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FOREWORD 

This publication'was prepaid under contract- for the-- 
Joint Publications Research Service as a translation' 
or foreign*-lahguage. research service to the various 
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The contents of this material in no way represent the 
policies, views or attitudes of the U. S„ Government 
or of the parties to any distribution arrangement. ■ 
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SINTERING CHROMIUM BORIDS 

/Pollcwisig iß  a translation of an article by P.S. 
K'islyy anö V;,S. Ntsshpor» la the Russian-language 
periodical &&^J^£.*\^^ 

:   (3-c-^aor Metal Materials and Methods of Investigating 
ihca~~Rofere.ace Material)»  Publishing House of the 
Acadsrsy of Sciences* Ukrainian SSR, Kiev 19?9, 
pages il-12A7 

Chromium bolide (OrBa) is a hard, high-melting- 

ia£t<srißl with metallic properties. The extreme hardness 

end stability of chromium bor-lde«, in combination with its 

ivssistancö to corrosion by gas and its relatively high 

thermal stability (a cylindrical sampl© of CrB2 with dlassater 

8 rim  and length 21EBI will, withetand 40 thermal changes with* 

out shattering)* permits u**ing chromium borldo as a refrac- 

tory material mä.  also in heat-durable and resistant alloys. 

Usually» chroraiius boriae is obtained in the form of 

B,  powder, during the reduction of chromium oxide by boride 

c&rbicio in.  a vecuttru or by direct synthesis from components . 

thfi hard state. Research has beea dona on the technology■. 

-4 ! 
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jical conditions for converting chromium boride- powder into" j 

the compact state by methods of powder metallurgy. 

The hsat pressing of chromium boride powder is 

effected in a laboratory press» in graphite press~moldsZI7. 

Compact cylindrical forms with diameter 8-10 mm and 

length 10-20 mm, with minimal residual porosity (less than 

3JS), were obtained by submitting powder to a pressure of 

l80 kilograms per square centimeter and to a sintering 

temperature of 2000t^(f Qt    Sintering occurred in 10-12 

minutes, 1'he forms obtained had a fine-grained, etchad 

cross-section wifchi a metallic glitter, without pores and 

defects noticeable^to the eya. For easior separation of 

tha forms from tha press-mold^ the latter, after the powdar 

was poured into it, was greased with a thin mixtura of 

glycerin and flaked graphite. Experience showed that, in 

the heat pressing of chromium boride powder, it was not 

necessary'to uso a special protective atmosphere - the 

carbon monoxide, formed during the partial scorching of the 

prass-mold, is sufficient to protect ths material from 

oxidation. The sintered chromium boride contained not more 

than 1.03$ of total carbon, when the original powder.con- 

tained 0,91$ carbon. 



1 . -** " 

Samplsc of. chroirlura boridej of rectangular shape» 

were pressed in a steely detached prsss-mold with the 

addition* as a binding* of a 5?= solution of rubber in 

benzine? under a pressure of 3-5 tons/square centimetor. 

Sintering of the pressed samples took place in a carbon» 

tubular stove, in a: stream of hydrogen, ihe samples for 

Eintering were placed on gr-äphita blocks* lubricated with 

flawed graphite, and -were covered on top with graphite 

plates to £usr-antss equal hosting and the prevention of 

uaoqusl siatering and distortion ss a consequence of a 

temperature gradient. Compact forms with a residual- 

porouity of not raoro than 4~S/» were obtained at a temp- 

erature of sintering of 2100-/ü^O" ? in the course of 15'-- 

20 minutes. 

Various properties of compact chromium boride were 

studied. 

The fusion taspsrature of chromium boride^ which 

turned out to equal 220Qt50*Cj was determined according to 

a resthed described in operation £g/. 

The limit of durability for compressiony established 

for naxiiuum loading.» which the samples withstood without 

destructionj during their compression in a hydraulic press 

-4 



'a.-.;/.'•:;:■::::' to 60-70 kilo^rama/square millimeter (according to 

data found in literature, the limit of durability of CrB?, 

for tension and bending, amounts to., correspondingly, 2.5 end 

■29 kiiogr&ms/square .miiimeter). 

The coefficient of thermal expansion of CrB;2, deter- 

mined öilatoaistrically, amounts .to 11.6*1(5° degrees"^'(during 

porosity of the samples of 2-3?*). 

The corrosion resistance of the samples of chromium 

bori.de (porosity S%)\  at 12CC C, was determined by the method 

of continuous weighing. 

After a 23-hour exposure at this temperature, the 

sample increased in'weight by 0.021$, in total. 

The  constant of the speed, of corrosion for chromium borida 
"10 

is 6„5"10   grams/square centimeter min., which is on the 

order of 1-2 less than for borides of titanium and niobium 

BibliosTAphv 

2.  L.Ya.„Markovs'«j.3/, N.V. Vefcshina, P.A. Shtrikh- 
-«ßß> Q^MV^.9IX  /Befractory Materials/^ No 1. 42^ 19J>7. 

3« V,S. iteshpor, u.V. SamsoHov, ZhPKh /]|hurnal 
prikiadnoy Khimii; Journal of Aoplied Chemistry/, 30, 
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EQUIPMENT FOR DETSÜÜTINI?fG THE KINETICS   OP VAPORIZATION 

AI© THE VAPOR TENSION OF METAL POWDERS  /    / 

/Pollovdng is a translation of an article by X 
^goorcheni:D_an-d Tu,B» Blmolovich. in. the'Russian- 
ta^uago periodical ^k^Lokox&gi^ 

Mi^iUL. (P°W£**- ^otai Materials and Methods of In- 
Vestigatirxg i'h<s^—Reference Material),  Publishing 

Kiev 1959, pragasl3-i647 j 

A Esetlioö. for determining the kinetics of vaporiza- 

tion ©no the vapor tension of metal powders has bean de- 

veloped in the Institute of Powder Metals and Special 

Alloys of the Academy of Sciences, USSR. Below, Is a 

description of the experimental equipment for realising 

this  method. 

ßn outline of the internal arrangement of the 

of.scvram chamber is shown in Figure 1. Vaporization occurs 

froß the plane surface of the heater 3» which is a band 

made out of tungsten or molybdenum^ heated by the passage • 

pf an electric current going into the vacuum chamber alongj . 

5 
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Figure 1 

Outline of the Internal Arrangement 

/the current carriers 25 cooled by running water. The 

sni^bee cf the band} on v/hich the metal powder is placed 

' Q t; thin Ip.yer, has the dimensions 2x2 square centimeters. 

The bsEid Is heated by the passage of a stabilized 

rvT'Tf.rit from a stabiliser of 5 kilowatts, which provides 

. a continuous rnc even terrroerature for the whole area of /  , 

£ o 



■•-.'-r:'; .■',? L-.icT!5 v/Mcih rem: i:? .fist and horizontal during the i 

i" e.?.T 5 Mg process thanks to the v,s^  of a tension spring . 1. 

The temperature is measured by a platinmr.-platirruK- 

rhod:un or ehrcr;ei-~alv<n:ai thsrir.occuple', temperature control 

:U all so possible by a optical pyrometer, effected through a 

■:.:U\o.c\'-i  in the vacui-r, cha/Mher, 

The vaporised stoas coodansG on the glass plate, with 

-;..-..: vapor In the vacuum v:ith the copper electrodes 5f:hich is 

firbr deposited on it. The places of continuous contact of 
j 

t;he'»£ii.:?t\£ cirordt *ith the dust covered electrodes* which 

iuust. have considerably lese resistance than the condensate 

he'np; soucied, are -hov/n by pointers in Figure 1.  The 

oimensdioris of the söc'-ion on v/hich condensations occurs', that 

i.£j of the condenser also, are 2x2 square centimeters(cross- 

haoched in Firurc 1) , which is provided by the use of a 

specie! diaphragm, placed in front of the condenser (not 

shewn in Figure 1). The glass plate is tightly pressed 

against tne, polished wall of the cupper block 7, cooled by 

pps  ov max viev; of the vacuum chamber, together •with 

th« chiffosion .puapj is shown in Figure 2. The vacuum inside 

;r '-■;. croat.ec by the action of a Fsrre-vscuum pump PVN-20 and 

a o: if fusion pump TsVl-lOö and attains 2-l.o"^ mm Kg. The / 

■inf—.^.■I.J,.,I...^^WJI--'M <; 



IsysWw of fee valves end two pumps, RVN-20, provides tho  | 

poosibil&ty of emptying aa3 filling the chamber without 

cooling of tha diffusion puzap, which decroases time batweea 

experiments up to 20 ~ 30 minutes,, In the chamber, there 

Is also a window and three mobile connections, which r 

permit:■ various manipulations inside it» Thanks to the 

connection of the evacuating syst.*» to the side wall of the 

chactbar, it was possible to introduce» 8 leods into the 

chamber., through the bottom of it, to which are connscted 

the ends of tho thermocouple?* the circuits f or( nea&nriag 

the electrical conductivity of the condensate» for the 

heating joint and the block, which is cooled by water. 

Ther* &re apertures for the connection of the lamps of 

the vacuum gaga»In the lids of th© chamber and diffusion 

puap. Tho walls of the ehas&er-ara cooled by running water. 

Operation of tha equipin&ftt consists of the following stages: 

1. Dusting of the copper electrodes on a specially 

cut out ana cleaned glass plate. During this» copper 

powder is placed in a thin layer on tho molybdenum band 

of tho vaporizer, T?hieh is hoatod in the vacuum at a teaap- 

era two of 1000 C» The-, obtaining of the necessary dimen- 

sions of electrodes is "eidfe possible by tho use of & . 

special diaphragm, placed in front of the glass plate* 

m**i 
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2»    The 'application of a layer of .the metal being 

studied, of such a thickness, beginning from which the 

electrics! conductivity of thfa film is already proportional 

to its thickness. The sisQ of the layer is controlled by 

measuring its electrical conductivity. / 

3» The experiment proper,    /£> 

4^-J-fiirv-H-H-f-M» 

'5 i!» 

Figure 2 

(■■2/0 
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METHODS OF PREPARING ALLOYS 0?.TITANIUM 

_ CABBIga WITH MCLIBLSNUM 

Mo 

/)?oIio'/;lag is x%  translation of an article "by V.N. 
Sroaionko and T.Ya. Vslikanova-, in the- Russian- 

-±€JTgäBie  potrisffTüälHE&s&il^^ 

H^t^i&Xy Chowder Metal Materials and Methods of 
Investigating Them—'Reference Material)» Publish- 
ing Kou.sc of the Aoaderay of Sciences, Ukrainian 
SSR, Kiev 19595 Pfcgss 25-26*7 / 

/AS our many experiments have demonstrated, the 

obtaining of uniform alloys of titanium carbide with 

molybdenum does not appoar to be possible because of 

sharp liquation,  according to specific gravity. The 

experiments v/ore conducted in an arc furnace with a 

copperj cooled sole» 

The experiments conducted by us showed that alloys 

can be obtained by sintering in a high vacuum, with high 

tesperaturos, or haat pressing. 

For high-temperature sintering in a vacuum} the 

f -4 
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■sac:.;'" 

I briquets should bo pressed without a binding - plasticizer^ 

in ore er not to introduce impurities arid to facilitate the 

vacuum treatment» Optimum pressures for pressing are 7.5 

tons/square centimeter in a voiun?.e 60-95 by weight %  TiG 

and 5 tons/square centimeter with 5-40 by weight $ TiC. 

Optimum methods of sintering briquets of prismatic 

form 10x13x10 or 13x13x3.0 millimeters in a vacuum 10* -10"^ 

millimeters rt. st.\ by induction heating are shobi in 

Table 1. 

With more thah S0%  content?, of titanium carbide, the 

tenvoerature and sintering time must be increased still 

.;. Uj, w;i^,i, • ^ 

i, 

£afel§J!. 

Optimum Methods of Sintering Alloys of Titanium Carbides 
 with Moljbdenum_....,._,., .._ , , „._, 

CÖiTtTänt'"!fiG/r' M?~*2xposüre Time /,  IUI.. , Porosity?%  
"3 . /   Hours    /Before Sintering/.  After 

. JL~ —~ ~- -~-^ ► / .Sintering 
/t G 

0-15 2050-2100    2 36,      3-7 
15-50  2200      2 32-30       3-7 
60-Bo  2300      1 12 7-10 

The sintering took place in containers made of 

molybdenum plate (they were the heaters). Construction of 

the. heating arrangement in ■ shown in the illustration below. 

During heating« each of the forms is placed separately on 

a plate made out of tantalic plate« Maximum losses in / 
——i —4 
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»/eight (in %) during sin taring*)  as a result of vaporisation j 

of itiolybdonum in the vacuum (exposure tine 4-5 minutes)  are 

as followü?    Oj 0«5?  1*0?  ?■•? at corresponding temperatures 

l?00j  l800,  2G£05  2200 degrees» 

The  optimura method of heat pressing for ail compounds 

ia 80-2.00 kilogypisfi/squara eantiaeter,  23$08C, during 2-5 

minutes exposure 

* 

3 

-G   ^    &3.   H 

(*. 

ki\ :■) 

1 m$\i 
•1       a [■>->"-,"'£>•'   I ' 

Container'-Heater for Iiigh-Tsinperatur© Vacuum 
Sintering with Induction Heating 

;U-geads \1) Heater made out of molybdenum or Tantailc 
plat®; 

2) iSolybdenua s.hiold vdth lids having longitud- 
inal section along tho generatrixj 

3} Inspection tube (molybdenum or tantalum); 
4) Forms. 

The prosc-ing ^;3 accomplished on a laboratory 

lever prass» the construction'of which is dascribsd in 

information Letter No 26 of 19b7» Graphit© press-forms / —i 

„    X.<L ■»«— 



iu^fc :niUiniecers ware used? The porosity of the pressed j 

for:.us was within the limits 0-?';i. 

iven though in. heat pressing greater shrinkage is 

fittiii-neö than in vacuum sintering, for preparing clean 

,llov.;, without impurities, preference must be given to 

v.-.cuum sintering,, since heat pressing leads to noticeable 
v 

c^rhuriaation of the forms. 

It should be noted, that the optimum methods for V 

■oretaring alloys lie with temperatures, during which the 

liquid ohase already is evident. / 

'—Y 
6*70     ■_ 
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p^OiXCTio;; OF TIT^IüM MTKIL-E FROM sPüHGk TITANIUM 

77 T; 

/Following .is a translation of an article 
by jhS*'' VerlfeoKlyadova : in.'the' Russian-language 

■'''~ rlCöcical i^eta^lpi?crami_cfte,s_kij£_mat£Jj-J^y„Jl 

SXl.sly, (Powder metal materials and methods of 
Investigating Them—Reference Material)* Pub- 
lishing house of the Academy_of Sciences, Ukrain- 
ian SSK, Kiev 1959» page ^J 

Titanium nitride is a  hard, high-melting, tnermo- 

er.Ci  chemically stable compound, which permits its utiliz- 

ation for- the preparation of refractory materials in the 

composition of stable and heat-resistant alloys, of alloys 

of electro- and radio-technical use. and for powdering 

molds end\crucibles in metallurgy. 

In our laboratoryj a method has been worked out 

for producing titanium nitride out of non-conditioned 

sponge titanium, which !■;.  a waste product of production. 

Titanium nitride is obtained by the method of 

direct nitriding of the waste products of sponge with 

thickness of grains of 2~5 millimetersj at a temperature of 

14 
K 



'1200* Tor two hours s in equipment which has boon described j 

in the Information Letfcer of the IM8S, Academy of Scioncos, 

USSR, No 45, for 13*7. 

Typical ehsadcal compounds of nitride are shown in 

the follcv«:ln£ t&bl©. 

fto, of the Experiment /   H  7 "ST / Sua (¥IFNT 

CalcuUtßd for TIN 

■'I 

-1 

- » 
i,  ■ 

£ -•' \ 

77 . 4 (  I  o- 22*6 

78,67     2C.95 

78.70     20.30 

?S.60      20,40 

78.90      21.10 

100.00 

99.62 

99.00 

99.00 

100.00 

BlbW^ÖPM 

:U    G„B. Samsonov and Ys. S *„üisaft.skiy,  tz^^iSÄ» 
SjÄi^i&^.l^£Ä3&^ Compound of 
High-melting Hätal^/» Mete.llurglzäat ^Xadßtel'stvc po 
choraoy i tgvetn.oy jsetal-lurgil? Publishing House for 
Ferrous and Kon-Perrov-s Metallurgy/, 1957» 

62?0 
f-Rii i.'-a "t A'" 
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A NEW MKTKOD OP SSjtfJUFAC TURING RODS JUDE 

0? REFRACTORY COMPOUNDS. . 

/Pollowine is & translation of an article by V.V. 
Psn'kovskiy and G.37. Saiasonov, in the Russisn- 
lsnguage periodical U§^^M&I^^isMs3S^2^LMsiSI^ 

Ivia£gjJLfll3L. (Powder Metal Materials and' Methods of 
Investigating Thorn—Reference Material)» Publish- 
ing Eouse of the Academy of Sciences, Ukrainian 
SSR, Kiev'1'959» Pages pO-52^ 

The production of shaped articles from refractory 

compounds of the carbide, boride, nitride and siliclde 

type, Is acquiring greater technical significance. Such 

articles,, thanks to the high temperature of fusion of 

the- indicated compounds end their curability during heat- 

ing in air and in aggressive surroundings9 find applica- 

tion in the most diverse branches of industry - in chem- 

ical machine-construction, energetics, metallurgy, electro- 

techniques and others ßj • 

The most simple articles made out of refractory 

■■- ,    ""*' 
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1'ectf.nourcds *r-3 rod-.! with o length up to 1 meter and longer. ; 

However, the direct cztrnsicn of rods from the powders of 

refractory compounds, which is justified in the case of 

ratals ZI7, is not possible because of the negligible 

■  plasticity of carbide, boride, nitride and silicide powders. 

In the Institute for metal-ceramics and special 

alloys, a method was recently worked out for the making of 

pipes and rods out of refractory compounds Z3/% consisting 

of pressing by friction and subsequent extrusion through a 

spout of the mass made out of the powder of a refractory 

compound,nixed on s plasticizer (sizing), and of sintering 

the preparation obtained. However, this method requires 

preliminary vacuuming of the mass, which complicates the 

technology of producing the articles both in the l&bora-i 

tories &nd  under industrial conditions. In addition, the 

raw preparations require long drying before sintering. 

Perfection of the method described above consists 

in pressing of the preparations,without vacuuming of the 

mass. The use of an alcoholic solution of bakeiite, as a 

plasticizer, makes this possible. As the experiments 

showed, bakelite is a satisfactory plasticizer. 

For making cores from refractory compounds Cor 

mixtures of these compounds), for 100 grams of powder 

!of'size 10-50 microns, 2? grams of $5%  alcoholic solution J 



mmmmtmilm^i^. II ■■■■■ ■■ .till 

■■/;" "rv-Jv-'llf,« ftrö nood«d; In. the case of boridco and carbideijs 

<..T boron and silica, >';? ^ramy of a 3% solution aro needed. 

The mixture is pulvsrised to a moist condition (alcoholic 

con tent at the end of th'e pulverization must comprise 

i6-20;l}9 is rubbed through a sieve, with dimension of 

meph 2 millimeters, and lightly dampened with alcohol, 

after which it is readied for pressing« 

Pressing takes place in a special prass-forci, which 

is not differentiated} in principle* from that described 

in operation 12J*    The pressure of pressing fioös not 

exceed 5 tons/square centimeter (Table 1). 

/ J£s&l$JL - 

Pressure for Pressing Masses Made of the Pov/ders  of 
__  V'arious-Befraotory Compound*  on Bakelite     ____ 

I       '■ 1 f 
Refractory    B4q TIN: 2rEg j 60$S ZrB2      80JS SiC 
Material . I 40£ B4C 20£ MoSi2 

Pressure   J i 
of press- ' 2,5 2.2 
lug,tony   ; I 
so «era.. /\ 

i.5    s   2.5 
<^iU-1*»«, ,<m>   ,„ tmm 

Hods with a diameter of 6-10 millimeters and 

length 600-1000 millimeters were obtained by the method 

o.escribed %  it baing kno-m  that these lengths are not 

limiting« 

A.fter drying in air for 2-3 hours, the rods obtained 

4 
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art; place-:", in a drying cabinet at 60 C and dried for two  j 

hours with the'temperature being raised to 150* to remove 

the alcohol end the poiyeondensate of b&kelite; the latter 

*,omov.'hr,t hardens the raw preparation* After drying, the 

roc';,'--, «re sintered, in a Tampan stove in an atmosphere of 

hydrogen, or converted natural gas. For sinterings the 

roc5o are placed in graphite combustion boats, in which 

grooves hav&  been cut, which correspond to the diameter 

of the rods« The grooves are greased with a mixture of 

fieky graphite with glycerin to avoid the interaction of 

the rod material with the combustion boat. 

In the stove 5 the rods are exposed, preliminarily, 

to a teaparatur©'of $00i! -60O*for 30 minutes» for complete 

removal of the volatile products of the decomposition of 

the bakelite. The optimum aethoas of sintering various 

Baterials are shown in Table 2* 

In the use of this method, the car-burisation of the 

material of the rods et the expense of coking of the 

bakelito must be taken into considerations . the amount of 

free carbon in the rods comprises from 2 to %  by weight. 

This is not of vital significance in the production of rods 

from carbides and borides5 non the less, for example, in 

materials containing MoSi2, this amount is quite adequate 

J 
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'for tJ-.ft gon^r^tion of ;•> noticeable portion of the varying i 
i 

composition phase,  of the Novotnyy type phase  /?7. ( To 

stabilize this  phase,   the rods,  containing MoSi2,   are ex- 

pesec  to dusting, v;3.th altuäimiss oxide $  after sintering at 

lr)'OöJ f or 6 hoursi 

Dur lag sintering,  shrinkage of the preparations is 

on tha ordor of 10-20J«*  Porosity of the bars equals 2-10£, 

while for burs?based on silicon carbide,  for which sinter- 

ing is lfiore difficult-,  porosity reaches l8j». 

iris reethed is  also the principal one used in the 

production of pipes from refractory compounds. 

Me Uli^sJ^BJ^S££i££.:L&IP ißBS. RefXaSiS3X-S££ffi.Q3äßäS— 
%'p/p"""     ' Material Temp. Time 
/-o o' r> c r y a d ku; * 0 M in. 

.JÜL £££&Z/...-~~,  
'BAC """""'  "' 21>0 "~lj 
ZrBr 2^00 10 

6O70 'Zz\b2*4C$ E4C 2180. 10 
4 ■                   50>; Ti£^40^ B4C 2180 10 

TiN 2200 10 
80f* 5iC^- 20£ TiK 2130 15 
60£ SiC-+ 40?i MoSij 2080 15 

f>                      80$ SIC t 2C$ KoSi- 21o0 ljj 

j 

P 
\ 

J 
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£ij:2rX^Z3Mi%. 

1> Q*V. -SfSJasonov, 2&.B „Jjnanskiy, T^j^v&^ie'ejlr. 
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PRODUCTION OP NITRIDES OF REFRACTORY M3TALS 

9' /Following is a translation of an article by G.2/. 
Sarasonov, T»S. Yörknoglyadova* M.M, Anton.ova and 

Refer-once Matarialjj, Publishing House of the 
Acadeay of Sciences? Ukrainian SSR, Kiev 1959» 
pages !?3~55A/ 

Mtridss of lnany refractory metals * including 

niobium j tantalum, titanium and chromium, are beginning 

to ba used DIOI-ö and mors'frequently in modern technology9 

as chemical- and erosion-resist&nt materials, refractory, ■ 
end heat~resistsmt alloys, which well resist abrupt 

changes in temperature, &n&  also as conducting ©laments 

in rsdlo-eleetroniesj in bolometers etc. Technologically1} 

the simplest method of producing pure nitrides 1£  the 

method of direct nitriding of tha ponders of refractory 

metals.» This process is soiaev&at complicated hy  th© 

necessity of preventing the simultaneous .oxidation of the 
4 
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•powders "-f t'ifi totals Tjuiaii sltrldsd. The nitrogen v/as   ' 

passod through a special cleaning system (see diegran) to 

clean it of oxygen. , 

Nitrogen from cylinder 1 passes through copper 

shaving, heated to & temperature of 600-700 In a tubular 

stove 2 with a porcelain pipe. Then, the nitrogen passes 

through a system of glass cylinders 4,-with disxaeter 40 and 

length 900 millimeters, which are filled with copper shaving 

in a saturated solution of chlorine ammonia ln/aaaonia gas9 

which serve to absorb the oxygen, and cylinder Jp> filled 

with,diluted sulphuric or hydrochloric acid and designated 

for the neutralisation of the ammonia sapors being carried 
A 

by the passing nitrogen. The process of purifying nitrogen 

in these solutions can be conducted until the solution in 

the hext to last cylinder remains colorless. During 

coloring of the solution to blue, it is necessary to com- 

pletely change the solutions. During neutralisation of the 

aiaiaonia vapors? being carried off fro« the first cylinders, 

the acid solution in the last cylinder warms up sharply 

and ejection of the solution is possible. For this reason, 

traps 3 and J> are provided in tfcie system. For'drying, the' 

nitrogen is passed through cylinder 7 with concentrated 

H2304> after which traces of oxygen are absorbed by the 

«■*■* 
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ipyrovallol 3, Further drying" of the nitrogen is accom- ~j 

plished by passing it through the cylinders with concen- 

trated sulphuric acid and, furt.he.r-j with calcium chloride 

or so-ae other strong absorbent.9. 

The nitriding process takes place in the quartz 

reactor 10 with t//o walls for preventing the falling of the 

oxygen of the air into the working area of the stove. The 

reactor is closed by a rubber plug, from the side of the 

leading opening, through which a quarts pipe enters for 

Passing the nitrogen over "ehe combustion boat with the 

powder which is being nitric! ed, and also a pipe with a 

soldered end for tho thermocouple. Nitrogen, corning out 
• \ ' 

of the working area of the stove%  across the quartz 

connecting pipe, is directed into the external vessel, 

frorr; which it goes* through a rubber hose, into the 

Tishchenko flask with v;atecs which serves as a water sol- 

ution to form5 in the system, excess pressure and the pre- 

vention of the failing of air into the reactor through the 

entry opening. 

Pressure of nitrogen in the reactor is maintained 

constantly, during nitriding, and is regulated by a reducer, 

during bubbling of the nitrogen, at the outlet.'.in the 

TishcherJio flask. The temperature of the process is meas- 

ured by a platjaium-platinu-m-rhodium thermocouple- and is  ~\ 



regulatöd by" &n ölt;Ctro.aio ^otönticKotör, I 

As h  result of the research conducted^ optimum 

methods wer© established for producing nitrides of titanium, 

tantalUKu niobium*, and chromium, with their typical chera« 

leal analyses» as shown in the following tablet 

* 

Jfethocb of Producing Nitrides and Th^ir Typical Cbamlcel 
_ . Composition^ .      , , _ „'  

"^''TJlZ^AIasLSkuis.£^4^iuA- sum j Temp * of i 
Hitridöl  Nitrid-! Expos-i__,Jä&&_.----i ..■■>.»l IB»WMKf»Mitfui^^NA^(:.WW»'»-l| .- «^ — O 

ing, C '}• ure, ! Gale-    Produced! CalciProa. | 
I   Min.      uls- I I 

IX2Q0 ""flSö" "" W74 H 77.9 ' ""'22.fc    21*2 [99*1 
i j.,w [120      [86o2   I 86.9 13*1 '13*3. 1100 

TaN         1200 ! 90      [92*öX j «2.6 7.19    7.3      99*9 
Cr?!-T        1100 I s»0       Iö8,2    [ Ö?,6 11*2    11*3 I 98.9 

\ 
,*(AU 

In the interval of temperaturej 900~iQ?0v a mixture 

of the nitrides Cr^N and CrM is produced, it being known 

that,with an increase of temperature, Cr^nof a grey ccior 

with e metallic glitUr) becomes dominant. 

MbJsiqsrjiP,hJ!; 

l.S'J^5X..?Ia.J„/* November3 1957? Institute of Metal-ceramics 
?5nTli5p'ooiöT Alloys of the Academy of Sciences> USGH* 

fc2?( 
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