOBILU:, AZ) THEIR AI,4N CO1MPOUNDS.

At the present tine, tantalum, niobium and their compounds are applied

widely in the engineering. The Table 10, whose compilation is based on data

of the USA industry, makes it possible to gain an understanding of the employment

of these elements in variouis areas (Bibl. 88).

T'ble 10_

Consu.-mrtion of Tantalui an! ;iobium in the .USA (in 1952)

(% of Total Gonsunption)

-Appliestion Area Tantalum Niobium

In the metallurgy:

stainless steels 2b 60

special alloys of nonfer-ou.s metals - 30

hard alloys 16* 5

welding electrodes - 5

In the chemical industry 20 -

In the production of synthetic rubber 6

In the electrotechnical and electro-vacuum
industries 25

In the medicine 5

100 i00

*tart alum carbide

-43-
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Steels

The taqtal=w and, in particular, niobium are used exten'ively as alloying

mrtals in various steels, such as extra st:ong, corrosion-resistant

and red-hard steels.

The diffusion saturation of the carbon steel (with 0.47. of C' with niobium

(Bibl. 89) results in the formation of NbC carbide and of another cubic

face-centered phase with a 3.83 A, the nature of which is not clear.

The introduction of niobi=m increases suLstpntially the wear resistance

of steel without any noticeable increase of the heat resistance. The niobium-

-containing steel is distinsuished by an increased corrosion resistance

in :93 S0 and by the normal stability in 502 •'-03, 37Z iCI, 8_5 C2 H4 02 ,

2"J1 0•2 and 10". soluti)n of N•-l.

The acition of niobium (or tantalum) to normal, corrosion-resistazt

caromdum steels, containing 5% of Cr and 0.51. of 1-b, increases their strength,

reduces to adnimum their tendency toward the air hardeninC, and decreases

their brittleness after the hardening and annealing. This action of niobium

can be explained by the stabilization of carbon in form of niobium carbide,

owin6 to which the separation of chromium carbides on boundaries of crystals

is prevented.

The experinents in additions of tantalum and niobium to the stainless steel

(B~bl. 90), Containing 0.035 and 0.07% of C, eemonstrated that the resistance

of steels with niobium admixtures to the intercrystallite corrosion is twice

as high as that of steels with tautalura admixtures during 48 hours I- the boill.D.,7

IBI
-A-.



I

I.•L 656/1

65% nitric acid; 1 hour in the 10% nitric acid and 3% oxalic acid; 200 hours

in the boiling solutin of CuSO .

The higher corrosion resistance is explained in this case as being due

to the formation of complex carbides, (Nb, Fe)C and (1.b, Ta)C. It was established,

as a result of a detailed research (Bibl. 91), that the corrosion resistance

of stainless steels increases most effectively upon addition to these steels

of niobium in quantities exceeding by the factor of 8 - 10 the carbon content.

The adiition of niobium to widely used nustunitic roroAm-nickel, 1.

stainless "stabilized" steels, containing 15%. of Cr and 81 of Ni, reduces also

to a siynificant degree the intercrystaiiite corrosion and-"-otects the weld seams

a~ainst breaking. In osder to prevent fully the irtercrystallite corrosion,

the niobium content in these steels siould exceed by the factor of 8 - 10

the carbon content.

'i ie niobium inLroves substantislly the creep resistance of steels (6ibl. 92)

with " of Si, 13%. of Ni, 13/. of "r, 2.5% of ", 23 of i- and 10i of Co,

upon addition of 32 of Nb, as well as that of steels with 0.522 of Si,

10.5% of ii, l9.1• of Cr, 46.62 of Co, 2.Z of iýb and 3Z of V, upon addition

of 1.4/ of Nb (such a steel is also oxidation-resistant up to 8000).

The addition of 0,15 - 2.5% of Nb to the stainless steel with the composition

of 0-15ý of C, 0.5 - 2-5% of Jn, 0.3 - 3.75, of Si, 17 - 23% of C. 21 - 25%

of Ni, 1.5 - 5% of I-, and 0.5 - 2.0% of C iimproves considerably the suitability

of steels for tie hot rolling, apart from increasing their corrosion resistance,

(Eibl, 93).

LL
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The niobium exercises a positive effect also upon steels containing

a still higaer quantity of chromium.

The production of heat-resisting alloys constitutes an extrewely important

application area of tantalum and niobium. Niobium and tantalwm impart

the required strength and stability to steels enmloyed for working in the range

of higa temperatures, i.any heat-resisting materials for gas turbines

of jet eneines, rocket missiles and other similar purposes contain niobium

(and taitslum) in tneir composition.

In this respect, the researc-ers investigated the effect of niobium-

and tantalum additions tV-tte heat-resisting hiGh-chroznium steel with 25, of Cr

(-I59 or Tz27), endowed with a co3rse-&rained structure in the cast state

(Bibl. 94). The niobium and tantalum were added in quantities exceeding

by 8 - 10 times and more the contert of carbon (1 - 2;), inasmuch as small

adiaixtures of niobitum (0.08:) and tantalum ( 0 174) eid not exercise any influence

whatsoever up'on the steel structure. The additions of niobium cause tha formation

of dispersed eutectic-type separations and Lhe dendritic character

of the structure, while tantdlum causes t..e formation of a similar component

occurring on Junctions and facets of grains. In contradistinction to niobium,

tantalum does not cause the dendritic structure of steel. Thile an inter•ive

Growth of grafLns in a steel without &duixtures begins at 9000 (witb 96-hour

holding), the adriixturqs increase the temperature of recrystallization

to 1100 - 12000.

The irinimum content of niobium constitutes herein 0.52, an.1 the additions

of 1.2 - 1.7% Nb increase the temperature of grain growth to 1200 - 13000.

L
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"'he structural component, decelerating the growth, crstaIlizes during the beating,

resembling ia its character sLSll carbide inclusions.

The modifying action of tantalum manifests itself upon addition of 1 - 1.5 LIL

of tantalum; the recrystallization temperatare increases, at the same time,

up to 11000 with prolonged holdinC periods, and even up to 1200 - 13000

with brief holding periods (up to 4 hours).. In addition, mechanical properties

of the steel izprove to a substantial degree (Table II).

Table 11

i.echPnical Properties of Type EI59 Steel

in Relation to the Content of Tantahiu- 3nd :iobiw-. :ai'itions ani the i'df6na

of :-at Treatment

8000; 1-hour aolding; water 8&0O; I-hour holding; water
Addition hariening hardening + heating at 11000; 6-hour

liol-ing: -eater ha renipL

Element Quantity ?ensile Proportional Relative Tensile Pro;ortioaal Relative
S(by weight) Strength LL-it - 1ongation Ztrength Lixi•:t longation

k2 kpr/=n 7 kilm' k_ _ _

without additions 58.3 32.9 18.0 60.3 44.2 6.0

Nb 0.83 54.2 28.0 25.0 61.6 48.2 18.0

Nb 0.52 53.9 39.8 18.7 58.4 42.5 21.6

Nb 1.20 65.0 46.9 25.5 60.5 42.9 24.7
Nb• 2.00 60.2 40.1 21.5 51.i 36.0 29.1

Ta 0.17 56.2 38.2 25.0 60.3 46.2 20.7

Ta 1.07 57.4 36.0 23.8 68.8 50.8 20.4

Ta 1.50 57,7 42.4 21.0 61.7 45.0 22.3

L
L.
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Tlue autiors of the paper (Bibl. 95) assume that the modifying action

of tantalum- and niobium aVditiona is asociated with the formation of carbides

by these additives; the tantalum and niobium, inhibitiing strongly the growth

of greins, produce carbides with highest melkting points. The niobium, dissolving

in the ferrite, hardens the latter tu a significant degree and inhibitz

w;ith a particular intensity the r .5r'st3il7 ation an' softening during the heating

of ferrite steels. The niobium content coustitutes herein 0.2 - 0.9%j

the phenon1na, induced by rnlobiuLL, are associated ith the fo:-vation of dispersed

inclusions of niobium carbides. It should be Lote! thy-t niobium asditions

induce the higiest deZree of aKr-e-Aig in coririto- -'. r •&ta ls,

7. •er.i-, ',ed oy results of tie research (iibl. 96).

Thus, slloying of the ferrite increases its hariensbility in har~ening

and its tezperinz resistance. The niobiu= aaditions are applied in the producticn

of special steels for parts of gas turbines, such as the steel with j.: of Co,

.3. of C, 0.SZ of .h, C.3 of Si, 15- of Fe, Lý` of ii. l9 of Cr, 2.` of V,

2.Cf4 of 1-o and 1.2%, of -b, as well as the steel with 46.5%' of Ni, 20.5Z of Cr,

2,73/0 of 1,0, 3.33;Z of Co, 2.92. 3f '.b. .52' of '-: and 1.11 of Ti. The latter

is endowed with a good creep resistance at 6500.

The heat-resisting steels with niobium and tantalum are also produced

for parts of &as turbines (1ibi. 97). The ferroniobium with 55% of Nb

and 5.• of Ta is em-ployed for the production of such a steel, containing, e. g.,

20,Z of Cr, 20/, of Ni, 20% of Co. 3% of , 24 of Io. 1U of Nb, 0.15% of N

and 0.35% of C (Table i2).

4!
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Table 12

Lastin• Strength of :!eat-?.esistant Alloy

Composition of Alloy, % Tensile Strength,
ke/m,2, at 8160C

Nb Ta C N in 100 hours in 1000 hours

1.13 0.08 0.12 0.13 14.5 10.9

0.58 0.64 0.13 0.14 14.5 10.2

0.49 0.64 0.13 0.14 14.9 11.3

- 1.47 0.92 3.14 14.5 10.9

S
These alloy3 3re endowed -Itn a high strenitý at 8160C and even at slightly

higher temperatures.

Ta, heat-resisting steel, ciataining 0.23 - 0.35%,1 of 0, 16 - 20Q cf Cr,

12- 36- of .i, 1.7.,5 - 2.259 of ID, 0.8 - 1.2,o of "', 0.4 - C.6% of "I,

1.0 - 1.75Z uf I.n, 0.7 - 1.1! of Nb, u.45 - l.•O of Be and Fe (rermnant)

are also reccuitended for the turbine construction (Bibl. 98). The hardness

of this steel, R equal 40, is preserved up to high teaperatures. The tensile
C

strength at the indoor temperature constitutes 123.8 i&/*m2, and at 820°C

2-45.9 kd.

The steels containing i" of ',.b, in addition to cobalt, tungsten, nickel,

molybdenum and iron (.-sin corzcnent), reveal an excellent heat resistance

at 732 - 815) (Bibl. 99).

-47-
I

I



ikCL 656/I

The pstents (bibl. 100) describe conpositions of a number of heat-resisting

steels for gas turbines, containing, e. g., 15 - 25/ of Cr, 13 25% of 1A,

10 - 25% of Co, 7.5 - 15% of W, 2Z of Izm, 11 of "i, 0.35Z of Z,0.5 - 3% of

(Nb Ta Ti) and Fe (remnant).

The niobium is introduced usually into the coxposition of steels in form

of alloys with iron (ferrrniobiu), containing a sz.all amount of carbon*

The ferrotgntalum-niobit, viz. the 'electron7et' alloy (2C0 of Ta and V0A of 1Nb),

is being recomzzended recently for introduction into Qeat-resisting steels

in lieu of the ferroniobiu (--55% of '.b ani 5% of Ta); refer to Bibl. 101.

In addition to the azove-inficated alloys, niobium is an inportant coMTonent

ol ni.n-coc.rcivty gegnetic alloys (3ibl. 102) and of several other steels.

In bearine steels, e. g. in those conteinirg iilicon, niobitm forms

wit.q the latter Fe 4 * , silicide (detectel also in t:ie silicon-rich ferroniobi=),

which increases abruptly tae wear resistance of these steels (bibl. 103). The wear

resistance of the ncrzml carbon-rich steel with 0.3 - 1.-5 of C also Increases

abruptly upon addition of niobium (Bib!. 104).

.pon edd9tions of ziobium to steels containir sulfur, phosphorus and carbon,

niobium experiences the re-liquation aný refines the in6ot, redcian the segregetion

of these ele-ants in the for.Ler (IBibl. 1C3). *J;o:, addition of nioblum to steels

sub-Jected to nitriding for tho ;ur•oce of pr.ducing a hax-! surface, their nitriding

rate increases si~nificantly, reducin6 consojtaently tae dumretion of this process.

The action of niobium consists in relucing tae content of active carbon,

5Or
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or in eliminating it completely, thus faciliteting the hardeninS of a nitrided

steel at a high te:perature without risking the foriation of quenching cracks.

Tae increase of the iritial hardening temperature by -0-100° is per-issible

for niobic n1trided steels. This enhances the hardness and increazses the depth

of nitriding, as a resuit of the transition of aiobium excess into the solution

(5ibl. 102).

Tlhe extensive -9plication of niobium in the co=position of wel•ing electrzdea

for the welding of various steels is based on its pronounced (in comparison

with other metals) tendency toward •ro-ucing coz: lex carbides, whlic:i results

in the di:-n ishing of the jntorcrystallite corrcosion.

Zeclal ;.lloys on .:cnferric 2-se

TIc special alloys of tantelum are used in tne in-stry for ernmloy=ent

at hi~n teaperatures, for -rnufacturing of cutters enc•e.ed W:t. hii cuttinv speeds

and for tne nrodction of acid-resist.nt eouipment. -- e 31ioys with P .iAg :n;Žlting

.oizst contain fro I to 4IZ of Ta in the cznbirnation witi, various ancunts of 1-,o

, C -� I, .i, V an! A1. In the above-indizate4 a~l/s , t r.tqlun zxey replace,

cOn.-let3ly or jiartly, tunzsten mn -lyt--nu. (Mi..A" C). In t-Pie cases, tgntalum

is introduced into the alloy in form of pure metal.

*lloys of :;oaferrous -. tal;

The niobiu= is ea;lynyd widely# as aL L,ýortant con;bnent, in siecifla

alutAron alloys (o: C-raluitAuru tylve). .'..e quan',ity of niobi•., introducde

S1i



ir.to the alloys, is usuelly low aLZ cornstitutes 3.05 - C.LZ (Bibl. 30.,.

I.s action consists In mudifying alloys and In ;)reventing form-ation of a brittle

ferro-aiualnuzD component*

The nio:ium is -use,' also as an alloying u:ýdition to saae cufric alloys.1L

'-re aýdition of rniobiu'. in a quantity of up to 5 to oerbrsorrne

ir.~ires t"ne retention of .;.ardneSs at hit;1, te:.;2raturea (Bibl. ic6).

.:srý Alloys

'-e ntu~car-ci.e. i:ý 'I ~tion. tc tua;ste n- aný titaniurn Carbidest

is incorgoratea ir. t.-e c:siinol so0e ra-:2s of 7 netal-cutting ;Illys,

-. aiso in t .e c3 ;iosition of cast ttixe~stea carbiees..

:z! are fa---; iar -.;it.- ln~ llo-.s cr.% the s,)le base of only tsrntium carbide

.it." :lic,-.el or ':btas a ccrb .rizia6 a!dxtLure#

Lt±liticr. of t~t!,L- ca.r:i~e into t;..ý cozn-.osition cf' her! alloys iz;rcves

z~ztz t~llyt,-.i- c..ttin7 :rc-rteO~eý. 7.-us, acczr-is tothe :ata in (Eibl. ~)

tz :i~nof ZZf to t.,e ý_Ur 'rxt qdoy ziir~es it -ozos'-3le ;~o irncretse the rate

ofl ýiE-iron t.re3tneut by an! sr t?.c P'Itio:% of 4of TAAZ to titaniur, tun'gsten-

-cotilt ","r! alloys of TY trairI s ircrese o- t ?-. rbte 3f steel t:eSt-lnt by 23

7-4 of tJ-,. .. . 1 aloy

i.-creane nloo t-eir au:%ort . Z~* repourt

t.3t cutti:16 tools3 Wit.:~l carA.I.e tre @%rIo..el vitn a tce.ter ;.-.at coni~uctivity

t'aan tte tký,olla of otnoer ty~ea, ar-i tn-at treilr teez' ý Ls'Aoz is veryj tnrlnifcan'

--yorl :u1rin~g the aa4lO0-zxzt i-ý!r rielcc.-to,.



The cast allos wth en admixtur of tautalum rblde (and Ziobliwuarbe)
Si withstand the chemical corrosion and a&e wear-resistante

Although a great quantity of tantalum and niobium Is employed in form

of various alloys, the application of these elements in a pxTe form

is of a tantamucit importance. The electra-vacuum engineering and the .hemical

industry constitute two of the most principal areas of their application.

Elec tr=o-7auun Maeerina

The inception of an extensive employment of the metallic tantalum

is linked with the electro-vacuum engineoring, and with mbe anufseture

of •ioahial; rudar- and X-ray eqipmut,

The tantalum wea exployed tirat as filaments of elettrit-illumination lamps.

replacing oakba filaments; it -*as displaced fron tbis area by tungsteno

Nevaorthelesse the olectric lamps with tantalum filaments turned out in a number

of oases to be more suitabio than the lamps with tungsten f+tl&-Wtj# for instance,

on railroads where more elastio Iiantalum filments witst&'&- bet? r the vibrations

and bumps, However, these lamps can opeotst only on DA A radual vecrystallization

of tantalum filaments takes plaeo dvriing the ap,,1ic&V on of AC (Bifl. 107).

In the mfern electro-vacuum engineeriurg tantalwu ,nd niobium roe usod L.L I

in the form of various parts of vatum instrumunts, pa t•touLu•ry in oscillatioq

tubes. The oapabillty of %n'*Im and niobium to absorb and Aold -&ases urner law

pressures, cobined with a high meltitn peint, I w pr•esure -if vaptesu

_-5K
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low coefficient of thermal expansion, plasticity and & good veldability

with other totals, renders tantalum and niobium an excellent material

for getters and grids in electron tubes, particularly for MAW transmissions* I

The tantalum and niobium are used for wnufacturing of the 'hot ftttnp I
(I. e. heated-up parts), such as plat es, grids, indirect-heating cathodes

and other acceasories. :owever, tantalum Is employed for these purposes

* ~more extensively than niobium•.I

The application of teetalum is reconzended particularly in electron

(oscillation) tubes, operating at high teaperatures and volteges

4 with t lasting retention of precision char•cteristics (Bible 107).
4

The tantalum is not only a 'Igttirs for =ndesirable gases; in certain types

of vacuum tubes it is used also for maintaining the necessary pressure of these

The indu*trial application of niobium in this aree is apparently restricted,

at the present time, to its use as a fixed getter in electron tubes. Tue niobiuw I

is preferred to tantalum in this case, because of a favorable oombiuation

of the therrtonic emission, radiation factr and a good spot-wdabillty.

The gas-absorption properties of niobius4 used in rectifier tubes with 9 bh a

vacuum, are expressed mcore clearly and encompass lower temperatures

than in the case of tantalum; the latter, however, holds absorbed gases

st higher temperatures than niobium (Bible. 24)

The Table 13 presents examples of tantalum application in v6irirasrelds

of svacuum engeering(



jaDligation of nTsrjla LAn 3jegjro-¥so~uml BnSIB99ldn"_

Type at Article Dimensions Principal thodes of Application

"dire rod .04- 0.005 3 Grids in-electron tubes, particularly |

in oscillation tubes. tubz seal-in.

3prings for hot cathodes. Direct-beeting

cathodes in special vacuum instruments*

3heets (rough or polished) 0.2 -0*050 n•thick Plates in electron tubese particula~rly

S~in high-load oscillation tubes. Flanges

for the getter onznolybdenuz- or nickel

platess

Drawn eamless tubes 940 - 0.5 m; Plates of oscillotion tubes. Indirect-

thick~ness of wallss -heating catho~es in oscillation tubes.

2- 0.1 ma

Powder fine-vrained Increases the radiation capacity

of high-load electrodes. Getter.

The picttue of tantalum plates for varios electron tubes- is shown

In 716. 7.

4M-
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Fig. 7. A Set of Tentalum Plates for MGh-Fower Slectroc Tubes. ;3L
Particularly for Application in Ultrahigh-Frequenoy Instrumentation.

It should be noted that, in wny eases, there it an evident possibility

in el:oetronles to replace tantiumt, eaprt from alobiumn also by tantalum-.-niabiui,

,Alloys with P varyin- ratio of •tels. In a-Cit••n to the sbays-Indicated

application areas, tantalum and n:lzc:. are used also in the so-called L.

cryotronst viz. superconductive elements*ia, g., for computers (Blbl* 13),

A cryotron is a segment of the cooled tantalum wire (0.2 m in dieter

and 3 am long), on which one layer of the insulated niobium wire, 80p in diameter,

is coiled. The tantalum vire serves a" a superconductor. The ourrent, generating

the magnetic field which disrupts the superconductivity of tantalwm, Is passed

periodically through the niobium coil. Thus( it is possible to diseonesOt

the current with the aid of cryotron, regardless of the direction a this

current.

S. .. . .. . . .. ... . . .... .. .... .. .. .



•Zeetrolvtie •IpatMA

"Ahn the tantalum (or niobium) is use as an anode matrial in acid

eleetrolytes, it enters into the reactioe with mspn liberated from solutions,

producing a stable amide filme.Consequentlyo the passage of current dis=ontniues

ponding the voltage increase, which entails the emerceaoe of a nov equilibrium

state. This process lasts up to approximately 200 v. whereupon the film

begins to oreak down.

The oapbilit7 of tattalum to produce stable anodic oxide fiLms, combined

with its passivity in relation to acid electrolytes, makes it possible to use

_ this metal in electrtlytic rectifiers and capacitors. The tantalum-made

peanut capacitors are employed widely for tr-nsrltting radio stations,

i radar seats and various otber electronic circuits.

The tantalum rectifikrs are used for railroad signals, in telephone

switchboards, as Ve6l as in fire-fighting tnd other signal systoa (Bibl. 10).,

The iloblum can be used also as a loa-voltage AC rectifier (Bible 37)*

It is possible to protauce tantalum capacitors in two versions* namely

with tantalum-sheat space-s and with a porous tantalum. In the first case,

it is customary to use acid electrolytes on the glycol base, which are ondove$

with a •rgh viscosity; in the aecond case. ve use liquid electrolytes,

endowed with a high electric conductivity, such o, es. g.o an aqueous solution

of lthiUM chlorid•e.

Tbo silver-plated copper bands are employed a cathodes for spooer-type

capacitors; in the secoo 0a8e, the vessel itself constittes the electrode.

t . . . . ... .



The latter Is cod of vilver, or (in csee of a aoapolar eapecitor) Ot tMUtal

(Bible 109).

The special featur, of tantalum capacitors consists in their amll iimensIcms.

'de are presenting below ccxuperatlv6 dimensions ()of various types of empacitora

(1 7, 150 v); refer to Bible 109.

Capacitor, paper, tin foil *............o.... 100

Capacitor,, metallized$ paper *e*ee....*....... 40

Capacitor, aluminu~m@ electrolytic ................ 5f ~Capacitor, tautalums electrolytic ................ 10

Figs* 8 through 10 present a number of coimparative characteristics

of tantalum- and aluminum capacitors$ attesting to Gonsiderably better

qu~alities of tantalum capacitors which are capable of performind at lower

temperatures than aluminum capacit~ra (Bible 109).

The tantalum capacitors have a very long life. Their service life mfy once"

12 years (Bible 30).

Fig, So leakage Resistanc, of Various Capacitors

~i nuIL ~.f s I - leakage resistance, decreass, %; 2 -passivity periodj(at 500), bres 3 -tantalms; 4 Olm"Mme
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Fig. 9. Power Factor vs Frequency Curve for Tantalum Capacitor

,eae in ]M. 9z I - power factor. %1 2 - frequency, Ke/s.

Fig, 10. Capacitance vs Temperature Curve for Tantalum end Alumnum

Capacitors (1 Ke)

.lazena in 1in. 10& 1 - decrease of capacitance, from the rated value;

2 - teperetire; 3 - tantaluml 4 - aluiznum.

heiaGa &dustcx

The tantalum and niobium, combining favorably the corrosion reals tanee

(particularly in acids) with the strength, plasticity and heat conductio.•,

are being used, to an ever-increasing extent, in the chemical industry.

The tantalum-asde parti have a proevical2y unlinitod life tim in m=y

chem4eally sereautls mMia.

In coitradiatinction to numerou metals applied In such cases,

which lose rapidly their heat conductivity as a result of a corroel&s fil
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The tanmtalum is wed et widelry for the production of beaters and ocondensers.

(?iK. 13). The pipelines are node of tantalum Iss often and oulr in cases

when It is extremely neoessaryo

T-. tantalum is e=plo~ed for the production of equipment subject to the action

of hydrochloric, sulfuric, nitric, phosphoric and acetic acids, as well as

of chlorine, bromine, hydrogen peroxide, petroleum derivatives, etc. The Table 14

presents examples of industrial operations in which the tantalum io used

as8 structural material (Bibl. 11n- 115).

i

Fig. 13. Tantalmum-mide ollector Leater for an intensive evaporation

of ag-esive liquids& the bottom ptura shows the welding of tantalum

pipes with the Oolleaoe13,

Table 14

%1OUiICAWR0:IcDII oa Go"nstatign RZ Oni~e on'n -0U

f Industrials avtWM1$4rto

Sydroeklorle ael etes end eandensers Distillation of Chemiclly pure

in separeAion of fractions. hydrogen chloride.

L.



Industrial Prduat Zqu•uimst Opersto

anlum chloride Uat exchangers Drivstica of pxtr NN

in reaction of chlorine with

a•w•iusi Concentration of mftber

liquors in arystallizrs,

Iron chloride esatera :-atin6 of solutions.

1-istb'i chloride Conldensers and pipes Pouring of methanol anud kdro-

chloric acids into reactors;

elizination of said

from the desiccation equir-'nt,

S tbyl chloride Heaters Ch•lorination of alcohols Otbar

or othyw•eme
t4

aochlorobenzene Adsorbers Condensation of vapors

issuing from the rewator

for atacwinaticam

;lipbatic tqdrocarbons Condensers and hbotrs Catalytis reactions W

of chlorination in liqui ;besi-

;ino old* Beaters and awsia"brs Tree tat of orsmic proucts i

by •ydrochlorie feid. -7"poret-i :

by •, r•blorise e frm treat,-

mus" conensation at said yapc
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lnduastril Produt XqUItaina Operatiom

Bromins b'ater and ocade.nae Derivation of broodais

in separation of fractions from the crude mixture of bromin

and chlorine,

Petroleim derivatives Condensers and heat ieating of etbylene bromidel

e*xhangs.a derivation of mnoochlorobenzens,

Sulfuric aod HesatoH• iating of etching solutions. i

k' Iby1 20bol Beaters and condensers Dehlyration of alcohol

Iby sulfuric acid*

Nitric sold P:ar--ts of sentttin-up t

pumpej €onzersez• beat

A=Mz iUM nlýrate h1eat exchangers eatn-up of nitric aci

prior to the reaction

of neutralization by ammnis

Organoi nitro-derivatives 3eactors, lined up Evaporation of large volvms

with tantalum sheets. of the mixture consisting

of solutions of orpnic- products

contai~ning 309 at 3003

and up to 5% of Rl.
,, -6,5n i , _ n i _ 1, i

I



Industrial Proust 4IqPMai operation

Phophri ald!bt szhmansw 3eating at pbophre ssiA

(with a Iow cautnt oflfuar!Aos)

in oz~er to elblukate s~av~x'~u

operat pt14iaes4atn fsou~m

Dry..d ltlilatiom

products of wood palp Ilsaters aul cordersa., OPsGrat-'ma involying mixturesa

of elcokho1. with inorpmlo ac~id

Pbarmaosutloal proucts ssSam

?4drogma peroxid8e Heaing~1 oelmia'I. Dis'villattim of bov1rogen perz'ozls

of d istillan

Acetic seld :atews Distillatioun of the tachuaisl

Delrtmat pruin aelwouc

Aromti ~'oduta ~ ad ecuefrom tbm io ustrp s ad cdtt

for oosetle uss, so". at bigb~olliftar goe **sU~

APUIL from the mtuillc tat&jAn obch4rcnu-niokel st.e with si addition

of .~oU we. I'ý nth kmel juu



j The'prospeots of using utalllc aiobiuiu In the ohexlcel tndustry7 j_1 highly

Vr5iX1M the Wtal1AG n1obium 16 w~oved vith senti-oo7roelom properties

£ spproximmtlas those of thAtaluml however. Its 91'161.fl V Ight ia Almost 509

~ f lower than that of tan~talum* which mARUa that its stricttml strengtha

to Waetlaall~y twi.O as. bi&, Ap~art frcsa tlt, alloys of tantals'% andi niobius

4 ith various tantalumn-to-AlotAum ratios,, prserrnýs valuable properties

of bath these metals, are iiuportant for using in theo chemical i7Austrye

3owever, the application of. -these two metals in V~ie chow±cali xdustvyJis restriated in several respects, resultant from the lower corrosion

resistanan' of mstals to the watioai of higily zccnr~eslui

azd phosphoric acdsm at a biiih texperstze, ad wb2.1 -.a to ihe action

of tht oxalle acid dissolvinG rapidly Vic rmstalso The 110aztalum oa be used1

j relatively Safely in 'Vie work iuvDLying n co~nzat~rited Fct uric acid

at tez:,'eratu~rez not exaceediLS 2.75ý. r- wcll .ýs Ini the vork A.rth a concentrated

Iphiosphoria maid at temperatures up *.o 14jo, The tantelun is not applied
la alkaline solutions, althouggb ?t in eatvl aitt c ~L mton

of diluteA selutions of alakclie, providinS taat their aatlou Is not foouseti

In o=e plate (Bibi. 36)g refer to ti. Tiobl.t So

The tantalum is highly sensitive to the motion of fluorine and its compounds

in alwast any ram at the Wnoor temperature, In the shrntcel, ef~uipwnt,

wher. the pa'.&Am.i chloriae Is mot exalmdaS,) tcn~alvm 1-5 -mod at texperatvwes

not ewoteding 15&,~ It la also nocaeaw'y to avold +hc to'icm at a ifree SO

y.d &rtioularly, at brdrop n ca U %enotalve (Ribl, UW),

-- -- -- --



The use a' ails an ba gase as beatin nedia Is not recamawded.

in tantalum heaters. The .ffrICnq7 deareases sig.tfieant27 AhM OeW
beating media apart from the vapor, are bei' use6 (Bible 36),

Th addition to instweis described above, there ane also inan ot-her ca"Se

I f of the &Oplisetiun of tantalum and niobium as crrosicn-.resistant material

Ths tantalum Ls used, for instaucee in chemical laboratorles for the pr3utti

of dishes, spatulas, iixers, rods,, filters, funnels, ete (110).

The diaphregn for regulating and batching vulves are also -.ads of tents, luj The wster-pu y stations, Oe goo ue. Such valves to ontol the fim

? °~~f chlorin'Ae (Bilb. 36 an ez• l), i

The Uantalum in used as a platinum substitute for the production

of standards for higb-precisin =mall analytic weights (Bible 110).

The tantalum and n-lobium (partioulrly, the letter) can bo used

as a structural material for the workv ith the olten sodium, or the soliu',

-potas•tu•a mixture, w1,aeh aro used as coolants in some types of Auslear

reactos (StBL 116 amd 1T).

T.:Ie corroaion resistance of niablum In molten metals* *=blood

w thea absenee of interaction with ursiad up to W and a low eweftielent

Of the tharl1neutron ampturs, proffers the possIbil•ty at usin aobim

as a structural material to produce co€•r for bba-.produciog elaowta

e9
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The tantalum is used for the productin of dental and surgical instruments

and, particularly extenaivel:7 in the restoration sulrpw.. The tantalum

is applied in the suturation and also for strengthening the walls of the abdominal

oavity tAich pro still weak after an operation (Bibl. 119). The cranial injuries

ar corrected by neans of tantalum plates; the damaged sall bones ca be

replaced by the tantalum wire and narrow strips, A thin wire Is spliced

so as so render the seam strong and flexible. The tantalum thread and mashwire I

Is used to replace the muAscular tissue, as well as the basis for the gowth

S ~~rf a new tissue; a thin tantalum wire is applied for the neurosutures. This lL
application of tantalum in the surgery is possible because this catal

"causes absolutely no irritation of a live issue and remains inactive

even after a prolonged action of the liquid medim of a human organim

F on tantalum (Bib.. 110). A similar application of niobium is also known (Libl. 30).

SThe manufacture of drawing dies# used in the production of synthetic-silk

• •yarn, •oontitutes an important area for the application of tantalum (Bibl. 120),

L,•The capability of tantalum for increasing its hardness during a beating

in the atmosphere of various gases is particularly useful in this respect

Sfor attaining the w resistance&

L . . . .. . .
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Jewelry'. £•lioatio of ?•mntabi

as • =3ibstitut. fax Preious Jhtal.e

The tantalum is used in the jewelry as a platinum substitute. The property

of tantalum to acquire a coating of the i-'ilescei t oxide film facilitates

this pur;ose. The tantalum can be applied also in the manufacture ofa,tt pioeces,

bracelets, etc;

The tantalum is used also as an iridium substitute in the production

of tips for fountain pens.

.Ar:1ication of Tantalu-. ranti Niobitm • ,UqOD mf

"We have already discussed the application of tantalum. and niobium c•mpounds

(see pp 31 and 37). Laong other compounds. potassium fluotantalate is used

as a catalyst in the production of synthetic rubber, and niobium pontxaids -

- in the infrared photorrapby (Bibl. 121).

The tantal,_m- and niobium oxides are esployed cn catalysts in saw ebheieal

processes (Bibl. 122 and 123), particularly in the derivation of butedla

from etb.l alcobol.(Bibl. 124). They are used also in the maf•etuwe

of special optical glasses with a high refraction coefficient (Dibl. 30).

The mixture of tantalum pentoxide with a smll amout of lon triaide

is recommended for application in order to speed up the blood cosglatio..

The niobium- and tantalum bpdridaes have found rto~ntly an Importat

application area in soldering of entacls n silioon semiconduetors (ibl. l2).

, i
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~ Z~,nies~f antaluM and Mablii

.The tntalum and niobium are rare, pril@W' ustals. The prices for metallic

tantalum and nioblum in the USA9 the main producer of these metals ag

capitalist countries, constltuted,durlng 153 - l59,130 - 140 dollars p.r 1 kg.

The dynamics of prices for niobium and tantalum in the USA (Bibl. 12M),

expressed In dollars per 1 k&. Is shown belovw

Ye Niobium Tantalum

1940o.............................. 500. -560 143 - 160

1948 - l1 ....................... 250 . 280 143 - 160

1953 .............................. 130

-45 93 - 137

The high prices for these metals are determined primarily by the coast

of the raw material, and also by the comilexity of technological processes

involved &1 the production of these metals,

The prices for tantalum cncentrates rsin mr or less stable

during several years; 1 ton of the tantalite concentrate was quoted in 1•39

at 2000 - 3300 dollars, and In 195 - at 2400 - 2750 dol'ars

*The lover figure refers to the metal in sheot*. and the higher we -

- to the metal in bars; the price for niobi~m in 153 (130 dollars per 1 kg)

is related apparently to the metal in sheets.

L .. . . . . ... . . ... . . . .



)Ci 656/ I

The prices for niobium oontenrtes IneosAs abruptly durins 1940 -'15

in oJujietion with the expansion of the poduotion at heat-ressaitnt e11#we

and stainless Cr-Si steel with niobiu far the rokst Asslhes, Jet ahreraft

gs turbines, nuclear reactors and the cnstrusttia of ehedea3l mosohinms

The prices for the oolwbite concentrate, containing.50 - 7C% of ~b0*a( 5

in the MA (Bibl. 127) are quoted below in dollars per 1 tUn

' •.~~~940 2ooo..... Lo!

1948..°............ 700 W

19506000009657

19-55.........

In 1955, the output of niobium concentrates expnded In =my countries

and beamo on the whole, i1 time bigbh o than 1# 1541 at the sa t1.io

bhe procuremet for strattes resources of the UUA as 4isecatSmamed

As a result, startlg with the seamd bhat of 19550 the Ooliblte soeanstrate

bea,€ marketable vithout restrictions. am its wLess droPPl rpiP),,

as it is evident trcm the folloving fiwso (dollars per I tan)s

*OT•ti S3m telud4 e 10 extra sbar, paid 1W She MA Saft'.md

in adition to the basis pries CeAd a 1•4 - begiuian at 1955).

U4
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t3UD f 1955 *.oSeeeeeee,.e~ o5~~

Septbel? 1955........... 3250-2S0" 2900

November 1Z5 ***,*.**,*. 2860..500 2730

oomay x1956 2340-............ 1950.2255

j Nevertbaless* the prices for columit continue to remai hi&,.

fL caspitalist countries, tb*-.P*oAuction of notallic tantalum. nibbiun

W and tbefi alloys is centralized Eaih14L in han.! j of mmopollsts of the M&A

and England (to a lessoregreeps. of Vest.t ,irmaqy)j at the same time, the pro.Suctiot

of Unse xvWtgu rove mpidly (71. 14).

Fig. 1b.. Orvv4 Isa Pro8d'qtcau at Tsetelim and Tautselmi-Comttabd mg Prodvots

_____________ - dring 1%7 1Z55.

I___________At "ecutim.e S (1"~9 amnome for IOCIS)l 2 -year
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The produstion of 60 - 70% tantalite-colvaimbte sumoetra tea In tct.Ip

countries is sam Iin the Table 1.5 (BIbl. We. M2 tbro% 1M).

Tabu 35

Pro~¶uatmig gC Tantalit...Colia~its Cmieentgates I& Fo'.n 0oiuaJm u...t

I(tantalste) and tantalilt) (coluit.) (tantaslat.) acooblIwit)

1922 5.08 0.27go53

:1925 19.7 , 06
91onM 11929 24i.39 10.03'-- 34.A42

1932 10.2 0.18 10.38

1938 27.0 18.0 2" .5 61.0 -3,,.,5

190 no das" no date 29745 ~ . 560.5
1940 ~ 26-0-2~

f1945 - 71 3 571J

1946 0.4 2 1551 *1600 1713,4

1za 7 05 861219.oo 8.1 2093.6

1938.1 7.1 19"0.3 2"j. 52.8 3M9.7

1Z5 no do ta so data so data 2C60 240 62M0.0

Mns All the ftiares wvib be" nwk beem maiced In a speei" S1e

4earipte the total produstica at lantalits. wM oo1vaite emismtrelss

I*?be total piraductio at tia,-tautait*-*o1I~bt* m=owntiates.
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Apart frm the beasi SCMeeeS (exaluaing the WA), eWM lM te

at tastalite an solumbIts eamoentzates an produced In South fbafesia,

Soheesso m AM"*ag,•use, South African thica_ Yrewh Equatorial Afrie

3'Mamseare )bzrhlb1ive Bolivia =A keall

fhe WA whoe own output ao tentalits mn ooluMsite osonmtztse

is neglilbloe is the principal impzoter of these produst.

TM date relative to the 1zrW.,'t of oolumbitt onoentratO Is the USA

A.during 1%41 - 35 ares produced below (Bible 12 ad 134)s

Years Tm Years Tm Years ?m

19%0 ....... - 45 ..... 190) 1950 ..... 77

19 .609 ..... 1063 1951 ... -

1942 .,.... 767 1947 .... 1259 1952 ...... 90

1%4 ...... o5 1949 .... 0 695 1955 ....5 . 4Z58
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ataIa ~'e~3, ~~aIMU1 I MMUV PVAut1ft, blue mt SwUN&6-
lii * to U nmwibl. Aw"oS at oqwp*3ut. In th bio m SUSM AM USvioot" f

~ u~ S'&',aO 4m hr OVOLf s ~zimw qfmmtf t wo& v~m.itiat Sub

pcoovoag ~w o~mr~wwith r1trI" toM wiftthe* oftema~u* ot a"24M Mmato

ofI



P40 is in )lig i, Ia of scabiml concestk'ate.a ofi Nlers 'sample s e*

Aftstlax an, watsal man in qnsent3v lot Lai mleptI a Vow I't "mom to

pogoat; I %'prmf ca the flotat Ims of cobmbito wM ppcb3. .wried oi*

at tb6 MW MM Zn bM $haave bmia. kt tbeq do VS2j SW~1t to f2otat1l With

**iv @23.& aid wIth the wtSlm osip& 2~f-21 Oolublt* muirem a rpulvalaaSm ssum

see Wea ubirohe Moab -2 ~- 3 muh UWAL soalun Del&%s us 1" a the xvo

U o ecU* -ntmL awrb the Mmf flo*atio of w habit. It eel). fm a vo~ aeM an

wwtl * for WzvoA3m* - A a wik t~

to nitm.~5~to or ao.uatv. sefttlos etietatem

PI~Ywa to 1wum fe -: Zcb.Oý %4,0 owtet ftm 3D ta w& m mi* the we"

smU* &wlag fZ.tstlem sie a&lm *3aato,, "erboqlla aelt #al =wtatkt, rib. oe1

pbmpk~hwm In th o. ram ac "tit I So wv.'a IV foautmam with U4quiA eoq o&*Iv

AW ).9 -dw'a oe.aUtuta of *=atauit* amOII0

b~~~t~o ustni mywd~ mg
smavpimltia oftalia M ~ owntats

09uss g.*Oin~mV4&U.4 Se*..e 'A .... eassafa

®rs
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Cb.-ptow Ml.Th. ?.11iwllrg off TcantQn Ond Ngbl~ok.

Buie~ Nechnol.ogica1 ~A=Nruiets for t,.- Pj11oceasns ot On Cbmentratee

G.7.S~Aonow and Y.IMonzatntinuv

~.r :)5-22 :room Ioo:: eait~tat T ¶I72M1 17.IM1Y *(TVntcali an," " iobiau) publiabed ty
::tanwgizdat Vbscoo 1959.

The dI~.covei-y of tan-r.1%u and niobiwr. r4ne_*an cer be rea~ized by fvsirn

with r.=alies or carbomatesp .treat-_r with aulturlb or h'drofluario acids,, I daunr-

M, tions

Th.e ron; co~rzicated of "11Al 16 the revealmrent or cclirx1bitesa zd tental1itea;.

~b~~1...Sloparite ar cera'tin other ninecAs axre =u* erai.e; in ;wooezsain. TO

dkeover co=1~:11tC a t~~t~.ites 4ItdD"y eiz~poys i-out freuent2.- b - the

51"81.t~ina of or" 4t odiw.arA Pci t.iss~im by~roilea, soda or potcL.A with potassiumz

o' zolium jisulfat;es ox by ;4!oce~airg the cý.ncentri.ten with bydrof1uoric acid,.

U 1, Pusi.g vith alka1issa

PlainG vith I110H. TMe princiý)1e of the metbod c~nsistz in uvfo IM~ tantai ....1endm nicbiu: c~oi;,,nds during the fwi ion with IhOR into sodium t..ztalate WA! niobate

form. S~multansously there.- L h~c fonntion of twrvstatee CtanntS. Diu1oaie WA

alir-.incite of nod l.un which are rew~oved Iy ].eachirV; vith water, as vanl as ferric and

=LngahU byftvoides owlich togethe vi th the waiter-5.n~61ub1 I isodiuu tant&M zt.,3n~o1ate ana titmte remain in the residuso .'Aer the residus Is trat4. vith yic"

ic acLd. tba iron cza rangane. t'ansfoxa Into so iutiez anO. in th residue rwmi the

hydro.,ddee of tat1~me rdobim amd titcaima (figol?).

T~ealmolo*ic.*fl this Drinalpal scheme Is rea1Ize4 in the folI~loitnasm

tbra concenitra~te Isa &~eted. in Iran avuaiblea or in fire resistazft steel Cucaibles, A

The veiý:ht ratio o.-& the conccntzxate ard alklih duing~ the fuadon Is usutally a

asz equa~lng 1 s . 9



)DL656Sta4 . i.~r-Sii pWn 2

-*t ts o ' ~ at t~nss 13 UWsed.t20 cc a MinThw. of MMO3 and) 11R0

(M() FL9J Sodimn wbomte Is a~ded to reduce the vl.3004ty of the Melt. Te 8M 2tIiG

68ea48 St a te~rat=% Of 1530S* The sod ium Owboate/alkr-3.i mixture In melte& Pa aI .te.tWer sm of Aft0 *4*er Its sma1timS the tem;iz 4,e in raise.& to 8W500.OW 0 andc the

concentrate Pilverlzed to Optimim sife (w3t too thin)oso as hot to accuse waste due

Sto dust eWr~inz-tion. is i~troduced in =al batebas du~zinG the tdS:xIg of the smelt*

AfOter a 20-36. =inc-tes Mmoue at =ximumr termpe-ratue the szelt i.- either -2our'ed into

w~ater ar4 GL.,rnuz~tedp ox' la poured in a~ twhin la~yer on 1--on sheets ox' ;C~na.The l;lTex'il4d

f~iuOz POeS then into the 1eachS.n- oper'ation*

Mcd.17s `-,hc~tic C~rý.ir of -;:oceza of olhtL-ýnirZ iltu.iz -nd nicblum~
meddes fxc ri ;1#O..-um (coolir~ite). 'by zzetir.Z the ccneeatrate 3odŽ ~in

71* xecetions t,-ŽiAm -1rzcm d~inG the z-*:i;IZC (fusing) vex* imjestig~ted b7 32itain

and Ia_:4t.'!:i7 1lj. o til thiis zepox'tja =aie public it wa v um&13.M ta

durir. the fu~ion in. fox~ed a metc-niobc-te en1 me-t-.z;ctmakte 0,O3 and IbIVI)e

however alre~y d=1i nZ the cawezir,,- of t--:t..1o-niobi=~ concentrates it was ZOw.Q

1t9; t.-t Ito 5 -eaotiz,, with the !IQOf soluation fox"& a ý-at of the eoorpoition

1~T h.4b~~nIVO ( a so~-called 7 2 6 Salt; 7W2~0 has *pr)

Sitsin. and laitakdy invsst!&ued the pr'oducts obt.-Armbli dfting the fti re

of r mO 5,g $&gbjj3 7v1 22tO and Mj .35Vo with sodita brZx~xAe in radec U]m

A-tio of 17,b20 5 s IMIOR a 1 1 33 ( w1i-ht r.-T!o 1:5*2) within e period of one boiwr at

teerZ~--'c=s of 3500 450 ere 6500¶ vhex'eby it var, found that in all irzctzoes isfj*



an sthydrois zaobrate of the cwositlap nb5 Th 5 (sa13S I 1)v bvisin a savsoif weight

of J4.4D5 azd melting point. of 9W0 & 'Jhen ec~osed to vatinw the &&It bydolysm with

tbe f~mtior. of salt 7,6 amd sod ii Wlxvxdeo On the basis of Uses data It vas

assumed condit-ion4ly thato tanta-ma fused vith IhOR fbt-m e.: san~oaous &.-It and that

the reaction& ta,!drC place duivig the tizin, (=e~t1~) el t,,talite-oo11z!bits oonoeu-

trl-tes withi sodi= bhdo~dde or a ni--te of 4.11%c0 are s olWIDW

(ze ONO ,!Th 1j2 .~2IMTROH: 2 h 5 (mjh1.b~)O 5  PS- C +) 45j

GCq-oQLd. of du~tn 11lcono tin a=L a.1wAiv forz !i=ing f'usion a lublo so-

(for~r t:JtlnC Ih8TaSl * P-20 aaOo.S! C= out4Z~H

'.o reduce the alubility of tan...in tx -iob!%za &alto r. surdlu o: sodIUa ior,.

(~'~lis).is i.aed in the solution d--rin- the l.eaching so thAA. the solubility# far

e~'le, a 746 salto accordirZ, to =C.i eS pita&in d.ereses (at W0) el~ready

t -. at a c,"ncent--t-iot of U ý=in solution with 206 to .1.1 &13. 1Le. b7 more than 20 tircs i

In thLz, connzectlan the rsidue obt..imd dti.-,,- the leachimi Is tlui.ad severel times

wi~th a Le--d 1.V-- a=2tU dilut~e aolut.!ou of MWO a~fter. w:'.eh the scj*U Sa to

the -cid treatimz'operation

7W~ this onezation Is wsed a 20-4 hWrachlarlo &old ar.4 the treatmnt Is oarcled

out 1,7 heating- tha oolution to 90-1.03* with live at*=n and stix.-1ng* The Ts Zbrai

in hisOweao onttt ing the 4eowpositioa of the residue vith acid at Umtalux end nioblum salia

trmfýiA- into their bMr~i&^s.

r4L (L "b)5 , n r E) -0(TLIM20j 4. ?hlkl
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Ozdsof mzanwwa aMA 1Ua convert, Woo solution In the fooa of ch2aldes.

Me content of T1D2 In the hyd-mi.e miztme dqeveU voon Ito content In the basis

:oocen~ate became d:z the fson vithF N6 16eachingof th el ~l1roch~wor~

mmalv 96-'c% 01 Toe 4 lr* 5 . 0.1- 00%3r to 005% 310 cz Vt W 'D

~~~~~- ban -k . ~ wt 1tie of oceme In technolo~ical act tt~. using

f~ using with IM w the I- ri~ties g the proceza In edmoted smevbzt differet bec=mse

'Dotr-faoli t=UI*Uin ar4 nlobate z;7e wall soluble salts*

Pus~ 'ionwth MhE 'A.z zed 211ft ct -700 - 8000¶ --. wi~th nota~sh -c~t ~c,0 l 104

;bn anallyuit the i'e.ywrt5 o eco-nem4.: ion w:as ma.2e to uas I weighed part of oonoezutr

to W' 2*,Z vekghers pzxa of :,ot--sh rn the fu---ot it,:e.2f to 'ts Ccý.Zied ott in a ri~t

ly relmizg atmopboere to px~event the o*.Ir-;on of the iron az'd =.nge-nese Into hither

o4dd*9 conmz'aioz o,'o tbItanium ;!:s into :,ot-*zsi= titz:.z-te~v'ichL iz aoluble In the

yrezemee of large cz:o= of ?otc,"im m-fobc-te crmd co--#-n;.1zon of St S IntWýo solluble

ýTo ar-eat* a reduzinrZ atmx,op;ere T.I.he Iron uuci'c-le 13 pla~ced Into a msh -ýdes-

om,ýhlte ca-ucible zza the s,;pce between 3=- I fille %V2* with e~i.%Tcoal -~ovdar, Me

ocsaiDC t~ (aibove =eitimC ;oint) chould la.z~k about 1 hour,

DLi~ir t*:'. 4e-chiz: :ifter f "- ion Into mlution tfoithe Golul',10 t:.mtal-C

,-. n~obium s~alts a;; we" I as 1:2S'0 3 0 rjX;*4 Z2W arA so on. f-OC~ the solution .j

* ~~~~~e;)xat.4 out b.- ;te ae2ition of sodium celorid. ~-o4noi oin ~ un

zmiolk-te or there Is L-roli-te do-r.oiouIv of by~roxide by th* addftiou. of a s=Vlul

.o0 nitro¶se aulftwxis or c~m2*1-io acid. Six-Pc~id&c. tL-eatm is a~pjjabls

* .coor¶inG to data tw TANmat4tiwoV t1he fusion of 1 **&e prt of oomnertrate (t~itai~lt* -
coo1bite) viih 3 weigbeh paxteat pott.&,iuz byL4=1~de slould be conolued at a t=

* ;eax-tun. of 750 .- OW0

*e co~di~to & by ArflstLnftj!XT the baltiDg 01A pZOCeSS is best carrired out with
sa~t-twad sol1ution o: eoc~i= hy..roxide c~t rom UL;e ure*



* onl3y to hiza7 _re concem-';zteS CD?1t.UnInG a Lzlall =o,=t ofndTS~

De,5cribeC. Is also a meba of :tretng a solutl ioU f1'e~ using the ow~ceat~te with ZDH

* ard Snýzdiat. leachirg with h~r2o-f1uic acid tzlwn In amr,Im tbxm. ThU y'SM a4

vi-x-.*o f~r-t-lt a.!~ flao-7-ibt wa b74M ý.u~L IJ~. ir.thnJmifed obw W

by ee4 ~e.ted recr-tlitio45 vhich con~idebly In~eaSS3 the A-rtuAlu4 and DS.-

bitm 20oiese

In the ccwiA of dc-eosition of' dsiazi t-ýalt ar niobLte fuzthex prooeasfrg of

&= i.z 4-Malized by- deeon;ocig 4t: r~oc'Z1oic w~ bulfvxic acids$ az waa cited above

fo thhe czse oZ ~i f ri:z '- comentfte wit~i r416~ If fusion with VUot~h Is oa-ied out

in a hiih.%- intersv .4Z ~~ toGe t~hae With. the aoIUble Utalto endA

t,:.,'4Falae toa.4 riotcte i-a is rece& -=; to subj.zt nv-ý* -w a~ditioml z1±teriz with t1 e

-ýOtr-zh* Z- L, V4 -Lt=izn the fusion the at-hpeze jU.OtI, Iu On3I' wwd3'w rem

O~ ~er~~ CO.~fl~to a., jyZ Ir C.3 :e~aCt 0-1 f~Md2n tZ.ZUI_ .

i\ tc-coAuiite conceiatwatesecont..ii-nfr a -Ten-to =O~ ofiipi m silicon ad1Xw;'%Tz,-*

witph kh~.!io~dde# * 1achirg o.1 the fuzion. ac-ltinm out thc abodiIE ktzdat.CI

zmj r t!*ba wi-,;h a sodiin by~xozicd solirtion azcZ the a,&e'~ the ar4ia. vith

h~--ai tod L- olvtýined an irp~ity frev =1i-uv of -- iobtum ar4 tnt.lA~u Pent-

o~zdes# co.nt~airvzV 21-te c~Alez-tion at $Coeno 1le~s thr-a%, of T*2O54.U!" Wit&

3 the *xtL.=tion frm the concenrm~ts, Vithout Conaidexatwion 017 waste WOWe&ain, at-

71.39. 24 basI. mma of atAi Ae niobiu v-4.st is in tht residue together wItb

* iron, npe. ME oa:P'=tU.-3A t~it..ni dt.xir4 -;he 2*CIdtx 0:he f~a1eno Ifter,

treati~mg with tr-4'oc~lwic or suxlfuric acids these v-matt ca.n be restored to. indu"z,

03@__ _ __ _ _ 1oblQ ossai.twjoes-4o o~tae ihaluk 0 m

t~t ot-~at : olble&LIfte. lie-1rZo h eiusdiuino h om
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tU* wl MU UIO&S of~W Wate fbzS xUa' ~WmUui of alL$e- 8u If ates so;~-I

I'm Of tas M2UMS frm U eig Z O;f~ ailnt the solutio of aaa~ it::
?liA=)* wb,1le tbip reeknipg IIIW i~tl" eg in the joluti 1oý W0UJ A 6etr n~be

of teabxroloGieaa vainL~ of thi. rathed Is !=1 owdevy tot even or* of the&e ha.s

"'In PT~Q@@SSfl- UdI-~h sulftwic aicla vac; *A'ted &a. the ZZ prant et Blttefe3Ar CZ~t Gemr)II h org cont~inirg 0*2 - O*_5% of 1Tb205 in the f of ' v~pte

in4.7ned in ec-Jlteg vts -_zmec-sed rith niic acuid '.ulth tme deri'valoln of eý..Icii=I ~nitrate, ard the ree4Av cornt,.inL-- - intl of IIb0 5 was su.bJected to enrich- '

ment tc~en ~ zair~.m.ntic aep-.ation .ri;: se;vit.Aot2g ntiox on v~b-bencbes

~dwi8avtiom of b lS-.17-4 ( ty 17b205 ) comcztrate*

2he concen~tr- vatr eated fo-- 4 ho~m at, 18Oý vith a 154 sulfuic~ acia

(cowm-or~~o CC r-aid 4.O k-, --er I k o-f& l~bSO) to ýxo the niobium 2ertmV.& lnto

aolutioa v'"Ach V_-s dil~tL4tc W4th .'c..Or to re4.=e the 3o,=4i~ to 5a o

filcr . kh" fi1t.t v`.. d~ute! with wi'te t) -" 20.4 conceir'tm.io` of 4~

neu'x.ie vih-SAt -e.ve in t~he sol.ution Z frnemcr szuic aoid. :o~a~ n

form of 'hvzý.id vas trmf-e into ;.'esit @whichi w- filter, d crt vnz~d, .-fte,

c~ci,&ttoi +%Ie %,oduct cott.-ined o6% of beS, Z% 70:203 vm 0a'Z "1 1 yield of

niobim (fr= concentrate) co~nstituted 95% Th e:.'bLe pro'C..avs VM ,-Wed' out in

zn. V;=A oor-44% vit"I rcicd, reistit Tk~n~.¶o rcdvation the .ozm.ti~ou of Picld

anotha pLn~t a";te4 .he etrozt of '=2ite oonmntwate with 98.4 su~lfuix-i acid

with t-..nafb~.tiou of niobima in-to w- ltion (4oluti~lzation of aiobi'ia) im* the To=

of a eocp1 m.ito b7 the action of a 4ilut.4 mmlic acid solution. DTh1a tbe r*ut,-.

74 instiou of the solutioa w.ith ,v aqt%*ou C;-OnSA solutioa the niobium hye-,Id* ?_poaj-,4W A
on t!W 1tat,&0 -_d the sxc.inOX1--e -- fore~ 34 r c hi~ out the xVoeA1t of r.U

* ttfic acid trtl'trant. q



-g,
Svl-Nriacid amd =8-mim slfate trz.tmmztF12.Vh -trvrtrU h

;rocesi:ýS v th ulfic a*U end e=n~ims~ulfatev h colur-bitpe ooncen~trt contals-

flarf exan. Is MT205 &35d l?1,b Ue20.5 an! an Iron amd =D~z a~idxtxe Is sup-

jected to ozMiinti c-..im-ntion ft- a ;t*led of 2 - 3 holus =ntil~ita bla~ak *olw twL=z

;;&ze . 50 kg of c .-leized conceztM 1e . heated forB tguW' at 200.400O vith 24 4

C_ rc..nc~t..ted cvt1Oý_ia tcid ený 25 !Z..Of ziti sulft-tel lin 41C fji. at.-i of the

ca-c-,Wtion pivocus to th-~er~tior mzx C-r rIadW 500 ku of vetw so thzt Lbe m~sI ~c~ :~e Wa ýe *icrt o: -;h.~e in U; leacbed out vz.-.h 0. 4,C q, of wetes

-44

(12 2-ac id =2 7; 2- MH !, pC1 -'afe ~htr of the aalation b

-o~1 it U: ) th it !oni o.- ýYoc'.loA~ic x Id -to 2,2. -etL zaiultp in t*ýe tozi-ction I
-4,!to-he-oi'v 1ý inzo~c- a 1V~~&: _,,ezt- j~lution of =-a (2$ !Z ie -A

* ition in vtrCct. 0)

IIn ths -uaid-Ue ;H 4. rert ina cŽief17 T'zi5 . The filt-mte is heated tV to

,,he -aiat of dec~rpesltiom of mmzax trr'o aune tv a~ded I-C kS of M7.401 for~ the de.-osi

ion of niob'A~r. v*ta3xide&. nto the r*3idum f'r=, the Ooneentxcte paiss@er ,th 7

Iof 'ýe .nobiio pentaxi~, a=L ita oont',nt of VL~5 an 762C cit* ýut*S.. 93 17 an

I(1.3%) ZeM;CtiVeiy. .tt.MMW re~t~t~oa Of gs~h ta ,.At the SXtaCi4Son of nic-

bu.fr= the --aoentmot ma .'.aoh vQ to

2 reatzt withI sulfirle &old and WmedW1ir ;'6t. thiv mtbahd th& ne ztra

to via trratew with sulf~xic ac14 ar a mod4u b1.u~lfat. solutiom ~z1aso3eta, W u~

ax~e ro4imd with Rime PVAW with a final hydzeolyvsi during bo!4.

1. Accordl-- to the inT~z.i~, tior. 127 GozacherMýni jnobiu ci- t~zta2.m in fuia vit
UN v--t~ conteut fum the 101ow'in; ~Meb ib i.txbiz:-zy Gulfatem with fi~'u

T(~s~ 'b_00 0Oisfatf- n



QAer the effmt of aims the Irons Usa 2- tit~dim ane r.e~d +.o 1ciWrt TzIMNIS a8

z~m& In Mhe solut1oaq ar& the t~ka1mu a.4 niobius in the toc ofP btodc1Aas cxeis

the ms?8143. 4 UI=& this ;mw is chua~d into vuch a way th..t thr niobima is

26430d int* a 3-axd W fturth TvJAGOand ee~arata.a itself f.,-, the t--ntV. 46gj

Qton r*64=8Aatuo of itto tbe zolution, x~tcr aulfuik &acid trectent olf Use

snommtrate Is a,:ad Pt eduiaing a~antpV'ých :-e!!uoes anl =etals .xce;t tantli and

niobium whichi pme.Splata ion 'o1o in ttx tozz o: hToid. e residue is

riltbCAr off 0 c*ýaSan C4.awol. '_r an acl,4 ax.;lfzte z.:,lw~ionq > n'iobi. 4.: ;.ed ,ea to

c-can =4isiad in olvut~.on irt4 1Tb 5 In i E t h- fo o' a.& h o: Ia I.- =cccrtv_ in-wo

~ir4g with th1lze r-.e. th t-.4 f ineir:.1T;:ze conccntr-te

Is ze b~wf- (in r_'bics L*)* Thbe z7JŽo~z Lz. J~zae vi%-* water .-*ca 1calves

L-onsm,;:_nnexe c=;owid =d a _-Tc~a ;ý of ti. 7i~i.~hr ir.-oiiuble ze4~id* I-

washed, tz .ated with ==aimu ;ýoly~uuide to :,crve the tit iýr t ~ ýx. r"-z

iwn-o rso1uatio In ~ o týIo 'IM.eVOZý111' thi-n Subjected '.o -.h Cfect of y:oica

acicd to ztoethe Uon .zulfi2 a-. n a hex n-ale. "he rcr_-n 2 :ý Zoe:f:t

whi-- tecloloa be to era o the a Idest an! was rco~ay~ed~ h

~*-o~~hx L~.~Z.It wn;!t 17 '-a- 4'r 2_-vcezs±AS a-A eorentxAts -witt

tlio* of the flm~tal*ts 1.y the aC.!,t1Jon of 171 w4-%th rub,*.!LWnt ~-5- rexs-

l isaiton of a~.Ya the ceono ý&.ts ut trected with lv~fluic a~cid -,o~e~e vjtý

tt..ma.1jm azda ftiO14AS into the ao lutiom pa.ss over iron, cur&_m*&* nz.. othar r~kzi'-t1

ýAc X lzz 'Uhi r-ecxntJ111tion 01' rz7 er_. i~ n the aluticý vl-.e'e* &!so a

-ttOf t>.ni nio'AUM rz-As In the fo.,v, of tot



"he -Voeas ýra w cowlptiono O. ;ý:ol l --old Cm is ebar-cteru"

l ow ~to of t-tlm ue *tA -*aph Of a! cd b-;:ve tts s1m1tc-as

w ol~tJ-i~et o,&' =!obiim 'zc.uas of The cowdns.zble curtent of a.d.tmvs S.- the

It v=8s su.-esto! tpo uie ~tc. :~'t~ItCl&ý -z~ cf 2e-::f1uwIc

7hecse rx"~, aze oýzble of 'Aln Tz 2z f-It=A~s into co:;1.x car;,ourdaw

IT

4 50;02- + FZ "~rzC 02o'ý)ýj
7'.ch of~ac! z'i~. ii ted thcxeat c-n 'e :'xcyclce. foý Cýecor:oci-wJon of th.

~ecot~o~of co.claýc :- fw-.,oAaeq of vx~ero~2.-v~fry
2b :17 iL -zted U.- '72e o~ a.1 wt ~

2>one of -;Iz~e~ a ;ro-osz1 vza mrdwo o,ýIw tha elsc-ýrOyiys of .

luent -rw of szt Of with v- -iot.;; metl~odsa

cze Z.zattll~a "Jod on. c o-Iin.:.cr!n 0. cocc-;rt~*Te rtipeo

tcc!o~oitsbr-ad o nc.'Adc4=xtsIn Vic f-ct ~~thtT.-,kZa&- t
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Wtibi 20 listf the abas cteriztica of c..1Iwides of =*ous elmeata r'oct fre-

quently e-vooitarel ýu tuuta -niobi=! C0Z70ntm1ez (daita from xre~at with modi-

fical14ions acowdirg to 3?.ports 77. 82-8.5 170 *
AJ.

rh1inat1.on of oxidea can be r~ealized. -ihu oduoizg airezts in acco&ranice

w~tth r'eaction "U- L, C12 4' 2/Da well as with zediucing aaentx~in the role

a: wý'cic is use! cabong ,.:o,"' o.1 00-.;1Lo enca--bon o-, czx~bon tetrac'u1oride rný oewt,:A

ot~her' ones*

.7-en e.1Ior'im~tinh Ab!nV-l=n i Conccntrates in ýie..ole of xrce-iinG ~e tat

=or-:.114 tzed carbon Ir. v~xiou.- foive Cn.-; of thc techn~1o--ica1 v;.-inte of7 ci2woinr.-

tiný 1p.-nxite or~ccn'-xzta iz the method de~clo.)ed i.n 2ý7 !!b;' 1zov, 1.:ozov~

Chlor~zation of i;ren3:a;eo~ide ý;Ithoirt LThi --.ents I-OcZrim otnly at i
120009~ nlobl=z p~twd at BD00an i.z Co..c!ed~t by7.Af 16,*ti- case of'

niobit= of~ a pvtcImd/: io14 ±tiwea

--C cod 4- r. ;o ~..Lýzov an otev 074 ir. the ;ýC-er.Ce Of' 21eef.Uoini r.-ent (CC~bor

"2-w :'2b,5 Lrez -oes c=A.)1ete c :orinmt14Pon 'u;itain 2 houý?& a,, 400 - !,ZM C~d l~

11.Xvzise viiwlin 2 bowxs mat 430P. The de-re o' c~lwimt~ of 1o.P'"ite concentrate

-ea~'es 100% at 70^0zA, 4.4io=n zoe It -- z est `M.1;bed thz-t the x--.t 9 nd -- orou1,,.

nesof c:Aorimztinn Incr~ease tcoo n increase in 1-01= of cawttln tmveraw-e

a:,Z "L increas'~ng the dzL~ee of etcs-n-wtr%:e ;)u~verization. ,

Thj -n-;ire teec.mo1oZ;1cal px~oaeza o~f -oinatint a lopaurite comaentrate LZ Pre-~

ventcd on ;Ci&( fig.18)0

Puiwex izat ion of' VXz conecc -ýateb 1*arrite conwenlimte of an w~pxite comp0..

~1 tin, 05 9 Ta,20 5. 25-J40 Ti02 ,, 18-20 "Re0 (oxiOaeg' of rax oth O~er-r(

4'4( FtO:3 'A1203e 7-8 W1, 4418 3i02, 8 MS2 +- E0 18 Pullyeizid in z8teel 8~IN-icl1

&inizears trithin c )period of Shours. and are sifted~ tWrovzh a k mesh slevo# wai~t *o:

I ct"zIc m.teL, of dxy j~u.1vez1zed conc~t-x-te (-;1t e wez-ý.t) 2.18 t/m). *
a*' 27-L0p~,c4



::cL-656/stO:: :t6:: of Gh2oaride of~ certain elwrtsnt (Vag* 73)

Ch im-- de Srec.wvi-$ 1 ýe "t ir .BOUIri ~ava of Co3 r eS* ch=Aaobe_1sti

needles,evýatl2e bt~lto boll-
im.G noint.

etsU'~ec~~~b~ewit %rater?

decorv~nale b7 atxoz;Ie_'Ic

Crv to Iriolat mcstals1 do-cWo0.a*.2c with voter,*
Colo-e.a ortalagsolublej . ~~in ~a~1

Pi:~izh flzicam X luble in Wý.4

41
a~d ~ol1 2c in

Water

t 1*.5. T1'a br'iuita ar pre-aod unc*r a presiu'e of, " t/mI ,, tbe.n k1ime to rm=ý-~

ve mistime and colad for 5hoL~u a et 7$O-8009* Vic volume-xioi weig1bt of. tb.fnm

ofcol~md trvIe canztitut~a 0.68 t/u' ani th~ir %v-aent L.ýecifio 'be I~t 1.5 tfim

ID4'
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1hlImticni of I'lue-tom Liz ca=1&d out at -5e700? using ?L-y c~orlm and

tMbz lcWts fm 4-. jows with a ch2oa1i. ooznm=*'4 (n 1& sc~1 abt,27

st~allutSon) 0.1 -0/2 1rZ we L-g ( I1-S) of biqvattwe,

The moessaes, ta::z1 plute d-k=1t the -Uawltat-ion of ere raw m=twal txe ectre2r

ly occM1x and wer'e n~ot thmougo&ý1ýy Areati!&,a .A, to the neohi.niao hs ?~

me~ thrre ~are nmexroua thew* eical ideas ( S21t--n, t1-zov,) In itz S~1t fd th

* ~ gocesa of ch~nrim~tiom cat be Weý;ented in the followinG mmm*~

Thwing the cýo.-iDwtion awe fo;=eL-e. volatile at "550 -7GWcac tIdes of tl,

Taý4- 23,/2C+5 0k 2ua1 54- 2.1/2 0021

T!C2 4- C 4-20k 3. 2i1014 + 2 I

11"0 205 4- 312/2 C4-OC12 - MflC1 4- 12/2 D2-

ev7ý.:ozat1im into a cond~ensation z-:'stem, al a1o nont-volctile c"Alozidee of C.-1ciunt

rz'e earth e2&r-entc etovshic1h do remin In ".be rc~iave in VTh c'_lrwj-m-tiou fuz~k-oev

,2:aCJs2Ol 2 +C a20&03-2+ 0021

ZR203 4- 12/2 C 4'3C12 9 2ZC1 -12W2 002&

Tz.ctiob-m condeflaation of c4J=10~dO5 Thc vjo2.~l_ CX1cridC3 s f.om the

fixnace axe Zguided !into the cotdezz.ýtion un of two'tillxo ;:eceiverz-con-

dens ers [12

In the fil-t- receplo..le with a te:ýVe" rz e of 170-20009 at~tined loy out.zide ho_-all

of &=or are collectel the c7.oxride3 of tniobiumg tntalum and Lrou# tud th, rwoe' volratil j

titaniui c:%2=1de ij collecte- in the sCbcond receptzmls at woom t~rmeature.

Mes separation of Tag IVh and Fe chlm-ldes by furtber dkt-ill~tion Is d ffi.!.

cult beoaune of -the closene~a of~ their boilinZ poiu.os (table 201~. They are. no.-=a Iy

separtod bv the 17Zrolys is method gvhich was tho-rou~;h1y irnveztigated inreot7)

Erdrolysi3* . ýefrients c~rled out on synthet-ic mi~~n'es of 11oca3.Fe01l

showed ihz-' duxing 1-hr !vC"-olyAi3 realiz--ble at i-.o. IOCPvith tr.upplz the

o4dWji~



4 /Sago 1. , 511 pass1

liberati.ng iiydioch1oaria acid vtporz' the niobic acid adearbm %V to 2 - 2.5%h2 3

T-he ao. of -;he repcert recormen a prelimzinary redu tio or fiovalent bon- Go*

2Fv01 3 +31%20 3 A. 3R20 27er-12 4. 3IT82S04 A. 6E1.
v~Ih duea -tawht AVhe aLount of' adabed iron-an =rIn3l' Woites the coa.-W~atlon

o: the niobiumi hydxý,zirae -- j~e zrooccendation Is -also mads for' washing. the hydroxide

_esdiet wit.h a 24-ri.1 vit ih aL a:dition of jzkhCI. In th1z case the content oi' adaurbed

Fe2, ~ 0.2- 04Z.P~.~tc~1 ydol3ziz iz c.Id out ct a -.t5o T M, 12:1,:0

The ;ento-dae obt~anred dt--inC thc 1ez~ o-. c1axides from receptacle IT during
the c-15ntof Wwtxia concentc-te) consistr, o;4. 00*25% Ta.205 44Th1205 , 0,5Z N20)3

ula-h lv-t-a fTO ri- e fej,, fb.., the obta:nt of -ta

4 7~ :ei ns the e.-._:-et b uder:Aor:&I:r conditionz er developed rttbo;!sof I
izof :. -des* This pzoa=ct cortzine! 42/11!we Lb2 o5 , 1.26 ' , 1S21 T1 2 11$

S126 cz Fe203 1.50% Z205 and 23115% of =:L1Sied aLbzitawasea 1b%= addib5ionn- ;Ifa

edible ~~ ~25 syrup rvqe-e nezdfo hamavirdid* coke =Asbjcedt

Je2O.5. The chloi'des were treated iiith hyzcILoric aaSA diluted into a r-atio 131Il

at a TM v 146 arA tez~erature of 9O-9_5bý with raubasjient dilution of Ushe olutio3L to

to and HMI conteut of. S-7%. Kere was attained an additiont.al Pwurifiation of 'titaniim

amountinz to 27-30%o To obtain well settlin~g and filtezring residues, 10 m2/1 of S0

were added to the solution, prior t4o charrinC. the cl-aaride;.- In the case wh

liza



additiow1 titanima purification Vag. required the. CbIWMoie wer treated fiwith atW at

2sM 11 1O209te=erw@= of 90wV I sulfuric acia viaualso uxd In the role of coe~a-

ator., leass In &coma~ acids vith solutions hav not ecweedt.d 0.5%* To ý. qexaet niobiuM

sad ttalntA we was umode V the fl1'.ride netbod al-anzed with con.-Aoat ioz of the actur.:

Ilbu!I 1itIa ancZ the titanium r.e silicon content* In the ca~se v*hen, the nioblim Pentoxide

uaa Inten~ded for~ the derfvt;Aon olo tez.'oniobim it wi'.s nscess&r. to clerense sen fr=,

phospharua. F= this pu, 1ose the 17zir.e obt-* ~b le fr-om the c~loridea w~as ;xroce~ie&

du±rin t~e her.-Ann. with a. Lolution cont,"dnirZ 3% OIL'SO !,C a.-Z = aCl. Sodium ch2lori.de.

w~ats ad& d to the aolution to reduce niobiumi lorgaea. '

As an e=.L,1)e of exizacctita tantalu --n n~obiun in #hc fox- of cUaride* may

sexve the c1 io- o t-Lt:.IAte coaceztrz-tes aC.:. r,14- Cei ad d rin 'he ocezin&

stannic coflce~tt.ctes frco the L*~a with~?ý

1!: the e::.)r~entC17J - z-. vith cýýo~vne amL carbon

tetnmc*"1oride vere subjected tatalite concentzcates cont..-ininz .5Cr% Ta 2 C5 0 145 1-OP0 59
r. ' iC2, 9,Z 7.0, 7,0 i 02 , 5% n02 1, &% M.ý. To c'>1oa.in;.te ~th, c' 1ozrine the concen-

trate was ;u~verized, mixed with clircoetl aiie :clat: ~e z;r~ from~ the Maz's ott..dned

in such a m-ane1 were ma~ up tiquettes wl~ch were dried and colmd at~a tempeo-M' U*

of 50' * ~hen pe;~xi~ the.4-Pe te fox chlorization with c;-rbon tetrach lride the~r

were cza1cined in the ope~n P-ir ato a tet~pera-.ure of SCOO * The clilorin-tion of concentraA.CS

,,,-s done xvider lalbo&..tory ard elxeoxtr scales* 7he bo-ic p.t Of the Qnl"C.ed

77\) laborýýtorzy i'twnace w--a the qi"-ta tube with a dLLc~eter of 110 ra and 13CO in heiGht,

The condenvation £jyztem consist~d of two conlenisers r~ds *of StainUeLn steel ar4 heate4a

with the aid oitn electric' coll.This w~erimnut has s:ýovn tbat-the we~ of carbo~n totr;-ch.

1o- 48. for the. chlorination of taatalite concentrLtes is suritxable because it is in

0 possible in this case to considerallIy reduce the teuiWrattlw of the procqss while the

cost of carbon tetrachloride is several times hi,-her thau the cost of chlorize, To

chorinute cozwouwte3 vit-h ablorib the following conditions e.reeorrendods. tsrn.



p)erazw 80O*3, ch2OXIMS cOnsUr*ptia 15% Of the theoretically Aindd azombe Oc~bo

content In the brziquettes 9-10%& The d~egree of ta.nt".Im and ziobium chlcwimtion constlw

tut'ed 97% ,direct recovery of owme in the chlorides ev e%, Zn en3lirged-3abo~atory con0-

ditiowr vei'e obtained ch~oridea cnt~in1,n. 28.#34% Tat 5.6 - "25% Meh 0.*09.4%9 ftI

3,6% Fe *.lO .3 19SI o*39 Ila* O90S%~ Sn. Fox the proc~auin. of c1~aoiides vee Invrest-

ICýted three methods* &ccordinZ ;o the firat one of these methods the chlorides vuer

;roce..sed dvi:ri6 heating witou veak (diluted) h7!aochor1,* acid using sulfuric acl4 as

co1Ao;the final. product a-;;re-...red to be a rJ-=ti~ze o10 ", a~l=d aioblum p~toxide,

I B.-, thc- zecond rnet-o;: the c~il'idea were run tbroi~h a filter rade of chopped up ch.arcoal

at a te.-,erat,,Ie o- 5004for the pa,.oce of elenains~ý azm f.-rc trou; t~he f1=r~1 -vduct,

in t.1- ccze was a =Liture of ta'It2.'= anCL. niobit= cl; iees. Dw the th5.-.d met-toae 'As

.yý.-.ide niixt,=e obt-.Ated daxinG t;-.e Wo3~alri of' c*Uwides uc~z used to obt.a.n 17 'the

fluoi~e miethod t. ri.-tur0e of c(*.--lex fluoide z:1.ts of t~.nt~ali -- A niobiuami. potr~asslz

or ;iwe fluoride '1tso All thse method led to the fwmia~tion Of' Cor.,-*U~S SLt.~.~ o

the. ott~UnnI wt o- ict.ý_Ltp/niot'iL a~lloys oz p~ze ru-tallia t~..ntvalu aWn niobita.

In the 0".erirent~ to ehiarin.tion were subjected sL:Cs oltained durizz the

.1sralting o-rL satrxc co-wcer..r.tes z-: contiiinig `7-10% TPn215 2-a% 11205 and 2-4% Ti0 2 &

the caorriu~tion wec arroied out in a harizontal tUtulzr- furruce (with rickbi reactioln

,,VU~27m1n~ wit*.- Can beating* The co=n.enaz'wAon s:..,tem consiutea of four Terticml In-

G eries ar:canged condensers c15 mm long anZ. 101 r= in di~wter each. The tot.A- weva. of t~h.9

4ent ire conden.rizaon sys~v- constituted 4.65 ,.2. 3ch conc~enaer vas equini~s& W:11 a ;iston

J ~fo-- ex,;U:z ion of the corderx.:te throub- the 3Wder ha~y".

CCh~1.rin-.tion of slag trxeater with Lacid to rczove a C~eater p"-.t of VCq Mt 1%0 T1,

*and vc~ntiningr% 36*4% of Ta(~b)2p3 vwa cr'Tied out in mixturin with pulverize& rrp,

Ito (;7r l4 LZ of slag 22.7 kg of ZrphIt.)* Ot. )etch vts pre.pezed b7 subseqtwnt. u=zIN,

fir-at in a spberical grinder wnd then in disc tyipo pulverizer

-2h4 str ct ion of (Tv1.b) 2C5 in the charidisa cor~a~tutes. 52 ard the candenzers

trapped otly 55.4% of the produa.
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'C~ia1nztiou of SIM not tr!eated vith acid van c~r=Ied out, In a batch con~siting

Ot ~9k& of powdedzd slag Ccoutr-ning 7.88% a2W5 and 11.25% MT2051 and 22.7 1% of -sr3j'

hit., at 650o. Cil In con~Mtizton wu 73 kg. Chlorin~ation. for a. Aeiod of 28.5 hoivws

2*d to the detriation of 2I3,8 kg of p-oduct. mea~n wei,-ht yie2ld 0/853 kjbiW). The

*ez otiou In thUi &Ame wzas71.4% (ec'owdipg to (Taeilb)20) a*nd the ei~ectivenea

Of Con~!*eraa aCioUn VcA 73.8%. Ini thi.- wcq. at low-tcrer~riure ohlorlkLion grelSmil-

acid treatment of sa1w is -not ob;1l&4ory*

Described is al,,o a in~bez of' othir vcxic~t.- ct the ;zrocecz pf *W=4natirg

t3.nk11= and nioblumi conce--ra-;ese n 3o 2 10*he pat.ert76 2ý,aozque tWo chIo-natiao

al'2 a fize1I' ;u~lverized conce--tr.cte vith nulfIr.- monoc'Ao.1des in e~or~wt 771 - lr

in~tion oo concentra-tos con -4n&n 119 TI anC in 'y he'!tpir" .jar with c=*Don te trcch !W.

iMe a --d a rnw-ber of ot.e W~n s Zo f h .W:o s hv ntfudi."tli

~ntovad .~nn i ~ noe artho4 of tUvatir.3 1opaxits ores and Con.-

crr..x:.tesa cnsiutkizv- in the ca_:tidizatpion of &=e in hig-h tezZ.er- ,Ue flaivop; Vith

coal ar coke talmn in ez"_=uts su~ticiezt for the converziion of all o~cides in,,o c-arbi.-

lieas ard w:ith the z~dtlion of u~p to.5: a.3 t6 irpkrove th& czx-_tt_.1IxAtiou of or.bides.

7h czirbla sinter or z1loy Uc pu1Tezed and treated viz'- water c.d thou with acid,K w~~heretb frvc t1he T'as .1b ard Ti oz.rblie are Sep~arated t~he t:ccpobeccxbi4ea

of z11=11 erth and raft .arth metalse.

6. lrzotlea Of 2,tý1M az4L::.obiM tr= gt.7x,,j g~aaer t

Cne of the edcdizioILA ao~cos of otni6tant' 1= a.-d rlobiu ae sxtannice

concentrotee coutz-ininC. Vase eleente. Ordinarily satninzc conatiatzrut.s A=* sub-.

jected to reamcing arlting at v,:zich are melted out r~etal11@ tin and the tantlunli~ and

niobiun are converted Itto slag* The method of chlarinat in& ulapa ia described above,

[179jj Developed a hyd~rcetrllu1gical method of extrc-cting tznta.1m f--= slag derived

d-,xing reducin; c~eltirG of sta:z1.c concentrates. 71he i~nitial slag c._ntaimed 4J.68,5-,



~.1,% ThD2 5 ,, 6.1* - 9.7%0 reP3 3.5% T102 0 2Z S 102 B3. S o.(* n-Eg 7% Ub

I-b0, ICS GORO .Z~ *X3* 8PU %209O Th alan vac ;u1ver1u( c~d sifted tbrou& &

00 mesh as.evq then trcated &twz* heat US with dil~t.UA t~dochlala o IA. Mmost

cor-.1eto c:nvexzion into solzt.!oz vaw vqezriecez b: bong ali1nia, =S~~ m~nrnese. m3-

i= and cclciua a; xo~~tely ,0% convoý.ýAoz iazs e~,erieuc& b7 tit~xivia.U ia zd tung-

stcen. The r'esidue vaz then treated vith a Iwt solevior. of sodium! by2xoid~e as resul1t

o-.: W:,lch Zbout P55, a' the silicor. c:d ttmptsw cotrerted in-W zoli~tion. The prou3

obtz-inin4 at$g av.ll1.ne t2rcament. vns subjected to A.:ý rcffect o&' h~'rosh.3oia asia

!fo: 4.Zhe _,eL;wu4#on (.~e-:-)o salts aný 3en echecl out vith hydr'oflworia j
2o.q.ed bry recrystL21iz2tiOn. -..e~ scale& LIxect ectx:,tIoa of t.=tc1al=

1 __-1 bls ~mo ow-z-*:oial 'not-nsiu fIt~otC=*w-l-t* conscWiti4LsAe k-66%i

-a Ig I ARt

"Thi- 9 ,noi e r-ia=81b.Out a~ cent=-; 0yb is bue on the

e~rt&A~ulcity. of floz v Allte of ziobii= :ý tb t-aln with vtwussi=.'.

~o e~~1iz s~t~et~tLr~ nobiri ~roi~e a~disolved ini LA-of 1wic acdo

with _-otu~ui= fl',oride or c~i1wide aaded to the solution. o

a r.xe residue caUect& than ;ýN 7 am 4.Ai7WIý r *Im 3.20s dep.MIr
tpnthe aocl~ity of 10he solution (r;.bC5. Hg- to a conce--trt~tion of IT In the so fj

asc.-,vxr' vit, Uhev, ubi3Aty fl~dL~ UA~ 44~4~LO~i

68~~~~~~~~ co ye ihtes1blt f Laj reci-ya&11isatioa fromi the dilated H7 Solt.

tions In abtaizwd a rela-Avey pure potaoseiur iluorotantaatis vkioh Si twed fax' tvbw

?rcu 0*e mo;b= li;-ru= a~ttr ;cipita-40ioi ard x~rem, talllntim of the potoua ±un

* -The met~hd in--ocuced by 1ranrigm vas iz-,raved crA thearotic'l.3, bw4ed thar~ke to

----------



Uw .~iets of Sbvicz ?e:hesrbw ou e wu? XSM a3 ve as Saycebn3a

abCove deseibsd zrstbod, comiau1 in the foflo';ivs 1izl ,rlh Unl and niobii= bvCro-

xide zdxt~we Is dissobrod In c~meeztrcited (Z-.40-9) lq~rof1iwic aoi4 ta~x with a Ii'4

m-2u1ve pw Us. crout zaoeazr.- aloo thesai. of the xeactiost

If the EY aonenti'..tioz in tLhe F1tol%".o a dtexxn Vas hyidx*;JMes Is

"4h* dissolu:-ot izea-ez12ed in ru7z.*.eized s~uozite coated ao: !a!--coa-te4 zeactor-s

upon bect'Wirg Wo 7C-Vo' Lftex~ 3et.1izA tte Loli.;t~on L; !ec...t.±l -,ý filt4-Cd tbrv,;ý,

80t\ a ootton- ox ;Orchaorov kny1 f -Iio.!he fi1 Iz. Ul ~ilL to aizb a AM7ýconter~t in i t

so *4t cA4C'izg = the c-oncertn-1ior of !VbO1 5 . IV wini be cl.o~e-60sato uriolt

(6M Into the heated solutwioz Is thien raaied. =1 two obt-c'n

rLo mir.Uin a cona;zzt BY coce-. -r-tion in -V-e solution -~*.:4ci is LO-,

j otash iz r-ZA-e to ti !;wxautW potash U- alao used in 21--ce at4 X*

TheA d*2ositioa of Z,9%3j =ys-tzU i lla rd *t. & am o f ~to~. additiotw1 ;=if-

Ica t ion re x78t, 11izid fr= a 1-2% 17 so lu'.ioni. 7ha o bt.2n-d ;,o z lW . f 4

o~vinaxi.- contArs 0.1- .' .3 A.%, 'i O.Z Fe ad .oZ% T.

pot~band r then with Wie kmt &acoh neutrlizn-tion of the solutloa the tanta~ ad-

jr~ixttav goes in-to preci.7it-ton r-= the scliAt.on svai-ocxtea with t.Jsilzation of

* ~O.e~ v~cb~ r ~'-nrccr~t~1~z 4 z-~edtt vit.h bh ~lofric acidbZAIXý E0&I hi-t-a ccJAl!zda: re



f'oz co~aei ion itto pota~sium fltmioulobc~te ~1:;blb. Roveve. thi ~tb bemuse of It-.

low- yield cond hlufr3xzs, has mot tcqtu.red ;muc;o-1 a;ylloatiga.
mbe yZ1 00 ?IC.1, in tb.. rI35~ =-Int~in a oocr~x ;%vats&5 in the ttti&z~g f

ofao.!, or 3i1,wa;l the -olutitora boil with umll Potsh additio= f4V tbt P~rPOG Of byd

cozir~g tmnt ixm ria tLiAtzim aoo~vunb"T cooled soletior. Is then. "Ad U the W-

ceas NaM s~litioa uibseobt. I.h sod!= W-6brate Weci,-it:_tez in the -maiduve Aft its

X.?ocezzi::& 241;' hy~oc',aoxic ac!A L~ oubt..nw a he~xoz5de -.t-ich is dissolved Ina ME*I ?-,on the zoluti~on by ndd-4dn to!'. =~Its 4-a aca. Ur~td ztim. niobate vith '=--t-
ica.lly7 bo 'ait n-livm contwent. t c 1te;:._te souin of zoi niobr-to in MR ft=~ tht

2. 3e;...ion A'ý IoZI:o I.a~

::4 rle-e;Pod is de&c'ibed on -r-e 24-7.

'.cw:C~.or otl '~~

1~9 -0 12L

xmt e ae= i~on of :,jobi=. 2zzOZgau

,oi.ro___%m3(Cilma.Ades, oxiddes) in eaA: tias a=.e

a t.bie tnlogow If t...ntiz emourm~ on whzt nt~~z n-xmbor of anaiztioas ra-

Aa.71 _ e-a~to __tes !0ýn

thz Z 71',5 ncto N eozWo (at- Valhl t~Is les vo l cthban onlyt V andt

AIC3 ad ra ze 4U ý* " ba. dwng u/imicao h -~nr k~&m k -x



'apls Yeinthe pz ence. of .

t eamt wth of the z.i1!m = antedmt the~~oid uo~imse of~ 1 thi n etbo l. To21.dt

amxk fow* fo 2.. Cfy~tlon of Vto:-e.2e nof ~t 1b i4 ' c-i.-o.. nofb1 dwig u

Into b vih alai~mIs ralizý a*2S0-C<Y*l,.zVinzave _a_______f________ tor

dut n o f h "4m-e fro*.:euct.ýond rco-:.oW j; ,c4t s2l

Tabl cm.:)oitio ofPent~de of r-t rd~bim

.n o~u=v osa~ o' zV41cUtiy zcA=ng I~bC -no1w~coiles, eC. into

82> 1I3 i er i~czod drimc t!e reducion o' a:. NTZ~ ~?CI mi-,t~e vith hyiven

Z det..ila deei;. of';hi 2..-oc~ss 4i.. L4vn in :e.-oz..7de3 i:'I

atm- dis.ocia.tes in%';.o E ad Fi a1d TZ.1- =~ rrotiz. in turn 'Into nlýoe az~ ~~e O.

vhsr*W U tr.1tro.;en iz c42-b1. of zedu4ue.r4 "M and~ 1"o pent-chlo-rides Imto lovexr c* .1:Id

*at the tczxidos - Inte 'over ozdd" &ZId _7CL1OWUS5 _ 4nta oXI(I ar: U*

seltetie -q!~ iOn 0 i:~e tio'bim. 0--id vaz- iztXOduc*AI L- r01-U &:C

CS W2 SR n O~~r j'-'-Ot3 o



Im ac'1cd..=ne vith *.tonan !!&c~eot sel.ective :.odwit5on of lZ20 W VbP4 Is

realize" vit:: dry 'exoivz cJle~med of r~troseus ct 900* -- b iubount ah2=w-ntion

of-h' dt weec nIIvx. ,W s4O - SW 0;17 the lo~ex niabii=r ozSde lz c:~~td

the ~ S a.ir.. ~ ub1~mted ---A t-be t-_t~erto:±id ra z Is in %aldas

T* :-e.Ace -ýLIe :=Libilit7 of' tzntLz.. comrve;.z~io into acooid to "he oonoe~t~r-

,.c D;:'or to -. W ~ --a, the b:asic o~ilez &!c`. t.ocethwx IV-th 1ett4

o:.idee h0. ezLelves !n'to :.zor' t-zt:A1-tcs. In ;he ...ole ozi~let cze wced W1?Q'.

ý-C; o:: T~he e.-. 10o. of :7b2 5 ItthL ea-.zod - .te2 fi7e-told :7L-

cez;im z-zuctfor Z: _2 = I- ot cco;te ý4 !-U~z 0-t17 of 5O-5Z

r,% an'st to. dee**-in.-~ the ::c-=zAo z~ f oý.e a ot:k 07'Is

1:*- o C w:'.--- r ul* -- n .. Loý,Id vl cto 2c-.Iozid -

.. 4...o ý;.-euc of ;1'o-txes ti.--, zt i

C, cAr-ie (21;74;295- ric !z tocu_

_c!4- ;ws* hr C7V _C of :-b20

fs 44
ro*-:ýz ;en 4z:-Ae i., o seia*uiteAU the. z~nCer-t~ts with 0oXbon

ILIJ~~~o (coal f.. a z:.Cuo oI 30



30utlxoz vi% the --v of Dawez'11 rain. Tý-a co1lrtion wiz a~e thal'= IZ C=L5 M

~"r~c~os ~u~i~or 090226cm nt v, xae of 0.3 rlc=F mn,~ ;.L~~t ~~ o~~

T*..e izCe- - inve~.;e the ze)= -ion oOA naobuiw au nt-u11,43
of n ~'C-00 MSD]1 I2,.. ;el.0 :In C: Z0 20:1C V~..±2f n t 11 e0c o.l. o te of

.psin.. thouch~e ~ '1 iiof) 0v-,I 0 -ý.0tou W ~'73 ~''.2~h~e u.ýe of' e. Co2-01 4

lif02cnt~ in met liter cte r'ole oý' F1 l 0. moles o.ý =-lic :.aid, nzze Itpo:;-

a ible t- a; initv!a zaL :.ture contalin:; eZ7gal o f 14-.h ele~xntL) iýo U.nz. t~n'.

%-410i_ a 1024 ol'C W one !7~ z. b ;~.;z. e. ola 85-5Q1roi n contcrt of

-La2v. ::e :zocez-a ce' s evoe :eA-zt caxo!~lc~d. by

L~xcit' =-1010,the dyr.yn;Ac Col e-cCi-.ct- 02 -:11cih con-zibt-utes fo, r!.oLiA= 10 rdJ N

wi;~ L 1utio=.,Vnhc1.cTr in te nA c~osthe OA h,1 thp, fO~jtoi

in o.~e:-Lor,~bt~t r tc-L ~ joia d~izsolret in o;z.ý1'

* *Cid:~ he o~it~o L~~'u th~oih a cc' rzn with04 iA-.te o to thc~ point Where r~ut I

out by -naein, tzee w~1uti.ona r.n secuenc~eL th,ý M.ý# -'.olution c=ntl-Aig 5dlydC

va.'~SOt(lth~te 1 it~npa it"U.!ln= ýt nPrLutitaimo-a co thenin 4~

210 el (t~ to i ithe recn Lw1ution of 10 nin /l (o5Ni) III' (3oba& olwut beals out oher! o.

tal= wijt'-.ut, nioblum ar3. tit--A= adrairt-Ures. Lfpxt =hout (elutration), ti-,8

n.i-Jonite £- ioe& for~ fiVa-r ak -r~to r :.s-ot pz-atin vithout loom to the



intewchn-Z~e Wopext5eso

ri-.: ofeathe roazibill.1- o-l obtain~ing niobiun hydroxids Oon-t-inin F

-f -c: t t.ctG ft2 se.-A, atpirs --.tcl r.= n..u L, of

* azed on the di'fe..ent Z-1'Ui2ity o, 5altip of' Ae&e elerneito in wzl bolvenel-

~e of ;~. -~ -ý-3 rt of -,..:lwic acid-0-calio ode'iat7ct

0:t-clct 4v1140,o i Cnwti :ýeýC io 1.-. ". 1I

co=eioiW ion e .; ~ n. ah ;)Oxtvin,; col1z~ wl-- z4eve ýL -tes & QThe col=- corn

:- t-Že 1= a.-Z niobi~m vi- l.e-cLC.ted l.'fezC=-c: %etonea T
zol-- a :* tion of :.7- CO ý:C -n HZ~ 1 ,c~ r - -I in 16 &1 of' tzý ata ltv le. 4¶.3 /1

of iiobSX=n. .. ,ýt.lz cfiver- In Z"i). s2 =po'.i*hat tbhc be--l extr.otlon ,eoaxe

de~rz~txr-tedl by ~e.!1ou;f~tone arZC cyclob~zanonee

,'hen ut% Tyi1 y-toe h die,-e of niotii2 C-r-tul ~ e~ci~~

c4nezvýes with thp incr!e8ase in Ef al-. 1 MIconee!tations i.n th~e i~oluto~ (fig*20).

lb, vuzl~etz of sepe' .tion h-ve been. .1nt.'oduceds

1) h2x'on tzantc.m b.- uI~tW-42,e pýexiodte or conti t = = ou2 oi texrtlw =OAthoeI

sýol1:-orz In the aibsenc~e of c*,:o;Ave zba Ions in tb* zoluti'an,Tz thir.

cabse the rzoim' of extzr:.ted nio bium "s 3ow;

2)ex.r.-ction of tn~~fr~ l~~'~AtztL in Xt&6Tice of' 'OC&1o le

acid, ft one ox two strEsag in this caze a prcti o;' irse nlob~im eis sated with tS

*t~he raio".itm r n In the :ý*v sf %-C n'O-,n8 ;!x..eica11Y no t~na I,



" ")e'~conf niotim. 'With hAotr,.U=IC acid fr-om- Sol.."tiona of n.lxv

* ~t~talum a~nd zriobium C>.1ow.4es in r-Ctby1im be~yI23toflS

4) oftle-stage ex-~triw-ion of tp-tz~.1i. f~rom ! -fuic4e-c*I-i acid solu-

tl..a auherin to J#Ahe *yptiOm= so mc~.-tion conditions.

in Pc^c.o=d:nce to the fi--,tTvzriazt as =esult of five-fc-1d Aeriodic exlx-rz-.Aoti at

an 17hg 'Aa :~to~to extr'acti.on equ:2.ing -57-8*4-be .e, -ction ý%.vtnts to 75o!U TC.

- he resBults of continu~ous eu-mkilwa (Co mnter ct-z~cnt) e~tr.ction cwe shoWIn in

ta~ble: 234L

T=nt-Utm *:roam~d Xeci:)it-teW- from the =Cc-cz4u phzte with a 2'- aý.o~da wolu-

tion, cXIvter v:cI the or~anizz pbý-ze iz cep=&:.Aed b-, decantation, r'm the h72..,oxide

rezidui, U fil tered off from the aZjbiS p "se.

In the tnntal=~ contz.ining ;..ecidue afioe; d.ealetion rCna = i.tinae deteote? I
0.002% !.l9 0.005% C-ug 0.05% Big 0.COOIZ ?.Q. 0.003;:P Fe 0n.1lC jib

54)

FiG*19, Draw-ing of the ext.cxtinr, 1~o.1-feea contruli a=;

2- re.fi~.te; .insX aqueous zoluttonj km feed5.n ;- ps 5- disohl=e 6- pusan

.;,b~ie E,. tx~tional~ e-'fectiveneza of Imtonex

* xtiit cted in Moffivient.or e-7xion.
INM

Diisobut-73kmtone
*.btIylet2bfIJ% tone

V%4 1" I l-nA-har 11fM tone

Di ~so~o~y 111Sn

-------------



Fi;.0 Dej~ee of *='.acti~on of' 4.t- an." niobium With methyb71iobU1WA
:x-Itone from b:,v1vmic aciA' solutions (eua volmes of pbrama;
16 C/1 Trl 12.2 g/l 1Thlo

6\ Table 23s, 2ewwats 01' contirnuous courntez'flav Q.ctzxton oil Trx'ta.1um

G~'n_-tin1F1 'field coeificient Ta 1

Init~i. aqueous so2-'I ~ ~tion

eqaueous 8ol- 7 Czu e~In g~in1~

to itbte firs, batch

?: t enc an ei:o~ :z4trction:of tc ntz~hn from the rfim-te is de It yields

Accordl% t0o the Infom.ation by' the raut1hi'aq dli the ztr~--.ctOn UPsibz

thgx p-rific...tion of niobimz from tit LItrn ana ailicon, bu~t at hi~h conventr'ations of

I hy~z'flv~ic-acid thL- may restult in techr'olo~ical diffievtltes.

T2he cmLloyment of ext-Lc.0tion a~t t!r~ .u iOitUVP speed Of acur~l-a ioft !1Oth:Ii

condAittons Ul1owa t ottain q1085%-Untznt1=r o:.:ide nn'.n 99Q,.4l nioblm. tetoma.e

:*'apot 3.9ý propooes, extractioml separation of -tlu and Tdobimu in 3L

the fo= of sulfates of aza.kte corplems with~ the aid of a:4nost e-og. tritenzylm~im e

in chloroform O_: metlqlene chloride in the prezence of bydroc~3isA acid of 1O41,.Uq

corkeentration.

Good results are also attaina& by &eparctinvý tzzt-1t= and niobium by itm mato..49 of ;~referential v.-trction of Ta with 12-n khcroc_'Jori* acid fram a mizt'tre of



ziWtb7r2aa2obuty2toDet ait diiaobuty1)vtone solultions containing azhy~rotz tmtalm~ and

nlobiua pen~ahlwides ý99 2O0.

F20~ zInvestigptea of oyclobeznome to erct orm1ex *xzd fo11=,ides oz' ta~n-

ta3.iwg niobium and titan~iiip It Mwa establche8 th-A '#,-e ro-- fu!1", eztxcted In tatz11-

mms In cow~idrzbly 1ezse~r emunts niobimz cre in even =-1a q~antitien titanliz.

f ~ Me I-re.,ence or aloblun -.n the initial. islu,!on cids In a m~ore cop;.ete ezx~tract-i Of

tc~utal1ua into the oýEaic pi~rse, L Zar4 _-.o~ouz effect, Is Szrd tr titanium on t6he

e7 xtraction of niobiume An Inczease ii, the acidity !n t4he ir-itiza1 S'~fioi ol-

ultio an! the inuxoýuc-;!oru irt&a It o.& sul1ftw-Log hyoc~i1cric z i-,.ic acid :%dditpiona

aid in S.nere~imz, the =bmtioa, of' :r..: ~n noti;i 2The r'- t -e:f ect er.tin

oL' t0 nr0 1 UVal _n4 .1oU= !a. in ori~a. Sc -;* ~a hey fzonm tLit'nium when ;.h.

1miStial soluti~on cont..ina 225 g/1 '. an =5-00 Z/1 ! 3 ;eence of Iron and

-43i4con in .v% in-a zoliatSon dS not zeduce -.-e e=ýrx ton o- tlobi1.a In'to the w

..nic pba~se. The r-esence od.` bdftic acid ia ;,ez.,on~ible fo;: the rc~uatl.ou ir. L-vn aid

s~ilicon ex .'action., LýceýInent we-.-e cz;ried ou~t laboxkitay conditions to ObtA'in

P~e niobSizm azr. tanta1= car-oAnd~s fAro a ;rcolct cor~tAzinZ 2. e ac 5  6e8 M2o5,
1.2% TiO2* D-.-ir4g "ov~ble connz.rztioz of cyclobe=- nnes, as conpvured With the initi-

a~ueoiu : zutSiont the extraotlion in orric~cpbass. cor~atituteds In$ 1,, c9-% T.,~ 22

Tclasit fomtitýýnim b o.-Sic pae wa,ýzahed vt-diluted cuif'-Pwic acd

I7ibiumi fram oxganSic pbase vas reextracted vit'-. watter, t.=;:1=~ with fr. -rSrvniin, flu..

ridesol 2ution. The niobiiz= penozide obtained frwi the ree::ýat conzimdjfli o0oet% T"~

a.d 0.00O9 T120

C. MMY07 of taltui and niobium fam~ their compo1unft

TantalumI and niobSizn In the form of wripcct metals can be obt.Aned. frcz-.. meta2116

powders and direct2r an result of iIreducirag or thinxa1 dissociation of cartaiin

6 caoundot' in The first ins tance are e'Lploysd ceramet Lpowder me.tallurgy) mathods, axa*

*ox- induction wi.1tize (for n-'Lbiumf.



i S.-5W/stý: 1.2-TL56nl4 Page~

In th~ secotin1s-tan" are used methods of reducing In iacum (derivation of n~obi=

<by xecove=Irg it.- pentoxida with, oaxbox ox from a mixtclme of 1Th2 054 _%Wh) or the volati3
A

ch~oride are --duced vrith hyJdxvgoen MUM the obtimsz .f t~.ntia1im Wd nblia

mtallthexrq o:. b;ý .e'ctro27-iyng the -~melted media. In -loe zole of frinti&z pIoducts

a're usedt t~zant.4 -and niobi=- chlorides t c=,1ex fluoxides and oxides.

T,-ýle 24 of-Tars a Jlztir4 o-- all the izo..n methodts of ,recove-.Ire t~.intealu a3A nio-

4b-zun inoludizZ also the ones .,hichi -ielde-- neac-.Ive reaulta.s

M.e ir-_uýtriza. methods ii~d aet ;i&. faý th~e M-fxttW of above indiot.ted

-- ew-ls a.e sclecti'olci~s o-7 the =*eItel ::ýý24- Ta. 5 9 =~1 zCt :7 r-I-..vre~qscdao n-t'hc=.

..- relue'von of IVo07arZ cx e~.c-ý"on of niobiiu CrecoTO=7 of :.b) f.-cr the

rl ie o, it& psr~o~ld. en carbide in vacmu.

-2tle 2li4. LlctipZ of methods of~ recoveritrnr 10,taklu and niobia

:.e ucto n of prin- * -ezeli (LN.oe16 15* etaŽllic Ta z-n1 1-1%)

(I~L)Sieriens (150 .2:e:.zin:ztonL (1696)

mzloJ?. a rbes.O 195&.

C ýAoe a(15?57-1938,
Rledctto;on of T2CX- Tl o:,. (1C56 1:=d6 (l93I~ o

Sod~ium Or *xI&z1'm ol' Cl- G3,7=-er iCS51 (195.5).

lcduc tior. o0± TAaC"-&bC1c eoIe r~~~1 OJ(97
_W.met-AUic rvg-4eA uo(1rk

4 Rduction oA- TaG315,I'Th 5  rsiranui=cj (lae,08 ra)c '29UsdInotau
210-,-2 (191-1951), Maluosnah coatiaigs on W4riou,

¶~~(1957) oZt..1. bases and for Us
e.dl --d%71 (19572 obtiarrmnt or Ke

4l11c Mb povder.
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ThUrMIa d~- h&Ao of, M Artat31 q

31ctro3ysi. of srIuto %'elpt:ýW21 (1O4906 .O3lu 1 et'a'Aic t,-na1'm
m1~~iZc* o2 F- 1 9  G U2a _-powder obtýýzied

~ ~ (#3 _X8 225b..h 5 822 9(1 10)

(1957)e
31e'vof .7S3  o L;ý.le IrLnb~ -a 1 ;07(I-'N1 (22F 952)1 1-:eal.1ic nio'bim 1

OG..?Ovitch2 0040"9)o
'ý1"ectirolyais of r-elted mL5.rtire ar -.- itIche!I' o= Tr.F'de-rosits
Of rh''c ~ana 1 (-91; :-:'e on cath'odoe
C-ntz.Anit 1bh~ o.- T&UýD5 0)

=Icrl~- of w 1ut "6ns i>

Id.
Mee tX1ecr1z~. Of Aqel and 2rcU~z1'r2'-ý\ (-1, 28) j Peirce 2g S 1:eZ}..ive ::e~ults

=Zanid~ neli

atd !"b*

(1~249 ~ t 3 :..- 1949

*Zccovery of Ta axe :1h frvcm -ciza1it (1 a~oliot (U 6) Ir-AU;Atia1 c1-o
'o~des v11t0 caxbon -..ný from Loo (1M)7 1%1'.. 4&sol24J of obtc-in-irg Eb
thefr o.±Ide :r4ý o~lzide r-iztiwes (10~19) Zo"n 'MO -~934-1935.

I~etct.o~of ntc.1u ~r1 IS~-iCchlcH tpen.. (1594c), 1 rachin Zan&

biti'ý o~ddes wit'. metcL1ic cJ~- M33vj] 4) c.'ný(4 (19501[jjný cý.l1ciunhyzx e
P2educt:-ion of t-taum and zin`#,l ewi.~ ietz (.1942)
niobimr oxidex with ellioon

.educ-'-pon of t ,tcatm arZ nio- Gold=A4vhpD,.-.tin (1898)0 21ith 0 D~izig xediction

Veokes;oh-eI* IRutxz (1904-1M

HM4" ~(19I h n 1b, t
:aSuto ftnau m -ttnag:ry9e ae.7 1d-~nvt

lb _i~ _xde _it _______23p1zue:ab3 )ae ie~'loe



6/S~t&Ge 1.56M13 .4e2

1. (btz'=ant of ;oim1.rou tantalrn a:A Alobixx

Zeduction of a,.1m nd niobiumn h C.id appo~ufi

Sodia-,-thern'.a1 method of mnufcturing powdexow tafltalmE and MOM=S~

Sodi,-tbea.1 reduction of potanslumi fluootantaialte V. Leh Is done In acoozdaao

wit-h the tollowing proteas

a:,;ears to be one -of the fix-to irvesqpýted t. nal olflý~n vacthods v"Ich bnz- been

Iacdopted br, indiwtxy; it 1-0 based on arelaively low cliczca waz'enth of oao.pUe

:.Lvzi wU view poiev of enezg the Xvblm~ of ss;C.Airg =et-1..lJ.C týn u fium

;otzsiu rot~..tealte, h~ c; ci be rep.-eL~r:tWed ~as :%vduat of combliz~g 21E' +

;*ny or Tal 2:7 co.ns~ists-ai in I.-,ein4 t'he bond between the t,-nt".l

an-. f~twJ.e atociapbecause the lozs of tine nesc.e- fbr th.e dest'uictiou of Us.

2ZZ cjx:.ez is corr~azxrtively srzlU in co-~s~with the 'e- of e 5

Thft* durinG t"he reduction off TVJlr. with sodimus

aý-e liberated ab='t 7helpr1g at o tlaiwzi ~i~n coexaaloa io4 lmrap.coz te3 l::eercinz %w If we s~auld ~A into eont~derzctioa ýhs ',it of 1.&~t reac-

tin(4:3ý Ircal) andl convext zLme ;)ex 1 S of the Z2W 7 +_5!Ub-.btoh, tbou the vae-.jc

- thei~1 .O'fect 'f he reduction reactoaz of ij21"7 wit'.~d~ vi. e73c/gwlh

13 prfetlyouftfcleiot for, sAntaxos reactio without externa~l heattq&601,6
in the role of reducing "ut ii ma"4 sodium rr-tber than posalemu (potiassium

le ..,s often). Gk1oim, =m xsia imand1 .1uminm are noy wed ý- c.-uea&Uinandu sgt eSm iun

flxides a". ;ructicai11y Sin&1ible in watw and aluinum ftams a f'Imio vitt %.-rqa1=,



th Oint of aboolute evapozeion of the sw~olimse The x-ed.cil. re aotiom is3 ca;:.&ed out,

==a- Vat a a od5A amv~lva of not Iesa than 25%*4 ~M. redUzCA, on 1W1a4si o~cria. ~o.~si 1Ahtesdi~ io

and the potaaa1um f1i~tzxtetO Ow D1A-Cd in L~X. 403 fr~,bc' ;.&cLns .1~

ot.~i -fot~xttleto freo c.he cli~,2 -he bo'-ýc of it iz coee With. r- sodi=~

CUOVI&1 34;@. OTOZ the c11;-Ce Ia. 'Iacef- ca, ;roteotF'e 1e.,consizsA:r of and ol.d* c.1-ez I

~~~:)e! C~'ucibe -- e heated a~t iUo-i;0 in a ~-m ~~t*~ 4 cto

-bZ':Oa. It- iZ eOveOMC With a. lid, ý-tp a W~Ei.§-.t `%-o _-ýceaet cjec~wionz ol, the =-,

ýo begin -'h-e zecctlon 4he crucible Iz heAted vit'z a bikx In one -Inds ncca

the bot,-ý) v,-til I'" A- he~ted to re2 e;&:!1e 3ra.-id :ýaair' o--. the wecact-lon Whe exu..

ci~lbe Iu *C-aiz tho-,%;A heate! b.- the b~mr

4

4 2~e~zeeof tohe Uob..ria t ý.-oQzic poteztia~l of fluidriea

9'> of cer-t-in olwnegAtpion tcr~oratuso.

Fiz&e;.zxOneno. Of i",01.,.rio the-=OCqyz.LiO poter.tia of edoirsA. of
certa~ln elemeats uzoo tejraotiwe.



Accowrel to Sreý:zozi the c'= itie X-~ eductiaa in be l i hated

at a slwteLie=--W ZU in A sIA:w' fuw.naee to ti e*t tei eatlz'

(c".~ i ~~e~8 ~ ~~~t.tk b.coi ijiuI -goa utlzdi s heated nio-~ t, a NJi tezve~tire ar full ;:eaction of tbn re~wastI

izod i.n ai ct..1 o-- rdc1lcl borb fron~vA~ th.e nir iz re..cvezl e~ t A~ !

ir. -.cco:.-d:nce vith ':Mer~i a : 1"- zot soe i1 'ý*cz~uae V:-.*oia ~~

I fo3.= a -rot c Ie flmDphe.-.**

I .2',er the o."eýe'ation 1 .:-ie, ' out ac;r:L.. Ie ' o ~--!'ti to hi,:h t~rt~

I(cbove eW0 ;he z~ditum Iz jt-,O- ýýstex a::,e-t in Lcri tzt to w ;xvilirz fin.e

ao.4,:-c:U w!: c,.: fiuo=ide c'n: -o azI - e- v t .the

Xtez the ;-_eý mrz coole ! off 'We -ov~der i.z Ir~ f~o of 1ex:-~aJ ýýAcleaig-Ldi -0%e zolidif'ied S.-:t fuziof .J'4C'..IL rC0o ct...i=s the X'e~ing

of ~ .unued GodiLn atv.7liu.

_,ftar 7ýhe rcduved ra~r iz t,.-mn ox-A f.-oi -.h cucIbi. r-natt puiveZiawtion Lz

"fc.Tieci out z-.c c; 11ldl q--encLing ' ,Ul'e rliv~zed in sz;;1 no-tiom. di..n' 4
I I zixina is submw~el ieo,-n 1x.,m vz~r fifled Tate 5cme lreuu.iex use rethý. alcohol

t 5ns.erd of watr fo.w i operctioz 26a

.-ft.w nix*xoi ar- fi=.-Ans the p ~owder. con-t-t. n adra" e of

c'":oAdca and~ flwisdl.s of allall metals, cr pulvexlzod it st,.l spherical gridasa

andi fiial], vias~a4 several ti,.a vW cold andl hot viatore If dwizin the flishing the

fine tUjf.ialu ,owle~r settles slxw4yo the n-4-ition of a 54 N!%CI ex )T-i soluttIea

arfd the flwUrnir. continusa W to the poiz-t oC total separation f-ui the rluwue. maIts

C262b
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Mwt As. watr t1umhivg tbe tnta.1um 2A 1.3 Srooease with dl luted l bxchlwL#~

IWIA. DtX the 4ydxooh~iC t~fn there is tohe Solution Of thi 1-rwi mf**vhlch

f= &Me e~of or awtbw bzas ft' n into the t.;toium ;owder ( frov the 1.ron c=uciblis

dawin1Z z'edutio24 during the pulvexlIztlox In r*bexim -r1 toel ýinxx s tcl =d to

;Z.xtiza solution a~ lso subjec.ed the Luf* t~rt,.1t =ids f Aiw. Th. fluLinG whith

oh1o~.o~,l cold~ p" -! :,--'we* alao the cont.ent of ti~~aa-4Lure*

Next the -ywdAw U wz,3bed wvith 'iot -iLiL-a tex d1~eC" arcuous :;altior of

armarn.~ then d~zzicLted :t' a o;, lC0-LGP1

T~, :-x-ez'. thbr-zl to its a-e.'i 8frLe oont-ins t* to 2. 5 o: =-y~n

in thet ftot ol& o=i-e fl"-,.. c t&~t~c:i~hc ='-do content m~n ze attai-4

if :.;ta the hy -oc2.2.10c fl3itg ve nv~ z~i~oz ~~ ith c1-. (I'luted

b, 'ofli~ic acSdclaq 2 J.

.:*ides oxgaz the t~t criovder con-t-in ae~i cýz-=t o-f hytC.;.oi~er amcored

dur1xlz the ;x:Ly flur,'inr, a:. the reut-tiom ~;:vdck by ,-n-wero~i an

imuftficiet qu.'1iutiie xihtn thbr -Aredex ' moe z-'.~ 11 eotztit~8of

aoditi- ran -oc~sui= :2t, nstiti.tLig in zovzso ir.-o l-* z=of r~~i rrata2!s

UP to 001 C.zt.

Acco4diu; to Z-iubin ra' 74pts~~ h ~drot5x5 ne ;wa %..ilin

th re ~thod, c~nt__sm c, IN, 2._'. 0 2 , C".24 C. .Z "h4- Z: # 35 H hzs thce i

faoLwir.& Zxr'n belectloss 60' (vei-!'t) Z to I e1:~.!: frrm 16.1 to 2ý' Aord'i-ý to 7Ut- j
tern,7 nl62)th-t -v-der c-.:tAm 0.CC4, rs. C.13; C. 0/C'% SI, ).Or, CaO, O0~ ~

:.nl h~as a _-in see~ec'.iens r4ao-r in t-ble 25.

Grain Q5.tr_*.r.o Con mt - Crain : &- alzos nc~
no mar e uQAL v. It n~bmr a*' LaZt than ve 1ght flirber



Itiobium povder oam be obtaii.4 by an~ cnlg. vothod &dL in the zvdcitoM~ Otr

:)ot~aza%!g flu=o f1 laoniobat vith sdim ',X3. 2S3.24S!. lec rdz o23 the -W.Actin

o.' --educing - itasbA~m flwonlobat. Ua reai~b.d xzc -E 1,AO at 3ID

of tli. obtained podw

A.ccoirdirZ tori&41 .,Ohe rcluc;ioz * ;.;t? r.i f Aoniotz- b with 3odi.um iz af zied~ out =-:~or a e o.: -e cb.1tde lz o;en ve..z.1 it th.e oper, air a.t l.ow*' .x

x ez-"t o: xedcinr of ---. 1 z.;er =t. of ot.snflux-onio bete$ flua~imGc.~ d eaice=-

44on i-- 'bt-Lied a txtai1 o_,mer cont.AmzInZ L'c.9 L1r4. Tt ( -;bie ~otof :t,-_tz

~:,\ ~ot~inet ,* co_-týEt i-.he !tL. t :. ýai oe_- not e~ceed~ C.5)
1 0,02 -0.006% Tie 0.0'4 - 0, C07* Yes C.0_ý - C.0Q;- ZS.. 7 t 0/090 4a% C C~r.A

-.bout 0.53 02. Di.ecT. e::t"ixc.cion ol' to nbout.00

rwerouý ~o.ii; cz be oý.._imed b1a V z-e~cizgo.~~ ao~flu-zriobet.

Th redci~m- :0mi-.efz -_- a=_oe: -t~.- te c~ rez; for~ th d -e-icc. ion.

h2~~wig i with r- ~si~

It cAItion to ;ht o'rem described -nmthoda of an Litgttti . iobl= I v.~

Cers frr. b-141@ carý4me Lhe:7e is L~ili axzo-"Iei Intceretin.; metŽ~o4 of reducij twtuta1-

~Ir- lOX-i C ?nio*A,_- C>.1riU)--tkeý ai I -p iz nelw 1x Cza1og" to .htj'l; ar1loyeid mVv of obt.inn rl it-ý .xij z- ~en~u h ei .cin

c'rzd it talas ;1Uc~e a~t a tcz;->ýrawe of claut !Z-OS iot~beiaw ths =*ItinZ Xcixt o:=tM.

SIU& P±i~eto-Uasaa c_-n uted the -o.s C

thezzodyD-azioe P@tentiaI. -~ Y'j ,s.2 '-- 42 ~zI;~~v*Ach asi-eCU3 the p4,&uizb of t.o

b e",:tion reactlon to it, eCtc=iO~a. The r*_Uct-lon TSc It~

:2 gdin 21tAe



talmz in a 10% surpliuwg andi with :-:i~nd of substra.4  w~cb. at a cortes;onding tCm?42C-

a -ue fo=,zb a Ilridd baith vith c~l ids gaobtAim'.1e as xbeault, of redauct~one

-cnxtic-.r w-7 ith ;ýotazuim, el2orlde. The ~t tj' entexe4 into an Ixo o;: Pyex tube

one eczd of which 4: he .et-ioclly Te.ed he tube ii; hea~ted v ei~i ith. the

Ibo-;tmg 'Until thi xe-ection 4- to '6t, i- ne=c~zz.. to zz~ize the t~ercex'-.Xe at ~ny Civen

-,oint of the ni_-= -. ovc :30% ý. r-o.e s.*-_Ine met-ho~. fm: zu'iS he-atwitz Iz -.hc lovering

of' the -vube %:Ith =ij:.wLe 4into thc *'tvrtcc rýý'e o: a- :.o::!i¶..tA-e2I 230 nr/Tl~n. h,:b fL-nace

~Lould: be hezýttd to a te:;c~mt~~e of ~ot75C** 'Ic. e:t~. v ..- n of 'C.M (or 14a01) and. J

t-nt--!%l- salts e.;:e vse& -'Vhe __E'C-d!o= .cnie . h he--.-n;_- o-' ` he t2.ýe býy ý=be2,-

~ir - in x ;hc 113 ~c:. n'inuede

ue: -hc acton iL Cxr-leed e i. nzot z4.h ýetz:~ contInea. in it 4-C

;Xi aze I lw% Then L- ý_ded a =--all ?_..ount. o7 : -C:_o2.AC aoid1 to0 ;Uisolve t0he nrý

Wliz'- z=1usq a. w-ell ftý A-_*Mq'W~,hC 71otder -' L; filterea offefluched

wIt'a -;ntein.' alc~hol :na -4-r, v-.cir 70'0 (-,..on hc,-AIA:S thc. m:~~o n-.o-

clir -ow~.er o~l-t-ied *,; a -zO"d Jkthee may be a z_;ontLneoua oo=*x:ztion when

e=,ozed t~o air rt a 4-e:,perne cf alout 60,),~o bt ;owdler ern be obk.ine8. by a.t

T~~r a taILmc obimr :-ov!ex ccn,-ist ol ve-- xinal1 azyý,zls lu.ving an acute-r-m Fled

de n~!.:tc ~ute(fio3)a -T-, C-itribution of tpantril= -exticlex by CL± ena-ioUS is

an:lzLmtel;the f'ollowino: l0M, less tha2n Y4 050, ; le'srbn 1pl 08s thzAk 1v,

ran 7*4% 10--a than 0.6 Thnrticles of' riobiun= wd~ had a dinealon of 1.5m tan 10~

v whe~reb 509 a' t:hS vere Ia.& _th--n~ =ZIera tbrn

Y-g.23oli~hin Particles of t~ntu.luz youder obt4AneJd by re-lucinC tantallm pento.-
chloxide with m.- ns I=Zlec .. romicxo _-co~lc ;icture 113--00
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-;,-'he _-*dro,-t.ie *L7 re,:UCfr. th.e ecc--_t:'o o=tS of oe ncenVtraegg

:C. ~ tC 1;4e~d h :Are~e=c o1' :tr 0010 to 0.54% Of ~ 0 .3C% ft ý 0.= Ti.K

3ohzr.i-en a~ 1-r I.20ýolfe th'is- --oceý;s zorevhat ty xeu-n txnt~dum pcnta-

c~1o5.de v..;o~rs over a ~1te rua~necimo M11 accox..zrce with, thet: aeucription the t-.Inta)AZ

'-c .. 2e i kced in a quz.-t3 cutle s itu:te- in h~ orizont2.I tube r'.de o.: bor'oui5

ý"#e :ýIacc t:=ee zones of heatin~e T*e :)a:oce-, i-- cý--e ott In . iioteatile helm-

ezfecs~ ''th- t c~,:;tol oý the -e -ee o' -e---chlowide eva:o raton to co=-,pem

toe eciOm f Gae*e I-- ot of the theie 'e e:.:ýaction of tz~t".1 ft.Te0i

~e ~a t LAl*,n y A.ci. x~ o11r:- irtý r.-eeta* In th:z sheet ta t1vm

..c-- fon the follovarný' co:toernt o-- a";`,es: C.C)4 ;i C.OCIZ '~*- C.U- zi.0 16% 0, 4

no L-on h~i- been U.toccte-"o "i~a :7.z' etohod ý:aa aim oflctalne& a ribi'= -t--tai=

Im a of recc-.;t ,.. Vo oý-IR:An rztwkilic o'.;-dear ZECOTMefl-

dation ~~ m- tocr-co :&.I G- chl..oiAeuprt.k~ ithet of0 nio

bi~ unlpvth !Vi:oren* It L. vtzsmvd thPb.t- thliz nethod- I.- one o- t~he nost econom~ical ones:

'.Ccoý:aim too V4L =Cthol tk-he :A~tLTx oft Vtt-.ht a~~ id !i cýaowidess c1ccnaed of an )
1i-onl iz firat hca-oee- at .500-"~ In r- yxo,;cn cixr.ent (hy~lrogen stzrem~ as result of'

L-hich the niobiur- -.ern-Wch1ori~ie zetluces to an uiir-sz-.ble n5.o'clum -xichlorideq whic

c -'enses during the ý:eec'.uC1 process, w1,aile tý.nt.a1in -A~ho~ar~z uc~d

Ie~the niobi~n I1ZoVesa reduced with by~irolva above &OOvith dh dev-.

j ation of a niobim povd~r. -

71%e unfavor.4b1e factor in the proce.,is U. this that 1Th01I3 In thxMI~~Y7 unstable anj

"- a1ectz(.ytic meth~ods of LtiniLrg t--nt.a1= ard nioblun po~erx

2 I :tojvs 14 of s!-e1we fluo-vides.



Derivt-.ou of c.electxo1,tic t~~~pokideri INethod of electr~olyz-in =zalted flu-

oride meda. to obtr-.In tart:.x1m ;)owd- is at 9_re.-,nt time -.he rost widely e!*Ioye

ind~tr'ial method* UzinG a simil~r methoC bW' 6a z='iler scaleo, for a p-eriod of =my

7er.;: irai; obtýAnod also niobiumo WJith thiL met-'.od it iz; .-ozzible to obtaluL a2.eo tantall.S3

-nioblm ailoys [2073.
I~~~L I ,CM = 7-,- 3M es-ait of !ong a.-cpwie tntation, 3018e

in the ')tistook out a atent foz the Cexiv-ýtL-on o:. z I1 - the electrolyL?18 of c

s=e~ted f! ot_..nta*t in tri:."ifre uith pe. n eto,::i.C.e z. o..3infloir-Ce 2318 .

A.2mozt aimultanaouiJ.. with '_::~v~ =4d lillienda-zI 1=ve alzo M~o~ozed to

obttonn rnet2.l1'c t.zt.unt.i _,oider *c-; elec',o1r-zL- the m it of t.nt:.l.1 flko -dg in riz..

`10-ue ii-hitz pento. diei;:hexeI-- t.he p oir-tce t-o-,;d the need of oas-

c~laride cndA flizoride -;o thc b-the In zeroxtr223 .... *t theze.atos is-

beýa nxiber o-. crperirz.enta with tV.-c objcct oi oItt-.*-.in& eJlectrolytic t.-t...li yder

viith '0o .1 o -o the fullow:n cw-.,o~oition o_- thc iinitLv.7! bAW-h, %v CwiZht) g

........ ...

97 :.nd cideilvow in the electcolyailz ;cocess

.......... ..... .. .16.7
T" ?0 ....... ......... 2*5¶?71.

Cordition for cz~i~out the clec-I~oly.st~ ta peia-ure of -ýhe proceze 70.

Civnzent denicity on the c4hode O go wp/d= 2, czthode- nickel barg mn cod - Graphite cru-

cible. The obtc4.ned powdter after watwer f uIahing and pulverizatiou vwas a~ain proze~sed

with a nitric/hydrochloric -aal. mi-ture duzing boilizg to -remove truces of metal im..

puit'ites arA finc-lly with a - i.xture of concenta'atel ritric and sulfuici acids during

boiling~ to discontinue -the liberzýtiox. 303 vaýpors for t,-e purose of rcnovizg carbon

xcaiduen* i



Cor~t:Le. 0 O& C, 0,02Z 17, o002= '11,6 OOZ V~. II

riý '9 -ýi.ution ct~vez o-:"- te Lo4zo o' --ticies of electX01riae
_ :Olvlcex a cc=Lin2 : to Dri--C. -- -LlieidC-a i

Conce...'4.i:* t:c :eLionz of vt5leo o2.e .tt o"e'it Is

~~ to eT~.1Ua~ ~-ictes i 'o ý' t-h-e o t,-.kcpe~de t-rtclm 88s!f In e~dI

conL .-".te conxidweir& Cls -"I *,-4 bncth rrnz thc a:-JUtionz L- the 2imeezag

It it; r-e-toted -o. v cot~s~ir. 'l~eIncrea-ses the ;ýicld in flow land d Lm tiion

I nciezeg the in~E AL'..ow thi~ e f ! ?t~u nt,1ev te --otUnc cA liolvett forc the1

t~t~1~-cntoxidee~

Th-e C-.thlozs ftzjx e th, t..li i-- ebtiined dtixir.- elec evoltio c~tc. of 4

F:ovver wi.th res-ect to vwhatp cor'y)ov1 deco'mpow-ea 1 the ol-A-Imnet o.-& motail3.'s

t-~nt~alu -Aore is c-Lo a:..other qplnion. '-nd so, i1LI: en-2- ving dote.-~radn

the deco.,,O.L-tion poten;AIlS of salt r1--%-txre c,ýnt,-Inir. trtalung a.1ved at a con-

cltwion thAt the metal. is obtined dLi electrolytic .'cewOsitioft of pokassim ,
Thbe atthas~havi Ir-yeatigated the intcnalty of deco:%po8tian o. Un~lm Pont,.

oxides mixtimes with 14 di'ffere21t s~ts s =91 ThC19 CaCkg, ý34 %,1 020 Zn%. IB20

1!MT9 %E1 7,2 1aflCian I;RB0 A 14207. bave not detecte! on the T - '7--c~ria are'



other inflection poinlebcs ~ r to the intensity' of docorn@-vztion of tcant-a3X

p perto4xAe. -They aosume thbat eitbe.: Ta2 Oj does not su.zit, to the el".2ect o.-i ceuxet in

'#-h elts of th.ese salts or it~s declno-iji-pion Intezsitr is hi'Zbez ~tin thr.14 of the

CO~SO1A1fl ~ .I~e. astAUUs tomtsl om be obtained d~in,- t1-he elect olysiz of

mL~tures containir.- oU3~' eTs2ni O5.,V 2. r~~ eenoie

ýn the ,-V c,=ve -for w'hE- Ma7 L25 m w;e 1AA
ktiensions

taminf1c~ctionqax,cez:ondi.in-, to twzo v..'uez of xecorzmioX ; one. J

rent~,1 cor&,,n'n to -W-- Eeeor:pozitior of - "':2a (1.4'a r), 1thc second one two ',he

cecoo-oOiCion 010~ !2a205 (2.4,7 v).. (The ý.et~e= n-.tionz~ Were =zdo at a eect o O

the e;.ctxo1Yzi!..; of miz`=es !rL 7 7 W11owh a2 05 ,, it fl,;t W~hexc iz the ýýc--:zt 0.6

7ov:izions of imtcn.:AW vefIuie ol' cnt2 ve 'xTin h ~ e ~ V aelijolo off ;he piooc

~c~to -;.-c ino thez _th-io= 0." eautor, i ucsin~o~ sde. o,.izalo ion* p t~tl

reeby'n~ a~ neioi feeodic oft V, kt pd.7zi

"rŽ,s T~re;a mea-orta2Zr 2;1c.c b-:i fo;-ticso tck added~ new data A

ooncezn.n#Z the conditions OZ conductinV, tfhe ;p-ocezsn aC obtainin~g electrcolytic t,.-nt-,1t=

Acrox'di%. -70 IVexs the cocition of the elecroly'zitg b..th is an follows.

a. mixtur'e of 8% =lf-UY of emtectic copp'oitiong 10% lvlap7 , 4% Ta 2 C54

Tbe G~lubility 1L. it of Ta2O5 in the bC,-th at a 105 content of

tutes ~ In th.e e~ttcztic =1z-tue of IM1-C' zze cont-Imd 49.2 vaiýht %of aX ~n± 50.1t
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Z 4e o4t1t t~-. atz'eo o "h e a '0 e50 Itv L~ aeo d tb-A an inuvzea

~~~:i ie~~.eon c..t!odik c~eet eenzily lec_!z to c-1 5.noiene 'in t-e ainenr-ionsI

o: of~

* 2" 2' P-n~l 271*

A K

ice 7, 1-& uIn *h

J- 7r-oi fI-on . ah

ceeu e un:o r cý.'e: t c.n:.ex±twetyh pz.-oe2 ti 'ýOe (at c0 d C to j

(Cozm;ozition *:' bxih the sam~e an In fig.26)

ACcol-Ad izc to Le F~n increa.ze in 6lecta' y2is tezperatbn'e f'rm 800 to %-V leads to

a reduction. In di.-,;cr~s1ty of the t~ztali _-owdeian Icn rc.ease In cat~io current ea1

froqIt to, 40 r,&2~3 ~ rucrti,.on in the dj:ýmolw of the er ft- 11im r~t~c~

ol' the ;n)iz ovder.



In irMuztxy electrolytic tw -ra..de-- iai obtz4ned t';.a Asti=n Gmin asiz

of the Or6w of 50 WWIj.

lmdutr"-dexiztlo ofeect-o'n1'tic tirt..ilu ;Ot7mier a-.-. Zrixcan :)1Ints is

100ý r a-lzd I- Irou k-tha (vaits) %, '-1-"-. tie 1c- "ion o.2 L-on c- - !o~es c-n: ý-hite

1:1 t!he t1' =otntLe.te =7elt in rni.z-utwe th2 :zw1:Sr: ,* T- -
;entoU~.ds is ber :V'- -#*.o.i'2y ..o ;Lc .elt. 1e.'oiL. 1. c_-ie! on to

the :-.Oin+t unt~.1 z!he vol=r. o^ t#l~e rem!_-% :ý elt too x='J, iow ý;I-c contLnu-

L't!on oz t-he -,~ ce s Owdi rvxA % , 4he c _ec -ý o lyzi s i a re '!") ! I:P =efo 2_n r :.nre

fa a ztcel mu~cib2a (cý.t ode) la13 iJ1e U ; Q_ t t~ oz~I Z~t3~

pa-irZ :e.itwmle c,,~x;z.t4tot e 1.1iV,ý 02ee in"32eZIUC.1 n uc into

t te bt~ frm t2,~ e~1t~n~,j.~ 'xn~ z~ ~ot-c~x~c4on --le Z~rA-iale *,V Z

the centex .- L o2 ;e :A ~(r~) I~ ne t'%.'w -Wi!ý! r, '_ of ,x-'n

ohs lr.t*h t z,-Leel crucible s:'.o'uld not, be a-t.m b: -.he _-_elted clectilyte , 9it

is cooled exteualy L- r- e~ of cc;A air o_- wal&tea '_c1.xt@ ulic1 =od~uces on ý'C :=d

w,%las en 11ot.-cm o.- the vat a :roiw-ective lizin-~ cxzit o.- -.h-- cooled off or-its. .±te~r

the elea- rolyrte basa n=eltd -,;ento;cide 1z ;;u~mex~e1 in '#he zelt# _-te Ans

c-re~t is co-.ectodg the r:Ua electm~e 44 ;ýulled out -m:2 DC e-=:'went is cut in, ~

3ri-o t"4- no:..ent on the wxt.xuL2 cooliniG o. t2.6 crucilce izr, cut off# becumxe the

ste-el excxii~le o~ie~as cz:.thodet am,' ex lo,.-I as DC eu..-er= runs the cxruaible wmill not

*be aittacld (wr-_oatd) 1-' the eiectrolyto%

Lu %,he oatholl -ei~o acciumlLte or the bo..& tou cdwals of the crucible

-%-he anode is beinC raic~d u1~



7udginu by t'.i electroly&U~ ;xomea into -;he c.-ueltle IW being add~ed re,-lzr3I

tLnt"Im: ;entaxide.

ýf'tex conclw:.om ofC the elec-xoi2y..is the cooled m~sa i_-fi tbm

c~ucilcle. iz 1=;ed caul thea :ulveýAzed i~.to a sowaer~ in a anmvcal rinder in a

cl~o.,.cd cycle* ' ,;e:..toh

in 2'.s con-;orn: nt ;n.ts of .~ electxo%-te hea~visoitf of -.i-eae - '-aO -s u,-ScCfi

v;c i ht 0 8-1) tac' -vics ý.Izez of e:-%iL- e>'1 eeic~1-"`c e a..lta

1--r-~ vi-couz not suit~lt'in'- to"- 2uveý:`=-'Ion t -. ~i~s he 1-.-'e-, nre eas- 4

ii tn:zt -Le t-h2e -,olt!d o.-L -.ý_ cooled off elect~o%'te `.-he LejazJ.ýoz

o.~~'~ e in t!he :AzinZ Cf' z-'-e=. 4i-te'. r1't= Cosi-'n of

canneromenx#tz of 'ilc elec'.1o1.'t c.-.= Ix uL e,- 2b= t~ c for c~ri:ý-nZ tba

7*ze;_-2ic -7-ce :oes then foz7 ~'4x~a'=t on aconc-.ý,rtn ý:.IjAe *je,*Ze the

10l1'> u:eiht of -h.. :ro~e cmxtrta ::ze3 1"Z of twhc -Lot_2. Wei-Lht o-f taet

tied t d ~ . terfir.J eactcr f~zn;Of all C&zlt -Z.ceszi iron 1:zptxities

a etc, waith ýýld 'the 7ecwzc L ; in cerý-Ac ateýzi hetted ;;.znb

'~ ,J(I * n com.e 1wcse c oqeý: L, ~1c to aditionm1. ;u ift cýAoa n n

o f1X-Li tces a3e z-eoved when the :ývve~r iz benited .n r,.c1. U; to l.ZD-1!.Y*(UO

~tg

~ , 4 -. 8,c~:-ti i~of ý.-he r.;ceL~s c- obt-inrI eleCtrolyrtic tin:flt2m .powder,
1 rinz futmc~e; -cs ~ n a,; 3 o ce'1cfrocc-trolraisj ca,;m

can' f o%-e. ' -:A.tnr 7- mixttwe

1. .. crr~t t Z. itx c~2. ~'0I~O t is er.eý!ie-.t L.o Ute -.-e r-ct.od Of -cyvitinm.



* of. ?4dwo= fluiodess a&- eta1; 8-. fluwide rr9 ztt~lic tant-n; 10.. coincerntXA-0
t .ian t,-b31; flu he~ntinZ coil; 12- cererle pam for deaicca.tion.; 13- n,=~e =et~llic

fil..29, Gec: vic; oll e_!ec ~rol:--c !nztc:l~tiou

le..cb(_.tic of t-C =eC! :rce X' -.he V2-~! Zo. it X '

~o:: f! -14!28, thc :-lzce ' 'W>r: heiew1 o~e:: a.Jon c.:e c'.out, - ni fi,.: 0

~ C~-~~ cto~e~~ oce.so_.: ' .4 elecw :. _-th - o.;er -.' --e- --i

zcd die'crcn[77-

93 q~ 1:10e Is ~-cof 71-~t0 i-2Ze of t'bc ec- i 'o~ --inceb; ft:,~ ~ dcziva-

ý_ ca..Xe 1eOO o~i~ tie c> r:e;-pv-e t n-~c~ :DO *.

Ze w eo * -.e -.:_i iia ee -- l--ear,-r

W4 1
71 71;~ iD-.0.het7)e ;.iý orob..iw of --- 4tc'.s 4L electr*

!-:,,G e~~to-rrtic nibi r-ovlla; c n- i a1 oA x-a , eI
7hit 2--i~teel e 1_!Ca8 ~~~~ ~ ~ , ut ion~c teoi~~ I-~co-eI-I' 0 X



Dexivzti.or of elect-roo,7tic rdotit= :*dea. Tte ~'rt;~e on t'Ie ut-f.CtLTO

o:ý electrol:'-tic nlobiir pode waz; taŽ'n *L. byý in 1933..

-x- y~rt a~l ,.bout the deziv_...iou of rt-;e'aiiic niob~ir ;)owd= dux'n 6 -

- e~ac-_o1y1z of a -ot_"'&= h.-ozv'f~uaobote ';aIt ir. an L'on ~c-.it~e with ez*.e-

naal vate~r coolingg wi;th thc cr!b aa1ý-ir a z ca;hode zA4 :,_,,Ite b-z ea anods,

?1- 30 Zivec a d~.r.i e!.c..'iptiou of' t4. z0tt

~ft ive~~~-.' e ..ec2c-. of' Czo.-W-Hc.~~ ~ on -.hc &eU

O -' 'l..:ine :W.z- .~i~a e 0_7~1:~ the Lý.e1;coz~ . of'

I 1D MO7b05 ý.:d 1 T.Z1 he to:e: x.'C of >C -..Occza 3CCO* -,".. ThC-C.:-mC-t.a1

'..x;z'-~e 1a -.Clted A' in ~ c c"~e ;~c~Z~o :ýexvcr. as thc

4 ~~v~ '-.'~2ci7 coflmeý.%.n-- ýý_me ýiro -odi it sou b.

~ A41~f-cle~n. If h- ~ce oo .2;'c; ;.--~

-mcveC' c QLO~-. '' -ý %e e o rt Z. 0__

O_'. 0"" f'i Ie~ ~ 0ý n~ 01;AOt 0 3 t :ý!,ez of Z,...oz

CCM-4js;3 it caliz- fWo 0>e 70~o. ze ;.t z-rv a.-Z Crý.f _Idi2 0ý PA

dex ~t L~c tox~ ap-z ~ta ýh a PcODZ a ~~ oý 541t K:, ~f ~ SCZ1e Va6 ZCe-Iae.. rz_'- '-' ~d 0: re-C :ý i ' :.izTfr <.iz of oi

anerx d. a r 1o1.;r c~zL!dac r'c~v -1, a nzop te-pa ire,,

~1~3~1~of othrcý :W-Aa.*a11mo ,.x-u-0



C231 an Ch1OG i{23j, bettba*

trhOxr,,-h *~'ri-;?enta have &bons howevers the :Losaibi.14iy of cobt..±izS elec*'ZO"

V? sta ntalt1r d.op.zitiom acco.xdinG to Isyýxrhov oz: ?2zde ý471 &Ax~ also in zCOC.,--=&e

With oth..r Si-4-r =on"r'[ý] T~iy the electo1lri of pb*.-2ba-.4 =--t& over a

cz.*hoae ras wam founl byV23nq there i.6 tte se naraton (fo-zet-iou) not of retz111C

Re'.Lvuctlon of t",tcli o-nd rniobitn odles vuith ec-lcimf

Th-e zeauctoion. of t:tJýr r n .oU6i- --ento::!!e& '; e-c...oim 'q~xid in a 'oej

c:tno~mlmeO va invejtiE-.t4e-- 7-cye'rzor iL th cWW itX3~.~n ~ ±~~

of o::i-`.ez Oana C-ICILUn L-~Fc ion c kztx-Ge1 i n eltec~xic tL,-3i-z~ ft-.'zacez

ina h":,Zraen Ctre a~ t a:o;Lers~ 2ey oI"ined*-#Ac--nr -Ii-

T!-e hyýxI-- :o:d oont-Aned o:ý netz 4.ot: In~ei- to to

0,4% of H in thnt..1il hyde I - :n nl-OU.,iar Th M ain MZ of

::y;zide CrAn hand Crtnion of iz, to I~ - :na e off vei- fro tl'* C.:.oi= oz-

~e ~1ute~. ~iv~i'~xoh -ciao : I% frA.=fl ;:t -*r lx~ac t C !zitionz for rw~uc5ing

TaO-iz the tcPex;!,W-ie of 1025 - 1100'6 aZ & ore *ao=;, ~~ fox I' býC z59410

10 nr* L-, *% *s x of ftrox 4;-, r'n to I b e .I

A.pa 1cent for suc~i re-ýuction in- 19_50 *;s o~t..-ined I1r G---irw[56 wl-To --oint ou.t

t%-.t the obt--ird bhydxdes craa *e convertbed into me-1V-llic :Iouders b,*;-liz two 18306

1m. v~cutu . 'I'le redu etion of Ca %2  cc-n be c&ar:,Ie r vith C nZi2 *; i ha m c1u. I
) ir " IcicSde with zubpe,ý_mnt obt:Arient of pvr nezals 1by beatinr, the derived p,-O

dw~ts to 23O0*for the d ti~iton Of a Lioon.

STbIe mathol of~ rcducing oides of r..zou; =etalls itc1~inZ -.L.t of U-ztal1n Oh

niobhm. directlyt with calcium in a oinex(bonab) with .be additilon of al&IL-a ba~j.. -

don or zraraearth m~etals vus~ introduced baick in 192l4 by$iij Thl. metbod oxmd no

2eduction oA tcntalumz and niabium =xIdes with si1&oon. ma:egM
ra.re ec'xth ele: aents and h~ydrogeno



~ a ~ ollmxr ~ b~id t::mtalum &Wh- itobim and their A~12073

fr.on ozi~ea# mJ&CL~rnvtbv.1eq f,-m mo~ i~irftiizal o~tc These tm3.ao In~clude

~ ~o..aof reum&ng =et--1 ozides vitrh aillconaiwt ter~paczues sufticient to rome

V-e fozAn.4 Ali1con rom ies1~5~ =et:3o% ofý zeuci a~t.~nd n~obi= oxi~es

.-re eaxth elerzztO zaý

. ezimena ,,-ere z--e t'o :.cl.Ce '-t4.t.!.L t--! marogen -~~~wih~ Tr

Scie27, 2]j coýi:, twý A--. :-ozov =etaliezicoblu.ix c: n be obt.:4zned f~'--

- ec;of t.-2k ý%: ozides with caaaba 1
t~e c Lot#O2h e z I - toC.I v i- v o-f V:. co...enez- o' t~ lcc of ,tc1nthýI "A

nolAt- ,--,~s ~t;Jia met~bod it-S Ts. .ZZAv Ibe to obt-.i: V.Ua t,-ntt2lu

2cQ2 C5-4. 5G 22a 4.5OOg

M:eC54 5C Z~b 150C* (2)

Gczbon rc,-Uce; ý. ~o~ oie :t-- VtýPcn~t ues o:' 1&OO490C't

.-toz-nhic --es--u--ej in vacu-M thUr deec ereacfts. Since t:ýt.,:.iz ar ibm

1O I ocseza ý-rat taffinit,- to czzbon thcn in the p~ez~ene of ce-n-1ii 'su

at a =cater rat of diffuziof in the solil ipbiise v*..ic; tJm -trflCe at su~ch hi~rh tcii-

,Crat~em the rietal aprto be cont,=imctea v dtL, *=bidesand to ellmi1-t., thin It

is mc-z&-S.ry to haveY anl oX5.dA euiw~m In the cb wev The fS.T.-tb dvrrt~s to, ob~iai

t~.ntz~lu b7 re-Auaing its pe~ttxide vithn carbon were =de Dey fltu.li~ Th 19m7?to o1ý,

tain tant~alum the Sicamme b Ch~~v reo~e dA to heat the of 1tcx of

oxd vith eaxbon In zatoichiomtric m-,o-nta tit white hei~t in a .1va-oti~n atm~p Uri~

With. aubseeqý*nt remval of the sorbed, (soaption) byac-ogeu by hentin.~gtbe mtri1 in ?L~



he1Szt efao~.ts uwobu±l dnibi b'r a szaii.. rmýh& we e m b-

aitc of 0ý43 . noA tZ%~ obnel n~otAjZ cortJf 'L

je- Z~ 90~ O C ohn ,r o *ýo sse~ -0 obt~rifl cez -i n met al s-, ifCjsZ~ 3 o niobit-

b~~~~I~ 
_~eoA o tcX~2SOe IzA~ n V,_C'u)F25A* Thc

COtS'-ix'MIho agvth.e IT to 7i ;21 Ci

T27-

In the ~ .tt~ ~ ~ a re tIn Ofn O'eýAV i-i-i.e i-enC

-. ~~'41e int~i To:nt'W' 72o3ez27i

za1 ~~of 3.,:0 lC'C itt' tYe ~~cite 2 fu:-- in a x.CW

to ~ mi~n o: !e ~e.5 -0c. -,)Cop'- the of Mo~~i ~ o1

CenO'39 Ca 1 1d e L;. mI5c& w~th 0:J40e ir t1b.e e'zouwt w:tcidC x-- Sioi o bet-

Veenl the o;CyG flrcn .an @ bone r~be TZ2X ~ jxcze.- Into %1@ck~ W int b~m umexr a

*et fL?~Tf 15 to 60 !e~n. Xr~ clueI-of 'Lc cz.:ýred outb In a prot-e tI7 41v t a j.

are Dt peuded in the Sr.414exio r of -c' ý ah it w reLx; te7C q tLbe* at3aebd in thc vacutU

-*f 
ig mc e b etw o en t bie aoo 1j 1&ý w at e r O l z2* s. '4rw u i* sL bh x t1 le rvo c i-r 7 Cae v ee O f T apc uu

th2uov,&h the ap~httO tube is pazssd aa se te -riq m, z n suff Ic1Aft ft:- lhef..tID the

ttA-be to a tm~e~ratwLe ezoaed'.nD3 I S00'

100ý Zepazxtlon of' te czx~barl rno:Ads %c~rdiT2, to _eracl.I



~Th~5M 7717Th . 5W~(

ký vse7 r,;4 whereb;: a_ ~1terL ;)axt of It 13 being reove 17 p=*& vitblnbf a 2*rw

oil iievszý4 mir-,tea g . o:ar the e-Z of 1hz -oecas the- zte 'of rezet~on dec~.ascu, and

the pmic cattirnve iz, tz tabc :int of a-;a1xngn rodL Tv-cui. Aftec- coollný the

'_4;~ W-Atn Out from .,:- 'P= zze in tw fof 0: :or'ou fozý;el rnz; bsvL.kg an !.X- j
jJ.fo:t,. of o.-. am-11 prze t' .. of e .t d3aoi .f. b'.-

~.iot t-he retta ia _7_1v7eiz-eM. Sto -w:oer in2 ec Gýinde. Th- powde;ý is

n-~z- Into a~z.!. b7-- =t w ;c-ize of C^O ~ z~~e ite n c

xuI-1 z electic :_ne~ tvo ze. r±~dtion to zinteri'r 0h t1i -~

;:c dxceu '41-e c~z1on contek~ ;.c:ýeo-ec týhe o.;Z;~ea. --"o wael w~i the Tvm's ezf two o'ztair

R carziatc-i; relpal~ If-= --~~n~ r e f'ore~ t-c~ether to :ýedzc -ýhe t~ic!:.

neza ,%e~2t .- he; ae en- -ww .e d L-*onte in,: t.;w.oe -rn

"ý:ziln te to !~.§ t'z;ýe- =ea. *-L. c.-cle I rrQen.te! once nwe .nZ th-c obt-.Itel

:netal ic co~:ýc -2Z14 ?%ee of _-ores/e

.oco 'Zi OOdt Z~42~ n~obýq :ccovc-.e_ f~om a Mb,0 ýMcixttre

-- ,6 1700,1-- iý.u~ L rnoto pu.lvcer13ea but n~ckc-'zte' rcoovcx,. Ic 2,doac-ted to

C_ý 23$O -w az-;eLU1t of I.J o~jt.-ne4 a 1jr-c123 hizh :)i~ty

frcon !Ut :crto::ie ir:-.o -=e r~etc.1 c~cee~s 069, In the e-.Z'efr~cztz of![S1~,27' were

1~cZtOb th tochnolozicý- f..ctoa'a an-- tphp e --hea-U=i of. recovexin- niob~i= from

Itz-eno~d b-. th'? mr'I.de (c_--Ade-the'.--=) meth.ods, is cx.zained* It vwa- *ctnblij.

n tIcukx~th~ the tOt"1 xeactiou (3) Is re Ized tbznouh th' foflowizs In.-

te.-mediate reactlouss

Inaeut farA2O . , 6 and 7.(as1)

One of the- ictnt, pbaa s of The niabinm and turtalu reduoixw- Mnchý-n1m U the

:tO2.T-aiOu O1OI~wer oxides 0f.'the.* 616 nt5.chnc-ate;,,z~a by considernbk vpo pre'-stw



~eic; 10C.z~ e ~e~c~on f khe4ue ow.dea in T;;:owoU stito %wi!h wb slid

- ~C.ý,eaitcz o;: *-with acxloo b2. Czect etii)

2zap to 1z-.; 0:Z :-L-Va thc zt2. -= U -14.eterrimed 'r tz con.,ýezt

in &6!e tial. =!ob!.r. -ertonid r.. to < CA ~ (25 7)- 10-3 Cc (3-bC.*

am', ;u--r ;r16Z au Z . cat each$ e L-s 101C"~

t '1:Lve Leen to4eo o-.ntc<'c tz¶ v,..ctam :?-nrýce *X.' te ?

ztetec-;Ion of VIC ;e;.o.:1;e witw': *W''- c~. -- bo'- *11-" C' =i-_2. 71u of 1712 5 In

the ::awe*-*z *.- c....: v.-.ctu f.r=e~-: ~ ~ r:~~ c-e

'iifv ei,ý%t t'1.7 -'=; --e-te3 `h:'n -*Ve iiecofl.- -.L:ture

Th ddltilon itoi. cz twi t-bein'~~to the fc:-t tl~t nlobiz c,-.z

biategcomn~tv-± -' W;Lm ft :t o-,' tbm'Me-54 51"b r.':til'e is rne cot-xve- .ned

Stb:.m-1-.e d44cao ýMr -ym:Aers:z 4 mx!*~n a&ck, r t1hin sei'ves as n'z -~dilelona

rer~son foz gZactexr~ vaze-~c --elsht oA the IC+1 St~ ~ ~ op- t& T 2 5

5C m5ztize. zs ,,vault o,^ 1tOim. a mwdt of' vo~r'Ui voX'Ic of 'Vrx v~cut= Pm-o c~n 144 2

*2. to 'JVe tfxr e =AeOXO C tf'L1 (t-uinC th- niolr content) tn thr fo.'now zic'ustt

=.:e 0, bhe ;r 2  -TrbC =!Xture :tccr f the :1 205 4-.5C :±i1t;:e i P.-the=.or the

*deficiency of dL-ect rediuc'&i4on aeee~ to be 10-te obtai=-t of a iratal of very hiQ poc.o-

s ity Vic =Lx Ita further ;ocez-wing r"-te difficult*

141th the eaxbi c 1 "e=ý Cccxbide) :ietŽhod Is --o:;i ble to ol~tainao gnaxct tLntal-.

* ~ : ~U~u ~n~the ra2o only frm;'finely 2-a17eriza oxides butI also

- ~ irectly ~corncen-r~teo/



*In '.., C=4O 11hen Concen4=Mtes w othex ex*2~e ~~a~

used we Vf-t ob'ta!n couxse czxbidee It a~~i~ aoti s r o.~i mao=mt 0.1tifl

r'zi.1icou 'WrzACIi ozLy V0'i~l i1=:taliz in t.,A mvce;-B Of CC.bt'iutima qX4 als

ix'on tn r,-Zzee in fo-r o: rne'-.eam o.- cornom'da emsi17 au~m1ttir; to ti-A em ot of

Sirce i nz~ei coxse c,..-1de Ao .vt fo=. ch&.4c_- corpo~f 'ith zio'b~iu

v~ Zii cc~biesa~ e oly .Aended vift;ý th. wi e e~me-0-ioRI of dim.ol-

ved :210) then r i theý. c~r of *Vhc eez. ,;Lt%. ocloio.cde n

uh-er. r'it-h a,2.w. ;..'eQL -- f2. ~~oc cid t'hc L'-ong =Gzee :i11cor

~ ohe.' i:ies C -i'e . £ -I~./~of o' c .8 .. e...oved a: a r~'e nl.obiurn~

o:., CCZbi'Le iw- O*_t,.1ieq .:.ic*. cý.:; !"C CQ=v(ý.We'.~ in-ýo o:.:ieo 'X. eL-cinlu In

0,Cn 1-r Bion -t:-er. on t L--c: Of o:,C:Lt ion izs -zO-o, to ioii one e:ZAL4ned.o

D. :)c'i-7_h.tio of Ot:C et1al

Of *tho :=%o-.mn e`.-os o-' olt:½ c,:.Ct kýl --C Lc~t Of IA :;h.c nmelltil~

-, oit Of _4_z zO"i != on",* f0e £O-;:in= 0ne n-~ fir.2. :os~i ble ~1.~n

t#1-e :.ovder mal11Zýy (ce:-zetp) rzethod. vzcuxn ýc o:. im"'uct-ion =eltingo

LWi~ -S-l. (ert thodguhl-ch lnclies pre-r~i' r-na beueirZ

oe:ý Aots a - e as t o be 'w e c orv e r i o nrIm et'-.o d fo w Le ow4etofcce ta_

lui. arA nio'bli~v

.e:in c ( .tui;ot)* ýecrdir.;- Wou -'*he elGZý4.o o.ý t~ A" the bill ti

a!:-enions of =ý1 niobiumU-n &zs Cldjr4;) is X 67 X 16 'm at a. wwsiht of70£

7 ard 167 XS3.5 X 25 mra~t. P_ vci;h-t of about 2 kgr3?Z771

AM,



7.0

* ? prni uc~ w~i bi' C~~.o~ab. .e.1dieccing zvd re usd In v ~ich

Yer'41oa2. and L4eral ;XA~ Is pr'bducego F= the p=-ose of pr~ezsIng =~izally used

ca Lctuw of iIr1t5..-- ra., ;@wders v5.th ,,bei-- IyfMad Cfrcam wastes) -.rZ with wdecicl

additions (k Or c~bon blca

,he povdar-bt-ine "by ret 1s-lthe=.1 redct-iongt~r to its

*,.,j l ýIGe j efjfc:t'~e Z=*- a '-C. rae, into 2 i-cjeZAt1- -'I=-*1e billets i=de -c zf

of 2*0 2.3 t/@=2  :n 14 - ,5 A./am2 (nlobi=)r ý ̀ car ~.4=W- fc
for e tobiz= -,owdez' --e me! ~h hig-her --zi ;e-.z=tLs5

Co~z-~e~tztJ ~n5.ob5. -A:odex'ss 014-le lq elect.-ol-rcise e.=e

"~he ~i~ of :) .-ued vzo1Cizz(z i t~ cm-tues fo r~tlte

* :~~~.C naoll= :owdea's ~a!oe 25 1 Wc vo eo~I t'~-we ttc

(b.- volue) ý5)

-oa ~alic~:t i- ,z~ed dtQ:& % he -ezzirg so a r~lto: o' lyce:11L in

p ~ z :.= -fni C;.. olinZiflp Oavoid iI.tftCIs,

c~~z~~le ;w~2n t: e:c ~ n of IVi1-id :-ezidixs v--Sd

for' r*oitenin.; the _paoder, z , ao.2be. wz-.te: v-,.;ocs; 1ibex'm ion of

.a1tion a:A e:o tonof thce~La-s -r:.Ica --; al.;o r'erct betweeni thems-elves Ctý

vith. the t. rt-l= r-&: niabium (o-Ades of an~ -22 =io'-A-, 04il1cong tit-Miume 1---Q

=~boviresidues of s-.lta of zl1I-li met1al); :y.vvth of *tal c=73tzJS3 zui~in~mre of

briqxv-4tee --n! converaioa of t)he reported -orcait into closed pores with siultcznou.a

roduction in the eutix-e ivoltrs

eecause of t0e diffe,ýence !t~ the si:'tx. j, ter:epratures of nlobimu (Zbott 2350.)

* t:ntzc1tu (2SOO I the acý-txvres dtx:rI- t*-x L.inte;A-- of niobivu axe rcmraod with 2x

- -lescr efectivene~a./3



d=~ ~ ~ ~ ~~~~s -is06 ;*l ea 12a '262
z1e~ote:,Bes taft ig p3liCt Ingr e a intexn f z~~a~ stlm

20 .first of~ all V~ to a tenvpextbureOof 100) 26Vbe-?e is the *VSP@idai~w Of the

li& ecidue used &dizic the _-e.ýJing &s wenl az adw:*tio1 Of aw andr eas"-. It

:oula 'Le tmertioned at t%.Ii -point th.t the te~4ia of ei:oai~of U4~ adaawbed fi-

of nCI~. in the t1h±n n~ ~o~xirA ane fr.cxOacCOio cruclw sar" Pa'S*

icl1'or. 31=fcea. Coted'ee a Owoua o1'ai films, !z be2a.oT.n fL A,, this DUOL4~

oAnt~n there is Z noticeable increa z in 7,- ._fl'* 1iCw '.-

A~he fonwo;ifls consi~e:.blc :Z_,e i~ ~'tIa thc ~a.UsI ocae."Ve4 a;, a tez~er-

~ti~e f ~o-60 * u iuZ Ianccecteli v";' th-e.I ir-e.zAv lib~~~f L61 .' C h _ ".OCf

ri o ~ ~ e a a; 12. sr the~: t*r. -*O'ro..o-a. 
c

o~i e:ifce Itezzie jol lizat" or c:..uz3e! -. , ~C o- of the c.bonl vith

if *h itt..:o ý;taCe 0h &a0nseu it'I ax'e oain elý.I2aedqut

in ~nc:t~ecomnt,.ctr. _,:Z the zeve.O:=eLt of cx:=x!Ca' ;x~CC-s o& bcz

nomet-Mlic c:,ntav'%ta into ='Vallic cwsi*ono ti

L* LO to 1$0 in v.aocu-n14*t:3 :-l-ce nthcrxt ! zsi.Sý'Vo ofttVztA entox"~

with thc ~if of 1oc7,i-~ oea ccor&-jýid -4r ..-.e 24ber-tiofl 0of ozypU. It is POU.

oible th.at loasex t::tzVaLn O;Aaes aolzule to a ceza~in sx~tnt in mOufl~i@ cta~x

AI2o7e IGO0rthxc 1 a ýim1um vo3Lz_ Uixtt3o7 of tl.e '-or w~l 4des vith stmiu1t-

n~-.t decorm4tlJoz of Vt'. zoli! solu ýIozi. The volatiliS&tloa~ 0: Ut-tal'fl acid" oknti.nx

es all the vný' x to Wi finl stnr1rG terpraurso

Jllb 'n thc vY.=ui ap~mwatus cont.ýL5. osi-tain. =*A ce a~pum anditroge in the

t~e~tue . .~of btve~ ~ )'a evaer Pbsarpti@U of these paaes IT the metaa



=45.66/sup8 17z5u -p o52

&naloglD petss, but at a~wowbt diff.erent tezwiwatur'.a talm p2lce ze3J@viu

Whe t~.nta2'. Is sinterd at Ur~ers ues of 16WO490OOwi ovsr the-e Is aiso the

ss~e~atioin of uilJionaW o't_-!z other' ndi:-tiues; here ýb silicon -iolat5.Izes basic.-l

l in tbe fcm-of a lae 3ie 10 a~ =t of itcan also be --oved in te f oz=of

At a t .eL'ct ue of plus 20C0 the evr4?ort iom of' nloo other i~~ come to

halt5 t!in clidea for e--on a-.;: nic~eL. -'- it (Iý clozer -to th~e DeltiflG

-@inlt of tz3-U= a sr-! ev oc:J1or o:7 th~e rvt:1l. itcelf te-ime . t o...ove 2C000 ther.e~

Iz the most 5±tenzive shrin:=a in connec.1 i-dl-. t :e !c,7-:.q7-nt of~ ;!hc 5:an ir

It is "Ealih ~At te 2efivLý.- !a.o of - .4et l : to.lyfree

o A- az;' a11i;zw I_. possible in the c~se whe the it (wd~er !:,-sa cs mecific

ex-e ~ ~Ltit to re. ve the .1- a-: ̀ o2*ez of výtL_'e rtptc~ls exe

'oil. an.r. '-he n~zt~ etalz cor.-4enze on thb cool ;-tzof A~ -~ts

.1wa best thir.Z in thiz x'es.,ýectv _L to add 2*0 d-6ct4., -'t. an o; ct w;1iz L 'Asx

1iit!U 2aWds it iz uee.;x to cid a certain z.,~ of ci~bou (e-zbon tkAcc~). It iz

.ix the fot.. of Izze o=,aess e~.C 009 SiC e-ic.

..'ez sitterinZ nlobl= roldjr4p t-he 4-oce9 T_ Al ~iv i 's4 ir to hlwi

throe a ta aL,7 Z to e40-100OP* 6;rrattir e=,-t of hyroe i., 1ýbe-at0d ; it&

content ftw 0;o~ l .27% (vaight) in the~ Inititl waders- ftops U<. COG3S

(wWi~t), d~ing the mocozl *tag* of the poceas &'t te~o__itr r:.naa of 100C0-20OC~

is re:oeye * saboa aex the &s~lc amot~t of' w~~ in the Pb=m Of CC* amd Va it

the c:.ae of en ox;,gen axxý.a~ -Vhe init~iz biebi,= ;jeVe ia boosted 1_ r coxt--in

-o" ce.r'.oa (2/3 o: Vv c:.c-.ýLted Ior zrenýT_ oa~ber 'In fozi of caxon nonz~zde).j



T'he :-eactiom betiieof c~boý an2a Ozg tanbe !ýc t zuoý;t'- rate at. .1.00 - 1700'

The drccl1ve fcctox in thiz 9ti i: th. -zocetu aa 'well .as all o'ther st~ezss

jzI-C -- to of solut~ox l iffimibn of zýt-i:.%xes p o~eciz-U3y coS- rý =~bang

* irZ a m~iLuze of thi4n ar: r-ore co---- hy.rm ;pIde) :,owus -Lor s*eize1 of

ro1inG.tf~zce :,ý ;e-t o: Tee;~ o tvoid t',"c ro-_._...A'ou of c~vitlefl

wi~ tI.c 'o1i~ ~)tlx* ;:- o. e rir.z; at ttidz axt; ~

_x sl.xul be 2.ow. At t-hA- ctý-e .,e ! lzo hav. .,!he zon -;-!or.n o-4 a carzde--r-ble =ovt I
o: 02 ilicons _=otb.W2.7 -t 4.1-e fo=. of -30*

6&-,eOff L (ete ~;r 2Mp-2.;00* LcZ2tze. r elatý-

is3'

-.L-o~n cok" -ot-;ý of4rei~llr

;q~~~~ ~ ~ AAj hr, eq~*

Ther-"7 h cl.z..xYcteA of the ot:to a Le an tig i5 1 oferj

of i'itz 2250 - V3500, 7U. ao-np in -ropez'1*3 of t=w.J-u= tolirnp dt~ing bactin

tnýlon l~tig gý*SrgLtrol~r~nztW'-em~vx= X*Zat4 I- nIa

an : : t an th -c.; n-lý "Vis01 _OA -. -6 ~ er*-r :'0U



c~ls orthe follw;Ir co.,itions (latki jilve fw the =oi4ir g ~dtaons Of

0 *9-*150 2000 2SC0O
701URNMIM ~e one a- of Ue.- h o-' t,-.c :i_..jol- . .0,.11 8  0.2L6 0. Te

Av,#at200 J.:u ICQo

on ' i F 'o 'w.~a In fl--zt cýi_; o' elAi'_ i.-ii '1 u'-

._co:'l cw: w-i;c vs -d~ e le c

it -- riont;-I of ,'%-.-x-'o tub Th4!4

a aiT..vl*.Cz'm L7 cooil, - he fu-m-; ia -I2-cee;'It a z~ealsd

=4 tima r iz c...is ot nt'si .,tu -iaes o 1-c 10e; -ac of mmvo te&JIza ita

c ~ ,dOzi. -~I th~znJt~~ 4n~ Jiz 00 Otb4-e



Ptit

liz .6ý e sta (accora.im-- -;a Zochi rtL ,p~w)

~~~e ý 9>c fc.-: ai vrzci. 771,: Ko ,Oe. i _ f 2w ~ 1z ~c.1

e- A -- l-Ugs wnolira _-ýtex f-LLA cz~n in'fO'.e ong

US 44

c8-. Ir Immtý% , sxie

2-c cad t'~ ae~rr 1.111 : ..ýy4Ta;e.-~~~

71 .r ed In rr.4 f cess I.trluccon o~r iut.rc s'mV.

Siu 211ilaz, to ~Žecon_%.rxt$.om Of Wd!izX7 devi*.. for 01' I.ImriZb

,.:!L, ro2lybd*zu 3 I2sr~a (flga.37. 38). The bas'ic dif sence 1asa tnO Nat tbAt the

int~ror -,-*a of the ea &-!a be Lr hijih rzefu.ctiou (Tcoc = to I - 3.10-5

, Ar.: _rt_- nidto u-ca h _~~ u-ia n40Altra

of in.,_-,!Ov C*4



- L ~i;1 te~1t~' v~cmz ~aii7~Icef t amsg~e fc t. sin in~g of a pe&

objeota r~rA hAvizi ar~w& *Cu al dienionme verittll,- axz.-pd tumaten

U>In coontm-"Iy vith th U&=Ibed stges of 'tbe -, =4-wn a~Ve2A L3: 0=603 in i

Tv tht . d*i~;e 1_4eza.5edve -Ac the ei~mne aieg to be the

frý toa of L ,z~ -;1 8--inh oil

diffftAiA P~ of SCC Ce/e Z; e of I- 1C,3 =~ 0: rel.CItz.

noutinatioan 'i;?. t r.a cý-,ez :.c1:z¶t eie~-: y of

(--Cdto .-. : e.o'or.

1-'io~;2-steel dow;-* 4e;17OOI difW~f u o -*:z 2- rote~,y Put; I
4-c~Stationarycn~t -. ~~es L intti.:e; 5- scexae 1

J-,CO:we= 3POPS =TJi-t- tO S-s ,a o;'t; 7- ~~rci~
,,per Cor_-.L.Ct; S-C_-'Om -C'-eenl rci., eete1.~.~ o=; 10-.

7-10oWax -- va co~tt.Ct; I ?-Ei*:ý'a z& c~z~err carLc-ti&-% bb3. n1- over Irc=
9-flexib3e c2-1e £ 10- 2.ocAj;1~ ;:z* f 'o:7ex; ".,:oL ao.?I *

~nn. out]*'.* 14- flexible watei btos3.
1j3-azzle .le&iYI. to

The I IM= 1, Ocp. ern:2.py t--t~ali sinU;:1%.- devicpaq equl,-2d also with a inch

C11 ?U*3 with a deiiv7cr,- of 500 l1texu/see-l at ;re~aeo 0~ D 5 ~o ac

NJ> cmm in can!Amtlofl wi1th rozx r-chL~r.4 cc.I Puv0



F5

Fi o? ofroe Tate=~ 3200 xl ft-k:*vt urze naaee

ve.inaof35 Z32nC1 dlv r~l lo.n4- vni~hln8 -. 2O no-I o L.ý

UJ~4, Dst of tt1i n .io t.e o zoeajn

0. aizteed. tolIs30 ~r r).,

1-bldinr-a of such dlinerAs Jm nre ursed fox tb. =-.nuft IFLe of &hftsz,712.ts vhich

sboul2A be %:,ed o the' r=o nufc~ctm-~e of vl" v. ~rod bave sqii:.e cxoss section5 the



dLa i of bcsie Moldripn 1 thi~s oaso ut1ma 350 X 20 C20 and the VOI~,ht io 1400

&TM .Ten y M2OU" . f=~ bettirz two suoh. o2Ad1xng to Maxim= Si!iteri.' -4:peZ

OtEWS in 78 U=**.

4*ceI'dizg to xC *.oendatiM by¶26 27E '02he ftzat ex.l eocwe' d~i'1O the S1A-

tariM of~ ;reased imoldirp o,.1 niobimu ~zou1 be =1ý8 e. ai t~~t~ ofo not 1eza thz=

17501 lecaiuse at V~h lower ~ ~ s ~e niobiiz =.y r-b.orb a cowi1de~mble mounot

: Cases ( oz.ecizally ve Mo Pe~e; vuoa- i.; -,z~ed), Iw. ifio...tion from z~c e-UL'eh

The secorn4 lonL 1w-'-in- e:.-ost~e z necezz'y ait s1i' n t'-z *'-- c-

re i-ac- siouV1. ba-oib: close to the -;oirt oZ-, Aez~.1~ od aV~.;-h

a -.zof.11 of 10 Z 10 rm ;a~ co;*xe enn be r.-,e fo.., e:r-rr-le fo:? r,, e---tod of -4b hoLT-

225at 009. even for a :W o one (1) ho* r-tit- 22;010-- 2 -ou:: ~t 2.' ;10 0 .

in thLz, o<..e w !I5..Ve a :-.Oz 4, kie-.;1vc ;icztonfr-o= a:~4 czxbonj f
~~i~-2'43~ ~C..i~ frm czt~in ~%c;ý :Lnnites; ;1-e;.vcezs o: Co3flec-ti.-e>1S-~iaitiý ~c*-mz itc-ivsth e,: funsc4'cma-ata

A
T.o itperai?., to>.e xdce..s o-P ait'ei:ln -T:oz iil 17 r. eL-ivelk" 'rp ise it

rZmt~er'im of tiabl=.- in con~iiin reoran by e-ke I s~ 'Cndez!.--o-

condlitioriz it recjufres W.. to ) Iho-axp in. ~ conditions e ho~g =4 It le t, a to

tkhe laritaion of :lLable C-pL-z'tc) met,,ýL ci-tz..inz.f Z 11%. % Tap, 0,0%9 m~

0 A% A2,.

kceiv.nr to '~f1,1 [77 the antel-nZ or niobiir roldinr~s wsiZh1hr,6 2 3rS 2 57 X

63.5 X :5 ro) is oci'~ied out Iii a we]Airgg .pp~atux (see fir,*38) the daw* and water'.

cooled wall~s oll which have about 610 r= ~In diz.rute eal se 915 =in height s The

vucui= sBt.-m com itis of two 34-Muk jTo-oil0 PU~ with 0 ei~ a f6500

lite~,s/6i6ee at a pxczs-..e o± t1,O0' rr. of me-rC1m.7 column and& rotctioml p=.Zs. The

infi- ýU.M 1: ofAj anle1 ~



Fi*,ýPz'oce"~ of a t=4exir zio'bSim rjo1dinp
I( rbThc'.At aZ: otbexs).

Thc elecoýrc w.,cx ;;2 controlledIr. a "*0OO St, 30

e:xezaed c!_ _fz c)ed i.n tor.G olZ the weld-'~ appem't=andM

-*'*cf-.e a;zt_ Utb Pttoi -!m- '0 we-zac -;e -L rae, in Tfcb 'am-

X:C CC~q e-,e;ýa.,,1 we 1L, :AenZeq vithiinto 200 tir he

~ýz `41e -- Zu.I tte, to~e 23o0 2C tbe o, f

1~t.*o :tv o2 eto 10 .~~ !=a t izo luee h ol" the sioWa ere r*Ate24 B

[xz as.s their cent~ee tile o;ea71--on o-0 he~ar 1at 4- c..xzleI out in a r~eservoir

.i~ ~ ~pc5.~y(Vol"~) o1 22CC lbtO1'5. The f=_-o.e io -,=Zed o-,t wi~t* h i o'o

Off;Iý%_ the 70ok*61.3ty of o'btnInig a of 19s' -=~ ol" rex*=7 colmae

T~ D!h freauency -" o'.rte the fir~nzce hasa : ;owez L2er ."aPr vith m.xiwmn ocpaoity at

t~e output of 50 kv ait a freij;&c7 of 10 c~e a- Ai 1.z opw,* nip4~a a

t..ie n~ot h1ibem tbz. 250 ir to ;re-.ant. the orig1=10.Aon of disch"TAN. Te-ee1= c=.-

trol is flo.--317 xec isd Ir the consume 2overg at times m*Qu,.xi~r the. tf~zertiute

of the s=,1e. *cY an optical pyirometer. e

T'!,e rxoce.;S of sinterimg ztio;)iun violelirg wolgir 750 g in at inhd~uctionfl r&oe

38 t 14) in buch a z~r.ta 17"0 te erZcxVe is ati im4 ,bL-.*n 40 Initutes



*tb. nolaimi; 3 thmexposed (soalJzd) fm two ho= b&etwee~i.1700 ari 19C0' until tbe

bai w.";o ~ o.: arxlon mn3t4!4e silion~ 1,3 ==a =-A**&*. 7;0 hb" U -owar 10

thea 6=aevaed ardui-.n fori a';srbId of S hows until a t,-pe~itiw9 of 2300' in

-Smebad* DwtIZ the 6 Iowas oO &o~d& c~t t4-%L teppe'rature the onc-en. whic: 11a not

asp~aed 3 the ftia of 0Mg 13 sakir.ted in for.., of voLtil. 1a lwex n±obit= oicdests,~

aol tbe raldizG *c~ose feme of atai:tiues Dzn the ýinte.Ai- operatrion I.he -pres-

sure elcrsafmn Z~w * o ."~i' o1,~i t:he ro..-ov:1 o: 009 to 2010'5

3M of maraury colmzz dt te erZ of the opeatkioui.

'logoher. wit*- Oontro11in& the vzcu= i- nh. tIq asntllejxim :;ocea it 1r in

;o-= to covLolt. the tez~e-,ti~e %hereby It I,- necezacw.- to li"I !nto co=ns CexcJtion

.L, c'.-iem Ir. the &.izivity. of tone (flg*4*4)

tuvec. ord1=07fl 1:~--Z1%*

cottezt it. t!phc ir~iti:lJ routder c-Z they -z~at to :wC ?o odi= thex r-r1 tant..1t

.-owide az4 1ezua jh!en a~n elec;o..:o1VtC :owde.r of zrc--te-P 2wit;- !.& Ued~.

12.fez th-e znteri" the moldir..s have re-nz ' ýozoA t;- o" 7-35g, w'Ach

If= ~t c .~ toc a~ a ty ofL ;13 jcr.3; fov n_..Thn 7025:8.C cLý,A 7

w.ofile 1~v 3ýW It~ coseqe~nce oA -,rich the ;)ores become zealed (clo.;ed~) W~.

Tbe: in o";1Xle out' the acconxI sinterine ( toca:exiag) in_ a vaou= velding

fo A £sýort period ' U1L. tIme (ov. I hz) I eg in the r*341.:1 nat a t~z-~r oe

Ohat lower th=~ the sinte'Ing tme tsr e. :4sSe'z; Iýth t cr We &.'re

llisatioa withL corres,4ndin gzowth in 6Trn uize an! redizct~on In 2owosity. z~o~--

t1mes a second stao of hwmeing I ea.:ied out vitbh a 23% reduction followed !V a

osecor t~p ir n v~ome.

i of~ ý_-Iac.7ilq 0 thc fc of "t.,a nio'bim



:*-~56~t~. .~-2~56m-page 63.

Ts i'esa1t o- h W±DC ran terzwI.4i yO~e14 a b!~12*t vith .co;pes p*]rhedx4

Thabcxtw -.uh ;ýersd 'Ue2t comt1titbes by "1, 21. a $ 32-5 fjru2 0

~loym~ od~ia ce. &~trerztiro metb3G Ithe billet Is Oftbwte~ on-

vrertc Into It.OAS amd VIrfr 1 .-

Dezlva~on olf corz.--ct ".tatz.m and uid aeo a: b~t~oui smalti

~~~~-,l,- fz c zt t o;4nead b z~eolton ' i te'o etIrgme

ka!~ . ht 'e Z~e=.e=~ ýQ1't;i ~o Ja~ t ;~~~1 e1 for tbe

ob~tof _-0r z e-i-en:t i~.-cctawen. of -4.-z intbad with. in ma1zm

~e ~~1~oe in LnU.A-cts he_-A1:. M-cea..

rz45.2ows a scc=-1e4-0!c e Ion of r 'nxix z~ea fo ex'o z=7t.-

7br =e.-Im t-hy vael mtc;n ;hte~ewwe tant-.1iz mlO3ing

*(=.itin.- dolvt. sz sxed*W_ e~ec .. od*e) T he zmelŽr ou wi~ Cpr

Ste. e_'ectzode _-:..&repoe) _-'-6ý*_ fr-sely. T*7 mel ~ted it:

fcL~ of 1 - :016 f.OM o a COOU-*e~ oýp. Dj-te.

M e .eýL;Iot o:ý 21 'in -&-ots L-. the o etn meloba ftm a cza-

0, c~ *)eer --c: wivte 1=z an" o Ac:' L20ý The.- o'kl-ned inots

;~ a ~xd~~ zo~r~,A 3-t 0: at'Oit 70 _ C2.te G,.-~w~ .±~yrl

in-1O t'1'* Z;:Xet. wa o't*i-*l * fZS4 J.ý az wvJItDZ rezto
.!j 

a

in 'wcu ý-.; wndile iQ2''~ -ons& the azem of' the 6_7weset! the Gms)rd-

a~1e e'~ ec"_oe wa3 11,0 m2,, Akzi.=-r of ope.-ation cruci'bl 51 of

AC-c=ermt 2CCO a~p a::* vo1t.a;e vq micen~z~1* over 1,85 bv-br.)Zp ove~tioma1

-7= 2.c.10- t= T1 of~ m1 ctu-,a co rn *41e thes:.ý u) d t1ný; m~l~~tho-iusd1 "-garb1

elcr~ the =ata-_2 =Y.beacm ocxntmlut*4 IT the electrod rat~e-1A1 b) the me-.&1

1. atu!- of tta.-iri Zftt~wri process ale a de*W6-ilokasscipti"of. UN th r~o. of pro-~
.:%g cx~pct, 'i.-tdus zc:oxrd nZ doca' 1W Catch rea.sclmars are also llated In the

re-o-t ', Tam"26. I~



i: a boom*. L~filb'atd Ar ~sun.o~ntcdml-tw"' a &-- vhlch muzt be w~ed to 3rO

'dun a .tUibls ar* fuztlbeVL=o*s In the ;resence of thiUSm ~as oLrtureA Of the =elt4

out metal j.' b.1z4 wernve! vith le5Ns¶ elfeativenezal a) wber. "ltir.Z WGth af

ablaee lctoras the purificat-lon of the metal L3 a1 ot mata effective because of tobe

fa" that the eansiwisbin O~~wSj ic1 ~ a of 1=10Ma =stale) conden~se

on the cold mlls3 of 'tbe f%-rc a. ",e then ---aim alswbed *.- -'he metal; d) when S~el

mmens czxrbon ar ot..ha iŽt~a t I- :oto:' oil to 2.rovide a ;izP:Lr

rate naoess=7a fw, the e1L-n!=.tion of sr.=e. -,nZro fo:.* excr2le. ¶'herw i o~qen

In foL-,a of CC £tiina the ýýe*"Ic of r"Iobiumetiq~ Oe3ý a, nt a crmlt5.nZ xr.te o:

2 1ZJ=1a the x:_tU o-- ;r.zift out o1&be o: to1e owZw of 2c;, !it-C-55ee at' a z,:-

IM Z,.Ser2tiC (ee~.nt:.A on of axe 0,~ o ccr Le;::Z JA, ..10ý Ta
(racawinc, to 2*1ton)

1- f~ltV.CceL-Qa wSet=G; 2- oooled co-l;'e~ n1nte; rxt.l-lic zrl¶, of rx1t;

T~e =c s£-a"L~lp ho. in th~e i~iven ei.z 0=.f "W.Xt.. eito'ie 1*X:-, the

fotmdng of t x niobium iryteo Lfrorn puzv :,ovcdesj, w W~ the obtA3it

of 1--W meta1 i~cota x e=r1tir~g moinrzý Vu-.Ch =e 3Len-y ;!eev arZ free of

Thi~Iruction aui~of tizt,1.Mnde niobilm the ;LoblM imv1vrea the xf

selectiow of a I3ecir ibi. wtei~al. In *..ia r...oct attention n~ 4boy doevot.e1

to t'-e method of indiuction a~ating of metals In vao'e or~ in an izeat ga atmoaphszr

in s'zspendel at--te[7243.
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It L eccssa=- to reztlon here also tVEe =a1t~ii.;mtbod by bacb.ftmt vith

ellectroIn8 vi.th thiz meth~od~ on Lborato=y saUt vas derived niobl-mo: ultra-U&g pur A

2*eýxocezai2C of r~t-.11ic "t~t24- en niobiun waztea.

N4Ztz.1t and, miobiu b--re th~is adyv-Zve t&hat -t4ell' weat~inctA4in thrL tips at

!ng ( ct~t off: -q ef ecltpve zAegt.z. eto). vamtes obt.4Amble tl*m iuf.ot~we of

Coofs a-;-79 flemlI7 of~ of f~~~s!'.-o -hc c 1. co.oni'

co~r~ornez Coej o'--t of acr ..4aia.ozC tn:L itlovie ~ b2i eazometas

o f y rzZ 1o te3 a -'2 it z-I A t--bes# oo~t of clcLAicr1 'evioes elt@) ecan

.cft1 xcel-Imd =~.Z nee ne4 % two in-uzx7

7 r.c nt QutiC mt';od o: re_,oce..aimg %Fc~i rrZ~w n~i o*A- *-:ztez In

'r ethow. of b.d-o-cz--tin:; zz~ b!2 %y h~e~t.. to SCO-ACCO) In :1ifled az

ers~lcc.c'ied hlozen . The O4inca r7f~* 'e :;ulyrzicd into :ýov-dcr in a rtell

!o o.-" 42~@S the *Vo iz s.-wc 5ibe~t Li 3.netk

er.. "-etrc uth Miute- --. *oc:Io--.C --c'.d oý .r- 1 to -ýe:z.tect wiA; 1-4&.CUW-

i~ :cid To1Iowied vcby 4L C z'1" 'ii 2 thec mrs~8.. ad"r Into

Co-~~cc;21 fow S.rAcnte .i ~th -0 -tz ;--ope thing Ic fL--t to *ibutect am*



%i zft in*1 ~WaaW m7 dI Moedarilm 1 G014WTM

t~als ml ad dem saetoab hr UOt plasticity e.M mm eol~u.dh

emd vwy eUiwy In the =aem (tfs46)O

WMJN& or11 and Umaaled plates Of tant.1m am ai

b&VO "Ps the Initial bisahe to? obtainimuh..~tx of *A~oua tbiocesmag

400 ADJLa to aseoampished by custamry ustbodso in rallia. hi&a do.
P"M of deformation we possible without Lueinelmiate amsmUinf. So,

ffl WWW14, a aht with 0.05 = and Iess thickness cas be obtaimed

frm 8 to m thick blczk without isiterga5iate emeliag

L ?LON-SaID104 mstal Ot be used in the strip In orftr to obtain,

WIStt wesuUs it tMe rolling of plates. If the motal is s&amld ts..

for. the rofling Pro**&* tOe it is necessary that sameliog to a**=,.

pUshe at not too hio~ & tmperstur. as Umo 0s. in thi~s case, inaemm.

44Natal YO laQUY S ber: fnm boundrie of the Vaiveo and this

M1 mei dmm to be tr,'. tOw the vWokiag of mmU ams mollia*



Th. textz. of t~atalm zolliag is the sm sthat fm meta*

vith boay-co.m.rs saue spoe latt ies (20). me Tittwave -w bedo

widited by rismtsticme 40) <u>, ' 43 MO wd L 4I

Tbe 2ast tm mw 6wbl. teztam AIab man saramW so gat Ow ft

sppa* earespudiel SCT~ InI61 the nows diiwtasa of th "UNaG* U

tensity pseake related to fte criesettious ~4 4i> ON mu

all "Butred a.i..tly ca this orienatei m.Conste baWfg the b41h-

out Latessity, divse" sprozximtely le2"nta ml1ad mewspn

ro"to arientatice~2)~

D~~pr"~ or ODI*J

Fl. w-AG"AOfoa o df~nun s w oatIa
te"I sreti irS vAu~anw rlaiv &MRSM samIt

Iis ioif"



tWY fMOv,. -MOM 18 d010 $o Obtain red&, Awaording to 3Wwo (20fl)

It Isbub t to twos a s.labwed moidm. of. a agare Msetimw of tenalus

into arooed rod for am PMea. (3'"smn stud Sod the WSResIa of WM)4

imp bs 96 tetbs'4 ionu 6*3 z(6*3 - 95) (76 xui76)) x ~e *

alos avoiding the rolling of usteriai by remeso of the alremiaw

flow of ribes yrovsding in the come of utilizing issuer primpry mu.

pression ratios.* In greater aoosrssiouss the generl Lecreess of the

aoe-s-ectios area of the spime cma de up 'CM for three pages@"s and

the mtal &mesity £mzesemd to that of the Vasoztical Tablaw

tAlter such trestmento &sosling was mneded ubich was carried CS

ina a vacuum1- to 1-4 Yarcuz oolum in vecwma voldivg .qijm-tn

Sat hosting to 2600P hsour.

The ainidug *doe, ordinarily not thicks are act trinne is Ow

first forging. Tbuy are removed after annealing (and are afterwerft

trested as vasts material). * he rod obtained is cold vorleed to a die.

mater of 2 to 3 Am and is given cwer to wire drzawing* Is the forging

Process, it is roecumnded that forged th~reading dies with possibl.y Im&.

or operating partts be used sand whLich provides better quality in the troat..

ad surface of the forged metal. In forging tantau1m. it in possible

to use dies with long w~rking parts vhich are five time as ilarge

andin hatw~yobtain momth, ev1samples of metal Atbcuit h

use of special finishing dies.

An cader to carry oust Us. vire drawing of tUntaluo and niobium wire,

virs,-dre'ing dies of tungstn serbiA. are used (for the wire &drawig of

2@54 to 0.36 an di smtmr) with a powat &I 6S410 'Of lr MAt



diamoid dies for the drawing of wir* thinner then 0.38 m- (2M&) As

a lubricant, It is reowndod that a u'iitting lubricnat ocntainiwF

soft soap and 5% Lar'd oil. be used. Ther. 74 wire is passed tkauu*

the lulbriosvtt after wtich it is qiaiskly dried in the air at *aex

pan". of its own heat, Sucb a aetbod of lubriestioa guarsaztin tV

sompIete oosting of tbs material. Hohwevr. the lubricant ams wot tJW

bold ca a. imyrep"r. surface. An oxide 1a~yer on the w-iTs awfufae in

meeded in o'rder to noi the lu~bricant ad~wreo 'This is dtone eitber ty

hestivng the wire in air to _8OW or by electrioal a~nads axdatica is

a 1% solution of H2SO~ and Na,,SO,4 7%o vire, covwred with = caM

film at a vol-Sae of 3.10 to 115r volus (nexium voltep), son be brftch-

ad by using a A~.tting lubripwa~t of a.-ap WM 1.ar oil. as lubriastica

through several vixi:--rawing dies without z -*4 the film.. Tt re-

neval procers is very simple andi do'esnot requixv a &,,sat loes of am1-

My* A go~od oxide film is obtt-?-d in only 1 to 2 se.,. in relation to

the area of the tanta12rn wurfact which under~aos anodic treeamm and

to th e c baatrsi~ oftnjw re ~wodie oxidatiou-, the

virv can, be pa~ssed thugh a gmr. pr'ryided --x the si4... with l92bbar

disks having grioove an filled with 1.% solu~tion of soui±m salfatel

uhareby the virs is the &no~ds and .-r pvcvw - tat. oatbLe. Is order

that the Ocntnty of the irv-ixtw-la jP'OCASS in not dJisturbe4,j it

is poaxiblet-to set up in front of tbe viiv--.iwin Aic a vuet ta)T aflodie

o-,ddatiou &nd a rout crnvtiinlr*. thc lubricant, h~in ca~u,;ts- the ir

to rhe x~r~t -u-v in front af tba ist.

Ths tetVii nicybju yjr,& in an rr.nu.1d &-ta.. arwvsrev to"~

pistcM T h* wires cc a " .ai, to hNW. at Ok - azdl of L&M I

,MARIA-

ma



and It in Vwmtýb1. to vtdA0"of a diUstor ecpual tothat of the

wire's diamiter. In operatious utilizing wire., ardinkm rypoductiOm1

pirc oesam aft use" vb the lint.-rwuts are zade from a1bziwa brouime

hiood bln)adte omequ.~t wire 8awing

Theopratonbegime with a blank of &iesk from annealed intL

g&the aplcto fa th5.k, rather than thin b2lank 029)6

*umple. for niobium maeker up 47.5 to 5Moa the besiz of the fmna-AU

rbank- DxtinP 10( nlank

vhtra ~ e Z'lu fn g Mp the diaraters di the blank and a xt&*# 'es-

Tantalum anid rd0DL,bim In draW1Dg pimoeas a"3 not c~old vorimS sfa

qLcyas the majority ,,t matals, and the &-awing b*,inx on the uppor

yortions of tb.e Astail pnit *arlier 10, an in its 'tower pexrtiam,. Ter

am oyo-tin tthe dmAiig Is. pouxle f~r w Awi* tban that of tbo

diamters If th*e Atrryi4~ aut of seý#al ton is d*6ý theii

or'-.~Ar in the first th~n dev ayt~t of dnMvIng th Oven 4kui

O~zUV,, 40~ Vý 50% 'Of iii datsil Port diAte-,, ?The thC th*

-ntt dr-sn o f ta1'xli ;%o nth'iu e t s*.'I t ieMav ~Ao 1Wdnaie



In carrying out this opervtiouhv instruinwt me. of slwawi-a

bronze are ordinari'4 ured, altbw*A It is also possible to ume 0t4w

instrumblts, As a lu~bricants lard, paraffn luabricant or othar siol-

lar lDzbritation oamition am be used (26),)

As a result of wire drawings the crms-s-eetion aMe fsa be iMe

diaced to 35%* vith an overall decrease of pipe aime 60 to O~.befrem

roasting is required (277)o In the reastingprooassa the siges of th.

notal graize axs wasazfll controlled In avoiding tbe 4.e"Wpsa. t of

*cow.s and burrs. A paraffin lubricazt or lArd (289) era also )abi.

sating coaposition in vire draving. Wiires can be of abuium Warts

vhchi hrd..1j- gr walmnium bronss Is the no"

effective material (217.

0bagnn MRoucts from tn al~~ and obi AL xuio.I

obtaining products from tantalum~ or niobium by extrusiond, &23&1mm

bronze is also usually used as material of irstrwmatea In this In-

stence also, the above.-mtioned lubricants am' effective (289)o

Preagwrking of a product from tsv~utaa and niobi-

iw are obtaiuad ID the sam vay, as for exampUe from law-carbon V,,MN-\

ateae., wit? the eiec$13n of the facit that pX'sasutioweZ7 Wanums~ a.-

miuuit the sti~ckdlng of mtlw oni tha vtan part aeSaftnforae VW

diot aer sawaturwd of uao slaal or better frn olurirai bmm*,

or Vwylli%= cxpp~rw A ualizure of ligbt oil wnd karcev ame nt*4 I

The ci. rae (gap) betwemn the punch and the !mtrJz wed4 *wA

60 of the satped pr-odut metal thinew

1q



The o9pertton of drilling holes In tantaLum end uiobium Is dIone without

any speial difficultleo, but to prevent the formatiou of cracks, veer OAn

soparatioa of peices, w vs asiisl awply dive having smooth sufaoos, (209).

Us cutting of tantalvm sad niobium with higlb-spe.& steel cutting tools

toaccomplisbed *rtirely vith extisfactiow, this retuire., %bat the fttting

tool iasuefficioutly Wwvsp ne. In almost all eases of cutting operations, LaiZ

it Is tentative duin the cuttin~g of soft coype, and kydcb vnt

tantalum and niobium, Iiateral andi rear angles of cutting should amount 'to 19.*

TzQ xoriphotl apood of cuttizg may reach 90 meters per mtinute, and should

r CA30 moetor* per ml1tzt. Tm* 'cttlnx tool imde of rcarbide tungsten does

.l provide a &4od q~uality of imeckanical m'ttln _of tantalum and obium

~ihwtlds Itself to the edge of such cut ting tools,

Tbo -cooling liquid, which eliminates year and Ruptur, of the r-ntal. pieces,

appears to be carbon-tetrs-choloride,

During the cutting of tsnt~alua and ziobius cutters are used, this blades

of wh~ich are p epecd. in a staggered order with a large fureward angle %nd

consIderaUe gap. S*.andard drills with large anles of cutting (1180) are

ase% in such a wa~y to that tbey do not rub against the v4-1 of boro dxkft

holes.

The thread. on large diameter details are usually cut by cutting toolf

with a narrow cutting odga, -out not by dies? on =9al1 diameter detail.w the

thpoats or* cvx by die -tips. Znurls are often us"d and. not threa#*.d

Use is often made of knurling and by uotchiaM is this case they often

use a paraffonic lubricant., The tape wAn threading hoods in tbo pivosess of

tantalum a"d Aiobiva treatment &re cleaned periodically of e*V metal skaTIMM..

Final threading I* cA~rried out at low transverse food, suitficient. kowavvr for

the pmrpase thC. the cu~t ing bit of thin tool is ==k sun~k into the .ottal of



the treated part. The pasta s of the cutti4g tool during plate teatas•t • i
are don within one operntion. ¶bo maxum 2rte of transverse feed Is O.127M

per revolution during the machining on a latbe and f t.-?m per tooth during

2g CLUNING TMALUM AND NI~Nbo

For cleaning ths surfaces of tantalum sad niobium sarfaces, regular

rethods are used, as used for cleaning stool products, with the exceptiona s

clvaning by hot alkaline solutions and annealing tr hhdrogon flame (289).

Chemical Cleaning is performed by hot chronic acid solution. similar to

that adaptable for cleaning glass- dual-chromic acid of potassium Is alA

useful, however, traces of salt can renain on the metal. After cleaning in

a Tat the vrodi-ts are rinsed in distilled water end dried in a warm air amrrent

free from dust. The cleaning of the products Is done by hand in order rot to

alloy any contact between the rateriae and paper (24, 289).

Rlu Polishing tantalum and niobium is rerfomd4 with lrge diffiilty

and sometimes generatll i.mracticably, If the Total is fowA to be In a topoered

state. Raw metdl can be nolishad by means of carborundum polishing vwheels. The

pressure (load) of a polishing wheel on pilishnug products is accoupl•aR•ei b

an acceleration method, but les than polishing copper products, In tie prweuss

of polishing tantalum and nioblux it is often dseaszAd to guide the polisohS

wheel and to cuI it with veogtable oil (289). 1
Grinding tantalum and nlobium for ro tsurfacov (in the electric vmcca

lafustrY) im conducted in sevoeral *cou4s by the use of *tel filings, diretifig

tOw uer samall wheels to the surface of -he netl from a no,.le uMer 8 U 1.6

Ils va pressure. The shot it used with a poaited eagel uaini a blust W I
p•rv4cfa only formations of hollows oa a cleaod surface. Sand, caftorund or

alun&:*l vlould, aot be used owing to the twm-xitios of t&Laum nA an iabiuv andi

t'h. U.fficulty~ of the following cleaning. Aftar 1procesiving muetals with ztee'l



filings, the surface of the tetali and niobium Is wash.G-off ordlnarilU

with bot bgtroebolric acld with o•oequmnt flushing with rning water (Z, 289)

F ?o blaui. tantalum dad alobitli products l possible, bet not to. secure a

3mirror-Ils glase. Pollsking btegne with emor cloth 0000 moIstened with carbou

tetrachloride, amd aids with pa•te of aquemos solution of e3'itriated aluminum ozide

applied oan a cloth. For crmtM& a mirror-like surface on tantalum or nlobium

it can e dons bF electric VU polishing.

Wensch, 3rackhart. and Conolly (290) sweet the following electrolyte

composition for electro-pol4 .hlng tantalumt 90 volumetric parts of concentra-

te4 aK2g4 and 10 parts of concentrate (46%) of. ?he process is carried out at

a temerature of 35 to W with the use of graphite or platimm anode. The

current density Is 0.10 s.ver*s@lc 2 (during -the etching the current Uneity

Wl1 and Mil0.r 0f2z (291) introduce a s&=what different compowltion of

the electrolyte LM a vrocess of introducing of elcetro polishing of tAntalum:

the electrolyte is squs solution with a content of 2-7% 1F and 32•38% f
or 2-7 VF 1- 75-96%4 129 4. Tba current dcineity during electro polishin over

I
tanalum anode Is 40-160 m/eu~e

Durir4 the mocl-Anical procasuing of tantalux and ziobi-:- (foron& rolitng,

fto tomporing to a•eet 7 to b# don* in a high vaccuum of not lob tb~u

m0iC1U7 :vlurut. Acordl.iL to 2itt0r-ngto(2 ttw. of

tantalun stripo Is Ion* in a. 'accux 0-u aorcuy c~ltman &t 14- 0 for 15 mintitas

vwxeriumt it ti.et id ncr4&a..v4 b~x-ftae of tb. metal app'a re to be tho rosuat of I~

tba vr~soue of Mmaixtiiro of o-4g"~ or nitrogon, th*n tzb4 aauperiii4 't.rar~tvr

is Inr~aead to 2000 - ZZOO'.



Cole reports tha~t durIng the tempering of toA tal"~ it io n*eassmq to

beat it to atW les 20000~ (24). 7b umoatr of WI~ tmpO3 11obv Wal

up to 1300-114OO (11.3). The tumpring is cont-acte6 by Izmuctive heating la

quarts-like tubes, lined Inid~ei with tantalum, ehet &s, Before tempering premuate

(stripe), they are rinsed In chromium aanriires bl, beating to floe mad tbea &a

I distilled vater,

Temps~~ raur

Ylgr* 7. ,rv, iidiatig tt ncr~seof bo rsrnes oftiaal

inteImtn eprig(codn o"e

Tempetill e in ("a

of te "=ias thll ruiact dtrae, mndrn (accito tho coa.-ra"

f cco*k?) Tis to relaed. to~) tir1he abortion of tastal of sample. Wnn a ,c

CAspo.ial o~ghe wh~es ar nt !*tn.r Swo &o.tinn t1~as lacia a~ cylk th ksroa*

jli' f10 o100(h bopla-fSsscub rew*c.d f--v mtal

h f 1700 to a 80 -%z(tu-*hher otha 2-) T* bction of &a"* IbI ber.U4faam talm

/~ 2~~I~=64/1a



m11~-

electrical resistaco. haring the tmpering of the samples located In a closed

tantalum cyliner, similsr effects are not observed

According to Cole (24), the following effect occurs during the teuportag

of tantalut occ•u•ed pses is rgsooed during teeroratures lower tham 11000,

To 1600o sMecific sepeorkdou of gas does not occur. At tempratures of 1600

to 1800 the teonenq of the metl to gas absorption A.es not occur+ During

;imt•a to higher tomprastume (higher than 2000o) cnaplito yeerattoa of

the pses and m 4ecaposition of ozides is o'bserved.

Daring tUe tempring of tantalum and niobium it Is neceaosay to take

the degree of deformation into couaideratiun, The greatar the Uformtion of

the metal, the esa1ies it wiii begin to relieve the pre-ezzari, Ue rmamit et

which appe"ars to be a reduction In hirdaess. An so at a 20% ecmp&-es.SIm of

tantalum, tke hardneso begins decreasing betveen 600 and 6•00o; a an

izz*mdd the harduass begins to decrease At 400 •o 4500 (S fU. 4), yho

bogining of the vaccum etching Is noticed at s tenrýAure of abokt 1750•, t

a substantial value is squired at ayD'rozxiately 200o.

Ac~-ording tho ý'eyers data, r~crystallizsatoD of tp-alz during ~zn
S~I

occurs during the temversture rang of 12M0 to 1•00. in ra*tiona d ,o 1&0

d~gree of deformation (fig. 49). According to Went-ch 3mrcknirr -z li4 K-G

(294:) cotloeto recryu-switation of tantaaal, raollc iýý the c'oX w itl I
roduction (see fi4. 50) sets In at 1520, 15n0, 1620,, ai- 16?00

and 3.5 sim***e,

nTw toeturt of rjakint leformatioas of! shtet taztaiuu ý j ýod, r-IN I

te. raring rarise by tba folloviwr zothA (288)1 for Ater -. *:-4 -'

4 1~~200, 1IC0, 1'40, AzA6 25W.~ a CrMQiuai r~ovrsa is ob~er-vo of VB4 ýVr Tf

cold "0" to tbe zturse ofr

is obse.. #,A ta* ring at l4MOý ?,ts tj~xu1r, hias cn24 ori~n1ý4; 1L2 I

g/63 + +
Sii;



ýlt <112> Th. texture of tko material.* texpered at 25W., Is stallar to

the 'bwiture of the material tempere at L~Olexpt more distiastly ezpre~eos

Figu 48.Thebardns~ss of deformedtanltalm~ after ta"-b
in a voccux for _10 zmites durring vvious temtaeraturee (acoordaft
14,1 Yeye. ;): f igares and curves denote tb.. degree of r.4acuea,%.

II Grain ZiOngUatica LIUL

Indef iuite IODS

Pli 49. Diagrmatic .re ser~tationa of wicr-ostructuree of
Qefor~e* tanvb&).U aft.or tesp.ing ia a vaccam

Id

zoo



felloes: Dwriug the ti,. fe collective x eragt~all. iusatio the grain is more

abralptl4 eprosa.e4 tl.2)(t1> ;, during the time of recrystallisiation the

orientation become. 1zcrea*4f3 4 <j4)viiiici prqvailo after crystallization and

tflnly 1swreanes after the growth of tUs grain.. i~ocrystallizatioa of tantalva

boa a preminant selective xmcý-anis of develojxoeut. Orient~atio&(1iý ~41;wr..4

present in cold6-rolUd material apparmntl~y Increases during the - decomnposit ion

of other., which gives proof ~abat the intentional formation of nmeis.

Kiobtius velde well with niabium &= other reta1.: tantalum can be quaslitively

welded only with tantalum, axiobium, ano such metals as zolybdoms, tuzigstm.u

eMA nicki.. Per bir~din1C tantqlux and niobilur elect ro-v~1ding or ar.-a-vwding iv

used, Acetyleze welding and atcsom t'o-geu velding is not vaitable for such

Velding by resistaunce is conducted by usu~al method, withetb *zcpt~n, tbhat

voldIxg vwith ralle~z-typ* vlect raZ.s it =Auctod 4e vator f'or s'vsrtiig

*Xidstiorn The. pn oirt, of wo-ldin is dactil* azd ýAs thle -?-ry v, str-nizb

as the b~vtc -- tj air.4e pooirt ve'djzC in cirriedt out in tra o'e m air, ~t

tri-plo amd te.~-fold yoinzt is &o-ie =Mer vwter.(2&9).

x- ost fa-orble of thoiit 0! c urreLA aaur~4 vsliný to reuie-.

tanc a &FP4&ztc U, e ! Pr7-2on ths r ýDc k h* vectr~-,- &-t the point o*f

c -ta~ct vitZ tý&t~alt or- c-bir~ tZ ict r 49-ltjrod,# rh,*ox rtQi

Uld4g bwi it~~~G n,-t conPi4eý- V a;. vt~~1 ýzt ~z-e u

Xsxg,-'ý-V cW.resio1 th:owu c4--'&--4 of az F-U



For wuldin~g ob.i1ects 0.3&n thbsrk, 3,92 electrodes are used; welding Is

p~erformed by 20 inpss$ 40 volt dinroct current (for welding wan&h thiner objects

the listed indices si. decreased correspoading4.). Welding rods for anc

weldiAnc with carbon electrades are not being used (289), 7
Aro-velding of ta~ntalum and n1obium with the use of tunagsten el ect rode.jj*

i~s conducted in airosplerO of mxs helium or argon (14~2-144. 295). The a

curront must be suffisient for preventing oxidation of the &etailo upon whichk

sIaecific gsees of standard quality additionally parifies from the admixtares

for iuvroving the qua-lity of the vetied sem. The gas protectI.M viedium Is

maittained on both sides of a welded seam till the tantal~um Is cooled (to a

terrvratures of 2000) (277, 289). The conmpation of gai. is in a majority of

cases avyro xinatoIij 5 liters per xlnut*. ý.rgomr-arc v#1ding of tantalum ajA

nioblum ,,roducto Is often done in snecU1 iortective char~jers f295) (Fi~g. c2).

~o flux. fillers, or @"en welding rods are ased.

pipe flan&g

lXreýpr SL Iaa-~a Ic reimr s~ertat't -u of carboo-arc woldima of
,,nalum and nioblux by us~i~r graphit r ~s. Gmphl'*Ite os are *ew-

camly fastte.d at the tie. whou rubber c~omp~siol vae It voest..
blo t- rotate the ob1 ~ect, whilo ý=e~rgoiac tý, reldiugi 1-cant-alnerl
2-ruboer seal-, 3--carbon toacbi arid-4e:-*xhaust vetti'lat"S pip.l

Stsrod; &tant&aLux pioe.: .- exiontA;Ve -. rt of thz conitain'Rr

Pr! ~ sU ive vall ~ o' VA welded -l-ctLs Are vahe4 off with

Cfl 0 i, t ther material is t razme., t.4 tbo h , 4&1ta1tal and -_pm

& ia, jirote curr l~at is O-0. f r te ea!,%,bws"z

dI % tctz p of- ;Ied -I re, crit71w 41ataiI a -

Xr.- tl*16 'tmae 'hý t*xh4# Is C*M ttat o

-ýh ~Aj h



tastalum and alob2lum to relatively low, Du..r'g welding Ay dizot mrrmt
the initial igmiiwt1oz~I carried Pat vith bigh frequm*q cu-rreat

In table 27-8 to 'brooot Smra~rl appl1cabel sIigificamc. of the viurrut

and voltap turIA the argam-arc welding of tazit~lum an& Li o'ban details with-

a tumwtiw electrode (295).

details by az'c-welding in a Zeli-,..z ..tcosvkoro .- th the uin of a tungston

7lgc.ro.a 52. -iaoasWur tict. re"-soation vcluinj tantadii7 c.ucd L-t i'ius
f1&go, 5-Vin~gstoz eltetrode; 6-st*el covtr:. 7-lcrd holder.

(,DC cu-rrent of direct polarityt, velding with a nork-.fisible electrode
wit-bou~t a velAing ro4)

Th I cknrs a iame.ter Diam.tor conr~mation of Amp~erag~e Bat* or Memrts
of 0 f TU of tho 1ror in, Mbic du r It g woldln,ý
et~t toni odc -oz4ning rtezs -or I-r W01&iM i~n in =/&-'A

Inm t rod* in for fa*&Ak W -
M 1 -.6tho A~m-er 3Masting

streaM is

)k.chir* Vold

yanual Wel

U&ch"ne 1zl4

~E-c~vs It

L'We



rru furect polarity, roAchizn. welding with a nr-fuelbl*

kackes Dimocrritu of Dam~ete of~ Cof =-tloza of Wpebfts Batea tof

ofaract Tunsten tor opre enas ~ing argotk ofcrbic t.1. thewelding

r~ein stlecturoe for fgeedintg motorscpere of weldsa1ing4 Inta zzie

t vi4n. Won argoint stheruteo avie w in so" aneo

The ae~c2S).tratue of a vrldvedse of t~antssassu an nciobiumt sears to base

chreristi for turabifti s.srn2,. D-ing wein& of ra -.talas th.e tyv drebcat

Of Axv~r struca tur'e chag) inoa tutueo r5ytal), a~ i h

7e*&!:itt-~~Tc ~- dua-i't is netsr1, ofu ~isrscth ~olrthedy) i~

it -w(a's2 )(9 )

01:4tion 01n vC$ n a~t--t of "tQ trrt

~h~ r I-et Lv-t. r od
*c t Y* t -ct:'r. c r StiztorM

it- clraýjr Niot t-in-te*r*M

!C6aO Sintered, ro1Id to 4tv za

chi A34T Sjztoerd, roll~d o mioaiaav



h b harduop of the *e*a is lese hard than the ha'dz•es of a non-sintered

met".A bu% rreattr than theb arrdess of a sintered mwtal, •e is demonstrated

by the diffuNion uf _Vgen In metal from surface oxides coatiz•, formed on the

wielded seems and &4djceit sone during the cooling folloving welding.

""'hUee oldes sbild be rQmoved, tr exmp1, by the rocessin with abresevon

and subsequent atchiri 4 a bydrofluoric acid solution, othervise sintering in a

maccvii the oxygen will dif ueo into the -bass metal.,

There are very s•nt data regarding the corrosion resistance of welded tan.-

talum and niobium seems, but up to cettain tests, they lrcv to be ro less corrogive

resistaLt than the Use metal. tud. So, for exazmle, when testing in potessium

hydroxide solutions a lesser effect on the sea= was observed than an the base

~tl(295)9

---AU 3WRA OR TXIMAUML AND XIM1OIW

For the purpcse of metallographic atudboeui, tantalum and niobium are first

pollastd with emery with the ad±titon of carbon tetrachloride as a humidifier,

and -'hen mm.-at~ t by the suemnio. of aluminm oxides in vator on a rotating

f~lt cloth~, Thzq atteir for exmorilt,-z the Sri id mus ;h e aonAductod ýb
I-Iufnr~c acid wXLtc he zddlti•&.u of •,n-tmoum :ru7Drid* g)

ft

+According to aMeyers 'Z)93)+ t.he bzE~t etchae for tantalvw za~war& to '*0i

1 14.
tii



Coat inLs of TApalust xs riot A= on *oMtr

Coa&t ir~g Of tUasa~un am& r11j Abiu , *varicn.X bitte astettalo, x * a&M

-t'ntaic and tevn ro-rt lt itertaes Io sif Aeti iuworeat, cad *opns

new possibi~ities for nxang %tn w raa,,' 16. JAh cwrf tnectatta# pnz.ttt

Pi ecz~nyof icvtal erA V1~ U&S It ill co':Alt iovis were it otl~orwli *4coal net

be eaeily ino& owing to the di1rs2w.ltv of pmocntxng. I
The coating of tsaa2m &ud nielbiua can be acctuyliittod b!y varl~ota

rmthids intcluding catno~il* dl~sxrien. 4

Very thia tattamad niobium caatings could be &btaijne4 by elec~o~~

from moliten 3msdttee, however, the proces of obitaining tantalum wM niaoblas

co"Iiin by tMhi method bus not yet bova dnveind.

Ga-np generalWy hulA-up beý zmAet of dacompozttioh of baloiA toz;oUats of

tantalum and uiobiam, oal~atfle during nelatin*1j low terpejratuns &at tpida3u

4ecoupkýting on surflaces intended for =AppiM~ tin coatIng with tn -fornttOR

of coupartinl1y tWic dense layers of metal, Tb&n decomposliftic of halolt

*coiipcurds ms pr~duce tbannic disvciatton or restoratiwu of h~rorm.* As a

rlsit conformu to restoration of chlorides by Lydrog,2ý, in toa-W far mc It

occurs dUring l0owe tntpMeratu,

The f rs-t time a high me4iting tantalum wire coating was used by the fl-t

d-action Q4e nni by ?a015 Ath hydrogen wat realised by Mr. Pireni (US8).

It taen-Arkel' (5h, B?ýrgere mad Bazart (215) obtained plastic C%*4

by rabJ1,ortig pentathioride of tartaltm and. rdobiiai to thermal decc~poItIon

in a naccwe on tunaten fillaent, hat ing to l&M-42000o 3x&%~,xz

Io;ýer &I9)acoitaiiae4 that plaetirt A~epooitt of U, '-Italia can teos.

tracted TL-=m NAdroge sixtures with xnvntwatoride of t~antlum o'a tvwgetms

filmotbeAtillg t200.445r,0., W dobtainod 1A a tua;etan taon befong A ~aseterj4

of 0.05 mm etaiw s*trive ring a diameter of up~ to 3,5mm= at a rate of j

JIIJUW7I*&*/ 5 Suva I



kpcsittn of 3.9=n )ýr h'sar. Viobtus coatings were also obtained, however,

4 mviob'M pTitýPitatVA at t0ns; ccv itAU0s was aot as Pliable as teAtala.6

It lb soreW ;Xlabi etttn kattin tI' a vcm

no rlUA ýntisg of Utntlva saM iaibtva was sisplied. only for 1

nwgstn VtUwuto, ttn tMe procee of deoxidising ¶Tatalus with bydrogen

V sm A fot r &cating large site objecto (pipes, blast pipes of rockets, melt-

lag pts, laates, rods, and wires) aid fro* other materials (iron. copper,

nickel, aolyb4Aima qusrtu1 , eluamna oxide, gralphite) (Z96j,

Cnp l Powle, an Gonser (210-213) investigated in detail the process

of obtt ng cating an various bse materials.

Althbout tbe fornation sad condition being aoplted by coating various

"wrets of sraes, nay differ between themselves, the basic process -in &1

Pur-fied bflrogea in passed over the powder or chloride briquette, beated

to a temperature sufficieat for obtaining the necessary value of partial

vapor Pressu r f • kit chlorides. The mixture Is then passed over heated

arls for obtaiing the coating.

Darin& tba amulication of a coating on a metal the deposition often

takes two s$twa

a.) The forttion of a thick layer (generally "'icker than 0.000o M)

at the result of reaction of transfor-ation between the coating of motel

and va'ors of ba.lSA compouitton of metal:

b.) )Nmestito of a basic layer of coating at the eoxpeue of "a-ei-

fo
t psatton smf codtosftb

c Oridesive w n aterials wch as t1&sth pcelainj coleine fttM

Ml MCL-64611I



The cmopositi'm of the coating xW be changed In relation to the ratio of the-

quality of volatti "Its,

The temperatui"r of the ummget 0- which the coating bulld~e up(, the vele.

city of the flov of p.s and its presumre, the state and form of the coated

za.mplev and finally, the method of its beating, ifluence the process of

obtaining tantalum and niobilu coatings.

-42I Z)7IOT 21 f1'!l 3A1ý

Usually the prcess of obtaining a coating is brought about in the

tem-oeoature range of 800 to 12000, during which the process IncreasesWIth

increased temperature. During 6000 th e deposit occurs with very low velocity*

at 14000 it occurs very ravidly. The velocity of process, during optilm

tomoeratures, lies in the limits of 7%5 to 65 microns per minute,

belecting the process temwrature depends on the nature of the unide.

going coating of metal and on the character of the required coating. *a1

copp•er objects, in view of low te-,:rfture smelting of copper, the oatif"

rust be performed at temperatures lover than 11000 (usually 800 to l000).

On the other hand, nickel can be coated with tantalug At temoerature to 1400e, LM! ;

that is hig4r teamoeraturs of fusion of intermediate ision of nickel with

t',ntalux (1n the case of forming alloys between metal coating and base metal,

for ezazle In the case of Ta and N•i•, the sixe of inter-A~late laye* of

fusion &=*eare to be the function of temcerature). On iron the coating Iilde-up

at temperaturee hiher than 1200, and on molybdnma at temperatures to 1500.

Figure 53, Dvice for continuouc coating of wire during 0e r••tdticn I

of chlorides of tantalux or uloblum by hrrogent I- coated filwAuutl 2.-. iW.. '

walation; 3- hbater; 4- halide; 5- tbermocouple.

Figure 514. Device for coating detalls with tantalum A and lObias friv,4

th*t redu~ction of ciilorides hky hydrogeng I- hydrog-m AInlet; 2-~ thereocoup1.;

low



3'- heating spftell 4- cbloride of In e.ib: 3- insulation; 6- beater;

7- asbestos lawslatioz: 6-r,=bar ealt 9- watae-cooled base; 10- supporting

bhook 11o. now-coauctting current scen: 12- inductor; 13ý- coatin" detail (nozuleo)

14- ppea-type tankl I$- beater; 16- condenmating bessel: 17- ontlet; 18- sisneal

one.

a fhe temperature of the astaple affects also the character and stability

of the aspositlom. At low temperatures tha coating result as very fine gain,

dkoat amorphous. Increasing the temporature will result in the formation of more

coarse-grained coatings..

At vry high temperatures aonocrystallised or pseudoaonocrystallized dpap.

sition am be obtained if the coating is built-up on monocrystal of base metal,

At increased temperatures & reduction or decomposition of less stable

mcompoands up to the point of attaining a heated surface is possible. Mei

leads to the formation of a continuous powderess deposition which fill up the I
deposition urface faster than the metal becomes coateL.

SThe concentration of reagents In gas mixtures &fleet* the ve'lcity aufd -

crystallised structure of ccatings 'Walg formed. Th higher the concentration

+- of chloride in 40n rixture, the greater will be the eyeed of deposition, The

.ower the pressure of gas mixtures in the apparatus, the more coarse will 1be

ths ro~tanS crystalls in the deposition of metal layors.Tbera+l dscospoitit;

In a Taccu very coarse crystalls. Conducting a process by atmospberic pressae

mixture Usds to te formation of microcryso lic coatinga.

The lo;7 of the gas wA the charactir of Ito pasaage over the .peci~iaa

"lain•ar or turbulent) is affected on the external &ppeartne of Un coating,

of Its siziltrit, an" tbe *fficienqr of the depositton process. D•riing the

eteaO flow of P- mAd low rate (<*10 WN/per second) of extraction of tnatclur

during the coati4 of wire attas 60 o/oj Incrtase of the rat# of ga permit*

1/73 3C-4/



permits the obtaining of a more even man uniform coating, however, with thej

lover extraction of tantalum (at the rate of Ip. flow > 20 cm3/Ver seconA ItJ

Is lose than 23%).

TiU X-MWQ Of YOUKA5 WU~7~OXII50 3 31

In cases when the sautple, contains skerp sagleaq protrusioas or mnr.'aaes

of greater ciarvature, the coating* are nono-uniform because in such points

the deposition of the metal is wech faster. But- the surplus of -. Uotl caa be

easily remnoved by grinding or poli shing. M~ore unifeas covering of samples li

of irregular shapes can be obtained using turbulent flcw of psa or 'by rot. I-
ting the the coating component.

Apparently, there is no limitaktion of the size and skape of articlesf

(from large pipes to tkin filaments) on which an industrial method of coating

may be obtained, however, in vet' large arti~cles with powerfully 6evel9pedf

murfaces (esnecially during the coating of external surfaces of long pipes)

the tendency increases (at increased temp~eratures) on the formation of loose

adjacent powAer-like coating.

Surface conAitions of samples affects the structure of the deposition.

At higb tamperaturea monocrystallic surfaces leads to the obtaining of soaf

tmx even an monocrystalli1c coating, At moderate tesi'eratures the surface

co~nditions does not affect the structure of the deposition.

The sample becomss befated either by an irduction or a pacsing carro~lý Is

Is Wstitl* als0 to use externial heating Wk but the *ffTectiyene,, of tho prftess

in this cAwe Is low Oa do4positionu, are foThii oa %be wall, of the wnarking

c-Lamber. whic;2 is oidtnsarlly taken into COodieoation whea constructing .ebJ

"~ahines (298)

173t/J



In addition the relation to the coneiticus of cosdacting the process, the

properties ot the costings depend alsoea the purity of the tatal m&ad niobium

ehloride&, obtained either by direct reaction between metal and chlorine with

subsequent puirifyng distillation, or by the reactisa of chlorise Is with

.e20th %0 5k with the obtainment of a mizture of haloide and bydroxrsloids

which it than thoroughy sepersted.

frsces of oxygen amd hydroxzcblorides present in the mixture of gases,, o

affect the form of Geposition and Its properties. Oxides and nitridoa form

corr**_noinn coppounds in coating, making the obtainment of uniform uurfaoes

highy difficult. These mixtures normally produce a brittleness In the tantalum

and nidblm coatings.

The Pliability and density of the adjoining tantalum coating could deteriozate

weon owing to the absorption of a small amount of hydrogen in the prodee. of

forming costings and kul:k Its condensatl.A (in hydrogen) especially in the

conditions when the coatingforns during low- temmerature and prolonged condensm-

tion, In particular oving to the absorption of hydrogen *r other gases, contain.-

ed in a base metal, and subsequently seperatetl by tiva In the c€ating ;roces

(brittle and loosel adloinIng cowting roa•Lting on iron, re-heated to rednese & i 4k

and cooled in the atm..phre of hjdrogenj.

In certain conditions ths qualitV of th. coating material alffects te

rocess of coatiug, So during the obteaiwant of a c¢ating an copor4 It .Umt

not contain oxyg* if it is 64,ired to avoid brittlaeosz,

la~ o'ich conditions 'vihen high mwecbazical to 144yi ~ena, ots

aftr**AW of 0.1--0.2v% thickness is &2mliv, Thickor costl.g a m CA& 1 m rtined

at orco or rtecessiw, avxaications of tbick Iaq-tra me *a anothar,

thiim~ssis gsnerlly' rtqirtd, bacau witth a w~sller thiknss it is A1Pct

th rti-no rso . ac~ct~t ~a~g~

1•iI &'/



to avoi..* a PU p!MS coatimg.

The reenct ion in the porosity of coat ings is attained b.y the application

of two or three layers. end pft polithing each of these layesr prior to the

Avpicatiot ;f the following layves mad shifting the saugle in the avpastatn for

better Iemoositionsi c that the a;M11ed layer covers the pores smu even. the

existing nozo-uni'otmitiose la this waycoatings were abtaizmed offering perfeet

protection of the copper and steel aomple. spwinet the effects of nitric -A

hydrochlarins, acid. wbon testing same for a period of 2-3 mouths.

Coating thickness to 0.lini safel~y adheres to objects s" possesses a*A

pliability duzing which, from the point of view of these properties, the best

coating ap~pow to be 0.04 to 0*06 thickness, A steel rod with a &iamicte of

3m with a coating of 0.04 toO.Q6 thic J&jSa wan bent Several times to an angle

of 300, but the coating did not split not tlake off.

By Briziell test, the hardness of tantalum coatings is M60220 kg/JJ, at the

same time as the hardness of technical taz~talux In the form of temoered rods, o

*baits ranges in tbe bialts of 50 to 80 kgbimZ.

7hv pliability of' tbese coatings changes with cartainity, in conformityp vitb

the changes of thoft hsrduss.s iz~asch as certain samplet havinrO loss hard""s

can te more brittle. Great*. harninee-c' c .oatin6 is Indicatea an the presonce of

itP19ities vhzih were not 'waove4 in the *"pring pr--mss,

X-ra.y i3nveotgtlon i:f sauam.ts *f t&a ci oatin oa copper, Ire%, **I

ls~bd4_,~ olh ~tasd 'by ý1_ re ?xctio of hy-cv .-; d~uring mlU towporetmas,

lndicated tb4tt, for ~al tiexuq rs~.i tyfAu~~tc of "osu

_",4 is aI,, uys *are or less e. eularg* in con-ar-ist witlh the latc er

.4

I~_4It) fsli ~ui"ofitouo h1trI ai b w~,i f&%'f**



?matelva coatings. obtaiae4 by 1ov teaperiatwrs, bav* oitro~gl deformed U1

wgdoe. aboorytioz which takes plac at much lover temperistlue*. y4drow.A ~ma be

33hrti&11 reav-4 4 toupsring isi a vacau at a t*Mwpr&Uu*~ e-f 1200b0, tJbat

b*amltaaemms-1 l..4.. to th. grwth oi the grain of the coating, Tantalius coatings

46tained daring hig~jer t~mverwtr.s hae. less distortiou of cryt.talh1.De lattice

wAd *or* coarse-gsaU structure, Tenper*.n in a uceims at a tmeaorature of 12000

do*-. uat affect the proporti.. of the". coatings.

Dýy a-ray inimst1 atio-ai of emplos, there wa.' ao de~tectionl of the for-Ation

of alloys or folid soluationxs krcoating iron "z4 wi~ie~~a th tantalms.I

A relatively thic~k allay laqer is locateci between ztkxk nickle awM tantalum,,

Thsal'Loy is vry barth ar.A stab!& e.Win.at corrosion and formii a vory strong b:n4

between coating aM ie.

It is also wessible to obtair. metal coatings of tean~lua aid niobitze oa

dif.*'rezt bases; copper, tickle, iron, grb~aa ~ngtaee1 sphits,

pors" , quarts, LaIiu&a, vqrex, an- carbl4s ccuMusj bale 6epnD~iA- upon

th* basic rrodze-ta it is alao p~ossible to obtain ca~rbldsf, uitrid*v, be-rides.

sM ilicidos of Uantalus aM ntiobiui.



MIU7 MAMMLTAL rJ4AADCTM=5TCS OF TAVIALW( AND HOLUMW

The analysis of materials oantainin~g niabim and tante3.m is omb of the

most diffi cult, sction of analytical a~e.stry, since these elements )aws

reaction caract~eristics wAasdk* up few of the colored ccwpiAsL%"J.

with twaid of organic agents, chifly tru±c ~aciwdhy ihncm be .4

maks n oane cloedcompound., and wihtantalum, makes a 7*ef olueIA zwnez of other orgaice phenol tjpe substances, such as pyroplila,
pyrocatech~Tn and galic acid,, are a~lso being used for the qu~alit~ative

d -velopment of rio~ium anid tantalum.

antalum in a solution can be developed with the aid of rtiodawfaw 5I(tetraethylrhodaxine)j, m~u.Jng up, with tantalum,, a violet-colored c~ampwd

TiW.s reaction does not, hinder the presence of niab~im anid tarztal low.

Tron, uteurmn, xntiuorj, Sold, coirser, tungst~ato wad molybdat*us alow

produc* colored evei:Pmid# Z29,t 3V~j.

Kuret~sov ~5017 offered a ý-wn~ of organic agenits with su&kee acler

hýnrige in the provence o~f niobium a4gae 0hA principle daliberatin go

t4h *or of the Erv)±,a t-hmaist ~ccUrIn thA e choal lmia-4

1- hqb4 ~ cCAttv ek- f Oezd-r dbu.ad*4*LS



V"The most *MPlete 31000837 of methods of qualitative determination

is prepared by Chernikhav and OGrys•hina r304). The sYtstesatisatioe

proposee by thou is discussed in the given esumary

1. Sepaxst ing ?antalmu and iebimu

The capability of mineral acids to easily indergo hydrolysis in

acid surioundins makes it possible to separate tben in such % way frar

aelemenso.

kaong with the baa-i. methods q separayang tantalum and niobium

(especially from titanium) aret tannia &cid, pyroeallic, pheorlarsenate

and artrbee

The tannic aoid method. The grsvimetrio m*thod of hydrolytic

Sprecipitation of niobium and tan talum in the pr- no e of tannio received

the greatest expaion. [299, 303, 305, 306)

Uhe role of tannic boils down to the depression of the adsorbability

of tantalum and riobium hydroxides., whAoh permits then to separate from

&anV element., from tilanium in particular, Thit mettol was first

sgg ited by Sohollar and received the aeaigrntton "py-roaulfata - Ialo

acid" 2thod in view of the fact that the tannic acid 545L separation

pr*-cedos tb. sepr~al-oitn of the &naly-ed. material mo-~~l..ing witt potassuim

Da•ring sparation by ielti-W with ppyosulfatef as shorn by Cbernikhov

0k !he completer•ate cf • niobium fol a

90ution Cortlimirt s-da~ of allcali xeta1a' Ieo tha-n in it*e OSe of

the reeo 4 c, W"ion of a anderie a .d fAiu ria Aid •
i • r in ihip OeUS tkgr# is a uge eentei of tan_ im th4

94iP-jwo. thoro Ifs a cooploze t*ptorstion af naiouiz .ýh tho rwSiddus; LadI

13a2.~e -se V1i 11 "A3-3 z ~tI of tit antu corni-z.4ý i-ntoToo .1'u



For complete separation one is o'bliged to repeat uw timea the eseedi-

mentation, wbhich leads to the disappearanoe of niobium, Tb. separation

of tantalum frr'. titanum p av!. mcb easier,

Aliuaarin and Prid suggested rej~lac'4ng tannio acid with pyrebellie

acid# based on the fact that titanium with wrogallim soid form.

in an acid medium a sore stable and better soluble compound than wlit

tannic aold, (:308,,309]. For some time past, the ta~nnic said metwo UaM

improved at the eiWpnxe of the no* of oocplex-forr'ng reagents wvhU~

permit separating tantalum, niobium and titanium from alle#1rmtes

with the exception of tin &aw4 Antiumo [310).

'"he pyrogallio acid nethoe. [306.9 308, 309, 311, 312).iiai

and ?rid C1308,309] found that grrogallic acid forms ~ooplex compounds

of the !~tb(CE0)3  - M(;R 3 j[2 - XR20 type.

As for a similar compound with titaz.i.ta in am &acid solution, It

is a, morie stable and more soluble complex ooopouzid that" the compound

with tantali.m and niobium.

Th-,e., during the acildification of alkaline solutions -aa~v

complex cozo~unds of niobiun, twntalum and t.,4tanius with W7r*gallis

"aid, the -aifl!'a2 aciii quantitstivell separsto in the residues A~yIF

whivh the residue of rni-t'bius is colored brovriniu-rvd,, WA taSNtIUR IS

colored Ivs-n yellow. Tith this netbod it ic po~viblk* to soparate na~i~bu,

aitantaliu f~ric *itanIum, ltin-M Kie-1U ni am edOthrer

wokd u3 27-nckomskAi' and 3iMevnko atdnt izp on tkk* faao4 it~ P

.rq th* ed _n~~tation 9f ta1n antvdr uoI zei.

_Meo~ id~ 'Ut niu h~~rud sz from 4~ %Mhar kar*i 04,

/h / h*TcO



disutinguished,~o for aoinsti m,~~ f-ýR-w 0,03. ttOo~

g.4tox/liter of pZ! odiwenrtaM.oa o~ ite IV~orida ijtie to ?~-

0.35 to 0.27v 1 byd~oxidb in pE I 1,5 i TA- invId 4, ?itardu

ia solutiort ia redweOd by aiw .2 oleo* ro _al

3to Ti +0 after whioh dl! fo*ni~tal hydrelpir ia o!duat~d dur'ir

shai'n dilution trlth vate2* wid boiliwi,

Dur'ing the first. sedim_*:s-~'&4icn tho aplovon of tbiis ethio&

already ouaceeded ir. obtaining a resid~ne of pentoxi~es, roitaining

up to 3% TI?)2 I in ropa ~d~ eedimenta;ýIoni t~i qyanit7~ ofTM

Sth, -0.iduobeag%

Tho Presen~e OC__ta.?tirtq2 e Oxalatep, fflxuoridas anti greatcr

quavUtits of sulf'Aes prevent separation,

T'he introduai~ion of 20.e-Vt ml~ of a 1% gelatin soxv~ton ix-o tba

zlutrt I qed.B up aonsidarsably the coaguilation of the resFiaus

Zolubtsov [ ' det.rmined that kydrolyt!.c separamIlv.o~ f nlbia')m

a 2% IbydTeohloric ae-d -iolution, which pates~s u nza;'tP.f~aoriI7 ýIn

tne Prosame of t~W.= reachoo COMPletone~s in the pr ýRoaoeit

Ttai~a w" not disowrý in~ the z'ssidusa of Yo 0S yioý't~l'

iLtho yroseý'C of P_ Igge quarktit3 of titanium 'V SOd

Mw ~e si methcd F117] tos based *n h@a. ert-It.-~ of'

phertylI&-Mzio acid in the hig,1y acid m~edium (0.3 -3-0) c-' minor
"j~ i.n tthi f~ o-- *rh H M.2~ 0)2

IM,, 'mrloThio ae-s tot dissolwo in '.aZ-ýAlo, Olh'!ýi~i

hykduohlrio and nit'Z1? &0,da W@ sh*1l nOW j SGISSOW iJI

Ir f orm of P er-OxIds Op''rOun1,



l'to ~ $ theOr Ofb aple forsation of araonlo &acidI lapSDlioatifl

to *4h*niaal anltP4goals is brought out In thi work of Portmev

2., lz "ri~ but ion of ?*ztalu rb1,*'4w

fh-, zext s"te of chemical snaiy'sis th Us parQAle.io c f tautAle

aed, niobhium £rov their coil*totiv. Prwii'Atati. - npresontw the sw'f

diffiot1tyO as vas pýOinted out. ilu the tIlooi4scCAghr

tlbIsee diff iculties oggnnte ths npjtdA ffor .qyant±Isrtive stltow

The Xekrin'yfl metbod, based on the dkazieilar 5oAubtt1t7F of

xTF fluoro-tantsflete and K i~ f)C r

carryng out trActtonC oCrystallization of t'h2se aeitm (uN ,a

Hoawever,9 wing to the oosp~antty tf this utcithcd7 h~e wrill a*% maks

practiteal asg of it Ifor analytical goals yt rn#M t
'rhe $ohoellhsr metýLo4 [30%5 3193 resrtf1t in. the f raVOtfcn

rdistribution of tantalim and -Acobius it taao sacid in Lan =

*old medium- in the ;nteetasoef eooiwm- chlcride. ¶_tepp~''

ohomical basis of this Met'hM Is 4mon in the Works [306,p 3123v it,

'*hich the hyVdrolrioi sedimentation of niobium and tantalu flt-k

tLTQiQ "cid we,- investigated in *n oxalic actd msdtn= and It nlx

established that their anmplaete distri'buti n in thin is impo~maibl0

awirg to' the nearness of pR at the beginning of their ire*t~wxtatham

(2 for tantalum and. 3 fao- niobium); for completeness oi-, distributioft,

retea~e& resedimentation of tantalum is neceassar with -its jp'eVuA

searation frem mioblua,

Cunivwham C311) sug~gs~t*C.: conducting separation In two ftaoSona,

oonduot control aesoo~ing to the bromophenol )hie* indicator aaO

to C~.nith6 nitl Z- _I. -,~4 ttt tsiosaoolgt
o AA rIKt



oolor and determiniag the niobiux in the tantalvm freotioz b7 the

calor'imetric metbad.

Phonylameonio distribution [309a 317) is based on the separations

of tantalum from the &aid solution of phemylarsenic &aid by retainling

the niobium in the solution with the aid of bydxzogezi peroxide (see

Page 146), This indicates the difficulty of practical applioat~ozi of

this method for mse analyses.

iRypopbosphits distribution [320) is based on the formation of a

low-soluble complex of a compound a, taiAalum with hydrophoephorocs

acid in the oxa~ste medium. The method consists of tantalum and nio-'

bium oxides in melting with potassium pyrosulfate, dissolving pig

iron in aawonium oxalate and the sedimentation jif tantalum in sodium

pyrphsphtein thform of awall oosgulating wieprecipitate

~~~2'2 (820).The quantitative separation of tamtalus requires
(PO29) (T205)

double sedimenta~tion.

The reaction with bypophosphite is very sensitiv* and permits the

discoyery of the prssence of tantalum in a solution with a concentra-~

ttnof Is 1000000 [312),

The iodate method of distributior Chernikho'r and Umperakca

[321) suggested the iodate motbod of di~tributir4g niobium and tantalum,,

bsdon the dissimija,:. stability of their oxalats eilxeTantalum

with Iodate it acid solut ions containing oxalate, products a~Insoluble,

aoxo-tpo~j the *zaot oomposition of whioh in not establshod, They

00plt th.ý AitirmirAti~on with i4,.lcmotria titration of the L.eoulting

2~ 4-
,-A2e i.~ fo r otiedo b b~eo
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The extraction and Ion-exchangs nethods of distributions disomesed

in detail in the technological section, at presnt a.e flao developinW

a ver7 large application in WAlXytloel• pUeoi

Si
B, Volumetrio Mthods of Deteting

Tanalum and iu WOV 304] +
The v•lumetric methots of detection (oxidimetry amd oloctrol•tIo

reduction) were worked out chiefly for niobimum

Oxidilutric detection in based on the ability of nioblu to

produce a 7ariable valence compound and can be used only in the

absence of titanium and other elements, also possessing variable valence*

Reduction of niobiua oan be performed with amalgoateod sai in fte

presone of sucoinic said, with zine in the presonce of fluorides or

phosphoria acid with subsequent oxidizing titration with pe te.

However, all these methods of oxidimetrio detection ars unrelimble,

since nib•ium reduces to different degrees of valenc&, which a•aks

the exact calculation of the results of the analysis prafotioal

imossible,

Ilectrelytic reductio~i of nioblo m ie performd oz lesdp platliu

and. mercury ca~hedles with subsequent oxidletrio titratilo,

Volumetric methods of detecting tantalum axe unInown (in cocneotioe

with the fact that it does no. possess variable valence in solu•tmk)a)

exotpt the iodatt method.

V. Calorimetric Methods of Detectiol

Colorimetrio mothoda ame ailso worsked cut chiefly for aioblin

siw.e tmalum produc•s ap•raativ-ly little seieoi'vlii+. of ool*oad

/4



One of the better amthods of colorimetrio detotie• of nioblum

Is the method worked out by Alinarii and PodyaI'naya (322]. It

results in tae formation of a yellow complex compound of I[Lo(scN) 4J

extractable with o en-containing organic substancess alcohol, esters

and others* In this, tantalus produces the colorless H2 [r2o(sci) 5 ]

Titanium also produces a yellow-colored rhodanide complex, but

the sensitivity of the reaction on titanium is oonsiderably loes

than on niobiun, both in the ratio Nb: Ti - 1:30 and the concentration

of T102 In & solution of not more 0.3 me in 10 al q titanium have L~

no noticeable influence on the deteotion of niobium, Az was shown

W above, niobium and tantalum produce complex compounds with pyogallio

acid, In an acid medium, containing oxalates, tantalum produces a

yellow colored soluble complex, at the sae tlns, niobium in an

acid medium does not form a colored ueapand, Riobium, in contrast

to tantalum, produces a colored complex only in an alkaline or neutral

sedium. This permits detecting niobium in the presence of tantalum

and oan the other han&, permits detecting tantalum in the presence of

niobium [323, 3243. The disadvantage of this method results in the

ncoessalt of pred6teoting almost all associated .lementse chiefly

titanium, which produoe an Intensive yellow color in theme •.,lon.

Dinnian'e Investigation [325) showed that if det~etiou is carried

out In a 4-H,. bj4d %ahlaria aoVe imediun " if a*--.&iruem~snt axe sade

of tb. optoal d*enaity 4! the ultraviclet regl.u of the spoatrm

thon titanlua wd a majority of t.e other hlemtos hbtder detettion

I.q

I.



very little and it oan be oarried ut without preeo arstie s

from the associaeted elementeg A

In sulf•Ura acid solutions, nlbium with hydrugen pJde

produces a yell, m oolored per said [319). Te. intensity of the re•iAue

• ,reaoheo mmsi.b in 100% sulfuric acid. In these conditinstMe

"aiedue Is very Insignifiant at the expenor of titanium, T•nt&2vm

does not produoe a rosidue.

The influence of titanium on this reaction is wved by tUe

fact that oolorineterinp originate in a mixture of a0% I 8 nd

40% 13104.*

L"Wangt [326) and Pallilas Adler and Hiakey [327) studied the

absorption spectra of the per acids M~O 2 10 ] nd NM2C [02)

which are formd in an a&id medium with hydrogen peroxide [327].

They worked oui a method of detecting niobium and tantalum based

on speatrophotometering their peroxide compounds in sulfurlo &ati

solut ions.
0 Ai

The observed abtorption maxima for niobium is 2 - 365 A, for t

tantalums 2 - 285 A, The absorption maximum for titmius is 2
B

410 1A in wb5oh the absorption of nf bium and tantalum ts meligible

(328),

A colorimetio m*ethod of detecting tantalum in the presenc fo

4iubium was worked out resultiog in the fact that a f:aoride omplex

of tantalum with m.thylviolet forms a biuo-viol.et colored componsi

In PH~ 1.9 - 2.3 *hiah Is eztvact"d by toluout, Thm light abaorp

I on maxi aressz 2 -600 A &ý4 2 -550AL Rt"' i14oaos

A, ~ thi metd on oa

/ I



detect from 0.025 to 1.5% of the tantalum in metallic niobium.

Titamium does not hinder the sensitivity of the reaction on pure

malts In 0,2 yv'a1 (325).

Colorlastrie deteotikn of niobium, based on the reaction of the

f-mmation of pbosphosolybdie blue (heteropoly ac&id), We.sts• in the

wc.k [330]) did not "eceive wide applioation wide applioatia%,

Chlorination methods, used early for the analytical separahion

of niobium and tantalum from titanium, are being developed anow,

So; in tkoe work [3311# a method of separating niobium and twaalum

with ohlorinotion with ootachioropropane at 300. I
Niobium can be separated fvom tantalum by leaching the mixture

of oxzides with selenium oxyohioride [331), in this case the n4 obium

togetber with titanium change into solutions and the tantalum is

in all 100% in the residue, which in caloined and vumponded in

the form of ?!2 5
0, ft.-sical )Mehods of Analysing

When it becomes necessary to determine small amounts of

tantalum. in mi.rtur, with niobiu= or vice versa, we use P ical

cnalasie methods such as spectral, roentgonospootral and other

methods. Spectral detervinatian of niobium has been moet

tboroughly develzpe4 by Charles [3.11, rarid roentgmnooeootral of

niebim in steel was developed by Cordovi [333]. Bion ard

1"iwher [3347] In~trc2!ced a me ilhod for quanti.+-tivv detoraination of

nibiu "&ntalua and titanium 2'r the sun of their oxides

it iaýhs*Z on thhe fst *hWt fro these ox~ides oir1,y tantalum

gir a rd otve iv•tolp with lorg p•rioA of hAfW-lif#,6 Wich

in. tarn~ Wer'it the possRilbity of~ aoeezriv~ itr, dioaa v%7

M/ .



Titanium ini that mixture of ozid~os is detexlsinea OolOMu.:ioa13y,p

andi aiobium -~by the differemwa.



W. Sh

am41"Pop o t"162Mi a"S solblum %a*b other metalsam also sha tb

mUhm pss1 . a.... er ot volbhe qvopa ies..- "eId reaiatam.has b.P MbwuftU

ad easmias reustates. U ki mesbaa"I Poa perties at oZdImay zespasueZst.s,

bhfeme.. mad thrml OWWOUG pxopertl...

Pawauer tbese alloys wre at$ viely used In Induastry beesiastey Iw
&t1U b8VG ot b"A fUllY atdIA 4916 LD Ae Orf 08006 there 1249Aae 10lst

abooss. of Lets oneh. dI.Srm or systmw of taxsel~m *ad xloblim with otbear

Ua this OVA tUS folloWi2 a hptrs w ill sm"Am~s tho dot& publabiih

in 1114WOUr both on tv~telhm *ad o'nbiurn allay systme #Ad also on Individt*0.

phe~s in tbeoe avatea. %icb are of p.racttl an~d sti~stife Iti~rt

-for %we* as oustl*ins 00 ot 7I&0od in aip~baboia C~4edrp

vov bkpW blrnwy sysure ot ta~u mWaolmae .mnd*-4lo t

Urwmavt sad %te&rr7&Wy -*Amd m qtui~ry myitfta witha %;tiigoion.o ~tbe~

tr*MA Ue nlbt tole I' am-xvz i of sizmi.. or *4-oirio ~ /



Witrlili& 8 of sloblum sba'vis for 4.5 hrvi at 13000 peralta ObtUialS

the ig bMal1triU. of sioblum WAN2 .oo. an at U.5? tim altride *N." DobP i

th*. st"606 itaabl~b 'sumt 13 04J0oo for 3-6 bra is ur6*.to rYSv

* W~ht of tue n1itcgsa) zltil1eg sare obtajined wbiek wie i*more1irpi~t~i4

Xu±a11y, ubn b.asza mixtures of nitrops-riek altitxe with aiobiiin OMvlap

St~~ b40 3 i) in an &rjpa atUopb@Lo..lov aitrides ore obtaiaedoai,)

The kin#%io. of the r~eetior-at ofitri41ad alobem, wW t,870I W

2 vawre studieC by Oulbegum aMA AmS~n /3v/

The hoo~rey d 1wlwt reactive diffusloo of nitroem la

Aiaoblus i La bout 2,5,4 and Is trmntalim 39- keal/Mol., I.e., aitridiftsiuobtum

is easier thani tdtriding tantelim.

Niobiim nitri4. can be piroduod *lot, by nitriding a mixtwza OR"

Nb25 or 203 A c~arbon in a stz~aa of zitmpw.ý

A& iist a-zd ttw reati'is of s"e old sttice an %bhe

!aIj azakiy studladk~y s~zo of X-ray dl~~tonO~. satrIAO

wk hwas p.ucsd by ?Aebleb by rv stia,4 ýOr tkw" b Maxh Mixturg of lk%

~, ~ a.Stroma of nitzoaps *1 1100-826 1-1.0

a ~ ~ A~L~ ire aw w-via flor oi

-*'t~ _,Wr'(j tiT Y I1"Z arsay IiTb
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tf"1*dStgS *- a $%mpas vir 1*1st a Snot 2w se s aw jasem 13w*Iv

(%" Ima of --- " as"t 4mmv

Vm~w al .a~ssw 13VMa the*iWY of slew.. sliea .t /334/ bea fil"amo

_a5 a w* %,as di,, vit a lma.f M200st~ leesa vdUo Sta 134mO

or* a tmtst 10- myaost sw~ bp~o a)' a t~ fi

~~9s 'I# _f W5O -kjj a~ glUý a Jxwa of .aIV- l.lxo~ t I

t'~ w ýto mt* iSmig &Iha'T tr t a US revewis mbaiof0



boy-sOasea.4 cublo IMSti with a period WIch differ* very little fron US

pectot of 9we siobiwa (2%8 ±0.O0M A). As ta.eatliption of the e~mbI1lty

*t Altroegm hk in lobim was also 0" in study 1,31 *a epeeUma PM"Bv

by altrifilag a~bl wire. For this purpose M- )6u" Vift wa

ansee.e at 200de is a Iscum of1 me 5g (for 5 a"a) and %bm MUSA"

by N2 cw 13 *; 1)We No & aW's of %be sitroq'% rm,4vd b"Sa 'staj S

Vacwm at 200&,. By awesuia tthele.trio.1 @@flhtIY2Ity of the alt1ido

wir*& eMd also their b~ragc"a 4It was detegeiged that the oooffleieat e~ 4it'aUSI

of altroas n~ WO iobla witk the formation ne a "lid solutice to D X 1.71

the el~ctriel oond-.tivity is diroctly propwottios U the xltroo Oma .Sts

amd tM414 mTeTsolubalit of attrogma is tiobit f, al*lt * It is rosy 1ml:

1* movertbelos &rsatsr then 0.063 we

gibmxview wt 13.,.1 JW in po'We~re4 frmakw 1 - 0M

wit ye 710i"a t; t is f-yressjm% tv ý'A 4rC "of~i, k$vo1waimu

Aafai &*_____aid, Wr*

VIUS bt*RWith SKSjON[ or ~- 1 ~Ita . ~1th basi

Aft



As bwrtat Pwovertf of alebim *altride 6b ts1 M bi)I~ to

*Oftv 686 Pa*t elkrther stempzst?. bt 3$.6E I133v

Fiore 36 Oheh~ the Vesga" ef IavestIetlag %be beet emealoti- at NW

Ot Umv ter-*eroturq /.$W, Tbn** on Ithe e~i.I7

*S Ova the ltzsz %t~oo of M~OM= alitride tqA eu~raoonduative A M9 b Critical

aspit%%d. of the mpatio field determining %be transformation tisperetur. to

* s~oereo~tive stat. Is 257 Ipus/esg.

11&. 56. Host capacity of Adobium 4itriae MW~ at low ta~peretuts-

U&TV
1) 0O 6 Gal/deg. -mole

sv au5 tcwtla, WOlo used as * detector for rv~lo waves In oowatru~otICS

of tWb&s fcw' tran"Ittlas m p* /347/ msabc f*1sp ~ot~bb tt

/348 -3t50/. In. way as.s th mblilty of na~.blum aMtridk to becom a

at reatvl b1b 4pnortw*, about 15,6fE In put 'tc %WD

OlbmAlmzw This. mysta Is proeatielly mwtud1.4,. Max5mao 13.52/

obala to ~apmn l t6OUDUO ZW? T

Orsl01, kmWti ~bv"1',le"w xcl oazm



ocniae. of pFsm %S9 sAobln wAs elwdmljt powdrs into fý" fu9 si~mian

a0 .1200-1300* (with a SOC) tbW.

?wo pboase were revealed on the miezosesetlon of an alloy with 2*89 Ab

hypothetically a solid soluation on a bae. of elminanm and a capA MlAl,.

Ume Mrotels of which have a brown. when ogamind io poisrivAM liUt.

The vlerobarnaeea of the Ot-soli4 solution and %be a CSbA3O

2(under a loed of 5 g) is respectively 78 ard 375 Wa/

Brauer /35ý5/ repeated the exporiauts of Maripac by rediaclz%

f1wmoidnobese with s1mirnu at 1200 with subsequent coolisk4 at a ruvt,; ot 33 de&/hr.

~ -9 In order to aelarate t1~e conpoua6 Nb", the prodiwt of roelalkotea was

treated Wyrochlaric ecid~whicki did not affect the iatsumetellf~e

Am contrast to tUe alialis iwh1*,% d.c~posed~b t WAwt hef tn~

WbA1 Is *table ae~last oxidation in 'the sir; wiag the setion of

sa*11it to I jke v X-ray studies xbt* tbe ýw.resoe Ist thiA et~m-do

kS (4 in co risor. vdth 4,ý5 vh~b 1krigte h*' 'd In s sty).,



r?

JM2f of the tetreagova body..crner.4 lattice are& a. 7.3.57 t O.OON Al

* .27*0.002 A; c/o~ 0.'577 A ; the maen 6 istance of Nb-BI to 2.28 kxL
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St altrie soldg Vkie. """agl~ to the pstImaston, In /55/. abould be

*oasUbied "e due to the formationat an labibitia. Z1U.

MiGUiIm4'iM. AU,.s'4ain to the l4t4 In /40?I/ thbe Nb-Sn system contaoa

%be ecapounl 3%38a vbhhJo bas T -V structure* The allifa In tkaie study were

0

go MIs formed by.a periteetic rsaotiov at a t~everetiare bietveem 1200 W-d 15M00

fte aaoMNb 3 a is.a supersoouductcr at 28.0_S +O.1K9 _- at th.

S MOMSt tmperstuz'e of tre4tion of oil toose known for laterimete'lide..

Am X-ray diffrection study /4W/ confirsee tka rosomme of s, -

*uablc Jltics fox tb. caupound Nb SA vith & opimeju _.269 ± 0.002 A with a

LX-rey devwity it 8,92 /ý

vas roUA Umpbe Nb~fC% atg4 Nb !ijk w_1b a -W etrtu&ro *n apcl~p

of .- 1,Aw a 5 -111A-

ti z4'i % 4m t 0 A ;a3I a .ý
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+ nbpt tawwrents to the sGpewe~mdestivv sta, e a* f

Ni~ob1um4theailm. Aseo rdlm to the Ges of *a X-ray eseliUL U

Wes1, of 1nto~nedlet- p"Om were rwsa1ed 1* the systm.1be *now 00aui*14

7%(atomic) 1tb at 12000 Is a pM*e with an sk 49-typa lettise wift a

* &ueellis tb. a14 073 @onsSftlag.3745L Ard u b ast 1"

tko &p;ersno. of tb* T~ .-Pb~t 04M3) *ihe to in WquilbrIMi ulh 00

vk -. 4t'typ pM..o and t"~ pM.. of tbW uioblus-ba.. solid sea.1ls. fto

oamipovs6 Rv a *bzass . I attloe vitb apiz a V72 A, ,r a 5.07 A

~Y ~Ou52, tibe A-10bUMy-tave 601d Oolutifla hfts a % ie tio
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TMS solubilitr of rholimn uIs aobidm Is bidb. bu&t not eze:tlY A9etramias

NiObiiinrEabs1MJ. A Umber of latezugS"t.vr~erevealed In~ the uyatom

0% 120e /1WV/ with 48 at. Z Mb a alobbiin-bes. solid solution Shea.. with

57-52 aB.S Mb a Utrottagla pme with sbia.: &=3.00 At c x:3.38 A* 0/az1.,

with 32-02 aM 22 at. % Mb two am* Ass" were fouai whome @Utr tsw ere fW
a" 6OeteIdn"O

Up to 22 at, M b disasolvesin rutbima . 4
*TYA qtr- /411/ the sulfide JUbS1 . waus' rovesalOTIn

Okc- /411Jbilts &Ml lecer obtalme4 sioblirn sulfides by systeeals of the

elameta wadr pasaogw also b7 removing the, sulfur from tL. hi*.

slobjia sulf ides. Tpomiaemtzic cawlyIs of the su41.es showed %bat the propwatioss

wlb5 *ni.6 V-- i.8 (fS are whouo~ ich aer sli&tly 4obawpo~o4

at a tompora1x.i of red be t%(Q-&O aa4 o~an a V*. ftel fame1 t

LR2P3.. Wki*L 10 $o4 e~19 tbb 4MO51."O WO4 DaZ %h iomol

aa- lf& Is
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additinoi Of to 2C% of Th to 4*ata lncran the oirestb oI' tltntm aft

raom and ixw ted twatrtures t4.tOtat lmvrlsg Us reafliancme tbaiw all2oy

haen ant inrsand moduaea of aloottolty aft hi" tempenttna and hight ruptut

atrnngtht; the; muy b6 usnt as bet-rnta~t aM lp Lill's

(1) ontott in %;()ki/4J

Fir, 7h Mechanical prolwrtiow of nio~itwetitaraim &!!aa

Accordirs to tfhof VOt or Allht m gn9rmAlj Sf~olt
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tmulu,1 (10.60% with tuima~u A V

C-munt of P"Pcrtiomu1 ftoking st"In Tickes" noctvi@&i
psint9s 4Ma2  hardngas revistw~bo

Studies A?31 of the e~setrical, resistane of MNoW 11b1 TL alloys In the

twparaium rtnge bmtwen 88 vAn 1179 X have shmm that an inrease In Use

ti~ni~m c~ontent caujeot a cont~~m~ imea~ss In OW eliectrical resistams

am fteiase Sn th- towpwatair coafficlent ti.ght ujp to the a410e VM

contalm U.se thm'n 1 at. % lb whw. 41,w toeroirtura coofficient In noptiw.o

Im ort*polrio of Ixotherma clac¶ica1 se cne'lto ~~~s the

&mdmi -ý W when v hiobw ttat s,' teqxratm%4a v?7y close to aboolut~amv

'-..fl wmi.fw~ Vtls pmpertlss of V .Aor (i shOmii be .4e t",t

sIoym cor~~r~ýg "t@ thsn 2% Mbh artn mit at l.ow t,-v~~ ttimw



(1) nitmt of Ub Inat (U) tv's la (M) Consent Ua vu1

%2A tbsthriua, 5* system-l' was stuiad in works /b22 W2/o

t alloys wr Prepaeid by at-fus ion of mpact a sed of campressed thorim

(pu•-ity P49%) m niobiu. which contained about 1% of imipuritim Includjn

0.05% C. T fusions wre performsd In a neutral amosphere In a watar-cobled

copper crucible with the utilisation of a twongten electrode, fe obtained

sllove.vre iniveipted by the metallographie and x-vay methods of ansM1sD •t
I

visral Ioterximtion of the fusion points, by recording of the cooling cumss, sad

• : 3

by m#~rnnsof -.e electrical rvositanco, ft*e resulting state diagrem is shom -

In .plot of Fig, 75* In the regian ofA -thorimniabium allaywthe state

AO
diagram has a simple entect$.c character with a eutectic lint, at 1*35j wAn vuleeti

with 8% of 1b, Ths valubilitles of componmits have not boon lnvestigated In pretsotij

if we do not uAwli 6s the dUrsctiona of Chiottijacorwding to vhWdate the w~itiom

* of niobima to thoriva Iowan the tamparatere of Its transformation fran Ow fees-

ceuter*d cu~bic Utic to the cublo bea*-o~ne4 moification~ it 1,$45 to 91*

7hi* lwering JA relpt to the sol 'WIlty of nlObim Lv ti* I

V- 'I



Me 1925 bU U and Ztting ebtainsi atOMM iiurbi. IV fs. Old*

tmassa asthod /Ii25/, by reducing and carbmausWP the tr1otide Of a10iu at a

tem~pera ture of 1.,2C0.1,i00. o* carbide contained 11.3?% Co whiab cermspoinds

approxim~tely to the formnula gIO; the oarbids also had a U.ttite *true

of the ftad type and 2attice apascgift OtOZ/0h16/.

McKeima /3427/ also obtained niobim with 11.37% C by crystaflisift foned

a~ilminmp which le~cbe4 out of the w~elt on coo21ng. X-ray investiptiom of

carbide confirmed the data in ca6 o its typs of cmytanlln lattice, hammm

the lattice atracing turned out to be such ?.atsr# ih.57S instmad of 1,6d) A,

Specific density of carbide 7.80 g/=3 a obtained experiasntal2y by Nd... Is

very close to the t~heoretical "Ise

PlauT'er and~ others /.Lje/ assms~d thu t th,- ni~bivm *arbide fom- Is WbOC.

A msiflar x-ray diffraction said4 of niolsims carbides with Wiforuwt ar

-%xt,.r*of ;xwisrtu nbim { itU a lartv a~it,- of niobiýý hyrids) Wili

of evhtU1Vm at c@ $m

ý4.ý ow- fa 5,,q-*z.Lrv



tahb furnace In the atacpIre of carbon r in the bInrom'ea xtrwo a.t

a tuerature of 1,*404,50OS.

The qantity of the carbon matent attained in an the supecion priepared

by Ubanskiy did not correspond to the formula NbC (2L47.% C). tIn carbides hadea

b'nimisb-ery co•lr, at the se tim the brown shade was brigbter when the carbon

content in thmarbldo we rihe

At l,500 the carbarisation rmaction of niobim was practically completed in

a period of I hour# %hil at 1200& after a period of 3 to h hours (,vidently,

carbarisati'm of powierm of other grain structurs msccessitats different periods

was accompanied
of holding). Carburisation in an alwvtm furnace in the hydrogen strai •.

by the bun out" of carbon. Niobiva in the hydrogen strem of the graphite twe

furnace vas intensely carburized by the vaseou- nedimp, and U* OD atO opsere at

1,W° evidently remimd practically nutrdul, No nitration of niobium mixd vith

carbon black at thi~xparn of iitm.$.i, which we: present~ Sm themohl ~ite

Pumaelwas ~iobser~d Incordiing to Prestoii'm x-Ty pict--vet 11iFust oft 003lr me St

3 -1

$;% ,IY*- -,



lattice srocinr, wheea onteOtherhand sinegc phase Q~oso hseeipstO

se-ording to ig. 761, should have had lattice sac1l.ý &4 h.06 and bJhO1 A.

Hance, we can conclude that the state diagram f n)ob u-corbon alloys at 1,200 '1

possess two regions in which the same carbiles exist, and are divided by a two

phase regions niobium forms at 1#2MX tro carbides of different ocpasitiang but

with exactly the same arrangement of P*taUlic ats, .DT first of these carbides,

containing 33 at % C was designated *y fornula NC or Vb3C the- second. contalning

between hl and 18 % C was lsiuiz-.d b7 formals NbC or WbtC3.

rig, 716 !Attics spacing of alob.1u carbide (accarding to a~y

(a,)~Z~tent f C in -at 1.

AAdIVio,--42 data on Ow~ syste v~r obtai~d b7 1*Jask~j dolui~ng ~~

o iit. 1 s -* rto I .. . .

h 4

- ~~~~~5 9 1 -MR----RA----------



deptbs, it was possible to covre that th lat' i spacing ata depth of 0o*25

varies be*ieen h.22 and I.k5 t, and that at 1,Ws carbon Is kbs*nt in the twot
phase r gie of t"eeSbi diagm•V

For checking p oae Umnaskly roest two phase specien c'-ainns.

7.2% C in vacuum at 1,#O5 and 1,AXO Ifter anneali4 at 1,qO0 the alloy still

showed Wo phases, however the x-ray picturee taken after arnwalang at 1#900

showed only the presence of carbide lines with a lattice spacing of 4.439 W, hich

I.I

is im rood agreement with the length~ 4(1 z/C) . I= the break iLn the aingU 182

phase carbide region on the dia-- of niob•-aýcarbid@ MA O dian-o-aaru9

oecause in ary case its value sharply decrease*.

A1-.I
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distribution of astm on tka plaiie (10M) of snob a mrptal/, Uf cazrbiMa ew~tIai*

wall. omwvts of carbo repressntd tolutias of niftim~ in alobim carbide XbC,

smmW= on~ the basis of the dispisetmut typp of strjc~tirep than theilr iattIASet

spacing~ should increase wilh~ decreasing content or carbon,, ,whreas in r'e1J2y

ItI

lattice nioabium carbides -t&Ita1Ing eU aounts of carbion thusv are vaant

(in mmTAris m- to t~he idse4 Nt lattice,a depicted in Fig. T77 a) site*, This

a~saump~vn ckms ae in cc~o~risom~of them x-ray datim anawjsim otn in meammmat

Of da~it f h carbd spcmn 5wlZ~tD 2.4 6..8 and 10.6 C *.- with Wl atti

sa-.cing corespondiiv! w 4,402. 4.&.5h 1 mW 4. h61

-t~ arboin buick s z, rnphA t~~ 060 farapio

_,tiq'n N." In....P4 0 w%

AA:



Densities of Njiotdu Carbide "ino~w wlQ tZffertat Ow~t of Quybm

Mv CAit va teE 4esnit'" (i)t maU assuE tuat tbar, e mwv uest sites. in I
the lattice Mi1. 7?0,9 b)g (Vli) it was aomuwed that the seebm &taw vw4

displaceed by niabiW at=& (71g. 77 a)

fta* lav~w-01,li~ U.'hva--Sxouk-?-VtML

A! J-- -vvc*4 tq

snd ma A r -rasot adpn

v pV4 4 n

to~~~~ ~ ~ ~ 'gD6m -tuv týcýn~-ýL,- -w
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for period@ of two how*s eoeh , dn roe tine at lb + C powder nixzrW

were perforar~d in thes grapits, tabs, wevi fUIRCe thes. tiAesp sloe tsr periods

of 2 hours each time,. X-ray iwrestigpti of the" spWcsto ontining froot

0.68 to 1,WJ% C showed the pre.sec. of two pse - b2C and We,

The pha se diApw of the syste JNb..C is sha la FIg 76.

na solubLllty of carban in bis vvry ml•U, and microecoplc Avjesti• t•.s

11wue is a two phase field of at 21ixturos of I-eoold solution with carbids, WbCj

theu region In~ which it exists extend, from V~.3 to VC,5 rm1

to033 at( In Ar b cC phase has a hsxjamon lattfr, stroevrs with !atila

sp~cetn "'rying Prok a s 3.1116 1, C =49v 'at thie I~ M fnr pas b&SU4ary) id

- -'- . At tM iil.r ~rr~psa;) U- F4ftj4 ati'Af i
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4a %a obUIPA az. arliw by Sb.ddy,

Sin"e all these spacliom were pftpared at a toperatuv between 196Q

to Isle the qvietimi of the disappearan~ce or the doeres&" in the break of the4

phase regiomi a obsererd by Umazukly at tempera tue ovtaiul'order of42 ,rmia

imettlo4 until2 the present timelp and an experiuenAS! 2tate diagram constructQd

by Upwrokiy (?U,, 79),# may be still used without any subwtr'ntiml ch~anges. :A

any case C- outtctic diagra of the mection %RbW~ as P~roposed by Ouldschwidt

A3/nuxt be rejocted.

of niýJ-Cb"-ýeodn t

DI iki9,ý ý 4 hw-* vtisd f , t 4t

i v -n CC- n ~ -ý ;4 s 1

5' 3 1-' TV4
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the ~szopt~tu Or the aW"m lb-I rgs the jmtwo Ot proisrift a*NW

Th ebpaeOf %be SOMPitics WW La 9 fais.4UtetSw Utts

lattce truttw (Z't4) with latttt s Pasiazp of a. 3-325 to a ,,5.4. 1, 6/aT- 1"711

x-ray density 6.40 9/0-Distitwe Xb-942,68 to 74 3.1 IL

0 "Ila NbaP Oumb also Usa a taos-oostared *uble iattlao strueture wft~ 4 As.

of n~io~us azxd 4 atom . hpbosph uroe in saa .1..matar7 1AtW1 spoo %p th

~tw ~&14.&to
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sbft 144 ft- f o Md*

A0S~' tg C*UA ft ivd*Ltw vasie, Of %M )bad la

.12

50 to U9 Ab is fo~r \wj V" pnrtatnte neattls; tS" tauerature for its scoplef

fusion in steftvea5 *"-A ait a,9M (for the £11y079 ft N). Aloyis Coatetetg

mru ".bn 4&&Z Nh Sn o hrittl that It to IflPoeaibl* to ytepen their slides, for

te :,racsopic enlysia. In iiotk iA06 Aludiss were wAd of tUe strengtb of alloys af

WelA systea spinst =Idstlaa 4at 1,250~ (74.U 80), Th. alloys oontets.1a ro then

400 Nb9 ise..g In the regiwm whop* Cr Nb ite present, on most resisteant to oxdatlae32

Aecardiag to U& data -nT4/ tho flyst4m Wv-wCr pousaaaes a Crj~ hs l

low tmuper~at4a wdifioati=onsf vh14x Vo nswo a feoe-ntsn4r cubie lasttin

3vtruPeturo wilth a cprizg f4 at U46t, act, Interattmic diatamessnbers 208 W;

t24\k. 4 ',o "' t;jaaXrmtaion 01 nt tbo CT

-n AAFpl-~n AF
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it Is equal to Cog at Wet, hllUp of pod a setalming 3299% ft mw m*

in vork /Uh51- AU*Y wIth 0.,5% Ub ve comprised buuisaW~ of Wibsuastattes straetmo

sand aftiitare of the seeced Phases a32.i with 5.1S also Wa bao phasees, while Marl

with 12.9% Wb bad osty one phase. LIttom /h6 rgpsr*4 alleju of sirecslm coniulaIM

2.5 t 27.52% Vb by vacim fusica In aephit. orucibles and obtained Use y'Ie* polat

values of alloys containing 0.61 5.0 end 12.7% Nbs which at 6k9* are resfipectiis3

equal to 6 6s 58v a" 73 kW 2 ; this according to Pf.I. Is explained by the fact

Uma': nUibim laers; the t-snaformst ion tempera ture of x1?ConlaU. £Uys of Zr

vi-ta 121 bm~ or 30% ?a possess rather good amep strength* b/

Doe are fusion of si~casiv and aloblam (of high purIty) In a water so"a

coppor crucible (in argon atmosph1ere) in work /Ua prouce an alloy of BUW

~1~ 8 t ~, O~~ sfrn ~ eanIly at rom tm e wr W ndits &stuf~

andi *ne~aling structa& -- were ut~disd, ThU alloy, wvd Owaso " a bv4,-,vmAW

cubic laRttice stm1cto3, b" a sCtoX.wr which is very7o to am* a t" at

latce Aý**01igo tsgorU, o w
0 0%rmmematlo

ml-z Q~A&o tr'%W
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WMA ma Roo O* 'iit M068 * h

0,1!%C Wer. Ud for the ,Pmv~etifm of th Un ~ s Mom Mas WMObele.b

ICasting mqb6O "so eemndbbntoesa telae o III th

of fth temperature cefficlant of eloctr icla resistanoe,, dIlatometr'.*, x-ra and

metallog-aphic studegs, the stats diagram of the systm showun in rig, 82 wa@ construct,

Accordins to Ih is diagram there is total mutual solability of #- SIrOmI~M

adniobiumblo h solid~us lines which represerts a sloping curve having aJ

minaimumna h 2 Nb conlent at aieiprature of1,9710 . Further .ooliag

Scause: the 4cmoition of the solid solution, with the exception of alloys whIsh

contain about 90% M. 7h. lower part of UP diagrm, which represents alloy. at

sirconium-niobis was constructed ae tier the outectic type of a diagramp W.4th

*tectic at~ 61O0 and 17,5% 1b. the velubility of niobivw in *-ýcotu al

Ta u*ut I-m-n tetru Won. !s.-oitju 6. i-dai tm avtfor -oooti,41

ýhe-sitir,#.g Ov -tpalt M-ds.l r ~.orra It q- n ýmnxAAO; iý111

of th .b.Ae -"Amd-U ISb

In%#r! W
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at beat tie profuct @4ataiiw 50 t. 6o% .rs* ubM3 at t is bhC carbie.

ftg,82., DyiU~gas o th x,-atI
'nem~at I
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£iaege"m Pro&ste &To obftasi by u1it~tm at ~Ime1 pow it? IfMAM

contalining admixtLiI aS yumt la ittoom

Klr~tics of tbm powag of ni~tston of tantalm. me" rtudied ini t*b. VDIA

of (lbrnmom /337/a~

Owring tý* nitration of a motal by am'ronUa /b52/ at fto to O ,end holding

for a period of 5 to 18 how-$.9 Um content of nitr*M. in nitride attained ouily

S6.12%1, and only weak 1lnes relat*4 to TRY war* di~::over~d on x-ray photographs.

When WI~U prrodumct mas lested Izi mav= SAt 2,0000 it lost a portion of nItvva,&

by trar'afomiftg into then nitride %Iwith lo.6% 1, Durin~g pralon~vd be-ating in

veamm there is also an eppararce of -th teantsm "lirng, Adich points to Use

further docompsitim of the ritride,,

Txtsý, IUI~ altl-)ý. bt~a4bypr-t-t lm- Q

Phs vi'tvr f v-V e

+-- 4 h _a-m l4

V- 4~vt~rvtb WT;.i týUCt"rur



A *Wft w a a.ftf of fib OVIWm WS Smah t SW -ebcerg 6/

at altroops. In this Vast be diseovrerd four tal~ is e~ 4 (NIlMa

IsU, pas h ox~t ftetantalum &atae is *,I* Sub4. latt i.

P~Az. tanta1va (,. as.). This sapeutruur1 phaso bes a lattice &;acing et

43*369 It waress p& tusta1iaa b" oatssiv of %33,u L

Is Wa~oitios to phs"r~osaO,0# Tor cotly aitrid. of f

It is a stawi.aI wmol* of a uitriAej, formed similar to Um~ i~aterstit1ial

PbAWc ,I itu ths metal ataw arraud isa. d.13.1 pooked ba=V~a a1.tt.i.",

mr-O vxt *ihs alrg ata rmgdt w"a~Oa t mt*o

ar,*~ wi 0&0~ *A tb-4a

4;,k, twu ~. Pra. .- O -*ýmw4 b M M!aOAý

NN D



we" L3 bmi7 brt1. ae se" taOmm bwattnetuofJeisMOfvm

Twol allo rms vttb a t UP mWu ~Tag wof Aitacor in this mlzk. Tf

4etermzt lon of tba TON 511110 II pwo revadts, v~dah oc"IUi .y eisofAo 4

vIU- the Sebosberg "too. Th shortest LaUtatowde aisatumminL tawtalim

6*ius4 2.90; L"~ sa 3,3_1 kZ, au the distam"e Ua-4 cocmprt. 2.08 or

2459 " ft. Th. aani rayýioz of this pba"e 13 v~ry 9=U ý*4&u the allq'

r

Tha44S 0~ al*4 catim Q9 lowest nitrid TA290 .W ?bs ios Of bM itpsll

ba~ae b this nitri&* ran@" from Tao 41 to To -0(it~ rT%

-to Tu W~ia tO -0-bOsb~rg). %wýftzu o tl omshmaa

t4 t- -z cm -ý

WA? ~ ý- d! ~ ~ .



e " .1 -r i jr fa -~

-~a I 5.

326 Is7 Ww ANs awm evm oai *a,-a

am-f -R wowa W.d1 a m.s 1646 M Sabo1 0061

wA i~ro @UaMv noefeal o '*&.TMe WkI~bt nitride in tkao

sixte Le mt 6..oamp. Vr th mixture of UM-SC1.% *@%eetoo of bat;

eom~nmrstod sulfiarie "14 for pr~olo~ Vsrtods of %tin dissolves mdy

traqoa of uixýAs. At averalp tompr-tums ftX md UT&9 sremu reautal.

~A

to o C.- r.- -t is t rt.upL

krap~g ''F'aC.-XA-I~d %- IT'a~ vt 55yar agzd rr ýOp~ie



The stady of this £11.7, of this mydtAi were carrio.d out not long 89o bY

MASOVI toev emd (hMtymkew A5ý/ sm specl.usns prepared fri. pure a&1ims

sar ton alms uiich couitainsd 1b, 0.2% Vbs, t).1% Al anM 0.2% of other lapwritisse

The basic alloy con~tained 5.15% U and was di~luted to alloys containixg fri.

00.1i% to 2,5% Up wh~ich we"u investipte4 in the vo*, The alloys were s9akij3CtU

to hmoreriisatioe for a period of a w'~k at a tamprtare of 5Mo 0*nd thon to

subs.qi.r't step-visa annealing at 630-k5N)!O 10t-h.n-2O for a period of 40 hvumr

at *sob t~mrraturv,

FIi.8"L3igI-.rxl;S&AO

t !*- zin -t- t t-Y m4



the e to (Jn& a rub~ is &1imam eouttit we ovet"Wt.I

Additlms at 0 'k@ to 09209 1v *bA= can sm stwoa pilvorluSttm

of thie mortis I- tbqoii4 sclutlos (trv&5 to 3.0 graine/On 2 in axuium MAs

up to 150-150 p-ainW= i Lalloys7 Couta1aina from 0.10 to 0120 % ?a)*

which points to V.- inodixY, ag setiou of the taut-At afterobmfpe

vbeisPtrting tli* in thý ciuof &!unit=u alloys.to S

The microb.ardzess of the chmdca composition of' AI3Tu* ws at- bli*.id

to*qt31, to 4A"DA.45O ka~ ( /:dtkt 4 59/, - this 'is a It.,ea I*&)

1z- a 3-~ llays of U-- wer* prpae ty t of 94

1 3 - 5* Aý z. a -;-S a- Wi U A!

Ak- A V6 4v -

-- ~ ~~ o~-A---



fla t ap ta n atVAtZ dith Fi-rqs by Kts*-nll /w62/# who

41coe.o 4-ulid soIstim of boWM In tamtbs11 snd tocw bin-o ptiasnr vtdch M caflM -

it94,.ard f-phaaes. The uoluidmnxq ofi~ r bin 0,e ts-It I~t lattice Sr- low, howeer,

1r, p-rml it is Li&Ier thin LP- the ot.ýr trarattionr -wta'. subgrtzvpd lye, V., ad via

c! the rerindic ntc'tý-. It has been estsk~iahed tkwst; tht phase (Thafk, hauonimea2
AA

in tlw cpim~W 0 tartitf fri 61 to T24 at % B (mT1 7* TB~ n siuopco

to otb~r mitl~td diborides of ths 14z 2and VA gTPupC, T1h,"is I tie only phase of tte

syster Iv-B whieNý is T~tshue within wide ran~ge of `,-e rture- atattin.#- frcm lm

~~ up toc thea point. of fusio-r (,O) Ta2 haS a hexaonal Wfttice witb

a iattite FWACing of % 3,057 1; c r3.292 £j q. u78 mic!hatsS{2Ceqa

to 2 5317 k, wPspecific electrical rew4stance equal to 68 twokm .mzp ari. i#

cnied~~~~ e-~t~~newthr r~toio 52 kcai/mola. Dvr. on the -nrvpar4w

'V-"df>r ?i9n eleorn '1j4 iat t the ahtio of ed r~brd

c-, t -UM la Woetk /40/4 r.~4~

AYc A-- 1va o ,i

fýt4r

O~~~~t~ v a'hC Lz'van , it

~~ri-~~~~'-~~ La½~Tyc:1d4~ 4. l



tanta1um kwt'4d1t Ut-I ~ ising a tUit~1abw ia'- am I @a QV V- dwlugth

electrolysi.s of rult=Ui acid 4

At a prosea~" of 1. at, and rpam toi~eraturv tantalm dixto1ves la 0#4 vto

of~ N# which corres oMd.-c the ratio of I?/Th: 0,8, This nolub11lt7 drope shoorzt

0
with, increnaing to-jperpture - at 15,000 and urndr a prtassvzv of I at. tta ratio cf

li/Ts (01.n3, The solubility of hydogen in~ ti-ntalvi decreases aloo witb docressing

Pressure, /L~66, b~67/. Roaating of tantailu satujrated in hydoroge in a vscw at

1;000 lens~A to tkw, compl.ete elimination of 1z~i

Hagg 11-6/ umde in x.-ry study ofth a~ aysat ~tar-tlu4iydraren. He dis-,vn

th~ Vitalw dssovesat 60ef 12 at % H,, and beas.dis tPat,, forms two hyzes

T2 l (4 sM ) witlh a hexzonal t1ose packed U.ttice of~ metsaic statn ( a ).094~ As

~ A c~ :~9~) ~ 14, /6~41-7 at H/ with a2 riaxis1 tges.

3 A- eh 1.51 wo az

-- z h~mi ~tceo ieasleav-ztc F;rIq-

hjl .ýb ,ý8A, 1 AA9abt ttg-C'

SV1b,3 f0M .- Ib cne~ 2tlýqW101;:v'4U4ipýým

ai -M -



and Uhl~ practically colincid with trA rasuats of Forivov*A /2 %00/ s~a"* fow~

th't UtstiIl. hydric% rosaswes a body-c~rntarmd cubic lattice with a lt.c

sVac..ng o-' 3.10 Bo riso~rs was unable to abtaip, hex~xoml~ hymdridea, flwvr

9 v- n fram t'.- da to/A50 the "t2H hydride do.. not beve a hexagoal, buts a v,ý

lattice,, and is hm~opsneor., for a wide ronrer if hydropen content . In 'A Olt

t a1l= .y.'rlde was obta.'rie4 by h~eating -tan$%'lvr powd.~r (99.q, Fure) v~th a

strivly -redetermned quartity of hydrogen at BW0

The -.ýrk of :ýrauer and ',er~man /1b7 on the inveg tire tions of tn', sPWM sygt(A

and also of the syst~em T.-D. conducte oni speciwwns of alloys wh~ich w~er

obtA ined ty r.Idropenaticin with deuteriumw of tar~t~l1,z sheet (which ir~itially

haed &Il :-ses rvv~ved in it a vacuwii at qO a tem'p-ra .ure of 19Or) saera with

tt s ia in of' 14arg and Bor~aova, 1-f we evpduate the data frar the point of viAv

ufot-M Trfr rh~amb. hydride,

M ~ vork /Ih rve th -s d!ovr~y of th~/- solid "I, ~ti~on ofi hlydag

41r f ~ wi th thz4 i poir bouniiry for RWH and an onceg.,e Int the Dt~tice
o0 2

i,,r ~ t ~~ h 19 re ci n~ ffrmýi3.qAt .3U -tf N II Ivt

, -

1 j tý4ý t4 "



Ou~brns~ And &reve /,365/ *stebl@AM %Vat the roaetILOs of Itbe

forMtioa of hydride starts at 3400 avA that the rat* of absorptiou of hyrg

rap!Al.' increases up to i.0 bv hst.c"tUwe tbore IS & spprP~rtIos or

bhrdropa apparently Comzcted with ieomposition of bydride, whial Isz satble

only at low te.raturoes Above 535 there is &Via absorption of by-tzops

with the fonzation of now hydrils ( up to £i)

Hydridos of tantalus bm and TeX are usually obtstned try the tro tinet.

of tanthua powder with a strictly Wegdtterains! aanot of by4rogoz at

800 to 9OOPO,, Tantalum hydriae ny be also obts~ivsd by reducuing Tný0 wi th

Xt ta acted that ttlum is poo filter of bydro~pa evni .csI.

of An~ 4tlA

to t~adt.i 2a s'I

ýit týnv zt -- ~

Thou~



21,

ne ~ ~ ~ ~ ~ to ancy of-8 vOMOU a ith a density of 16.9 a/Gu3 and teqw.atIA

of a'ia 3,*O06-toK5 18 Rnpand %W muwas i z siterins in yarnu of Pomwpse.84

powder coimsattS

Com.rative teats on asgs of vivo speoiuans made of Ta and W of the above

s*,,**f is- allay 0.381 as in diameter avA about 38 an In 1ength at a teinperatuft

of 2.400Z.,5aOO~r showed that the wire mado of tantalum sap undler iteowa weIigt

twice ias much as thsvire made at out of %boal1oyeTherm-emission properties f
the alloy hatve #A coaplex doperdeuwe on tatteamraturoe If tbe filamat Lahoeet

to to;e u at ure not above 2,2000 1 f-r v period of one iiovx them at 1~we

IF ~tom,,ratuxva the *-actront.- emission of the alloy is slightly low~er tbun tMt

of t;.atalumalmI time it incressea at the rate, which In dependant on the to.pezt~wel

thuz 4 ~filaz nt'eated up to 1,8OO*K tho onlaiaion. incress.a by 1.5 w 5%

(in cc-=-ariou with t;.ntalu)atrjk? orAt2;0 teeiao

inec,4azaa 501 In compreon to the Oialsoon of tant~lum 6tftr 600 hi-AA It

44XI t- ot& ha "al"'MMdifAa r~ te lly 00thFo AofI* wrI
Vsk-l i A. teý hý PR 1ly~

urLlrrýWzT ia tre%-Y-A

AAj -*g



e~tats1UMUI bmwww via b1awr websS propertles of the on& Am f

Certala propmrties or U-V &Uwey are ohms in 741. a6 ATA/, trains mueb

It fell.. that Ikt"&~i of In V to utoatam Greatly stremgthems mw allow

wd bam~sre 1% treataiat at iom Samperaturs Cism at 00

8 ootmoto.48e pap 31 for properties of UK& See pap 47 for '.ýsappjieatlos of

Setaataum hydride in solderim. ot 411...

beg .n thm~l~oy also peetly. toI strangth,. especially v~ the

doge of defozwst os is between 20 to 3LAdditions of t~ant.1 to u tm

a.1" greatly lrease Its electricajwssstaxse *for Iastarmse. 4tlaa of 347%

Ta lur~eass %be electrical romistause of luptea by 30 to



Wind

1) Is the electrical rosistances 2) is the tensile strength; 3) is the strainI

point during m ng cM (Va -aI n2m %JM A YnEOettInt

Kw~tnrand Motrkya-idcranproperties of afon" containing

up 10 tt % W and prepmred by ucwam sintering of moldings, compressed

frc povv,.r mixtures of tungs ten (reduced by hydrogen from It W03) and tantsitin

vhie-h vas ca.tasind mosditn thermic reductionl of 12TA7 7 .

The formation of 1tho solid oolution of tup~ngte In t~antal1-a starts ata

Att temprature of 1#250O and ends at l1950 0Dp after ali-ch vintering take place

of the already formed xv.id solution with the re'sulting d6,sv hoxogtneous alloqw

at 2,5M.4 t7000.

r* n hrinkage ot sW',rod aIdingB at beve to 4&J 0t

decr~ea"- With mnce ving Contant af ~i~tunp ~ ('ll 87)s The kw-r-easr&

I Mi
v-it th, Ay-,r-A, ~ 7~

r- ,I rs -td 0 1

~ ~ UN-P4 7,



Fiu~ 87%~rtnkaV of moldimo Fig- %a. Weeatf of ad41tlam of

tuwstea an tb4ara~m (Vlcksr.)
made at Ta-d alloyvs 1uring sintorima.

and mierobardn... of &AMM1e a&loy"

(1) cross section shzinkiap d~urla Of NA-VI

1) imb Wec, h~ardness; 2) to ttm~irdniese
sintering, £accordhig to vicimrs.

(11 izsof holding,, bous (J1) Hardness. I9/ 2; (1 ) Contet iS At

o Sotrioa

t4 P Cmv wr *.I wt* z to

of

r i~v



In wrffeewo to ie date ovue14 ty mow is was establiabo6 that th al~

To 7*5S V eam be vw7 well *old roll1* md Do4dw6 wolo et ww

cm plate& of a11a~s 40. 20)tO.1 in. v? the results oown Is tabla 'It

4 corrolon 1'.aistame of au11q, ?s-V

(4uaration or teat 1A6 hours)

(IIAly1opaict(I .M# f o;(u;Wsi ih n6M.bw

(1i5%I-a 00 T)3%hIa 0tVI 2 Z4a-2e-

ivme s oIt(m ao Iw5I1f~*t(X l*
Iv c~

w 6 pia Iv

I' ,'U7



;, 1 , - NL ýN ,, -

AA

pmai the 4 /.1L/ at "0 Cz812 W"e

*tluct~Ars te am t. paef or a =4~.%# 1, e 44.37 L

Sfield vwtu sb nli astooatofa Ts ""1 10 Ua U bef

it In &,how that the W/.*OIi 2a@1MtOR Of %&A&aI= LRal~(-0')ti

oooou~d F?.(7~~21Th wh isk mite at WOO0? and a vvutI* eonatlsagu huntt

50% Ta and bavima a fusion tom.istUm of limeO. The Compom5 efSt "a bs a&P

A m~r d.tai1Md lzQAtiVatiO& Of thd OYAGtS M& pPrfrmd4 by C.uOt6 in

H&"48=o /475/ *oC iaS4 .1..tf~.ytle lrM (a.Z 7*) 92d UMJ Xt 4IMta



fit. 91.. 5-Itios of th-S diascrn teutals-irge isk tas regios of the allor-

which art ri" is tin.a

-!) eadwature, 'c, k(ii) tntala content is K

Th. initial state diaprs of tba- s~tfa Fe-Ta is ibvucv in Fig.9,

SAccording to /A75/ tbo ComuAS Fv.9,Ta and not ToTs exists In tb. system.

AOc~f~r4'vL to t'c na=pt. Fij. 9% 4.giats on a maapittswd stale the r.&ton oi

allays tteAi --rv rloa L-n

ýer4 Yom;,,v 14 atwýOirir 'the W_ =x4-ý4t osta

Ar~tl-~ts of$ -c ~~ j~CŽps
4 C-ir -

~~~~- i-it tf:ýSszt ccuttt , ct$ iý 57c-~ t z 4

to& i t Y -A'j a t$ 4 & tI< .tCC A--'*'



10 it Ta ast a tea~wsAtmr. between 1,08 and 1.41? 2'9% :o 7 i- e s to us

by the sol Id solution of taftu in irum and by tb he. aI a1 amon 7OU~

too solid solatica of Vics izb YOU, Ti. exisam~e of tbm *0 47I0Sa3 '02*,o iaeaovex

in vark /45/ Nilo' and Toronv did not Ocaftrom

In tb4 rsgioa of ttio solid uo1litiova 10-2.1 at. Ta/ the. b,*r~ess of th. sUO470

tm*~red from 8500 iwxreas*e t'ru t7A to ~;% ýt 107 thc~I1 o6 tOSPILI f -,

1.00 from 85 w 178 He vMa~aMTr ~(!,io)~t 7@

Tha aelctrioaff rvimit~jvity , %&nthe tamatilum coulart is iscrsamed up to

a tt increases from 913 puxv tonL u~p to 13. 7 me 34m

ah lloy a~t~ t N% -M S .ado~s to 40PV-dTO

a,~ ~ Om *2 0'ýz*%

tA~ ~ ~ ~ I A0V=



This ho correspoMn to fomWa To2e 0 & rhomble"1truc tar with lattioe OP0

of a 5.29 AS b •42 A;g 3.5 A, Its x-raey dmIV to 1s58 VQW3•, t

-p7CeOintria denuity it M5.5 g/,M3 . At 17 at % of 02 the N2 O ghose Is obaserved

The e •isaen•o •f s Inof termediate phases betwom Ta20 and Ta 205 according to

r ~in a particular' case the
t&* author Is doubtful*. b-lg *dioxideA actu.ally ronenr fts a

mixture of oides of Tao 3fthe5

t

4\



200 (1)

The X-ray investigation of' the system, aonduoted Kv Scb6nberg /51/, ws Crried

out on spocimens ade by oxidizing tantalum or tantalua powder In hydrogen at 600-

9OC° for a period of from I hour to 2 days, by oxidation of carbide& a, aitrides of

tantalum under the sa conditions, by the oxidation of tantalum carbide in aaUoal)u

at 1,100 fro 1 to 6 hours, by the oxidation of tantalum powder by ozygm from al•o

oxide at 7 000 and, fiually, by the redaction of Te2 05 by carbon black at 1,5000 fow

a period of 2 hovxs,

Six phases wer revealed: the '-phase, a solid solution of orygeu in tantaluml
0

the ý6-phaze. TUO; the y'-phas., TO; the 6-phase. Ta02; the f-phase. Ta0}x

x( , 2.5); CW the ý-Phaseq?* ?a5.

The solubility Iimt of oxygen In tantal~.m in at.%, which corr~eponds to

thv ~czeIn tbr, lattl.ca :pc ".ýrcs ' A t(Piro tantalua) t- 103U A,

The t-pb.aso has a rbombic l.attice witb a homogenous regioa, vithinwhs

bou~ndari%*5 the spacings vary frc. a 7.194 -t, b ý3*266 A, am * 3o2O1 A to

Raflrred to Ta seP.l"
05



20(2)

4 a7.2j8 A b 3.273 At mbd S:3.216A* ft. OvI-.2 4* T .mo~

the 3od*1~.~.0 .5

'be I-P&00has. be.. C ltcOf the NkCi type -,Oth a specILS varypD4. frous

U .s.42,e to 4.4j9 A. The el.ementary cell baa 12 stow Ta andi 6 atom'V

withi disaueice-. Ta-Ta -. ).1. . A mAi C-0 - ~2.2,, A, TA0 ias anlogous to otber

oxide-s with tfv~ stle(iOu V09 &iN,ýe e"*)*

i&w L-pnase has a hexae-onel lattice with a .4-70~9 Ae C jK.06 _) A, and

S.L;thbe ILmry density 10.41o W-i the p~cjuowm tric -9.9.5 ld

'lne distai.00 0-0 -2,624. A, To - 0 - 2,02 A&

A Tit ion i.- the l~ttice T602 emn be reqlaceQ by 11 md V tons with the

for,.a¶tio;; of .'mi olu.tiOm (Tx,. Ti)02 and (Too V)0 2 am heet%'D *bore 1,8W00

IL ~ ~ ~ ~ '1 "32(i llk0 he&ution of On FyT,)eL In' tautalum exerts a Sra

e oAvt0:i~ts 1-chaznical iropertieme ?U'1 effect va Sstatdled 'Wst thwmoI4guy

it,, tb. paper of I~ebfardt M d isaien az /478/. whc w also famx

rt4err'z- S w IY9igatims The zemulu of 1hir g a n

~~Fj In Fibq) uhovs t " vs'ifitions Ii: the Wa~nsti.e

ort"ata dou4=,wit b outa faya



Fla. 92c Naftuls of .eIsoesty (1)s V1.A~t haftwe~s (2h~

%ses"S stren~gth (s), M4 GIS of alloya of tmmtsum with

a) Ylcimrs haerdness (2 k&). 30 see. &=

Ruapture2
b) W *v trength 0 Xd=2.oaa1~

fic- 9 ý ognetlc susacptibility or alloy* of tan1talum with ax%&

n' .jtcific &ae,6notle susceptibil-6ty of Toga,&

b).~ Ox,ýe cte, atl)

Of Oxyý,! C4tet h,ý awa!^

V(Iýeatr and,



A " shs .aaie In hAfrAS at 2W49 atj et U., as the

*lntrieal realatess mgasat 03y tkmei esther In their teawr flitso Ias&

to the econleloc on the bouadar of the slubflity n*4oe of rfl.7a is totals f

atl ns teq~rn~zan to 29 etwhisk Is 41oser to the Late of 5skbosW

15 at*%( teas to the "Ut of Veollevstty /l7*3 tSA/ at ice tnrverattan/,

lncos- wcgnef *=teat in tUstaMa, It Addition to aisles6 the haxftsb.

(f&r 38 to 630 kajs02 ) &M r.Gtcisg ti-s aechealoal proport lee (the atdulus or

elatlelt7 v4snm rim 1$s0Oo to t9,640 4,180 alofwane rabutaatltd inn...A

Is the eorwplats a naistne 4 a. tfal.mp for oav~le, frcsm tho graph In Jlig.%

z~o~flthe vwIflsttem ia tihi earorngio roealstaaoo to 1409 BY at rvem teapentas,

&-rosf *A M -w V74fl 4ont4rat, Is tastala &%A the dursti' of in.loo

aiwt, ss fr =rki "ad~cax V~t, ew.

Vitarl"ial rm " 'I~gL



Fi.4~. Mosixteoast a11cre at testaum with qpao to ¶wrTIm IF

409M (44 20)s

0

6) SWit doorom.ea,% b) Ccercelm duratio, bomrs.

too ?1-itm 1 tl9A4 In l ti.. vimacC.4S Is "M1

stetrstitlal sclutican at imag In teoum m1iA osetobils~ae that the pftee

---Tip&~ (amlog~mato earbqa) Oeaww %be aporer ma Interna frictica

peak at a tomerv.tur at 150~- 1?O 12(Y19 10, on im"ain the mygim c~o

is tmtalum the Womwi friction ea sh~ ~ift# to tb. rol vf bd~~raer~

1U. Iaerpal frictot po.~ks aro #~tmut* with %M4 Uitic1ag efffft f~ uw

*Uka IOtoau A bl w 7bv4tmoaun gOIi*

St. -3a ,vW atbdv oý tta.4m

%btp 4jz Umtg e T - __*1t

OWMA ',A~wO4& t 1,4 __
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=,1f1 ifito te~taIun swa*"s to "I..w buwbr~a* acccmra# t~o kIef. 1480/

%o 00, it1aCmo.; os th* ogt content 4froA 0 t~o 1.1A the bardzo.a

rises from 6L. to 260 kam

Au~rsw~,43i/ indicates that for %L e3J.lurnstlai, of ox;6c-n i'rtou ita sclica

415A ta.Lta~uia it is ueesr to heat It, a vocw aL pit- ~

't A ýprt of tile qhOsW diLa Of tae syate** h~ be

dise~ased U~ t~re paer IJWeI, The coLpoxma C- Tz (Ci3,-a, uccoraiu to lnw

aontrdnii~ T aw rtli at 1'ý'v 'l ~iOa detuted i.r.4 th~e systm,

14rt p -'c e uo

wr.
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lmlaaIbowmlo u.tkm b"Pas"f toe iVmm..et anf~ MAU motf job* smt

~~~*M Olulawa oRiY o!'S1bSe su1p~m the &Ila$ of the q4MS tm14k

vWm' P b~rey arshsea ".elat /fASI %6 &osestsi. is *A*** t

"n4 Phao of the &Ila"s ?.SLC40 TaL0,40 T"mi Noeusvrw shW MA' a* 4

A ~ ~ ~ ~ 0tIW AYra~~ U±rV4 Or~t teWM 8Uh.W OW4 4A~ ICRAtt4
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tf~~p &A-*
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-S~~L'MOO4 af the bith siting points), tbe nleonherd.ns of *.be jtnas

'ic~~~b a*wrLdn Ss aicroacopic 1.uvestiuatiJLr ana ~a oX ifltiar. Tt3i~tws@

L~tt,ý,w-ý,e c.Wutea. At ojalti W wo~g e awlystm f theoem. co .

2 .ý cres1 v y orýritetn1 ;P± am Ithe s3)~ ta:a10-iitýn

:,r tbl af Th oft~ ttctt32A4 a t s it3.Gf

vr- ~L' ej "j C ~s sr .cte A.ct' to~ bj si' of :Vai ;:lbte y t

__t z to

-. ~ ~ ~ ~ ~ 6 r.~ 
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or hof onesty mat Ih tylj i ¶nAr ~A~1S

5~~~i-~of the oorid~s Tea.B j~ol* aet.) how. lattice C.ic~no~ a .~ As

c - a Qb. 18 o d aity ol TA5i I1 a, mwo~mw I *ac uat

us (-t~e -!be listC'si' between t410 atOGA la-.-i iiL T 2 " 3± '"~.s than b.twasc

Te-~ .tet~i~i ~t~ ,hi'e Ta 1 (Brewer'a r.3~) to Whichi thie

jn 1' r&2tLLO wity~~ vh vi4 a a 'iiAige Aa

~ ~ 2
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7C."at. Mg 98, o oxIsilawo the apoies WNu an om4 With a ruW

lik. tUrn *omaitlg Of 3102 with Um"tl PMUMUC4 £1mmJV It or, @1'b*

outestle TSU318 Pmteetla the *"*'nw '* fzmt thr osu44la*SS

ALl &allys of ths sytc ?-8 ago Wittle ald Osa U woztd OS17 bW Gbb~aiA

or %r the ,l,*trioS4Z astba Their? big host romlstae makes It b.o.l"Iy poIM

to *A@ 4t lIs a tio01m of special al*topsthor with tho silei.gs of '00Wi

Mc~ozdin U- &at& 1,1"/ WS1 2 does not 4lssolve for poz'ia of I hour in El

(conoentr.ad ia I s 1), 003 (@onaeatmt@4 aA I. s I), aM No=H olutios; for a

p~ria of hu~ t G0acetzate l 1s1.8&M3I1 10O) for bweinSj~

ezt In d&0m boa a ou-,r" of

X21--li NA iLs

by "Go rbrl

... - t.1 4"NWASA.
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Aorc Ow vatalogr~it ma~jya *Winfin& the Woaw r a~ £ OL~*Inw&as

of Aolilc =61~aas 3i@l4thawu kihuear v.17in frvw 3140S A (may1bdean)

to 2,2971 A (teatalm), The 4&zAvil of' *ae Al~ -ai pmetcteally *dtIve~y

The maltinLg *w estblished pyatia- at.*

Addtlur,ýz of' taztelx W~ -Uzu4 I&qUw ctit~ Oftrom 00 to%

sesutwitas~~ lurw h ersatto ataw

00181dait)l rat-son 0* hyerdtp% 0,4 ep.(. r o aJtt t,

An. IM
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ALLOYS Ot the system Tik4W wre corozio.1 resistatit whicb/fanlaiftUlY

a ~~with thi im.prvset 4mobamleal straingth. Tba atm~t~no the allwd

di.Ar.&Ihem dep&Uu the iaeWr of owrin, eapeCa117 w 20o,

Cast r11o~ya gutajuizL awe thum N~o mw 0,- Tog, sowlla

nj.kxti.Lz of 0.003-C .4ý Al to 0.049 C and Is" ttbam 0.(2S 0 a"e b~iri petistee

/46b~/- jiach A1o~,s cani b-. weried by pressure on he-Mze sand 'go a moai6erable

ai houart

d'rTiz retais their caic hardmni= efter atOd * 1 200.

I d .~etail.ed iuvmtigetl.on ato the properties of the xUoys it tqwtsIlm

wit uioly'oe~am has boor, eoz4ucte4 Ui. thd studY Of Bobhmb et M11-j8E/ 2he j
dausit y, hsrduexa, thraetrttv foce mý 01Sc triesi rw-)8ta"G, II HO

ex~ris~~arAi th :-orrostor w~ r~ais%*w& of a amb~er of alloys In ayee

at iverý 10,e; i~rval of tkk couteut of each ccupauenfte Tbe -Uays wwomaf

b- t ra1tWie of sir~tamd spectmeai5 in an sr~pc PUmtapbare. All1oys Con~tsSA f
mor 9 ýýAwwft**PT**nwxan n~ot attack" by conaeuatr-44 HCI I

4tl"ti hzbi molybdon- otw* a* A or oe byO thos~ 6e Zela, uch

arfact fo~ b*mmsarnoal th*. sorria

11-lae w4 o~sQ he o"Il of pmolvair-- fimIo

......



T:IR~ ~ .~h& 9 According to reports /40? and 489/ conai8ErablO qumltl

oo1i&tiwoa (74~. 10C). T1akii iLto account these results as wUf as his oft

*&am WXAOM tera andMicozco~lcanalsisof the

~alloys ToeNi,, lerkelsen /A90/ constru&cted a phae ckia;ram (Fij. 100) according '
to -!hich t&ue solubili1ty reg1oa Is assms4 to be mwae that .3%; to chemical

eoVmPo4N~i ~iTo with a zaeltig p~oint of I,4k ahas been detctWi IL Use systut

bs well as, *vidoLtly, the com&pound tNiTs uhic forms p==tWkwperitectieW

lie nnwd,or, the b-wi~s of datecting transforustion at 1,350 athat betwoon

hijr T N~iTa thereA !- one woa- phase with :7 thmt-kw c-ternt htzhor thwas

;.i T (5L.75j, To). i %-ray auslyalk, of the phase Ni-s1C was owidu4 ated by

'I. Ibouxu A91/ an~d reyealad I. trwfariati,.i at lj5Cj* A fu~r*r iexti4v~loa

t 4. A~ al-kr,) -4492/ ýwodu t-iŽ'na-j. *ftun1N

j;~~t~ vv th 0i j r4~~d2SL2

tJ



dis@1ving a Ta in NSý a& tw A1Mu 24 Ta in owapstle at rom tempawtvaS

There In vwIfloati cs at the Pe..emm at the smqinad T91 md Ima Iaiti

ofthee~xisteneof a *eo"sm"oaapewAof %iW voctf tie (bu~t af

Ulu. as assin6 by Twk*l*Gu)'j malting Isson2Up'btuy at jipe. ft. valta p~s-

of NjTin we* astabIsiabd at 11%

Fig, 1.00, Tcntatlve disam CC the eyts~ Smati~-aldols ad

vaiatSionsc tof. Curle -. atM Cmesmw1 la Tsa'.asm)*

a)Ta content. %(satomS) b) marha emttus

is)*I wt. 4) )Tmwsr:-.ue O% *) Te *oastmft4 % 4weur

NIP fa £m a Ouoll vitk WA solid **uu oft m Ix 2100

et To~ wMl~.m *vW o;f

74X a w It ~ StAY fA M O~&M % *** WWt=Ntj4

-- ~-'ew-ew



sat w-fkt smu (Os m1) 4aaib 20~1 16 * &1

e35 UNWRIVI 6h)*td With VmaTt #0mslty C.@U =I/J2, Aa XmtsW SOW

or the v.espltsd. Phase showed that it hms a oap lattlee. The tiaal

voralon of the Phase 41agpm of the matmt Ta.UI, masoltif to KZimtlov am

?Ylay& /4%/9 is Shows I S. 71&0IO

The aflq of alokel with _W9 Ta (&"citin to an m asptica 1W,1 b ar~sa"

fm1,200-.300 .am retalala. the strustua of a 80114 solstice) D.sesses

a~oi~mto Teftelsems Mgt eantisorrasu pimpeztsumo

-. Ia the yoft /07!f, Ta-ft SaIlq were propm.&*& ktr mltbW Usa

on a laver of tantam pntor In S, Solis&*& of qfrts tv" at ,2af &at aha"

tba foartUms of tka e'*po~ms Tvftb a pezrltoati reatioa %*W"s~O I'M A lae

~~ ~~tW eM ~ ~ to aU @~I~aa~~

F&A,101,"Wa of ka- WSU
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According to)(ray &trimtwaw =6:40s16, the T33Sa lattle, sepcing Is

6'a-5-276U-001) At L-vq ~ety 8.81£/.t

No 12twrinl.SIIO phase *as dete,01ee In this $"Usm-.

at a te eerItarin of 1.0010/b3/

d.'tec;eta L. the systau vith specingst *:Z 9* A, c Z-30.1 A$ a/en: 0.52 /live.

to Tui are rc~xiutaut to attack by scids, molten AslzWpotassium blirfato,

3quo retie, ana solt.At).ork of nrmarsal1o &ad Am 1m

hTiAuj -.~ udiob'4 Willi-, -ha Am / p L?3ht 4)pe (Tsko) v4thi sy.u

C-4'an te hot -b typ

7-.

Y i
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.Aeeardiug to the date /a9/ setraganl, pt

with the speocnaas a.= 3,2 A, a. J .37 A, 0/e: 1.11 was detected In *0sy

with a 'I-$CK (64MAGd) To ooutntw S the U ll"*. At 27-,ý169 (eOani.) To In Ow

eayet
alloy q m =w. e, I I =&Iientifted, O"As We dsteot. IM the alloy. up to 27JC

(sfwami) To 4issavaa In riitbada.

Tantgjuwai4teA~iuM. 'Ibis system has b.as studied In detail, Jr. the ^e4

by auh t -a /4'97/ by Vie methods of uetaUoaejhic and Xre" anolysix,

was~.rmeat of elsetrical rev13taLCO.eMd pyr.-atric zerudnati1c of the w~i-).ag

Ahl loya coctiz! to V, .2% Ta were prt. xr-wcb. melting Iodide titctliu reda

II

44
gi -- Zl'-d~ . #



1*voattatioMa is aoM in Fig,.f 1029, ad ?1~ 03 abmv a Large eagle

p~tOan of the d1WW in a r,&iom bgI& in titelIUM SO~SMA The SOl~bIlltY Of

tentalwa In &-titan~m Increseec vltb aroppift tImpx9w 00a~ u MU OIL 590

Is abouat 1.2.)S -tItg~jftMw tMtUa1M fQ3 & GoozUkW& sar4., Of @31i4

aolutiocs On 1zwraftsi &Me tanaums scLUnt In~ *%,itmii~. %be temptratur

r&Lga of crystallization t7.ada~ly rises with a slmlt~aneous ceCrsee in *A

$ -*-~rnstor~u1O~po1~t to 6OO# at 70ýft Ta* The lat~iog spc-cings of *.tUtiasitm

in ths unimts of tbo reios of Ww rt hiiaogenity of thie soi14 solutioc q-TI-To

male. Iasignlfesclys from a 2*9A03 A; o 4.6834 Al e/0: 1.,07 for T1 fto

a ~ .5CAl s 1 6~ Al a/& 1.3.89 wbf th1e @utat ofTot

A )~te etU4y of' thw mtr 'tur- of Via TA- 1 i -diagram ac~o by f~nr- J

"".w- r- -4I abiil lr n

attJ -- r'.r F-wij
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emowti*O Of elat~ a1x 4 the~u t timaWe of the t3Mflt(W t1O6c U0

~Ava of plotting ooollz& euxzve. It Uwawmr out tabat tLe teupis~wture of Us'

aoxenittic tru&Dravil.lt wa 1zdosep.da.t of the ceooliL* ra~tes, but daerO&Ses

with we~resa. ttravAha (rOXtitt iL tht alay

The L**zc r opertito of the A. loyii ct4aJini u to~ 10 Ta vzd

-,arr b) the )ova= 6iettiiuxrbical &&%hod vivrt su.bsyeqiet ro1.1z a% 9m0

~ ~ i~i a. d .aocribe4 by Croea v317~ muabcva to,

!Ci,,4,~ fr.a.m vwLich it foljiows th~at Lrne ultimuaet stro~th *a well1 as th*

Of *,z ht 6iiOyui itrLeAA* bxt I inl,CnioiAintly on irwr~a"Izg Tb ta--talim

404
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- M)
or to~ iiz at Li me as early a8 1876 by Joll JO At the b agi wing oft UA 20th con %WY

i~zrae wa shwnto t1Lgaiim aprb±s1 with z'saeot t~o teatZ*X uSiAc 1% for!

f f h#wntsm of~ *lactria bulbs. Howe~ver, a systematic study of thim Pe~rhb~

L-saz, w~itrl.y -)C yotsrmm .ftw t-khe Joli i *xriamAtse

3ue wi Basert eipta.Uiatmd4 thiat tamialu form~s two oarbidest T&C

Th2~- ~AO~t~i~ o 2C h'as ha tmm cc&aj~ct L.sttic* 'f m.t111e

EtOW Wi 'Ir L-11 SACirig - it - O O.OCI A, 0 4- .79,1 D-O.C A, 4/*

11. c i no t wov 0 -j*ik VOo

Scrystsj. st-~t.-ac tLz f ep-T&,,C; evidentl~y it ise vary salilmr to tb si j~r

Ofthe a0-1ircator theo x~mow 11aliOraph of 5-ee gff.-ra ftree d

CA i~g tjo (~Q~

It

1< 1"ýo&.1i

t7I 2 !ýj ~ -



A tA"is4r i&vorAzjgflcm t? tbe wc&6tloss of obtalalas tatas oM4

by ýsst~atif the tit twta , pmwte (96.,145 Ta) eA eries &cet InsaJ

t- 1 tm A ettxS Lor a Fwio4 ef 2,,5 bow's at 16e

Aý mto thoraaugb %intrto Po haAts,,d disgr- dt tbe afloys Is

'Me W,. vm. coahactod by SXI1ap /15/ 4 the 'AsvMoslt4O.ie lat the

IA-ttiee tqpeuAsinlci beat of formuson, #tl ether ztysi~aI ro~ertas,, nWfinvi

g&.j ~ ~ ~ >~~r~bimaneym o'! etUoy prwg 4 by the

-j¶tta.tin a "MO r-lqWWA Arapt Wonetrf

be*-z~ -'' phSTW

*wr Is g- .&

3< 4A



rra.ftictioaa ye~gs iaAM £ ewbOa 0tM IDtUU 10*0 the U U 18M

at tsw,*rnuwO5 of 150 to LW% (F14, 106)o TM prOs... Of *m0 POWM 18

.xp~~~a1~~e4 r .eeta efteet of a @orb= at oma the %MUULM lattie..

Wit risaLg carbc conteut ,.be internal friction riase st this tjaipwt~we

the~ solubilit of carbon IL~ tmnte" can be calcuistod frcii hai; at a P04M

0
temperture of J150 It is equal o~OI~

rig* 1C~5. JI1ana of tan .~j&_arb=~ (0000rdin to 111L.tW

a) ?OWtW b SUAt, (Vt,)4

Fi,16 Isatms! frition varistle tf 0 a U f asa

tenal speww4 wli e90&An*W1 M

stUfM "rs,990 ~ 9 %stU 9904

Op-~ Ou-0, AW ~,U 4Z w

baa )j(3-UMf U6 4t20



bw~ei~Yof tautal~a awbWS /50WO *om to the following COOCIA4*5lo. ike

booz5arse3 of hofeet of' Vis pass T*2C corspm to tho fomltas ol.5et'c

to Ts, 10*., an ponta" om$ by Uedrums and Ornamt& J*U) C czuAer~to

Irb* 4stv try £i41A&-r notwvitzitan4d1ag, oorresponds to the lower mid not to the

mI44p3w Jj&At o: havi~geo0ity of the -9basuee. Th lattio. spacings of the late

I wry froI a A ame- it.3 A, at the lower bo wsi wy toa

am1 CVW 4.0~ A~ atW up~per bo~andary of 1J phase,

T~ carbAia Tv ()(-phase) Is hosaCtewOm within tU3 Unzitsato frcs

iTaC 0,.9*o0.0 to 16ua .06Ipractice, Sc~uariva ja m4 Onront reoeb* the

Cx*)SitUOf 1,Dr tMirb m experim.!nw ; 1ast&iO seclaOC in this@ a

xit 4.4~ 42C to a Zý44, The test,~ fr" vuergyt, *4 Owentopy@

of tae forw~tlon of tue j~pbari v~ry In the ftlw~ oveabo an in %bo -I""

Off fits how etyx /Y6/1

CO-l'os it'-' o

Mac~~ + 9.2Ar; J

+1 104 O11



of T9ax 1 wrown~dsa; bar* wift Vw "&1%1@ oit every mseac o 0.15 C Ike

beat of resetloA "mA~sean retuwr6 to 0.1 ga*Ua of eerbom (1,.*. Vo do

reJietionship&K ý C) is Aumassoew)

The jpabr /,5o6/ 1iwuvetigate %he &uicrobwdiane mud tin e1et~l.al reaStsuvlVS

of *a the tantalia carbides Tw2 c and TsG, ia the rogloas of' itelr bhingmilW.

aud i% Vea um shown *at the *ecetrlos. resistance 4.creewa wilk 1Ame mf

cointat of th* br~ carbon oszprislag for the l~t coutent of ewrboa I& 1

and TaC. reapectkvely, 80 "d30 r"ftvi1. fto *Iemardws.. rvmwa

co.a,Xtxl for' T&A2 *t wd fm? Wa 1%,I40 ~4JUO.

Lai system box been I estigated In Va pep 3@'/

Mle Uma%)& pavdws ver* MAW4 &t Wwd lev It * Ots, iAuk wav ?i*SOs4 In

atar er' furiamm idt a *pa' Www~~~ k~ 4~t.~~ o. t

Vp~ wtat-whoed Mý0tip 2A m tan e t Q*o

39000-4mo

-w~~~~~~~d~~ w~~lgaiaýi t ka M6v,* t- ftaA ~
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?* lbsoliabllty GC weI= In Smausas =Ai %w~elm Ii wmmIve Is vw~Y Um~to

(less twom 2 at 1,017p). !he luo of *414mm is ts systinm 1841t.u ofe

pw~1tete r~amrcrotlan~ at 11,12$01 th sAtire of tbe pwit.. tie reectlam 14

as ye UM2z.3e

~iia~Au~m..The first IA~loeations of Us interaction of t4mt'am

with pho.-hus at .C000 art glYeu in tb* paper /14 ij3/* The lnvs3tx&*tIo8u by 11
isoawarphoa" stat, of

4.QLAW48Cb eM BItz /~4A Badk Q351 shO'4 thu u h Popie

of Vt'3%31in and baoblmm.e

Fig, 107. ioa~vu of the system tantau-rds

a) praue 9C b) Ta oontent % (alo~i.).

Actrdngto /4_16/ two #bse bar* b..a 4I#tcw~e in thw-ye a st3 4

t fo , 1t" (410 164*0 01' ll*OWAi.fgýt did wt Pr*Ov~ POE

to thi . 0 iv' ti ~--pna -Tae p4o

r*Q It

*~ ~ 06G1-,-
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Xrydensity U1*.X, wa that 6steramdn~ Acosri14 ICA.0j da

Tt110-ch2u"W. Use system kes been stud1ed Ir On per MAI2/ k

oiti-.sL p,ýrowry =%ba~a ot detjvmiAx*~ thStj*iE~ar of to 0. ",u~ing o

uwzig m~ crysta~i~zation. Alloys coute~snakE to 4tý Ts vws z'.xilted In s itsma

oxi(.tq bists mx that vitb a lark~e tinutalu emtent ii Uoarlun *xAL;. tb"ta.. A,-rok

zuo.Jji )f tbA teihoys wen also cadce;M reaidtm art restsratd by t~oZ

Is Ahsoliuuility of tarctalum in chromium (Mbi~biSiI cufriftlt 'OUD.Aar by

AMaagto thie O*vusaiy iss$4pificant expuasios at Asi

Chcxu-ckA&. latt~io on aisso1viug) exuzU. acadr to AstollowsA1.e Me1yisie

t ý wu 'r-11-12% th~ o utocvic t~~erw~ ('-)1,73O ) m. Th uw

-4ý To. Tf* the resla of lhwC*a* of CvS* T% *0i

i--- stýdy ig"A mc~rr-.v Zg

7'e - - -
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UA MYUM CrG bbel"'Slw-@'h0UWOM :fetos

~bpZ %the sp*,oi2 S 6% klw,-"t MA 1&t~~ratmn.~c disme~es IL the S.1.1

Ts- 2.8o "i-aaitt Ta-Ts. ~3,00 Uk-ai, Cr-Cr . 2.456 wa-unit. in tkue

te&&qprmua . roug U tire occurs Ure tra8! orwt1ow to the bi1~b

td4;rr~ure w11AfOtiOm withi a bezaCOG1ý1 lattice of the 0,LJ type with~ SpedIn461

a: z ^v C- 8-46t S i~-MCito c/o Z 1.637. Azco.rdIzW to tbt authors, the

pihaSO 'jCr-% if, bCtU$I1y loiWtleal to *a phs Ta 2Cv*

;Af.*f 14j8I inveustiguted Uh oxidation resist~iano. of the alloys at

2~~ 1,, -A hw4t O that. tta kzm hiphst axidat~iot resiouzme Is

by rec m atU bwc.2CMP44t ha



e~oo (2?)

!; theb c -Xo cotstt frmi 0.14.'oO~ t*o~ diiQ i.ý a"c pw to

:1 ~-ase~ v~.~se i~tP 0.7 = ,A 3 Ts to-Ibsac., jbt *..~t

actuiji.s the ~-a~.-t arm of thm., czi soct1im (tb. e oz..,

a m 'kel l~ wilth 'U ý Cnc18%aO trL ~ t~o 1jti of t% I

01 ;muz Afte aloys A4,~~cswcue il " I*dt~ h 1-i

(at 20-)

6a 4 ~.........Lo dB

Li,.to jxvpared ailorys cortwainl u~p 27 oy vwu;.^wict±&g SAI&

A z z tn. ý,coi:d i W /.5t~l/" zlrcom vft4 2ji; tOoml) Ta

f.M Z V---ch ll~lc-rU-.% ;A

c wti'x-m LI-m-5i - oý z c*ý l ~

C;;



!11ý3;.Ta p.~.0,6?'Zj7 Zi' 0 67 Tv, Zr,.,T, vhos. a-3psrtlos,

os~re ,j~ -rn ft5A 1- a. 1A ~.4 pirifiel ar43L 31 io.a1Qed ro:Imml

~ ~ 'T.ýL-A&4 et~rii. n-sI,.! 9ý, *ý3, q!' ft '.% b a Ls 1

84~ZiA_-:. -%l(C o-,z;Q were JS 11r4~~j

*~ ~ , PJc ort Pt~ vmiacrsdur#; zf 0LVwith.t14 u se ,outi~5ot

SOf 90JJ w.-ro en~~laV UY VIS 1 sj 03 A OLf the we~jlnift

'Ldf filsier. of -,he Arc 'Laenn vv L% a liuiu to verR

t ,v-u-cl t' lm- 4ixr &Sa*e n Ate*

im rýnL .4; im,-- e g

Z~
_2



tA~t 18 ~ St @4L 1*tSains 179. At 79e su 71 Ita 11mv *..m

-A 4t at ti. tementure is balw 0. ,0

/5*11.vestipted Us varlst lass is the plasstu satyo tesal"1

'iGImalloy. w~or tbe 0"00e Of b~drOb~wjef aside At a MW *p4,w"I.rL 4
&aid has Imost me aerrwive, .tf.t 08 alloys of u4romilm vlth 5-45 wtj Ike

at 10? **be 9trvagpst eorresiou is okwwrva4 Ija te esum of Who &Ila vltb 55 Tal

withb isaossis nd tUtalu omt a aud eaono. l recs Istas of %as all"%s rts.r

Here, the kiga..t 4ep' of br'ittleaeee Is ashlhlte by aleys @mtaial% I M i5

Ta.i
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or anuiii a lobate by ~amia reaua1to in tb. fenzstioc of s a~s

vith at approx±~ste oazoaiticoi of NbN0. d havin~g the lattice of NaC,1 type

adthe a-p~riod varying vithin the ranb. ~--7m 4+.373 to 30

of !,,V- in the preaenc. of hydrogen at 7000 yields a ;iase 'wit~h -the- defrvmed

tatme-p-ml structure win- the ho eiy ane rr, . b:: , -~ to It i 6 O4 0

waiah has ita correzs r~ic.-c-,- im the Ya-riatio.n o- 'a'tice -:eio(> it~ a.,170 A,

004.295* arAL c/a- -C.cS53 to a 03~ C ca .'25 an c/a uC9$.o ot'tr

tt-.:-ry n;'eses h~ave been~ Ietecte- in 'his systez.

ob-i2e b- -4~-z ,"r- : Un

2--

e. n ----- is S.-

~~-. -7.'S-

-~ ~,fr.

"17
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U1LL 6E6J

~ I etalaed in. _Ul wr
(M.$4)~a ~nai~and niobbLhm 0-hince .hoý --Ijssojvab~ity of L1-tcg-

in irmn, due to the fa-tor1on of bydriis in the ~ n~vrthe
t stee !tý.rideas the cA~tent of avPe or awe ýzydrogeL, atoms i th Molecu.

On~ tlhe other hazit, the, ratseZ ofy'rogen disajoautian In, a steel conteiring niobitir

ow '.an-talmvis la k-ar thszi, IL the pure iron, inaanwah as ihe mobility el. byxrogan

ib %13lsoUwer -ohea a portion of bytroen stoma focrzs chemical canpowJ-e

wit; 'eatlm& and ni ntbitre

J~p~Ytanbz~Nitroen (2b1. T13J he '21i 1 prxofile wmis studiec,

Wi rý,emzs *f thfe X-ray difi~raotion wsnlvsiA oz. samples prepared vq sinteri~j Li?

0tlhe rnw~ of TWL en-d N1W powv.era for 4houirs at 2,550 (with up to 50% (m,01.)

o R t 2%1450 (with a hligher content of NUI), TW% and IN4 producs

~ CY~~ft~V2seriess of solid solutions (Fig. 11l).

st. >- ~ ' ~ in th'O ft ovl lijj ytwr 3 'Ow $ N

NUN AI
V- had AM&



_ ~. Ctrb~.According t- t ¶at AAM rovitded It WV~ Ppayr1 4
(Bibl. .515). obtalznd by nzan.s of the I-tV ifyreutim anslystic on &:ýlVuz

of alloys with NAC W ~ profile, which wore prepared by sintering ths zaiiXtlur

of parent 4"abides in the graphite tube fumaes in bydrogen stream at 26000'

(with the subsequent annealing~ at temperature, from 2500 to 14000)9 %he nibbixum

carbde s dssovabe, t a onsderbleextent, in the suirplus of timgstenj

in ddtinthedi~sllsbilt ier~se rthr ~rutl wtbthe temprature

* in niobium carbide is insi~uiiicant, but Increases also with the teprv~erture 1221

i~~cT~etnve- Ilblr ~ C ib ;16) st,,iea the miicrohardeess

*of all~oys wivL tbe binary NbC - Cprofile, and 61scovered a rapid decem.ase

*in the hardness of sl2.oys upcx vdditio. of tungsten carbide to niobium carb!-e

(Fig. 113)49

f3 A Uo½ idr tLs L WnNV I
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iiobi U = -FA .- Ozmiiu (Bibio 438). e alloys of char.m

with V9 ofrb anid 18 of ti as wel as " 27% of Nb a n 36 % or Wa;

melted in the duatim furnaae at 200WOO turned out to be very brittl•e •!

Their odldization rate at 12500 is appreciable; in addition, the asbpe

oxidization ourves (Mig 114) shows the absence of protective properties

of tM o~cide f .me During the oxidization the weight loss of alloys

is conAiderab•e (10 mgm/m 2 after 1 hour of the sXidization for the allay

with 27% of Nb and 36% of *W), which is caused by evaporation of- WC.O

Fproduced on the oxd•ization.

1 Fij° l14, C~idlzatilo re iAta.ee of alloys in thW hiobivx-ohromur-titen

system,~
I;

A~aFj 11, 1 . pressure decrease, xIn h/c 2 -tirao mlin.

A hi'kIy poroun fIlm of oxide in observed also ou 81ir A with ..... of Nb,

of 'W and vit 16 at 11b 49 f4 ~ awo

Sai

•.• I

..



____ ~Sillcora- NjjrojA.n 1* Intaractl~or. of tantalum diallicido

(Tai) with nitrogen yields the teriuarY compoimd with the general tormia LMZ

Ta i A the nitrides, Th~'a l mTNOd r neu~bIm.:-x 3-i' 2' Z9a el nTN8-k. '9 ri ii r neqiiru
with this ternary eamnPOund. The Pre!.Ldnaay cowtitut~oi diagram of Ta - St - N2 ,

plobtabd in the paper (B~ible 517), i3 ShGWA in Fig. 115. The diagram of Ab St N2I

system is sinilar to Ta,- Si - N2 sytR

Fig, 1JYý± Zchemtic representatioa of the con~stitution diagmva

of th,. taay!ioz.nto e tm.8$D

SThei Nbr =,potuxi in~ tbte N-b Si VOUt 1121

- j twix~iL-e

U0 -?'ý iaz"L.g
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le 22%of 1b end 6Q of Nil 2. 27mof NDand.50% of 11;38% of Nb

am3Q% f Ni5j4. 449 ofNb an~d20% Of ANi 5.e49% of AbsM IQ% of Ni.

The alloys 3, 4 and 5 turned out to be extrezialy brittle, while alloys 1 eAM 2

were moe naileable, Their uielting points were lower by-ow03O0o than Lelting

points of similar alloys with tantalum participation,

1he cxdetion rate of Cr3Th2'o depends but little on, additions of nickel.

iubm~i - Ti11taniu - Va~aliw. In the iork (Biol. r513), Irn±o ad lao

studied the fusibility curve of this syste= on samples of Piloys in profiles

ii~hich are parallel to vanadIA -M-nob"= li1  and 'wt a c~onstant ttnu

ccatent in each tolution, viz. 10, 20, 30, 40, 55, 60, 70, #5, SO, 85, 90

and 94% (by weilbt). The samples were produced boy sintering of compact&

moldel f ro powder mixtures. B~asing on results of the thermal analysis,

it was established t'hat alloys of thhe 8bove-indicated z~pomltlons cor-stitute

a contimuous aerietR of solid scluti-ona.

accoz'Ung to X~2-ray tX"I'lfractio :a ar o v f -¼1I a~"'i~u~ ri~a -c'lid so2. on- ý!xL ~ ot~~rte

in _)I

01, '-Aqt 'ar. 'n O

I ~ 7i12.~~~~ f

.~1, A- -~



The profile of TiB2  NbB2 was studied by .Sewono, and I, M (Bbl. 521

and 522) by the methods of microatructural and Z-ray diff. action, n5a e*s4

as well as by measurements of the rxcrohardness, electric rjsis n

"and air-oxidation resistance of samples. The umxiz= c.? hardnsss (P-3700 2)

is located close to the composition containing 70% (,:il.) of M132. while

* tho zxLi•sn of strength in the brittle breakdown it 3hifted towa NbI I

and constitutes 140 kg/=/ T.- &he vriatioas of lAattice periods Pzd their ratio*

are insignificant; they are expressed glhip-.al.- by -tat-;ht lines ) Ii

which are nearly parallel to the axis of :,%positionM•.

alsv .... .. t ae e1uimlar co- te. of 7B an' MV-) withstands best

the air oxidation, spparent-y bel -use the strct'ure of a vitreous oride filr4

corresponding to the alloy of s-ich a cornros 4.tion, hbs the closeelt eoinJutic.•

of aetal-o;ygen colyasdrons. Tne increase in the weight of samles in relation

to the -zxidization tempersturs is s.b .cdinated ý.In the sas-A "wf as for individual

bc-i-es) to the vxo~iontial law. he varitation in tnie weieht of at i& i i o

S ... nof ta -. tir of oxiiz ti0on at a obeyr "he parabolic law.

S........ C.•"! of 1 0 • + 0" gr . i .. .

0~~~ 1 1:: ._ m 4 )

2,.: :

*~ 4- t --- .,* ~ ~ -'

t.,-:---
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The dissolution of titanium boride with smaller lattice periods (&a3.028 A;

a0.3.224 A) in niobiwui boride with treAter lattice period. (a u 3.082; c s 3.27M1

is accompied by the diminuticn of lattice periods of tU solid solutions. LJ !

l~y I

D T,

Fi7 n16 ig 1' 1+

.arzat.on oC 1etttc. p-~cx) of Iir -•- T2 soiut7 tc-

~r - 'ro~ c te L~e~rZtezerase-

i .

£S

S ~-'4~ N~~*4 ,i

"I i



rig. 117 presnts also the date regarding propo~rties of tbtwi aclutimas

Ft~ ~ ~ 117.~ syste f bm, an,ý szre propertise of alloys

3 ~ of these ectapomu)As

-z he suibseqxenet, tor-ý- L-bi, 54 .van ssz:; eutho- studied a- jart4

D':^t'-e e.~j~S;! f~t-,ýr 'A-Z~j- -.) Mdx ar Nf
:acpxrT 'Jb -

ýUi : L a , w h i h a ea ; I t, e ;; - S f ce t m Ir eo f 3

r.-.w

ete~iso .'oi
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U;1Obi1; 'ant~dm.-CarboxB ; O'alt ~~j~ ' In the vor~k (3Jibl. 526)e

the &I oys of above-ind!icated 3yatezu were prouced by tnixlig the powdors ~

of on rbides with iron, cobalt emd nicel~ In various xvtiza, whic'.- were subsequetly

tr.lded mnd rerialted in the vacuum ir4uction furnace. TMe zar~les we"s axma

at 12500 and water-quenched, whaeupoun they were subjected to the axazminstA=

by rý-tsllogrspic azd roentgenographic :rethods. The fol1ovig areas of solid

solutions were detected tat 1.2500) duin thi -=U~i

Carbide In. Coba It In Nickel in :XLI

arL

-e*te;:1- TS*,oW vltý**t**Ot -'4o pn- Fe3e -A ewr

o 14c ~ ~o~~f ~ -~s ytzs

T

O.'_ V--_ -4- 7 :

CI
A ~

4

Iz
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the ZrB T&2 syste vex studi@4 by the L-rqf ditfracticn nz-thod r~peas'wez".t

of the adcrohtrdizess and electric resiAtamcau, aa well as by .14dning

t1 * micostiUcture. All tb.e p1ropartias of alloys -of this uys-tem are charac tart fti*

tt

Ik
Iv -

IZI
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7ig. 12'. A.Croh.rtdeS3 Of 117b - rC alloyS

ie~_tL~jJj _120 -Ic~~~n~ k&/=, 2 -content, % r

Tilp SOILi2; so1uioca, Z ZI)OW is rr~ue liitrat~w~ton of zIuco,:Ai.;

carbide w.ith metallic. nioblx- (Dib1. 152c; at thic same t~me, Vie isrpu z~I--niu=

'-ilalcO by Jolýz :.)+ r a2~:, IZr ui p thie pores a4 c ta grain~s

-a3~~~~~ '4e*t cgv

maY
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'-'345 2 ofz ) tw~r the t-P½8 6  of the 'Im N USystem

with 8sCm2 ag vzA Oftj FsPriotrl-1 A,4_5.988 a, c2.879 A arnd c/av,0,481.

TaW0.65 0 (z212) - supertracture of the supertrtwture type of I-phase

of the Ta- 1 system with as2 at -1 c cC; a 10.34 A, c2?,864 A
t

and 0/8s sO20, I
TaNO 0 - hexagonal lattice (i a9S) wth periods: 5.9a- Ag

a *.,866 'an c/asIO 0.381I

The color of oxy-'Atrldes varMi •e from black (for Th%•0,O to reddish

(kn ¶ 0 ) h issolwb.... iry of nitriaes In ttnab• oxd®•des:

wa not etabli•ahet The sch-i:"tli a u i\ 0? Ta - I 0 - 0 Eystem is show in Fig, 171,9

I
4l



I

wilth th'e coapoaitirm ,if alloys inx profilatu oft V4 -. NbCj Vr - TCj 7T4 - T~

M. C - N'bC aW k - TaC vwa exavr~ned In thes systeims (Bibi, -516)j r!efor

toFi.12

~~J~L ~ ~ Fig 12224 2' exohar @lnenz

~YT~ U_ NoC -T aC I*~io2C t l,21'hG

by 53 al Va e - .&4$ "ZS

of ~ eitIn a~)int'Is !

with lu;ýzdt-Ia he ;ý-.AZ Sato 'tiebi
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of Yb2C wh 5 and (ml-) of NbC Sm ver br1ttle,

T ~' (B~biQ5$5) examnued

by muWas of the X-ray hotography the alloys of TnC-*.M profile# obtained

by 'tern the mirturea of carbides in the graphite tube furnace in b•rogen

:&te.w at 2600 with the subsequent annealing at terperatures from 2500 - 14000.

The mxve co dissolvability of '"• In TaC, thus obtained. is shown in Fig.. 123. ,/Lq_

' Xovalx-il• wd. Umaskiy failed to detect TaWc2 coMPOWnd, assumed in preceding works.

SFi•,14 show thz curve of zicrohardness variation in this system (Bibl- 515)-

Fie. 12', Line of dissolvability Fig, 1.23 11cro-.nes of 'bI*C-C

@. !*_
T ci3~f

,~ -~
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Srnll addi.tions of 'h&C (not excee~ding 5%) to cast tungsten carbides

(W enrich the latter, pulverizing the t ructure and increasing[

the mechanical stmngth,

Teata1IM - iicon - Car~bm (Bibl. 517). The researchers detected in this

system a siagular ternary phase -with "he compoalti- i of T 1C

structure of iAk~si~ and lattice periods. aw7.4914.±0007 A an 4,1-0

F'ie, 1.25, Salle-netic liagr= of Ta-CG-Si syetva.

1 A
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- Titan• (Vsandiu) i'tren&. ThDing the examination

of Tal - TO1 systam in the work (Bibl, 533) the Ta-TI alloys were prepared

by sintering the mixtures of fine power, in a crucible from ,irconium dioxide

in the vacuum induetiom furnace. The alloys were pulverized in the mill, .

placed in oacundum.mede analysis boats inserted into the porcelain tube

and subjected to nitration by anemnia for a fairly long tins (60 hra) at 9000.

The X-ray diffraction study of TaN-TIN alloys in various concentrationl

yielded the following resulta$

P~arent alloy ...... a0 Ti a Ti Ta Ti

0.50 0.50 0.25 0475 0.10 0.90

Piaesu Griginatinfg

during nitration ...... Ti(Ta)XTI • T+TNTaN i(Ta)N+traces
cf TaN

Thus, the dissolvability of Tsa in TiN apparently exceeds IC% (mcl.).

The (TI a9 0 -a ,X• nitride Las a cube lattice with the period of aa 4.247 As,

b,, =,:ir.ison with t 9 4,23t6 for tha pure i f~oZ (,tom.) of i;!, The pat-eat

IUtumtre contains~ refrnce~ to the hA;. ýiýrdresa of 3110.T,

wVth 50',"Z' IS oontent of each tovp.n~at (Biblp 534t"

7"'t• fphlksos wre detecCtd the T- SySt3SP-•&rZ• IL tw SAM

MOM- ,. •

r~

21~{ 7



1. a,, VN' phaso dissolves approximvtel~y 25% (M2ol.) of TaN; pit the son tise.

the period of the auie lattieo ot Vr varies from a a 4.169 %W 1.00) to a b,291 !

Tunt~ 9Cr. 221 LaCo i) ;itrogan. The analysis of these systems ?i>

was conduct~ed by S ac xrg (Bibi. _533)9 &An the alloys were pepaer6 according

to riwhodes described above. 1. a. by the nitration of alloy pa-oers by ~ne

of amA for 50 brs itt 900&. The results of I.-ray diffrueotion study of TO~ i
alloy: with nitrides of Cr, fli, e., Go and INi are simrie in the Table 37.

Table 37 I
P:Jases Gb32rvej in Big=. Al~allpof Taatalon :;itri&,a

System 'Prent Alloy £liase Produced during 4iitratim

Ta .~Cr X .,.. Ta 0.5Cr~ 5 xTaW

Ta Cr x traees of an unknown phae,

Ta C r ar C'& N ra aex of x -pha s
-o,,25 0 . r

Th oT

Tax - Tp >ax

3

n.',
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Brtas kza 11W P1hase IFroduced during Nitration

c.5& 0.50

The researchers detected in Ta - Cr - N system the ternary p-!se (x-plxsse

in the Table 37), the x-ray picture of which has a comjei character. "he ;erio.

of CrN phase varies frcn a a.4,19 (r ) to, n z 4.293 A; th4e ltter rzAue

jof this period occurs in the ;oint of the AWh•gAt dissolvnibllity of "'!pt in Or?

i - epproxisa~ely ?5% (tool.),

i Two ternary phases were detected La Ta - ih - N IImystemn one of them
f

is isocr;ihous with respect to x-phase of Ta - ,. IN systez, Vwile tl, othAer4)
haz the ootinexpressat by fctai ot Ta'xX, 7he tantsltn1, dtoes act

I- 
" - '' - I

I f atnu~~te~ of n d~ rVal.ce cn &-C7 ry Pet43 !'Oe'sc -

t, ;n-44 x-r -,4 *C a~ cltý~-s~s

ii 5-, ~ -.s

I r5---s-i ~ *M~h#~i.mb....



Uhl* 38

~2 TOM= r'18120 T~In Ta-.?eCCO. Ni)=L; Smnf, I
* * t~.nswty 1

Phase p. A A

~'2 7~26o 456 10.31 2.000 12.7

Ta2 Co&I2. -. 161 10.30 1,996 12.74 12.3

Ta2N U 5.168 ýOjf e0.13C 12-60 12.2

- Itrun~ex. Tae liqua4is rurw'e of' the rseudobinary ToN TaOf

pr:ofile is shPr2,,r iri Pig. 126 (3jll :535). itv wias established by means of the X-ray

difrfactica ane ietalio~ra;!~o eaaysiia,of t11he plloy TaeZsTaNal;1l, that the Stabla

siolid molu.ticm -'co not lt at the imO-o-or taz~perbtu-i (Fig.17)

cm jI
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t'uAri the W~wk (Bibi. 211). solid sohutimzs of TaN -T&C were pre par" L?

by the joint sedimenttim of Ta& miii TaC frm the Suseotia ph&se fkTaCI 5 , N2

and1 Wyrocarboiw).,

ScW ~ (Bibi. 530) sxazdined the alloys of~ this profile by means

ofthe Z.-raV diffrseticx. S-nalyB13 on s~amples produed a ~hoh the nit sticm

tT azxmia of tantaltm carbiee an'd thircugh csrboniz~atio~n of tantaliu~ nitrid±e

by dry mothazt -A 11000.

"'2he dissolvability of TaC in. TaN0  ~o(~~is of Ta - N system)

cmL titute3spcproximatesly 3)% (atam,); at. ýWie se-no t~e la~tti.co ez'iods

inc.-sase elightly, viz. Tr--c a *2.925 -298Aai .276-2. 3831)

(for E-pbab-)) Io a nr2.93"8 A and c s3.071 ' (f or tIbe alloy with the cooice

of' TaN,), %00..1 A le dissoimubility of TaO in ':a:. s a ppa ren t y vt r- lov;

TV recticalty aloea 4o isaolve in~ T*C,

y -uaI aý

to~ tLi

71

JP__



All the!!e alloys turned out to be. appreciably aov br~tte t'*zti 011aW.

ofthe cec-rrespond in&~ binary systemso..U 14'ad di2,sicr. roto at O~ 8zialV 4

mnui~ites, la highest with tbo all~r7ooysn ~r4r 16% of~ rýad 4~ t?~

andi lowest wIth tb alloy conitaining 27Z.4 cNb Ant of% Tv tzo

and iterme~allides, Cr Toandi3 2 CrPN2 .

I= Tita;:Jr6 Carbon. The ana1yais ol th.41 syste~i wa ir~MA

in the work (BV~l 536) on sasr~les of alloys prepared by ma t;~r~e WtoO

froc po'dders of tantal~zm- rtn4 tltari= hydrldes tar carbona blytek, Th e

fra- mi.-rt.ires of tl-ese powders ower-. slhtoerc," Iz t~xTe-a- fcu x t -na

at~ eaueof 1820O aTj uzýe the ;oresaure. of 1 10- mm 74.

The alloys wemre stiOie4 by X-roy . tho coc~bine-, vib ccuitox.ng.~ th* content

of total ark free carbon. T'Le result's obtaiin~d in th~is .A--k servedi as a ta4t s

fffir Tloti:_'tx'Na laothbAr c Croess SectIonz Oft Vth 'NYStO= at 182,0O, 5hofl it rig.

.I~ t"~~ we T'tsve in t'' ST-en rz li'Lll(f 6ý'Il

" *~ a,

-A
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The I-phea. wit-- th,. hecagoaj~ tdc~ packi~ ~.~9 rl~e~i55

aorrespocniC in its ocaxpositicm almost weotly to X0

Thr. binow~y di~a~rat on sidea 8f the ternary system~ have 6 fis2Aa of so1A~

solutions whiich a~re transformed In the terna~ry ayvtozm in thle follov1r4 -nner.

`?he perittetoid tr z.sforrStion lime, $-Ti -Is- w#-Ti - -TiC, in the ternax7

a-stez in~ r enrented b, the t.hr"-,hp~ fik-ll, 44- (Fig. 129).

Iz
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~ and ~establaI.Sed by me&" of~ trti X-ruy diffractiorz aszlyiis

(3ibl. 519) the preuence of a eciat'limuou series m- jolid solutimei cc TaC -Tic

-rofile. The microbard.nesa liae of TaC 'LTice~ (?ig. 130) iias tho z=zimim

wihto (rol.) content, ot Tar. (BibI, 516).

r~-'c~2 -ZC-T

tAC 'S .

ztet
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¶itaalun U~niu.~0t~~ Acsording to da-'4a in 'Wb1C 5%), las~tA

two tezraary pha~ea exist in Th C S,?t'Im; one eontaiwz~73 (atocz.) of Ta*

6.71 (atCA.O) of U anLi 26.01 (tc~ of C (ntfa 1 0CQ a~ 4)veL hat a --ey 1uvn' syntýtrY

nf' the cryzaatIL lc Ittiee, whilt anotner :ý.83 a cubic i'Lac-tentered ltIndesI

IVtI t h - pa rod0 of asa4; .41 A.Tbo latter phate is endowed with a high molting '
po'Int (I- Zý 0 y0 The f oria' 7u of this phs'ii1 Curatis the del-Ae \3nizstion V' uraniu, I

Iz which t-'-xo raair, 12821 than 0.00D4 of 6 (by wieigat) upon the fonnation

ian~l .liUinetion of this phase on tae tanta~uiiL electr&od of the olectrl.: erc furnace.,'

_a_ n. Kom7lskiy nad jk demnrstroted by nt~ans

of' the X-ray diffr,-cticsrz nPi (tI5$ tar-_ presence of s continuci~zz series

or solIid S:Thtimzn In -I - -7 C systoem or, 2eC - --- C ;rofilo 6t Acor-ita

to the -dat-s -In ;'ýUl 516', th2- kiirohrar8ess line of alloys In TaC -fZvCRy-stem

Mqs a low t~awith the ztof 20%' (imol.) of TtilC ia alloys (Fig, I30)X

Tan K~-hr~t -T~te, &edJ. ry with 35c' -f Ta and 35% ofW

sxY2 thoze with T2'o s and Of d 4Oxidl.fful Ltý EO IOW at 1250t

Anon@ ~~ of V;he mixttr-e of ozxide"- jBib1. 4,38f

IL t 4

,a 5 .6. 6,



on(!e again.(F~iq 131J). The- aoi~.ztiton ria-!Aanes of all i? -zexad3 vidtb4i

the ranse of 60 30 of TaSi2 (ywet terszn.oh4vAa

2~~~~~~ ~ ~ ~ (by fzgtftlera"O"of'dTd

an', 2

Fig, 132, Cxidi 2atio1t Resistance of Crý1 2 -Ta3S. 2 Afl~c"r

j~Jr~2.1aI- change e, weight. gq1 cmir; 2 . cornts~t Of TI~IS 2 * ?32

Wkbi (by~ weightle

ofL Il Gr (A _tteo rd aaý

contenth 10,,20 40"e, C xŽ

Ve st by ;z Z C41

z*~uu,- of N- ~ om1-1 '2

Ic "0"



?. L 56/I

Fig, 132. Profile Diagram of '2a - 11 Cr 3y)stem i Mth l% ot Tx)

lacsn4 i i . - temperature, 0 C; 2 - content of Cr, % (by night)

The alloys for the X-ray diffraction analysis were hsated for 2 bour& at 9000 4

with the subsequent, hardening. Durizeg the disso'",tion. in chromAun (aen 2.875 A),
.% of Te aud 1 of Ni. the lattice pericod ncreases only up to 2.8S9

wbich pointi to a very narrow range of tantalum- and nickel dissolvability

in chromii=, On t.h-,e other hand, the dissoivRbility of tantalwo in nick4l

(niekel angle of diagram) 4attalz and is accopanied by the increase

of nixpkel 1tt iae perizl frc- 31516 to 4-5L" ¶6

j The stuly cf tis oridizatton rate of alloys indicatea that fle oxidizatio

resstarace 18 Inhere.-" In alloys eontaining 10 4,3% of Ta"o 50 80- of Ni

al:'< t0 -2%" of 4'ioa r z , t xto v 2c 0 ? - "IS' Wd 4.ride~l

-to IraTrssa
- ~-'If - t~ 1 &' 2$

-- "he aU~zc~rd~-g1 to? lat ~a
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are less resistant to oiz izatioa; Im fig. 13-3 the wC lation rvoistezee

is rarked by digits at pointt, whiah denote the decrenzat of anitent-air pressur

in mm Hg during the ozidizatio of alioy samples in the close. space. The 6l10

@ontainin mor than 35% of Cr have a high widization r'eatstance and bhsrlesls

however tiey do not submit to the wordkng and ame therefon not suitable

for the practical use. The additions of 2 of Na. or 1% of Ce. Boo Si, T7 I
end Ce, reduce abruptly the oxidiztbillty of alloys of this systemi this was

verified c. tha ternary alloy with 4ýý of 'Ta 40A of 'iA and 18% of Cr.

The mechanical properties o* •Uoys belon~ing to Ta Cr V4 Sys

"were examined in .e., l by Rk (3-b.6 539), -
II

ff
4A

, 3

I,
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oft~ A17Characterietics Appliextion

Kb~ Al A=all admix- jForwtion of the cheap- Modlifyin~g alumina
Lu"T to LIU]*.- ical-y stable and lhiý and alwirn b*s4"

inswy "to Melting HbAl, "a" u- alloys

Fb . Wý, High hariinvisz, f~i-In the ec~ompiticai
ibilityr, ~hc~1 stdcaI of htat-~re~stind
ility &~o rA rcfr&6--
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Copoito nuaamt" Filso

of the Alloy Characteristics Application

Alpha + Ni3 Nb Resistance against The Chemixd l indstry
up to 13% Nb the corrosion of

i - Ta 0 - 100% Ta High corrosion revis- The chemical indust7"
tance, the properties
of getters

I ~ Alloys replace Tarr-
t•um perfectly Radio enginering

Nb - Ti i0 - 6o% nb Corrosion resistance The chemical industry La

7.5% , b igh mechanical stab- Constrction natez,
.lity, good machlý-

b ~ability'

SNb - C NbC High hardness, Infusi- Adu -xtures to other

bility. heat resis- carbides in ceraast
tance solid alloys, used in

heat-resisting alloys

Nb - C p40% "b High resistance In heat-resisting
against wddation alloys

14b - Zr :12%t Creep resistance In. heat-resiat

U• - N TON High resistance In he~t-resitingi

&Lminst acid co- alloys
Ta 2 N rosion,, h'mas

and infusibilij7

Ta - Al Sw.11 admix- Formation of the Owm- Ms•ýiying alum=.
tures to Al ic&lly stable and higi• and ite alla nd its w•pys melting TaA1 ccaam

Ta -a Ta B2 High hadness, ,n !i- 7n heat-resisat
bilityo rYelitance AlO

F I
5<

Oxi*'?-o



Composition undamental field& ,-f
of the Alloy Charactertstices Application

Ta -H TaH Reprocessi-g ttalm
Ta2 H Frihbility, isolating waste and its &l1WD

hydrogen during tem- Flux in solderin
tpering swaicendizto

Ta - W up to 7.5% W High electrical resis- Radio en
tance and thermal
Sinssion

Ta - Si T& Si 2 and Resisuance against In heat-rteisting
alloys with oxidation allGs

Ta Mo up to 10% Mo High mechanical stab- In electrical
ility and electrical enginewiag
resistance

up to 50% Mo Resistance ngainst the In the cheacal
corrosion of HT., HN0 indistry
andH W

Ta - C TaC High hardness, infusi- In the coapo~itian of 1&a
bility ceramet Wolig alloys,

refractories

Ta - Cr ':Cr3Ta Resistance against In the com istiton of
oxidation heat-resisting MIloys

Nb(Ta) - c •.
Ni(Fe, Co) Cementing alloys In the zpition of

(binding carbide caramet isolid anl•ys
graina in solid &U!oysINb - r - C 50% (viOl,) High heat-resistance In the caotsiticn

Nbc and heat stabilig heat resisting alo)'.,
I+

&High hardness and In the aiton of
T&- CinA, sibit Ity, comret, 8lid *lloyS

T4 b C 27.5% h" Resistance against in heat-rvainting
:3 5% w# ddatttvfoy



Syst~m Composition Pnaasutilft O
of the alloy Characteristics Application

_ _ _4

Ta - TI. - C High hardness, infusi- In the composition of
bility cerawt solid alloys

Ta - Cr - Si 6C - 80% Resistance aginest In heat-resisting
(by weigtt); oxidation alloys

Ta - Cr - M 10 - 40% Ta Resistance apinst
oxidation ,A Sood
mechanical stability In the chemi cal industry

in heat-resisting alloys

Nb - Ni - Cr 10 - 15% C; High heat resistance Heat-resisting alloys
Al 6%AL; up t

7.5% Nb

Nb(Ta) - W - 4 - 40% TiC; High hardness, stabi- Ceramet shlid alloy
Ti - C- CO 6.9% Co; up to lity, and wear resis-

6% Nb(Ta)C tance

NbD(Ta) - Re - 0.1 - 30% Nb High resistants rlectrodes for sealing
B - Pt or 0.3 - 6% against corrosion, in glass in vacma

B; 01 - 50% wear resistance, technics., pen pcints in
Pt, the rst hardn• s fountain pens, electric

Re Contacts
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Also see 1ileotion of translatiý-#T' Tý2.; 1 .'0rz5-5vit ure 1.9541,

80- 95
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72. iMeyeresong Go A,,Ze~v 0. L., ?ibkoval, P. l., Nonferr~ous Metals;

713. Vellor, Coo A Comiprehensive Treatise on Inorganio wA Theoretioal
Chen. V. IH, 1929.

74. Fairbrother, F,, lrritht W.,, J. Chen. 300. 19519 3051.,

75. Spitsin, V. I.7 Pmoobrosheriskiy, X, A., JOC9 JO, 1940, 785.

76. Namoradzes Z, 0., Zvyagintsevv 0. Ye., JAC, 12, 19399 603.

77. Alexander, K.9 FaIrbrother, F-, J. Clam. S00. 1949, 223.

Jeotion o~f translation* "'N b Ta", Foreign Literature, 1954, 98 - 103.

79. Sobzfer, Ff., Pietruokt C., Z. Amorg. (Them.., 266, 19515 151. Also 8*0

collection ef trancistjons"Mo and Ta". Foreign Language, 1954, 90 - 97.

80. M!orozovt I. 3., Korchnov', B. G., Chem. of~ Razxe I'lementa, 2, 1955,

8L1O Chars;nev, A. A., Problem cAf Chlorinating in the Field of Par* and

W Dispersed Element~s. 1'etallurgzidat, 1940.

82. Sohafer, F., Grau, Le, Z. ariorgo Chem.., 275, 1954, 198.

8~3. 30naftrv 4,, Goser, C., Byeip Li.9 Z. Anorg. 265, 19511, 258.

84. Dinibaker; C., Joung, R.,f J. AM. Chem. Zoe-# 73, 1951, 4179.

36. Alexcande'r, K., Fairbrotheror, J% Chen. Soo 1942, 2472.

81" S~floo~v, 01, V~p tUnanskiyý v, Soli CopiicsoRafr&cto-_, 'Llatalrb'

1957
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95- Shieyrbrgj U. 9.9 *Steel*9 7,p 1947p 1107.

9• h¢ytr, ,!,"Steelop 8p 1948p A-12.

97. Metal Prograem, 65, 1954, U11.

95. Oaman, L., Aerioan ]atent 2492761, 1949.

99. Foundry, 81, 1953, 38.

100. American Patenta 2513467, 2513,468, 251346 9 V 25134707 2513471, 2513472, 1950.

101. Meta! rogress, 65, 1954, 111.

102. Lomas, L. Canad. W1in. Jounn., 71, 1950v 854. Also see C1leotion of tr.no-
lations "INh & Ta"I Foreign Literature, 1954, 38 - 41.

103. Ooldschmidt, B.* 1:etallurgia, 43, 1951P 157.

104. Fetzer, M., Post, C., American Patent 2450888, 1948.

105. Oyka, C. N., Maksinov, Yu. e.p 3)YmovO A. U., Lectures of the Ad.
Sci•, 56, 1949, 661.

106. 3l.tal Industry, Haridt-ook and Directory, 1956.

107. Intema, L., Yancey. R., Trans. Electrochem. 2-. 91, 1947, 485. 0
108. Hopkins, B., Chaptes in the Chemistry of the leoa familiar Sloments,

Chapt. 15, N. Y, (1940).

109. h Labor,, Rport, 27o 19509 448.
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118, Mtillor, 0. L.., -mat-trials 2-ahoday 45, 19,57a 131.

119. Plaoek, C., Taylor, D., IM, Nng. Cheia., 48# 1956, 686v

"120. Kiefferp R., Hotop, V., Powder Matallurgy and Sinter Material, Tir,
19439 254.

121. The Metall bull. No. 3050/16•, 19450
12?. Platenvp, J. S., 5ivokova, K. A., JOC, I0N 1937, 1537.

123. Belandin, A. A., Tegorova, Ye. P., Ict. Aoad. Roi.p 59, 1947, 255.

124. Coreon, B., Jones, H., Welling, C., lineley, J,, Stahly, I., LMd.
Aig. Chom., 42, 1"50, 359.

125, Olson, C., Roffmann, R. Amrioan Patent 2491416, 1949.

.,O Sullivan, M., Yger, J., 5. W1eotrochm- , e.9 103, 1956, 218.

127. Kogni, B. 1., Nonferrous Uatai.o 10, 1956, 8ý.

128. 0alyayeva, A. Va. Sx.rnov'v,,rin, S. 3.9 *1b & Ta", Requlrsmente of
Industry for Qaaity of Kineral Raw Kateriasu, 1'o. 49, Co0o9lis-

-_ dat, 1948.

129. Damnfie1d, B., Minin-g Jo'rnal., 92, 1954, 48 - 49,

130. &lletin of Foreign -Ir-rci&1 iformation No. 1'9, -?/OI •34, •...
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141. Ksyhl, -&, 3eflpele Hi,p Zew.s big. toobnti '0 (5), 09581 137 U-0-4

1142. Ge, P., aednd aM et&'& ?abr., 24p 1956, 3#2 - 35t,

143, C-71 F., Op-Cit, ?5, 1957, 416 - 422.

144. Cox, F., Steel Proc. a. ConT. 43, (3) 1957t, 199, 226,

145. Ellindger, S., Trans. Am, 3o0. Metpls 31, 1943, 89.

146. Maurer, I., Doring, W., PulewkA, i.,)zoh. Eitmnhuttennsen, 13, 1939/40,
337.

147. Brauer, 0., Hermann, P., Z. anorge Chem. 274, 1953, 1 1.

148. Pol'kin, S. I. 7ykov, Yu., Shapa& o, ov, M., B:ýulletin Of the Central
Past ."tute of "(formation T) US, No. 1 , 3, ietallurgizdst, 1956.

1I9. "hm, ng. Mm a. ,, n 1945, 141 - 148 Also see Collection of traus_-
1ationa "Žib & 'Ag, -Fo-ign Literat'n-, "1954, 46 63.

150. tWi-ing lagaine, 92, 1955: 86 - 89.

15L . F., Mintng journal, 2. 6241, 1.955, 332 - 353.

15 teYoris K. , Gen• ra n., Proc. Austr. Inst. Ki, arA1 Ketall, No. 129,

193, n- 5A
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163. Goroshohankop Ga. Go., Jourml of Inorganio Chemieal, 12 1956, 909.

164. R&Shilov, I. Ya., Introduotion to the Teonhology of Rare BleRmenta

GONTI, 1932,

165. Ravenstadt A., Oppegaard, A., Canadian Patent 474453, 1947.

166. ali'kov, L. P., Rare Metals, No. 39 1932, 40 -46.

167. Fink, C.9 Jennes, L., U. S. Patent 1802242, 1931; Chem. Abs. 25,

3304, 1931.

168. Fink, C., Jennes, L., Amer. Inst. min. Met. Rr•gra. Teohn. Publ, No.

579, 19311 Chem. Abs. 25, 1931, 3283.

169. Adamoli, CO., U. S. Patent 2250851t 1941, Chem. Abs., 35, 1941, 6880.

170. Tarasenkov, D. N., Komandin, A. Vag Journal of General Chemistry,

10, 1940, 1319 - 1327.

171. Urazov, 1. O.P )Aarozov, I. S., Sohmantsdort M.9 Journal of Applied

Chemistry* 109 6, 1937.

172. Urazov, G. G., :dorozov, I. S., Maksimkova, GO A. JAP, 13U 1940t 1760,-

1769,

173. Kindyakov, P. S., Vaysenbergp, A. I., Yakobi, N, K., Antonova, Go lo,

Borovskaya, o. i., Berenkrad, L. S., Colleoted Works of Giredmet, Metaliurgi:

Sdat, 1959, 599.-

174. Intem6I L., Driggs, F., Fansteel Metallurgical Corp.g Aug. 19•44; aslo see
collection of tra.usiatikns 11b ani Ta"t 64-739 FL3 1954..

M- ~ h Y . Vasn g A. 0.1 'Pts N St Ko1china t. Av awl
O l V . 2 ' n l c l M ~ k-. o f G-e~ e t Y e a.'r i t 1 5-,

Le ?x 4,, 83 1 P91 0hvt A 262 1932, 1226.
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185. Kroll, W., Baoon, P., Ut, S. Patent 2 443 254, 1949, mha Aba-., 42t,
19481 6500.

5 Craaian Patont 470 023, 1946.

187. French Patent 941949, 1947; Chem Abs., 43, 1949, 7766.

188. German Patent 824340, 1949.

189. Belgian Patent 470891, 1947; (Catm Abs. 43, 1949, 976k .

190. French Patent 846584, 1939; Chem. Abe., 34, 1941, 1195.

191. Ouvellites, F., British Patent 507124, 1939; Cheam, Abs. 34, 1940, 596,

192. Min. Journal No. 62169 1954, 396- 357.

193. Kraus, X., Moore, 0., J. Ar, m. Soc., 71, 1949, 3855.

194. Gilits, J, Koste, 5. i hrhant '.J Spuoks, A., Model fleas.e Chm.
veraenig; 15, 19"3> 613 - 6 5,

195. Chernobrov1  bio ptn% KS•c.kuna, N. I., in collection Theses of lee-
tures of >tqr=Irsfit•te Cc~nkerence on Purse ietals, Yintsntmetstoloto j

Moscow, '257.' 42.

196. S3teven&, H ickoe, 7.f Anal. Ohem-, 25, 1953g 1517.0

197. Wer:..sjg +ligbVý, 1 Y,, Grace, J., Spe*e, B., Gilberto A., Id.

Eng.,hC- 46, 19r41 644 - 652-

198. Ell1ent-a'e .... C'iott0., Moonf F.j Aasto Chem 2C M519,
1048 - '

199. WernLng, j., 2"gbi, K1 , I.-A hig., 46, 1954, 2B2l . 2490,4,

200. Teobn, Jorlyial (Tekn. tid)mk t•) +Fj •

201. Z-hit~krvaq T. .9Zind,ýyyakovýý TP. '0,ý "+"1Oeloedve

of Giredmet. e-Itallurgiedat, -+959i tf23

20.. Spiokc VI, .3n t.... A,;, Z io'"o

2 ;V `3 . D i z k v ý: ,t C .,, ',D a l k a , 2 % , E x t r a c t i+. o n " n A+ .. ... . R " - u.l'i +W 4 6 :n, .

19573c 258ý.
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2119. *-srbl, Lv. ?oalwi.11, ft 13 1,A6 O

210. Fo%*11, C., Ca~p1*, J~ Onuart D 9, Tbprans aktaonm. ph fo to. of 148
2oti~ alw tschnicuii, ofN. T. l Flp 95t539

214. Van AmksJ, A.# Mteta11wirtschatt 13, 1934ý, 405~.

215. 2uo," T., 'PaieztO 3., Z. amorg. Chen,.. 216p 19342 223.

.216. Inglish Patent 24234, 3-906.

218. 6at~ksq Cot Ameriocan Patenit 1799403p 1931.

21.0. Driggv$ , 7 C~.raO3.n Pe-ýent 30Y9539 7-730.

220. Driwgc, F.9 Amorioam Patent 1615054s 1911.

221. Diggas?,.t -nr-ý-&n Pýeut 174,)909132.

222. Dri~gga F., 1iu W., "eriaan Patenit 19333114 1932,

225. !ý~s ~,/~ In~wt~ kin. it As. z 1 43, 1946p 297.,,

226. Wevi R.p Proa Autrl Inst. Min. & Me. W.. 1,44p 19406s 156
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234,~~~~~ ~ ~ ~ ~ ~ 0't~~pV ,,ad rtinkF1 . oprso hsa n

236. Platnikyhv N. A., and. Prods, A.R~ Ij Z., Reports ohe. 39,1 1933# Inu3 * ,

2351, A.~h.1,L, andi Patedo 32018 F.928.t3 13t3

236. Pisgoeav D, . Apand Pheem. Ao . 53, 1931 2810.hs. 0pL34

24~10 14gaXyuh@Y, N. A., and Prede, A. F., Sovi. author's No, 12,43,t 13"7993.

23?,, Irg&ry5hev, N. A., and Prede, A. F.,J~j4 1934 14*tro2e.9 13,2.

2439 .ZIgvx~uhvv, N. A., and. Kplanj. 0. F.,9 30, 3 p 1933, 315.V

241. Izengarye J.p Ameiand Prten, A,9F2,8 ovit a1933. ~ tiia@ 97,13.

245,- ?hkorryo E,, Sshnoider, K., German Patent 582528, 1934.

"`46, Axjpatrox-4, H.,' Menefee, A., frsgliah Patont 477519, 1937 
q

247, Holtq VI~.RZ ZlektroobO".9 41p 1935,p 303.

246 Seimq .'.., Bolt, M., Trano. Electrodhem. Soo.,, 969 1949, 43

ý50 Rcbý W.p -rman Patent 600369, 1934 and 62V4"~ 1935.

25". Ba.~,~ mro a~~ 22053869 `F40~.

'p 2 ~e, -&,c no,, Ilectroohe.m, 3o,, 85,7; 1944t 89. Also soe oo11,otion

of tranalptions "Nb and Ita FLI, 1954,, 124.1

251 ro11, W., S3ob1,ohtenp A., Trans. Blotrochem, Saa.p 939 1948v 247o

z:-4 Caah.am*1* A.# nIsbqlh Patent 233F'463v 1924..

AAK~~3 .~, ard. Xboklhlov, A.V, JA 13* 1940Cc 170

Orrnx D.% Amerioa*A ?at*rt 25168630 195-0.
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260. 3aaaoroovp G. V.j, ard Chistftov, Yu. D.,, Proxmes in Chasistryp 25v' 1956,p

26.Miller, 0., Vaam~up at 1952p 1g.

262, ?itterington, B,v Simpsow, A, ~,p 1tr sium of the Powder ILotallurgie (Tz
Iron =Ad Steel Inst. ), 1954.

V263. Zvorv 0. 1..,p Trans., of 3rd. Polar donferance, 1937,'-1
264. Kolohitn, 0. P.,p SuvAsrokova, Ni. V.,9 and Chnivoe1valp N. N.,, Atomic Inry

3, (12), 1957, 515.

*265. Kolohin, 0. P, 9 and Chuvelem, I- P., Collected Trans. of Gir.Gmt#
Motallurgisdatl, 1959j, 694.

266. Kolohin, 0. P., and. Ghuveleva, X. P., Collected Trans. of 0ired.mtp
g~etallurgisdatg 1959, 103.

267. Konstauntinov, V. IL, 3Bizadal'teovs L~ Xý wAn Sky'L&azr~ wo, S. 1.,
Siyjet nuthor's certificate 105689,, 19514-

268. M~yers, R., Lletallurgia, 38, 507v 1948) set also 1lt of 1 translations
"¶N-b and Tx", FL, 1954, 146.

269, Loe, .7. Chem- ing., 55, 110, 152, 1948; see also collection of' translation*
* ~"Nb and TOP, Fl, 1954p 129.

?70. Placekt C.9 ?ovlor, D.9 Ind. Ing. Chem.v 48, 686t 1,95,6.

1'71. BJDS Final Ileport, Ootu-er, 194$; see also collection of t ansluious "N9b
and Ta", v'Lj 1954, 46.

272.~ Wertenbergl, Broy,, Reinioke, Z. 31#ktroohem., 29p 1".M3v '214,

273. SiIagitn & alske; A, 0,, GrJman Patent 2267061, 1907,

27 4. Pai'benindustrie, 1. 0., A -0.1, RhgU~i, Patont 512502, 1938.

275, loichip,0,O P., U-aokov, N. V.9 and Borlinp 1. K., Co11.oted Tr~nx. of

276. WrsolW, kilýr , J. Inat- M~&N 65S. 1957v 379ý.

277. Wili".41 .9J Inate Xoag65 '97v38,

7kn,400 C,)p -41eh Nh n 358531v 1931w%

280 4a~ok J. 5*<4- 21 47ý 9
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282- 90ol'kov, L.. P., P- . metalr No, 3ý, 1932y, 40,

283. U. S. Da-eu of Mines, R. I.v 1955, 5144.

284. O•)enzg, 2. K., Wroughto,, D. YEj, Don Ag,, 170 (5) 1952, 83. Ii.
285. Austin, M., Amerioan Pata,• 107-77t 1938.

266. Ponkin, W. P., Soviet author's oortifioate 55886, 1939, 4
267. Myers, R., Ketallurgia, 39v 229, 1948 See also oollootion of tr&.ajo-

tions "n and Ta", FL, 1954, 161-167.

288., Pugh, G., Hibbardo, W.j, Iuutal Progresnp 689 1955t 180,'

289. Rose, G., the Uaohiniust 98, 1954, 1078.

290. Wonsch, 0., Brukhart, K., Conoll7, M., Metal Progress, 61, 1952, 81.

291. Gall, 0., 1iller, H.9 Amerioan Patent 2481306, 1946.

292. Titterington, R., Simpsont A., Metal Industry, 85, 1954, 507.

293. Were, H., Metallurgia, 41, 1950, 246, 301-304; so* also olleotion of
translation. "14b and Ta", FTi 1954t 153-158o

294. Wensoh: 0G.9 BR-okhartv K., Deibleri J. Inst. Metals, 4, 69 195P 69, 596*

See also collection of translations "Nb and Ta", vL, 1954, 15- -160,

295, Cox, F., :teel Proc. and Cony., 43 (3), 1957, 147, 166.

?96, 0oneer, B., Slowter, 1., unpublished report cited in /210/.

297. Yntemap L., Record Chem. Progr., 12, 1951g 177I

298. U*ea, X., kmerioam Ntent 1987576, 1987577v 1935.

299. SonginaK. C. A. t Ra~re Metals, Useta11urgisdatq 1955,

300. Resotioie and reagenta for qua~itative vna1ysiw of inorgnia ,wvoog. i
Under cditorxhip of A. S. Kot~ro'i.iA.• CGoskhi daUt 1950.

4
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306. Anlri of 3111. muttrial. Under *ditorship of 14 A Knipov~ic 4r
YU, V. .Mc-abohvskiy. Gshi,4ilziat, 1956.

307, Chernikov Yu~. IL. and 17p.ekaya, T. A,, R*T~r,ý: of GIA~adttN cited ý 4
/304/.

308. AliRVA1i~fl, 1. Pj, &Ud 7idg A 190le FILOtOrf U~bb., 7? 1938, 11al.-

309. Alimarinv 1. P., armd Fr3~s, B. I.,, Transactions of Alll-4Jnioa Conference ont
Analystioal Chemistry, Ili, 333, 1943.

310, Das, M. S., Verkcateswsxen, V. ?.p .Lthavall Analjut, 81, 1956, 239.

311. Ciannt~haas, Th. R.9 Ind. Ing Chem. Anal. 3d., 10, 1938, 233.

312. Ponomaa.vj, A. 1.9 lithocis of ohemical ana]ysis of minerals and rooks.
Vol. Ili Pubi, of Aoad. Scig US-=, 1955. -

313. Klimen-kc, W. 0G.9n Syrokomrakiy, V. 3., Factory Lab., 13, 1947, 1029,

314. 3yz'okomakiyp V. 9., and Klimenko, N. 0., 13, 1947, 1035.

315- Oshman, 'V. A., Factory Lab~,,t 12 (2)p 1946.

316. Golubteova, R. B.% Jnl. Inorgo Chm. 6, 1951,. 34.

31j1, Alima3rinj I. P., arid Fridl B. I., Factory Lab., 7, 1938, 913.

318. Portnov, A. L., .110,q 18, 1948, 594.

,319. Cllobrand, V~, and Lmndell, G., Pratotioal, Manug4 on inorganio Analysis,

'3 und %A-. -' anT, A,.At JAC2, 18. 1 945 ,, 289,

121"M Cltr hov Tu.Asn 7~ezaa .Ap ra DM4Y aA oU~

322. Almurinp 1. P. ad ~ ~L., JAI-7 1, 1946j, 30.

3`24, 111~t-o , M- an ?-'iotJlkv 'N,-½&n4. C o. X ,
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3779. "?jj j 7 A- T,,, p• and Obolonohlk, V. A.. Ukrz. Chem. •nI. 24, go. 11p 1'So

3- Va•.YoV Ao "a., Vzppberg, Z. V., and Atrkeer, L. Ye., flotory lab., 13,

3311, Atin•oa 2.0 naeigmZ J.9 lHinsoy, C., J. Anal. Chou.9 24p 19529 480. 0

332. Cha~1es, a., Pby.- Rov., 77, 1952, 120.

333. Cordovi, X., Stool, No. 12, 1948, 88.

3D4. l3eign, J., Fischer, C., Analyt. Chem. Acta. 8, 1953, 538. Cited in Ab-J

straot Jnl-Chea., 7209, 1954.

335. Braulr, 0., G.Jner, J., Z. anorg. Chemie. 270, 19529 16u,

336. Schonberg, N., Acta Chem. Soand., 8, 1954, 208.,

337. Oulbransen, g., Andrews, K., J. Metal.: 187, 1949, 741; 188, 1950, 586.

318. Umans•iy, Ta. 3., Jnl. Phys. Chez., 14, 1940, 332.

339& Septier, A., GaOu-eit, M., 3aruoh, P., C. R., 234, 1952v 105.

340. Pollard# F.9 Fowler, G., J. Chem. 3o00, 1952, 2444.

341. Ang C-hoh--Ji Wert, C., Trans. Amer. Tnst. gin. Moet Rg., 197, 1953, 1032.

342. Slavinekiy, M. P., Physioo-ohemical properties of *leswnts, Uotallurg-t.,
1952.

343. Ki~,• R., and Shvmrtskopg. Har4 al::oys. Mstallurgindat, 1957.

3a44. iznsroN, G., J. Amar. ,1,m, scor, 71, 10,19, ,583- .
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.J45. nom gn, llwst ?4; 1914 6 V 331,

34+Ch ;. A 191-149v, 195,7
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354. ChIetyakov, Tue Do, Samsonovp , (.V., and Mal'ttsov 31. V., Collected Trans.

of V~IM Metallurgov. Vol. Ils, 169, Ustallurgisdatt 1954.,

355. rauer,, Got Z,, Arbrg. Chen., 242, 1939, 1-.A~

356. tripyakevioh, P. 1.,9 an&OQI~yshevskiyq Te. I.,Poo (Dokl&4y) Aod.ýoi.

USSa, 104, 1955, 82.

357. Reports and Cowinwiques of 1. 7ranico Lvfov State Univreiity, No. Tilt

PartT1191809w~vt1957.

358 L~~,n, L.,i-9~ n~ . Act&. Chem. BcaMd., 4, 1950, 60

359. Brewer, L., Sawyer, I)., Templeton, D), Daulben, C., 3. Amer. Cer, 300., 34t

195?, 173.

360. Mo4ylebskay3. K. Dot and Sansoriov, Go 7., Ukr. Chem. Jn1. 24 () 98

361. Wilhelm, H., Carlson, D., Dicki~nsont 1., 3. Matalo, 69 1954, 195.

362. Pirani, He, Alterthum, He, Z. B-Aktrooheau., 29, 1923, 5.

363. Lapitskiyp A., Sizano'v, Yu. P., Semenea~ko, K. N.2 and Tarembabht Ye. I.,

Herald (Vestnik) Of M)~oooW 
T'dvereV..3, Chair of Phys.-!Matk. r(Id NIatural

Iiiencos, 9P 1954, 85.

364, Sienorts, A., Morisoh, A. Anorg. Chem., 2479 1941, 124..

-6- 'ývbr&a~sn, Gel, Andrewe, T., J. Electrochem. Soo., 101, 1954, 348.

36A. ao. nt 1., Ziegler, We) J, Am. Flctroahem. Soc.# 69, 1047, 2762.

set-rob of diagYram of ~tate of mats, .140 a-stto. 'J'S1 FR ad. 30-. 119151f 61-

VI IS- Fz * %miatn o.5 4

%I-A,4-
-i7- nn'-''~3 ''

" T.. d.

ik A

7a..Z



377. IgrBPeter, W., Stahl aM Risen, 58, 1938, 1165.

378,. W*TS?11 F.9 Peter,, W.p Arch. WsennUbutewebnui 15t 19~41/1 4 2vO 357q*0

379. Deleen, W.# Stahl and1 RIfen, 699 1949, 468.

380. T.1~yuteiiV. F., Pavlovj, Tu. A.9 end Imvin, L. Ye. er-105 Mt1

381. Yelyutin, V. P., and Grigoramt, R. 1., In Col. of Trains. Of His imnia
Staliu, Vol. 25, 1946.

~.Rasmussen, R., 3. )Letas,1 4, 1952j, 1273.

384. Burothell, T.# L~ist. Y!in. Ustall (London), Syinposi-am on Ref ining Non-Ferrous

Metals, 1949t 477; 1950t 496.

3815. Sqybolt, A., J. Metaiu, 6, 1954, 774. Se. alao o~lloction of trazeiationsp

"Ab ^nd Taw I FL, 19566, 3Q-44.

386. Ang, C., Aota LMeta11urgioap 1, 19ý53, 1232,

187o Aria, Cap Wert, Cat Trans. A!~, 197, 1953, 10212.j

388. Kostor, W., Luh1finger, W., Z. Ustal1l.uido, 30, 1938, 340.1

389. wallThturn, L~ Z. ~,~1m,33, 1941, 378,

2c zauer G., Sh~e~el WV, in Booki~ 1. flemv o Bhui . 24, . i

* 3. i~n E... Covn.m R., Nwztuv, Boy k1 P 19'z4. 245.

39. t A N t -a '5, 19-554 -730,

4.

V7 -



4Wi. Koz'udlevt I. 'I.I c~nd Po~takvaq 0. S., ?rars. of Intiitutef keta~liugS7
i3**fi A. A. -A~k1o Aced. $oil USIM* Vol. 2, 1957, 149. A

401. Powder He-ts:.. Dull.t 61, 19559 53,

402. Xj~p~t5, 3,, Po-Od Iletall.0 bull, 7, 1956, 146.

403. Al 3., Bous, 7., Sersicg, A,,, Timmousl G., U. S. Patent 2678272, 1954.

404. Popodii~nq S. A., wan Zelikuian', ISFXYA Acad. 2,3. tS,16, 1943, 158.

405. Gm-~bo -3., L~lbameo~~wsk4, 0., Zwianer, Lt Z. I1aktrooh-emio, 45, '939, 885.

406. Tubasohawskiq 0., Sohneide,.-, A,, J. L-itat Meitals; 16, 19499 403,

407. Vatthiat# B.,~ Gob-llep T, Goller, S., Coren~iwvt, 3,, Pbj'u. Resv., 95l
10541 1435.

4 Ge'ller, S.I., P.thts B. Go.ixtin R,- J. Am.~u Chem 955,p 712651.5

412. Biltz, W., : A.., Z, aroorg. Themle 237, 193~,8 369.

V~~V~V t -1 ýV Anv.&~

~~-)cn I i944

14? 41ý , 46

4n-,In.,,c , t T-:?

t, :n 4" .ro 4- ýYG ;UA.`-Aii

AI



421., liokinsonp J.9 Ab~tr. Doet. The*. Chemz., -7owa State Coll. , 1953--1954o

424. CLiotti, P., 5. 31.ctrocbea. Soo., 101~, 1954s 5",-

426. Booker,* K.,. Zbort, 7., z. Fbjsuik, -i, 1952, 268.1 27. Vc-Unna, P., In&. Ing. Chou., 28, 19316s 767,

428. Tnnskiyt Ua. S., Yul. Phu. Chen., 14, 0494O 376.

429. SUmsomov, 0, V.9 Max. Chga. Jou~rnalt 23v *1957, 187.

430. Mol'kob, I. P., and Xliokhlova, A. Va.. RA~re gota , Wys5, 10.

431. Brauer, G., Ronnsr, TT., **rnet, 1.9 Z. an~org, C116. ?779 1954, 2490

43. GoldSeold, 41t ,,, J. irnSteel Tnut., 6,14,~5

43.lo l 6v1948 1,5
433. Flinerth, X~., Biltz, W,9 Z, tzorg. Chemie ,, 1-8v19315 173,

4134, Zbilbluh, 14, Biltz, Wt, Z. anorg. Ollifmiog 1549p 1942p 3ý--.-

136. Sohonberg, N., Act& Chem. Soandov 8, 1954, 226s

437. Rsine-.ke,.At, Wisohmann, V., 2pmb-uo'h, M.v Bilts, Wp, Z. txwrg. Cba.,
?4,19-4-2, 14.

4.~ ~ ~ '7--- W- stanaas. l 5--2

A, 0. , - SM

C r' o . o



44T. f~lP., AM Rep T/I5fl, Haxwll,9 1952,

J8,, Tse4wr 3, J. metals, 8, seat. 2, 1956, 122.

4A9. Rogo6 ,~ i tklnuv D., 3. Metale, 79 fntict 2, 1955, 1034,

45C, Earni. U6 ie1.z, 5.,v 3. Am* Chem. Boo., 8, 1954, 199

451, c~ Og N,, Act& Ckim. Scud., 8, 19-54, 199-

~ Cii~tiP., T. kmeir. Cer. Soc., 35, 1952, 123.

453, -fat, .Ark*1 -iv rt 4, 1924, 286-

455. BmA~erp Got Zapp% Y-, Z. anarg. Chemie, 2',.' 1954p 1"M.

456. Samsciiov, 0. V.5 Proc. (Dclalaii) AkvM, Sci, U~SS 86, 1.952P 329%

457. S&Mov'ov, 0. V., Jnl. Tech. P1qalae, 26, '.,$i69 716V

458-. Mondolfo, Lev LM.tallograpby of AluzmLhium Allerev lornd~on 1943#

459 GasvV. M., Va1'tuesw m. V,p and. Chlstyakovq Yu, Do# buill (lavo I

pAOad. Sal. USSR,, Sect, of Tech, Sai. No. 4, 1lij6v 131.

4,1 Ima1'tnevq M. V., In oll. ol ras of Mintatvetim*~olot'o, 2, 2%, MtOa1

463,ý P

r4Ud Vlhv31 1931a~~~~p~ ;,11-0A0
%i



4 Mk 1,IMU"m, 23 39%.6,

471. hv o,7 -5 0,
47K. 0art J1L .$e5 Pria.arg R.,flZ. 223,ta m 3 6 19551 36,t as

479$ Oo Tdert9 &qt tolcinMoiinstdNo-e1lewo oavr

4812, awnigtotAmz d * ~ Rho euaip29 90 01

401, Mrath, rt Lop ttzral7 A..i.e 19plton Do905. * roAoe eý* 0

3v1954, 2913

484. NOibhtltw., H.f, Sig4haNesi, Kif.,Ste'r,A,p Map MtoaIan 7o, M 8* 1957,i 624v
4195 seaen w14, 3.do AUSl, 54,l- 6t~ 3855, 167V

418S. Honigohmit, 0,, ixesNrlh. Uhnie 28, 1907,ý 1024.ý- 80, V5- s13

4U.3,hb Trwr .9 5ero~t,~ A.0 Temeto,& D., Id*uo~ Wigs 3.~o 4ar 0 1er%;, Sc.

48743 Met. 0A' !rs-t 11o, 21'914,ý 615.

48.E- Emg Jo )3eng, Fo., Hersig, A., ¶±ntownef, RAmgrio.an Pawest 2675272, 1954.
Also "ec Abstract Jni1. Ohou-, No, 23, 64;

09, Ob~omu Ztý 42. 1918 28 ,

-490, tflrarsga*!O'9,,, Mot & CrLyU 4 19Tv12A

4(W-n Then., IL, W.h9 Mjxlrtes,an, If 2~,5&

'195 3c~



4"' My~', IfestR , Rett11rgla, 39, 1948, 57,

496. haw&lav X., 0 aOekp :., v atbi~v Liaty, IIt 1956.9 654
497 jkmith,, D.9 Ogden, M U., ff.., It .) Metals, 5p Beat,, 2, 231, 15.33.

am* also oo114otioni of tz'aulatious, L.IaiAmw, FL4 Part TII 19546 77.

498, Ye~einko,ý V. P., Titani~ia and its alloys, haaM. SOL. UIm. SR Xievp 19J55

4~95- S.nwr-ftit# D.3, J. Inst. Me~t. 82, 1952, 73.

500, Diwea, P,v frau, Amer. so*, Metals, 4.5v 1953e 930~ MVefl Progress, 60,
1952, 246,

501. Crcess, H.p Metal Progreass 55, ;949v 356,

502. Produot biginoeeings, 20, 1949, 129; see also colo~otion of tranmIU1~nor ",AL
"IT4anmium"' No. 1, FL, 1953, 14.

504- ftirnovat V. 1.j, *An Orsont, B. Pe, 9Proca Ac". Sal, L '%,. 96, 1954.v 557a

505. Smrnioyaq V. Z,3 and. O'rmontp B. P.1, Proc, Load., Soi.,; USSRp 100, 195%, W2,

506, S~msonovv G. V., and. Ruia V. 3. Lectures of 1Tb'. S5R Ioa. Sol.v go. 2,0J
1957, Ac. Fai, Ukz. 59 Zý47.

507. Scxrmv C~,, GordontP, U uwmrnann A,,o 3. Met&-Is ltb (I)v 19509 195. 3..
also ooll.'0tion of' translations "Mb, and, Ta"r, FL; 19ý54 107.

500. Kelr I,, Res. Lab. Hap., NRIP-6409 195t.

510. Schonb~rgo XE, Act& ChmV. Sc - 8, 1-954t 627.

r511. Toma1yar~ow, V. 8., Go41nj Tu. G. acs-4 1ý8stivkhip A. I., Atarlý 4'nry
2945 42.

14, Ukbo a* IL I, W- nA widn. loro A 9. Ifk11. 1,6 La.-vz 3,31. Vum1at sv

of~~~~~~- TeL -. MA ~ 940IP5

10 _w-i43!2196

t.6ý~~~~ Kev'*ý-np A Y4.0 n'Iý V ~ -91,



IV

517. Drewer, L., 0rkra ,j,~ r -To100 1%~. o. .03v 1956 v

518.8 7irridovs I. Is, Vnt IR lasov, Vir8, Be nl.W inorg. Chop. g 2,1 1957, 2762.

519. Koval'.ki~j, A. Ye,, wAn Thenkly, Ta. 8.,, Jul. Pbya. Chm. g, 1946,, 769,

52)- Slaasonov, G. V., anM Neshpoz'ý V. S,, Proo. knas. 801. 101g, 195,% W99ei

5 ?. Samonovp 0, V,, andi Neshpor, V. S.0 vnl. Phys. Mes 29, 1955, 846w

523. Kornilav, .4 Lt, and Py1ayevav To I,, Proo. Aoa4i. SOL. 79, 1954v 455.

524,~~n~',I . MP1yv- e , ~1 nr Mon.u. 19 1956,38

525. %~attic) Sn, dar? F,,, Trans. ASK, 35, 1953, 397-

526. E~wards, R~ Rains# s'., Plansto Pro4. 1953o 232.

527a Ga'dblort kq IStallu2'g±1g 47s I1,53 10

528. Meovn ,-; A.,g 2aumuonove Go Vo KoýOnkT R. .-. t n m , T.p

In collootion of ý,tansuhtions of XIiatsvetmezolatav 259 1955g, Metale.
1uris4&ti 200,

529. Lldasm W. Hamitje~l Ro YAm. C~ranSa.. OOq 359 1.95?9 336.

W530. Sohonberg, go, Act4 Chem. Socadn&, 8# 19f4. 6,20.

531, Rakovskiyq V. S., an4. "tiers, No~~uct~ of b&aA alloys. XG47

lurgisdat, 1934,

532 Saanberg, W., Aota Metali fila 3P 19'78ý 14-

533. Sahonbarg2 N1,, k;ts Chem. Sc&n4,p go 1951t 213.

534. ot&al PowO,. Repor-t, 6, 1952,99

5K L, Nurtorqn~ J.~ 5 (Sact. ii), 1953t U205.

53- Gaova, I' Wj 
44ia whr~ gt

30, o ~-~J~

tu r, P 4~ q!- 4 "b

22 ~ Rfs*



l42. tao Tr, Act* Mu ur icas 19539 A~

3 43. lieffer, Rot POW&, metalL. DMll., 6, 1951, 2t.

544. mtug 0.,Kieffer# R., Kntekv 0., 0Berg- MAn Juttsumazll Rho., 96,

119516.,

j5430 Ko1miloy, 1. 1.9 Pr~oo. AcmA. 3a.v* 57, 1949, 1037.

546. Sawaz1ng A. IL., Origo'asho R.. Not and Telyutin, V. P., Colleation of frea".

Of XIS I*-, Stlin, 25, 1946,-

547. IeeWmetail 5, 1951t 155.

548. Xoiuuant R.9 C. R-, 134, 1902, 411.

549. 0111ort X.0 hA.!iomm Patent 2492204, 1949.

5,50. Primers 0.9 sohumTpp , Z. Pb~ys. Chm. 68, 1910, 129.

551. Biltst v., vOigt, Alt Z. anorg. Chem.g 120, J922, 710.

552- Bolto:, %as X. Zlekohrooheii., 13v, 1907,v 149.

553. Lspitskiyq A. V., St*panov, B. A., and Pohelkina, 
IL. A., JOC, 25,

354. L&Pitsk1ir, A. V,., Spitsynt V. X., and Pche1kin, Va,, and '3iinanovy Tu. Po,

JnI. Inorg. Chm. 1, 19569 1776,

~555, Wilim Do$ T'ci, , rans- SMs, 50, 19589 1081.

556- Smuru! ril u,, r Ikde , v Angew, Crtemio, 70", 19581 So- 2.

MA1TA HWI

115 f row top mcr~crver ntrog-s ov*oerg a 00

8 S fr-om tof t.i r Z. clý,,B 2v 0fL~~¾ et 9$ 13 f o
9I ;?0~ f k o

-foIo, t i'ntn 4 .tt j
I---or10


