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FOREWORD

'This publication was prepared under contract for the
Joint Publications Research Service as a translation
or foreign-language research service to the various
federal government departments,

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,

PROCUREMENT OF JPRS REPORTS

All JPRS reports may be ordered from the Office of Technical
Services, Reports published prior to 1 February 1963 can be provided,
for the most part, only in photocopy (xerox), Those published after
1 February 1963 will be provided in printed form.

Details on special subscription arrangements for JPRS social
science reports will be provided upon request, . )

No cumulative subject index or catalog of ali JPRS reports
has been compiled,

All JPRS report- are listed in the Monthly Catalog of U, S,
nt Publicatiuns, available on subscription at $4.50 per year
%si.oo %oreigns. includin, an annual index, from the Superintendent
of Documents, U, S, Government Printing Office, Washington 25, D, C,

All JPRS scientific and technical reports are cataloged and
subject-indexed in Technical Translations, published semimonthly by
the Office of Technical Services, and also available on subscription
($12,00 per year domestic, $16,00 foreign) from the Superintendent
of Documents, Semiannual indexes to Technical Translations are
available ut additional cost, } '
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ARTICLES ON SOVIET POWIER METALIURGY

(Following is & iranslation of several wticlu on

powder metallurgy published in
S88R (Reports of the Academy of Sc s

Izvcatiya Akndemii llauk SSSR (News ot the Acw

ciences:
z;vede Teve

Iur%& ws o
Non=Ferrous Motallurgy and Ferroua Meta.u.urgy aer&os)

and Vestnik Mashinostroyeni 15 (Herald of Machine
Building). Bialiograpnic
individual articles.]

TABLE OF CONIENTS

Bultshin, M. Yu. and Dubrovskiy, &. P. Some Aspects of
the Wostabtc ];"ref.'-sinf; of POwﬂeI‘s...- ssc0tsrs0qtsatens

Zbabrova, G. M., Kadenatsi, V, M., Azizov, T. 5.,
Gordeyeva, A. A., Glozuaov, P, Ye. apnd Gazalov, A.A.

A adiation Method of Preparing Finely Divided

Metals mld D d e s canvssesetstssansecscssastosnsbasnsonnss

Begling, L. V. ané {islyakov, I. P, Wetiing and
Troregnation of Brigucites of Titanlwa and Ziccouiwum
nitrides by Mclten Cobalt and NicKkelissseecescesossasnsas

Nikolayev, A. 8, “auses of Lhawination Cracks In
PIQF;SiIA(-bu Misde i HF‘V,J POWEEY S aeceosesvnsasevsnsnssenney

plotkin, . ‘Yu, aad Namsonov, G. V. Pressing of

Metal Povf.:ierlln&o¢ooo-.onut .nc.l...'..'l‘C;t‘\ococtl0!00‘."'

!

e

crmation 15 given with

- 19

Page



T g g sox = gy

SOME ASPECTS OF THE HYDROSTATIC PREBQIHG OF POWDERS
M. Yu. Bal'sbin and A. P. Dubrovskiy '
Presented by Academician Boohvar 3 August 1960

Moscow, Doklad: Akademii Neuk SSSR (Reports of the Academy cf
Seiencea,'ﬁﬁ!ﬁ*} VoI 135, Wo ¢, 11 Jammary 1961, pr 332-235,

_ Hydrostatic (isostatic) pressing of pcwdnrz [/ has so
far been used only up to pressures of 10-12 kg/em®, which gives
no proper basis for formulating the laws governing the behavior
of powders in response to such preesing.

We have used preasures of 10«00 kg/nnz with powders of
e.ectrolytic copper (poured density 1.82 g/og’, tamped density
2.86 g/om’), vortex iron (1.72 and 2.5 g/ewm3), electrolytic
nickel (2.57 and 3,70 g/cm3), snd reduced molybdenum (tamped
density 3.22 g/cm3). The particle sizes were leas than 10 i,
except for the iron (particles < 90 u)s The powders were
pressed intc rods within elastic sheaths (initial diameter
11 mam, length 65 mm; linear dimensions reduced by 25-30% by
pressing). The specimens for use in determiuing the strength
in compression were cut irto cylincders having a ratio of height
h to diameter D of about 0.7; vreliminary teste on specimens
cut in various orientations from large pressings showed that
the strength in compression was the same in all directions.

The pressure was applied perpendicular to the ends in the tests,

Conventional pressing in steel dies waes used at the same
pressures on the game powders for comparison. Specimens with
h/D % 0.7 were used to measure the density as a function of
pressure for both methods of pressing, the density being

1:f.naured by weighing in air snd in 2 liquid.
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, The conventionally -]
pressed specimens were tested
in compression along the
pressing axis (cylinders 15 a8
in diemeter haviag M/D 2 0.7)
and at right angles to that
axis (rectangular blocks of
side a perpendicular to the
pressure of 6 ma).

Figure 1 shows the
relative density @ as a funce
tion of pressure p for both
fords of preseing; hydro-
static pressing is clearly
slways the more effestive.
The reduction in the pressure
needed is especially pro-

Fig. 1+ Relation of & to p for nounced for fine and hard

a) hydrostatic pressing and b) me terials (nickel and molyd-

ordinary pressing; 1) Cu; 2) denun; hydrostatic pressures

Pei 3) Mi; &) Mo. need be 30=-%% less $0 give
the same density), the redue-

tion being some 20-30% for fine copper powder. The smalless

o;f;a;)oceurn with the coarse iron powder (reduction of only

.1' °

PFigure 2 shows log 6 in relation to log p for both forms
of pressing; thae relation is linear, so /2/ the relatioa of @
to p may be put as :

=0 | (1)

in which Ppa. i8 the maximum pressure (that giving @ = 1) and =
is a constant. That is, the resistance to deforaation is
specified by Py, and m (see Fig. 2 for values of w), which are
larger for hydrostatic pressing, except in the case of Mo.
Table 1 gives pyax together with the hardness of the metals;
the p for the softer metals (Cu and Fe) are almost the same
for bgtﬁ methods, but those for the harder metals are less when
hydrostatic pressing is used (by 2u% for Ni and by 32% for Mo).

Table 2 gives O (the strength in compression) for Cu (a
typical soft metal) and Mo (a typical hard one). Ordinary
pressinge gives considerable anisotropy in { the ratic of 4, :

L}o o4 is particularly large at low pressurss, and it is larger '
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Fig. 2. gelation of log p to log ® for a) hydro-
static avc o) ordinary preasiag: 1) Cuy 2) Fey

3) Ni; &) Bo; m: fa) Sa65; 2a) 5.26;  3a) 5.5;
La) Sobs ) &005; 2n; 4.663  ApY K.R2; bY) S5.33.

for Mo (nhard) than for Cu (scfs). A hyorostativally pressed

naterial has the cane strength in all directions, and thie is

roughly equal tao tne highest sirength in ordinary nressiag
(for Cu) or rather larger

Tabl
takie —  than at (by 20-130% for
3 Hy, g/ P 1 Ke/mé Ma) e
. AR, 1 W, G H73ro 1 ord., In ordinary presg-
‘ -1 Py ing, the pressure p is
Cu gf to jgg jiﬁ ;fg readuced by an amount Av
{g % Yo 0l aoy | 8% 8 result of f{riction
Ii ' 90 " 250 17 ;; at the walls of the die
Mol 150 | 270 | ahk | 360 | g3y,
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in which ¥ (x 0.3-0.4) is the lateral pressure coefficient, h/D
is herer0.7, and y (the coefficient of friction) is 0.15 to
0.35; then Ap/p is 0.1 to O.4 4in our case, so the effective
pressure is 10=40% less than the nominal pressure. This shows
why Puex for hydrostatic pressing is leses than that for ordinary

Table 2

o for ord. pressing, & for

Preasure 2 \
Material 2! k§(°' o, /C hydro,,

kg/om n7%s

a/ . l( L k‘/l-é

Cu 10 4.68 O.74 6.3 b.26
20 9.53 3.18 3.0 8.24

4o 19.4 10.1 149 15.4

é0 224 13.8 1.6 22.9

Me 10 0.28 - - 0.33
20 0.34 - - 1.94

‘00 “-35 - - ?05

60 12.2 1 e 12.2 18 .1

pressing (by 1% for Fe, by 32% for Mo).
Paax 48 determined mainly by the hardneas (internal strength)
of the particles, being between the hardness values for the
anncaled and anaximelly work-hardened staten in mcst cases.

Table 1 shows that

Only in the case of molybdenum (the hardeet metal) is pgp.y for
ordinary pressing substantially greater than the hardness in
the maximally work-hardened state; this is to be attributed to
frictionad losses. The difference between the p for a given
degres of compression also corresponds with tke p, . snd n for
hydrestatic and ordinary pressing.

There are two explenations for the differences between
the hard and soft nretals.

1. The friction and frictiocnal losses in the dies are
muon larger for the hard metale, in whish case the differsuces
in the puax and p would be larger for the harder metals., This
was tested by reference to the ejection pressure for h/D = 0.7
for these powders (the pressure is almost eaqual to the preesure
loss at the wall). 'In every case the ejection pressure was
L}boue 40% of the total pressure (38K for Mo, 41% for Cu), se thie |

e e ————— ¢
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2. Seisure of the particles of the softer metals /Y
appears more probable, for this greatly iacreases the adhesion
between particles and henee the internal friotiom (e.e., the
resistance to deformation). The effect is ebpecially preainest
in the hydrostatic pressing of soft metals, for it operates ia
all directions here, wherees in ordinary pressing it operates
in one direction only. That 18, Pyuy differs little between
hydrestaties und ordisary pressing for soft metals (the absense
of exteraal friotion is balanced by the higher intersal frietien)
bt differe greatly for the hard metals.

That is, hydrostatic pressing is especially ottnnn
for forming hard-setal powdere to high denasity and streagth.

Baykov Institute of Metallurgy Received
Acadeny of Sciences of the USSR 12 July 1960
XNSRARATEY. .
. b :5 Borok. Coll.: - Pewder Metallurgy. Yaroslavl, 1956,
Pe 7.

2. M. Yu. Dal'ahin. Seience of Netal Powders. Moscow, 1948,
3. Ao Po Semenov. Sedsure of Metals. Mesoow, 1938.
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A RADIATION METHOD OF PREPARING FINELY DIVIDED
, METALS AND OXIDES
G. M. Zhabrova, V. M. Kadenatli, T, 8 Azizov. Ao A,
‘ Gordeyeva. P. Ya. Glazunov, and A. Ay Gezalov

Mosoow I:vusthnAkadumii Navk 388R (' News . of the oadn.y 4
Sidenese, USSR), Vol to 3, Sap 1562, 57 69000, 592 - °

Some problems in the use of active asolids involve a deci-
sion on the conditions of preparation that give the.maximum spe-
cific’ surface. ‘The last stage of preparation is often a topo-
chemical deocomposition of some compound (salt or hydroxide, say)

“or a reduction; but such processes require high temperatures, at

which sintering accompanies the formstion of the new phase. This
often causes difficulty 1n the preparation, oopccially for oxides.

Radiation-induced deccmpoeitton of a solid compound occurs
at much lower temperatures /i/ and so may not be associated with
sppreciable sintering. This makes it of interest to examine the . '«
radiolysis of salts and hydroxidee for the preparaticn of nncall v
and oxides as powders.

We have ussed the hydroxidea of Zry Fe, snd Al, as woll as
rickel oxalate, copper oxalate, and bzeic copper carbonate}
these were made in solution from the nitrates with ammonis (hydr= '
oxides) or oxalio acid (oxalates), apart from the copper carboe.
nate, which was the commwersial chemically pure grade. * The
gource was the electron beam from the linear accelerator at the '
Institute of Phynioul Chemintry, Academy of Boiences of the

‘USSR,  The specimen (1~2 §) was placed in su aluminium eell

fitted with sn external ceeling iackoty this cell was closed
with an aluminium foil (10 uuﬁgn )thwmﬁﬁyghgpsa.'. of the layer ?

PN L A ot et e s b A ey Mk @ $rme o o e PRI + Anem,
. ¥ .
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of pc-dor corroupondod roughly to the oxtroﬂ, range of tho cloo-
The cooling jacket wes fed with water for dose rates up

crona
tow1 0k ogd/-oc
up toal

rad/sec.

roa . o

oo —

§ liquid nitrogen was uced instead for dose rates

These measures ensured that the temperature

of the powder did not exceed 4L0-30° (as read by a thin chromele

alumel thermocouple placed in the middle of the layer).

The

irradiations were performed in air or vith nitrogen flowing over

the speeimen,

The energy absorbed by the spscimen was measured dy pla-
eing between the window of thd accelerator and thé sampls a meai-
tor iorigation chamber having walls of aluminium f0il almest

transparent to electrons [¢7.

The chamber was calidrated by re-

ference to the current reaching an electrode placed at tie bottem

of a glass cell.

The fonisation current was kept constamt. .

dose rate was caloulated from the current reaching the elestrods

in the glass cell (without s specimen);

in some cases it val

checked by mesns of ferrous sulfate and cerium methods.

The irrediated specimens were subjested to kimetic and !- ‘

ray analysis to determine the extent of conversioa and the phase

composition of the products.

Tae specific surface of the oxide

‘or metsl was determined from the adsorptiod of u-p.ntanﬁ. bcn-
sene, or oyelohoxanc st 18°, and also with krypton at -196°,

‘Table 1

. 'Specific Surface of Solids Formed by Rantolyail Pyro-
lysis from Iaorganic Compounds .

oo-pocition was PeOOR after drying.

pounds showed appreciadble decomposition after a:;;.
rnd. doooupo.ittua boiu; cxecnnivb for onou ot

[
o:ooodzng b

7

e

. !

Initiol Rediolysis . Pyrolyotn
Q

| ij‘.'; “:: Cond. Comp. |w?/g| Comd. | Cemp. Jf-!;;

zx-(on) 6 x 107 rad | 2r0, {300-| Adr, 20,
| n air 350 | 409 | ;
1r.(om3 1010 rad o0 |50 | Adr, ] Fe,0, | 10,
gn air ‘ 430-500° N
mczoh.an ¢ 0V rad Ni 9% [120 | Vecuum, | N4 95% | 10
in X, N40 5% 280° FiO% |
CuC,0, .HE,0 (5 x 107 nd cu 98% | 60 | Vacuum, | Cu 90K | 5.

o in w,0 2% 280° cgﬁg 108

CuC0, . Cu(OH), |7 x 10 rad | c§ 4 | Adr 1 a0
. ' in uir - '

~ o
' 'x-ruy analysis by M. !a. Kushnersy indicates that the ,"

ot e ot

-
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f‘iol° rad. hnhioiycia at low tolpornturoi |tvn1iniulr thi .itul(

from the oxalates even in air, whereas pyrclysis im air at 3
 350° gives the oxides. B -

The ppecific surface of a metal or oxide made by redioly~
sis was usually much larger than that of one made by pyrolysis,
especiaslly for the oxalates, where the ratioc of the twe was 10 or
more. The hydroxides of Zr and Fe gave oxides of high specific

surface, dut Al(OH); gave the same specific surface as by pyro-
lysis st 4L0OO-450°, .

Conclusions

1. Radiolysis of solid hydroxides, oxalates, and carbo-

nates at low temperatures produces finely divided metals and
oxides. '

2. Metals and oxides made by radiolysis have specifie
 surfaces greatly exceeding those of the same materials as made
by pyrolysis. . .

Institute brwwu 7 Recedved
Institute of Physical Chemistry, 6 April 1962
Aqadimy of 3ciences of the USSR
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WEITTING AND IMPREZGNATION OF BRIQUETYES OF TITANIUM AND ZIRCORIUM
NITRIDES BY MOLTEN COBALT AND NIOKEL |
L. V. Beylins and I. P. Kislyakov
(Department of Rare-Metal Metallurgy, Krasnodar Institute of
Nonferrous Metals)

Ordxhonikidza’ Tzveatiya Vysshikh Uchebtnykh Zavedeniy, Teveinaye
Vetallurgdys - (Nevs of Kigher zcucational tontitluilons, Mon-ferrous
hnEeIIurgyg, o 3, 1982, pr 229-13l

Combinsticne of the bard and refracstory carbides, nitrides, borides
and gilicides of unetals cf groupe IV, V. and VI arc of intereet as new
materials thet are hard, heat-reeistant, and wear-reaistant [i-19/.

Carbidee of theoe metals ere now widaly used in hard slloys, but
1ittle work has beon done on the nitrides /il7, sc studies on methods
of preparation and properties are of considercble interest. In parti-
cuwlar, this spplies to wetting and impregnation by metale of the iron
group and also %o sintering; these toplcs are coneldered here for tha
pcwdersd nitridea, nickel und iron being the netals used.

The nitrides were wade from the metsals:
Me 4 = Ny = Me N

or from the cxldas: 1 ‘
M0, -+ 2C+ w5 Np =z MeN - 2 CO.

The netsls and oxides wers staniard commerclal gradee, The ti-
taniur powder waz not less than 98% pure, the main impurities being
nydrogen {sbout 0.54), Ca (% 0.05%), and nitrogen (¥ 0.07%).  The zir-
conium powder was not lees than 98% purc, the main impurities belng Ga,
0, 81, ard T4 (0.3 - 0.5% each). The TiO, wap of 99,5¢ puriiy, the
impurities being oxides of iromn, silicon, and sulfur (0.1 - 0.25% each)

Lind PO, (P 0.053).  The 7Zr0, was rot, leus taan 98.85% pure, the main




B N

r:npuritiu being 810, ($0.358), Cad ($0.2¢8), 110, (}0.58), ud—j |

The nitrides were made from the mtals in & resistanes furwase
having an alundum tube and & silite heater; & furnace with a grephite
tube as bester vas used for the cxides. The nitrogen was purified bty
pussage over heated copper turnings, then through a titanius tube, and
through & column containing silioagel apd phosphorus pentoxide.

Table 1 givas the compoaitions apd latifoe ters- of the products
(the Xjehldahl method was used for nitrogen). ‘ "
. Table 1

Total Free | Theor. | Meas.

H
t

Witride of 3 t.oio.

T4, from oxide " 20,2 | 117 | 0.22 N PV TS
Zr, from netal | 13.31 12.97 | - ‘ - |aser {asm
Zr, from cxide . 977 1238 | 014 | " R

» s
Brror 0.1 ~ 0.28 " Brror 0.2 - 0,5%

Tae metale wers nitrided in Wo stages, the tempers belng
raised slowly to the maximum Ui esoh stage (1100 and 1150° respestively,
first heating 3.5 hr, secomd 10 - 15 min., time at first saximum 1.5 M,
at second 1 hr). The oxiSes (mixed vwith lamp black) were Aitrided is
threc stages at 1600° for timee of 1 hr, 4 hr, and $ hr, the time to
reach the meximum temperature being 1 hr. The mixture waa broken up
and ground after each heating.

Table 2
Grain-Size Distribution (%) . _
Nitride of B . 0o . b ¢ e s - Si'g’ ~ . f o e L e -
n2.4 ‘ 2|4"306 L 306“‘408 * 403“’ ‘L M
S ——— '
T4, fron metal 3.2 .r 33.9 | 2244, b 12.2 2.95
T4 from oxtde | 54.7 i 23.9 | 125 . 8.9 2.45
Zr, from ‘.m 37'4 2504 ‘ 1507 2105 3.2‘
j Zr, from oxide 52.1 : 19.6 : 12.9 15.4 2.47




1t 4a not possible to sake nitrides approsching the theoretisal ecal~
position from the oxides in the presence of carbon.

&opm rmrodmmm'whndloby%‘
s 5% solution of rubber i bensims (2 ac per 100 g) m
éried for hr at 80°, and qliml78mindhaliﬂlﬂ6n

vers u.mmua porcsities not
mes of titaniuvm nitride was O, cnaﬁthoprumml‘ IR
sorresponding figures for sirconius nitrids are 1.2 g ebd 1.2 Vuﬂ

Table 3 'fhe ‘specineus vare beked
mh@&mw 0 a2 VAGIE dven MW!
T gless buld and & molyte

Bitride on“tm‘ 1 Onung 2 denum heatsr to inorease

of c min ¢ min  their streagth snd remove
‘ the bonding sgent (Table 3).

4 500-600 45 1400 @ 60 Table 4 givn the limite
L . o 1450 i 60 oftvn.::tioa o!‘;' the pore~
i e ity densi as well

#ras.poessure Hg col: 1-—2'10T as the ccnpocitlzml.
Table 4
Preparation of Briquettes from Witrides

The proportion of

"""“‘W ~ aitrogen is less

Prope TS s than theoreticsl
Ty 2r fro&%uinlyunr«’
Porosity, # gult of the resi-

pressad 23~38 39=42 42=45 dual oxygen,

aintared 31=34 38=-39 37-39 though there may

8. g., g/om’ have beer a ten~
proased 3.2-3.3 4oO= .1 2,.8-2,0  Gdency for Male=Me

gintered 3.4=3.6 hel=b.3 3.2-3.3 solid solutions
K % to forn as & Te~
before 21.6 12.97 20.20 sult of decompo~
after 20.77 12.45 15.02 sition of the ni-
Yormule, .. tride uud:i m-f

before TiN 96 ZrN uum. Both ef-

L after rmg m" g; TiN° 89 fects can affec
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F,.ho wetting by molten metals; the first tends to hinder it and the =™
second to facilitate 1t, for oxides ars usually lese reedily wetted '
than clean metale. .

...,_,T _.1 L The specimens were teated for

( /‘ { ! , wetting and impregmation with nlokel
I‘/

"'} sure being 1-2 <« . Hg. A thin preesed

disc of the powdered metal was plasced

on top of the specisen, which rested

and cobalt in the furmace with the
| N A i\ on an alunina plate. The temperatum
—d uy_!..gi‘ s vas measured (with an optical pyro-
4

molybdenum heater, the residual pree~
meter) and the metal was observed via

5 ‘ the gluss bulb, there being holes in
Fig. 1. Apparstus for the heater and screen for this purpose
impregnating briquettes: - {(Mg. 1). This gave the temperature
1) drop of metal, 2) of the drop of metal to * 209C; the
specimen, 3) molybdenum correciion for absorption in the glass
soreen, /) molybdenun was taken as 50°. The cohalt powder
heat.er, 5) Al,0q support. had the following compoaition (%)

99500, 0.22 Ni, 0100, 0.01 C, 006F»:, 0.04 Si, and 0.07 water; the
nickel: 99.56 Mi, 0.07 Co, 0.10 0, 0.0l C, 0.056 Pe, 0,04 sa,oom C; 0,14
vater. The speo.inens were brought up to temperature over a period of

45 min and vwere kept at temperaiure for 30 min; Teble 5 givos the re~
sults, including the mean contact anglen. Figure 2 shows the micro-
structure of impregnated titmnium nitride.

Tavle 5

Impregnation Teats

Co ‘ M
o Porosity, % Angle, o Porosity, % Angle,
before } after deg before | after deg
TiN from metal '
1490 32 7.9 23 1450 34 20 36.5
1560 31 8.4 - _1520 34 3.7 -
TiN from oxide
1490 37 - 1450 k7 kx4 -
1560 33 38 69.5 1520 E14 37 47.5
1640 By 37 - 1600 K14 n -

- . -

e 12 S




Lo

1560
1640

¢} Co, x 1500

Sections of TiN briquettes impregnated with a) Ni, x 600; b) Ni, x 1500;

2.

ivailable Photograrh

ZrN from metal

56
28

not suitsble fer

reproduction/

.o

13

-
34 38 @ -
39 39 . 22.5
39 39 -

It was not always possi-
ble to measure the contact
angle at the highest tempera-
tures on acoount of pronounced
bubbling of the metal. The
values given are only approxi-
mate, on account of the eamall

" number of measurements and the

porosity. However, the im-
pregnation is reasonably com~
plete, and the angles are less
than 90°, 30 wetting does
oceur,

The metals give nitrides
of more nearly stoichiometric
composition, but the nitrogen
content is still too low. Ex-
tended nitriding gives no im-
provement, and sometimes even
the reverse, probably because
come of the nitrogen is re-
placed by oxygen that leaks
into the furnace. The loss
of nitrogen ies especially pro-
ninent during vacuum sintering,
because a solld aolution is
formed.  The incompliete wet-
ting is associeted with the
realduel oxygen, for oxides
are less readily wetted. Ad-
sorbed gases alao prevent the
molton metal from pgnetrating
into all the poreas.

The cobalt began to melt
at 1490 % 20°, and the nickel
at 1450 * 20°; melting al-
ways started at the contact
with the gpecimen /3/. The
metal usually began to wet
the sample somewhat after it
had melted completely; the
contact angle fell graduallyl



f;;gm 90° to the value given in Table 5, thereafter remaining constant.
The size of the Arop dscreased when the metal impregnated the sample,
but the shape remained the sanme.

Couplete impr. ..ation was attained only for titenium nitride made
from the metal, the finely divided oarbon and residual oxide hindered
the impragnation of materials derived fros oxides, and the very small
graine also tended to interrupt the capillary chammels.

The impregnation was hindered by ezternal factors, not by lack of
wetting, for a thin film of metal remained adhering to the surface of
the spenimen after cooling; this f£ilm was formed by the flowing away
oftthe netal, and it would not be present if the material were not
wvetted,

The impregnated titanium nitride contained two very different
phases, namely rounded and prominent graina of nitride (in places inter-
grown with loss of boundarles) ard an extensive uniform network of metal
between the grains. The pseudobinary coubination of nitride with co~
balt (or nickel) may be of eutectic type, as a result of 1limited solu-~
bility of the nitride in the metal. The roduction in the melting
point of the metal &t the contact with the grains also indicates that
the product is a eutectio. The aclubility of the nitrids in the me-
tal ie also confirmed indireotly by the very much enlarged grains of
nitride (relative to the inital grein size); this points to recrystal-
lization via the liguid atate, which would be impoesible unless the ni-
tride dissolves in the liquid but has a limited solubility ir the solid
gtate. The ratio of the volumes of the twe phases as seer on the
photomicrographs correasponds roughly with the residual porosity as cal-
culeted Ifrom the volume and weight of the impregrated apecimen.

Songluglaonag

1. Titepium nitride is wetted by cobelt and nickel; <vthe conteot
angies are much less than 90°,

2. Porous briquettes preséed from titaniusw nitride can be impreg-
neted by molter mstals; the purity and graln size are the
controlling factors.

Titanium nitride made from the high-puriiy metal can be Iimpreg-
nated reasongbly completely by cobalt and nickel; the oxide
givea a product that is wetted but not impregnated, whioh is
attrivuted to contamination with free carbon and to the small

groin size.

W

4.  Zirconivm nitride msde from tho metal is wsatted by codbalt and
nickel, but 1t was not impregnated upder the conditions used.
l,~. The reapoh is considered to he aa above; aome residual ozygEEJ
may also have an effect. .

O 14 —



fs-.. Some suppositions are made as to pseudcbinary combinstions of ~ |
titaniun nitride with nickel end cobult, which appear to be !
eutectic, the uitride being of limited solubility in the metal
in the 80114 aud liquid atates.

Received June 19, 1961.
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CAUSES OF LAMINATION CRACKZS IN PHRESSINGS HADE OF METAL POWDERS»;
4s No Nikelaysv .

Moscew, TEvestiya Vysshikh Uchebnykh Zavadeniv, Chernaye Metallurg
. (News of higher Educatio stitutions, Ferrous NMetallurgy, Wo 2,

1662, ppr 101=103. :

The formation of these cracks is usually rapresented as .
follows, Expansion in the section n-n (Flg. 1) during ojeotien
causes crasks to mppeer /17; the extent {
, i of the elastic afteraeffect at right ang- -
| les to the pressing dirscticn is 0,15~ -
) l ,Cu20% for the best types of industrial

- ) vowders rnd may Te as much as 1% for pow=.
, j?’ dsrs of poor quelity /i/. ~The elamtic
S;;;M streccning o the cylindrical asteel die |

is usually rsglected, but cres having
retios cf oatside to inside diameters of

j
{ (%184 1//‘4 loe4=3,C give [27 expansiona of 0,039 to f
O T I 0.,676% in responss to prassures of 500
)

!

| to 4000 kg/cme, so the offeot cannot be

Sormetd on negiected, Tre following obsgervations

”J{7 v {llustrate *this. :
. '

i

l‘-l
05 eracke

T. Oylinders 10,25-10.65 mr high weps presmssd from grade,
WY iron powder at a fixed pressurs of 4 t/em [57, ‘the dies ha- -

viag an internal Jameter of 25.0% mm aud an external one of 40

. te 100 mm. 21) epecimens fror the 4O mm 2ie showed cracka (Fig.
‘. i
2 .
2 Teash saseris of trolileybuses have bren obesrved to

hove lasicated cruclis after pressing) similar cracks are found
whan aopacimerns £ rum high were pressed in the same dle (internal \
nole 62 mm loag, 2C me wide)™.,  These cracks ozcur along the

spesimnens on the sldag (Fige 3) ut the point wnsre the die was

——

* Promsings made bty Y. N, Letivien.




maximully deforwed. All cracks were curved. The elastic af-

ﬁvaﬂah}gr p)ggptgggag&xig? suiteble

Figs 2. Layered cracks in cylinders of iron powder.

teraffect cannot explaln cracks of thie nhape und position,

Za Two dlies were made of grey cast 1lron; one of these

was encloged in a shroud made of 3t. 3 steel in the hot state.

' Thase dies were used with AM
yowderz to press cylinders of
varlous helghts at a fixed
prezsure ¢f 4 t/emé. ALl spe-
cinens from the unsupported die
showed cracks (Fip., 4a), but on-
ly the nigheat ones from the

[Avaslable photograph aupported die (Fig, 4b).
not suitsble for

Thepsn cheervaticns show
reproduc tion/

that elastic stretching of the
die 18 vne of the mailn czuses
cf cracking; tne die expands
during the pregsing Sut con=-
tracts when the pressure is re=
lensged. Thiz contrncticn in
orposed by the fricticn between
specimen and die, and 2lso by
the resistance of the sgpecimen.

‘4

Fige 2. Layared cracke
cn a rectangular specimen,
The e¢lastic Jeformation
mey vanizh zs soon a3 the pregaure s removed, befere the speci-
men ds ciected, or during the ejection; the sveciren sirultanee-
ously expandz (elastic aftereffect). Tne conditicn for the
apecimen to be free from cracks may e put as

gd/n + 9 5 S

~l?~
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" 4n which € is the sclastic deformation of the plunger, d is the

diameter or other dimension of the die perpendisular to the
pressing direction, s is the votal wall thickness of the apecie
men in the dirsotion of d, ¥ is the relative deformaticn of the
specimen as a'result of elastic expaneioca, and & is the per=
mlsasble deformation of the specimen. This &is dependent on
the mode of deformation as well as on the properties of the
materialy the & for hydrostatic compression is larger than
that for compression in a plane or along a line. The xore
nearly the stirese distribution is to linear, the smaller & [4/.

vaileble reph not
Eniubh tmmg

Fig. 4. Specimens of iron powder pressed in
cest~iron dise: a) without shroud; %) with
shroud,

The above explanutian of the cracks appears to agree
closely with practical observations. Elastic stretching of
the die and the elastic aftereffect in the specimen are the
sain causes of cracking. Stronger dies provide an effective
reans of minimiging cruckin; in powdered-metal spesimens, for
they show less elastic deformation,

BIALIOGRUPIY

L. Yu.an. Bal'shin. Povdcr Meta.llurgy. M‘otallurgizdat.,
1943, ‘ ,

2. I. M. Belyaysv. |Resiestance of Materials. Gos. Ipd.
Tekh.~Tesor. Lito’ 1951l '

3, G. I, Akmenov snd A. N. Nikolayas. Transaotions of the

Fourth All-Union Confersnce on Powder Metallurgy: OCale
culation of Dies Used to Press Metal Fowders. NTO
Mashprom, Yaroslad, 1956.

be 8. I, Qudbin., Theory of Pressure-Working of Metals.

-13. ) .




PRESSING OF METAL POWDERS
3. Ya. Flotkin and G. V. Samsonov

Moscow, Vestnik Machinostre (Heradd of ¥achine Puilding)
¥o 5, May 1959, Pp

Bal'shin /37, Unckel f27, and others have made funda-
mental studies on the pressing of metal powders, but some
aspects of cornsiderable importance in practical powder .
metallurgy have been neglected. These include the effects

- of the time
Table 1 , under pressure
Pressure, t/cm? on the density,
elastic after-
2 b 6 effects, effects
?ﬁ:;= . of repeated
Briquettes from pressing, and.
the distribution
p* - P s p s of the forces
during pressing.
0 |%.30] &0 sgmnuqo 5.651 5.32 Ergesing
. . . . Se ze Py
0.5 | .35 4i06| S5i08| bid2 | 5ip5| 563 | 2R EOR
1.5 | 4.37] 4.06] 5.25| S5.10| 6.00f 5.68 d‘n. ty 2.06
3 & A 5.25 5439 4,88 6.74 5.83 ;) was pre-
'fungsten p?rod by reduc-
o |8.551 9.95] 10.40 | 11.00 | 11.00] 1180 ;;‘;“,f,f,;: roll-
0.5 |3.,70! 9.80} 10.60 | 11.20 | 11.27] 11.80 sieved (025B
1.5 8 .84 9.95] 10.25] 11.50 11.50 12.40 si.v.)' tung-
3 ]9.03] 9.76} 11,311 10.40 | 11.52] 14420 | 5pen powder
(3.28 g/om3) of

*p = pressing, » = sintering. mean grain size

be2 % was ulao used. The powﬂers were presesed in a cylindrical
L~_ool die at 2, 4, or 6 t/cn?, tho density being measured as a

vbiaaasEARbe, Tn. Giimiivisubsiiidiasnaiiiasiiuiniing
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r-;;nctian of pressing time (times of 0.5, 1, 1+5, and 3 ain wo;:-j
The iron samples were sintered in hydrogen at 1000«
1150° and those of tungsten at 2100°%, in both cases for 1 hr.
Table 1 gives the densities in g/omJ.

The density of an iron specimen generally increases with
the pressing time, the incresse itcelf tending to rise with the

used).

pressure.

This im & result of liguidstion of the state of

stres- (distritution of the stress throughout the volume). The
loss of density om sintering indicetes that the interzal stresses

are thereby relieved.

Elaptis Attirotggct.

O0n the other hand, the tungstea spesimens
beccme denser on sintering, which may mean that the forces
resulting froa sinteping substantiully exceed those ¢f the
stresses, which is ssacciated with the high volatility and ready -
reduction of tungsten oxides, so sintering is activited.

Here the dimensions of the specie

mens were measured under pressure and after pressing (2 stesl
die 12.3 mm in diameter was used) for tungaten, tungsten car-

vide, iron, copper, snd aluainium.

three different grain sizes (Table 2).

Esch powder was used in

Figure 1 shows the

l altereffeact to pressure.

Tavle 2 results. The large
. . end medium fraotions
Powder | 3epe —Traciion, & showed less effect;
. the maximum effect
methoc | Large Mod. |Small | ith WC moved to lower
W Sedim. 1.6 1.3 0.7 pressures as the grain
wC " 2.0 1.5 0.7 sire was reduced, which
Cu Sieve 78.85 | 42-75 |[tc b2 ia evidently a result
Fa " 105«150 | 42=85 42 of brittle fracture of
Al " 12-30 | §5-105 L2 the particles. There
- is a fairly pronounced

trend in the effect with Fe, Cu, and Al; there is also an in-
crease with the hardness of the powder, as nhas been observed
previously /1/, btut this extends only up to & certain pressure,
' rast which point there is a
fall, which is caused by
brittle fracture and harden-
; ing 4in the grains. The
i effect also varies with
‘ time; for example, ccpper
specicens left in a none-
i oxidiziap atwosphere for a
i week after pressing in-
gy crensed in dlameter by
Cetl=0.3h% and in length
b‘y O.}C"O.“S%o

Lffects of Repemted
Presging. The powders

-
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r-:;taszd'in Table 3 wers used here in a steel die 12 mm in 61;:-1
meter; after pressing, the specirens were ground up, sieved,
and pressed again. Table 4 gives the results. The density
of copper powder in all three forms increased steadily from

pressing I to pressing III, provided

. Table 3 that the pressure used in pressing
‘ % content TIII was equal to or greater than
| Grain | - that used in I and II; bdut 4¢ III
adse, B Cu W was (say) & t/cm2 whereas I and II
' were 8 t/cm2, the reverse occourred.
b2 - 1 The effects of repeated treatment oa
§2-25 - 1.5 the much harier metal tungstem were
25-18 - 2.65 very much less, though the trend in
18-1% - 17.35 the density of the pressed specimens
150105 0.1%| 18.9 was as for iron powder (promounosd
105-85 1.3 34,1 fall if pressure 1II was below
8575 1.5 8.25 pressures I and IIl). This method
7% 97.05| 16.15 enables one to produce the most
favorable distridbution of particle
ote. Poured and tamped | sizes and can be used to incresse
ensities 1.63 and 2.33 the density of the pressed materials.
23?" and 4,52 and 6.7 Force Distrivution. Unckel
ikl [27 has used the die mhown in Mig. 2

tc measure the forces in pressing
between the guide and the lower support there is a ring of
copper or soft iron, which is indented by four steel balls
held in recesses. A similsr disc supported by three balls

Fig. 2+ Unckel's die for deter-
rining the stresa distribution in

A3 preseing: 1) plunger; 2) gulde;
A/:%;Jz%% 4 3) support for powder; &) balls;
2N 3) ring support under guide;
&§§§§§&N§ 6) steel balls; 7) base of die.

&

recorde the force astiag directly on the powder; the differ-
ence represents the Irictional force N between the powder and
the wall of the die.. .The indents are used to deduce the forces

as fo.lowa: N is given by
in which p is the cuefficient of frictlion, P, is the lateral
pressure, and F, is the area of contact with the wall. Now

L _
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r-;y is given (Y by ‘ , -.‘
P, =3P,

in whioch ¥ = 9/(1 = V) and 9 is Poisson's ratio, P being the
pressure applied to the plunger; § is not affected dy the
porosity. Thea we have that NAN, = 4SuH/D for the propertica
of the pressing force N, loss by Triction. Thie incressde
with H, and eo docron.or as N, 18 increased, as Upckel has
.hawné his values for the ratlo for iron gowdor bédag 70K at
2t/ome, 60% at 4, 58% at 12, and ¥ at 18. A lubrieant

mixed with the powder reduces the ratio (to 41% at 12 and
18 t/om2 in Unckel's case).

We have used the same method, but with special attention
to lubrication of the walls as a means of reducing the fric-
¢ tion. The powders were of Cu, Fe, and W, which ére metals

that differ greatly in plastieity. The Cu powder was sade by
reducing oopporozsido with hydrogen (grain sire 2-3 y, poured
density 1.46 g/am?); the Fe, by reduction of scale with
hydrogen (2~3 k, 2.0 g/cad); and the W, by reduction of
tungstic anhydride (5«6 1 he22 g/om3). The lubricant wes a
4% solution of paraffim wax in benmine (150 cc per 100 g of
powder). The powders were pressed without lubrieant, with
the wall and ends lubricated, and with lubricant ineorperated
in the powder; the pressures ranged from O.h to 2.5 t/ea2,
Table 5 gives the results, which indicate a type of variatisn
rather different from that reported by Unckel; the reason is
that he used much higher pressures.

The proportion of the force lost by friction tends to
increase with the pressure if the die is unlubricated, bdut
it decreases if die or powder contains lubricant. The first .
offect may be caused by seizure and the second by leakage,
which tends to increase with pressurs. Unckel did not obe
serve seisure, for the pressures he used were too high for
the force to be important. Iron powder here gives a pro-
nounced effect, which is greater than that for the Cu~Fe
pair; the lubricant here decresses the proportion lost but
does not affect the trend of the proportion with pressure.

¢ The curve for P4f(P)/(P, + P3), in which P is the
pressure applied, has a maximum for tungsten powder when the
wall is ludricated but decreases as P increases if the powder

o contains Lubricant, as for iron. The reason is that low
pressures are insuffioient to overcome the seigure of the
powder with the wall of the die, especially when there 43 n0
lubricant. A lubricant within “he powder tends to suppress
seigsure altogether, because the lubricant tends to be extruded

ong the wall as the pressure incresses. -J

L-:l
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n
kg
ub :
’ N .
method "t 2“ *, ] '\i
R AEEREE
o || R} &) . r . i
N u e 1Y i
n. o
Cu » g
None 007 616 ?76 “oo “9‘01 - 209‘# i
" 1.2 127’ 1180 52‘0 39¢2 1?-0 50,“ L Y
" 1.6 | 1645 | 1630 | %0.0| 26.2 | 33.5 | 9.60
" 2.0 [ 22b0 | 1665 | 54.0 | 25,0 | 42.0 | 12.6
Wall of
die 0.7 ’070 1028 5#.0 ‘0806 - 20”
" 1.1 588 | 1282 | 27,0 | 36.8 | 16.6 3.%
" 1.5 758 | 2265 | 23.0 | 2%.1 | 31.2 7.00
" 2.1 960 | 2840 | 23.0 | 17.2 | 39.3 10.3‘
In pﬂ"a 0.7 ‘0’68 812 35.0 ‘f?a} - b ?
» 140 610 | 1312 | 31.0 | 39.4 | 15.8 4.7
" 1.5 735 | 2240 | 2k.0 | -2h.4 29 .6 8.0k
" 1 240 8ok | 3100 | 22.0 | 15.6 | 38.7 | 10.9
Feo
None Oo“ ‘012 “70 “08 52 o7 - 3.02
" 1.1 | 1145 978 | Sk | 45.5 | 25.2 b.01
" 1.6 1763 #%%1 | 58%.0 b1 38.2 5-;2
" 1.9 [2257 | 1510 | 59.9 | 33.8 'k6.3 9
" 2.3 | 3290 | 135k | 71.1 | 31.7 | 50.1 9.9
| Wals of |
die 0.k 207 538 | 27.8 | 51.7 - 0.%9
" 0.9 848 | 1367 | 27.5 | ¥1.3 | 21.2 b, 07
" 1.4 1140 1696 hO b 35.2 30,3 {393 .
" 107 ' 1‘077 1990 "2 06 32 09 ‘.‘6.3 8. *
" 2e¢1 2021 2234 47.8 25.9 71.5% 1. '

In powd. | 0.5 | 466 | 513 | 47.6 | 5049 - -
REREAEHE-dE P R
" 10 | 1319 | 1% o2 . . .

" 1.6 | 1626 | 1086 | 52,2 | 31.8 | 3.6 | 9.6

‘A = foree on cuter, R s fevce on poevder,
(Cont. over)
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Tabie 5 (Cont.)

, R
kg @ ®
Lub, ~N o~ - ~

method \5 . - oV é | % "\"

© * o - )

) - # . -

P‘ p () Q@ [+ 2] -

1 2 ~Z x m °

o .
W
None 0.8 | 111C 723 | 58.2 | 47.1 - 0.583
iy 1el 987 | 1195 | 45.5 | k6.9 - 0.83
" 1.9 | 1870 | 1940 | 43.5 | kE.9 - 0.83
g 2.5 13010 | 1990 | 60,0 | 40.0 - 2.3k
Wall of

die 0.5% 4os 6% | 46.5 | 43.0 - 0.28
" 141 975 | 1178 | kb5 | 47.0 - 0.28
" e [ 13235 | 1550 | 40,5 | 4€.8 - 028
" 1e6 11610 | 171C | 48.5 | 3.0 - 0.38
In powd. | 0.6 4y 660 | 33.4 | »1.0 - 0.28
" Te2 {1010 | 134G | 43.0 | 49.5 - 0.38
" 1.% | 1ek0 | 2120 | 37.7 1 h{.5 - 048
n 1.3 | 1612 | 2240 | 7.0 | k4,0 - 0.81%
" 2.3 1250 | 2442 51,6 | 38,6 - 0.63

L_Eal strecases are thereby reduced. The elmastic aftereffect in

The residual poroaity falls steadily as P increases, the
fall being most rspld for copper, as one would expect (by about
a facteor 2 for unluoricated powder and vy a fuctar 3 for
lubricated). The effect ie lesm for ircn (factors c¢f 1,% and
2 seupectively) and least for tunpgsten (1.2 and 1.5).

The nardnegs and yleld peint o in compression both ine
creuse witn F; the lubricont recduces ¢ for Cu and W but hae
little effect for Fe, which may bhe a result of differences in
the interaction between the lubricant and the nowder (the
lubricant is active with respec’ to irou but ixert for Cu and
W, where its presence eracles t!. ~articles tc slide over one
another), The low strength of -+ tungsten syecimens occars
tecause the pressurss were too low for use with tkis hard
material.

The conclusions to be druwn are as follows.
The density incresses with the pressiy, time; the inter-

—_— 2 —
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r-:he nore plastic metals generally decresses as the graia 0110.,1
increases; with brittle materials of carbide type, it ine i
creatas only up to pressures insufficient to cause britsle ;
fracture. :

Repeated pressing and powdering provides & subetantial
incroemse in the denasity of the pressed products without any
great incresses in the internal stress und elastic aftereffeet.

The distribution of forces in the pressing of powders is
very much depsndent on the seizure between the die and the
powder, especially for low pressures and low rates of pressiag.
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