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po 327-348 5 (Part 2)

PROPERTIES AND PECULIARITIES OF SPECIAL ALLOYS WITH

HIGH NICKEL AND MOLYBDENUM CONTRNT
by

Yu.M.Chizhikov, C‘andidatev in Technical Sciences

Special alloys with high nickel and molybdenum content are used in UL
chemical industry. The best known of these are-alloys A (NM20, EI460), B (KM30,
EI461) and Ts (NM17Khl5V5). Table 1 gives their approximate chemical composition.

Table 1

Approximate Chemical Composition of High-Nickel-Molybdenum Alloys, %

Alloy

Ts

These alloys have a number of important properties. First of all,
exceptionally high resistance to various aggressive media at high temperatures

and pressures. Their technological properties make their production very

MCL-711/1 . d



328

328

the
d4ifficult. This Article givuhexperlnntal data viset—heve—beow KX accumulated

in the industrial development ef~bhe—predustion of these alloys*,

Corrogi Properties of the jlloys
Alloys NM20, NM30, NM17Kh15V5 have high anticorroaiﬁny&:} properties in
various chemically active media.

Alloy NM20 has good chemical resistance to nonoxidizing acids such as -&L‘a

and M'Q.‘ LA 0»%(((0&-0&&)

M&u&% It resists the action of HCl and B?”l. of any concentration

st temperatures BXX up to 70°C. At acid concentrations under 50% it is suitable
for use at the boiling points of the acid.
‘%
Alloy NM30 has hign cleuwical resistance ¢ boiling HC1l and H280 at any
'y ue a/t,ut st )w:qu?/u, Lk&’fb‘u(.‘(f{ uc

concentration, in ; g8y +

Alloy NM17Khl5V5 IXX resists corrosion under the action of powerful
oxidizing yfagentSsuch as moist MK chlorine gss, nitric acid, sulfuric acid, ete.

Alloy B (NM30) has the best resistance; in the heat-treated condition its

rate of corrosion even in boiling acid does not exceed 0.04 mm/year.

Physical Properties

The physical properties of alloys A, B and Ts are given in Table 2.

o —————— e p—

* Engineer M.L.laytsev, Engineer A.N.Funde and Techniclan A.A.Mishin

participated in this work.

MCL-711/1 2
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Table 2

e
Physical Properties of Alloys Hast@lloy A, B and Ts

(Aecording to Data of Metals Handbook, 1948)

Properties
Specific gravity, gm/cm’
Melting
REXXIXX point (solidus and liquidus). °C

Specific heat, cal/gm, °C

Thermal conductivity at 25°C, cal/sec °C

Resistivity at 25°C, oer cm, microohms
Mean coefficient ~* thermal
expansion per XEX degree ..

from 0 to 100°C

from 0 to 1000°C

Mechanical Properties

Alloy A

8.80

Alloy B

Alloy Ts

As will be seen from Table 3, sll three alloys possess high strength.

Figure 1 shows the variation of their mechanical properties with temperature.

Figure 2 shows the variation of the mechanical properties and hardness

of alloys A, B and Ts with sedetiwe-upeet in cold-rolling.

all the specimens were given a softening heat treatment (heating to 1180 - 1200°C,

e
oxfg in water or air).

Before cold-rolling
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Alloy
¢

;
.

NM20 (4a)
NM30 !B)
WBO (B)
NM17Kh15Y5

NMY7Kh15V5

NM17Kh15V5

Table 3

Mechanical Properties of Alloys at Room Temperature

(Sheet, Heat-Treated)

Tensile Yield Proportional Elastie Rediction Elongation,

Heat Strength. Strength, Limit,
kg/ mm kg/ mm2 kg/nm?

378

1/.3¢C
22Ts
23Ts

24Ts

Structure pf the Alloys

Limit
kg/mmé 4

Alldys A and B consist mainly of a solld solution of molybdenum and iren

_and nickel. On cooling from high temperatures, intermetallic compounds of

-

varisble composition of the iren molybdenite type (FeBMOQJ anc nickel mclybdenite

type (MoNi) are segregated. At sufficiently high carbon concentration, the

In presence

solution also contains double carbides of iron and molybdenum. YEXMIXXUXXY of

L3
an excess of siliecon, silicides are formed lu the alloys. The iren molybdenmte

partially passes into solid solution#® on heating; the nickel molybdenite does

not pass over into solld solution at any temperature. No intermetallides are

obscrved under the microscope in these aslloys.

i‘heir presence may be Judged

from the wvariation of the hardncss 04.the metal on hea®ing €o warious tenperatures/

followed by cooling in water,

Best Available Copy
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Figures 3 and 4 show the mictrostructure$of alloys 4 and Be The microitruﬂuul

are of interest because they explals eceytain festures of the alloys &n hot-
wo;‘king. ' *

Considering the microstructure of alloy A (Figed) it will be seen that' /
new equiaxed grains- appear at 3200°C, On re&uction of lsﬂ.the instant
indicat:lng the formations of new recgystallised grains along the old gwrain
boundarleq is fixed. &4t 1050°C (at %oth roductions)'the as-cast structure
persists to a constderable extent. On 60% reduction.a fibrous structure
recalling that of cold-rolled steel is distinctly visidle. All this indicates
that the temperature of 1050°C is not a temperature at which the process of
recrystalli-zation normally takes place for alloy A.

picture with still

An analogous KNMXXXXIXXKEXHXXXX greater contrast is obtained in tuoyg
(Fig.4). At 1050°C. with hoth svsduntisne  ns 5w graing Teus fuiilae Comailag
the paicrostructure W corresponding to the temperature 1050°C with the microstructure

of the same alloy in the as-east condition (Fig.5), one may convince oneself
that rolling at this temperature leads only to Mof the &s-cast

structure, to giving it an orjented and fidbrous form, with m'a degree of

fiver formation increasing with the degree of reduction. At 1050°C, obviously,



Fig.3 - Microstructure of Rolled Alloy A. 100 x:
a - 15% reduction at 1lUS0°C; b - 157 reduction et 1200°C;

¢ - 50% reduction at 1lU50°C; d - 6UF reduction at 1200°C

b

the process¥X of peerystallization does nct yet take place dusing deformaticn.

relief
It ic only posnible $bat at this benporature,‘ohe-n.‘ of part of the strecses

—

arising during deformsticn does take plaee, at 12C0°C at all reducticns,the

grocess of recrystallization does take place with Fuppation of new oquliexed

SG

Best pvaileble CopY
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Heating to higher temperatures lu'ds to K substantial changes along the

.2rain b'omugnl; $als is glearly visidle in the microstructure of alloy NM20

L3

(Fige#) Bested €0 1250 and 1280°C. At 1280°Come1ting and formatien of a '
333 Lo L
a b
e d

Fig .4 - Microstructure of Roldled 4ldoy Bs 200 x3
a - 15% yeduction at A050°C; b - 398 reductiom at 1300°C;

c = €07 reduction at 1050°C; d - 60f reductiop at 1200°C



. e
.o . Fig.5 -~ Microstructure of Steel F in the As-Cast Conditiong

L J
334 liquid phase took pla®e along the grain boundsries. This phase again solidified
after cooling.
.”‘-.' N
* 65 “M- Y o -

10
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v Fige6 - Microstructure of Alloy NM20:

s »

a - Heated to 1250°C. 100 x3 b - Heated to 1280°C. 300 x

A

— 1

At 1250°C, melting is also observed, but nat &hng_ tdl the grain boundaries.

*

The same picture is obseyved in alloy NM3O. The possibility of this phenomenom
dottaiab requireQumpnXEURENLINE explanation, since the melting point of aldoy A

is 1300 - 1939°C, and that of alloy B 1320 - 1350°G.



Apalysis of the picrestructure of these alloys shows them to possess
- .
a very narrow rapge of pot-deformation temperatures. The 9nngor of overheating °
the metal at temperabures over 1200°C (the lengtd of heating and the furndce
atmosphere are wery impoytant here) amd the axghlxecsystalllettcn temperature
{over 1000 - 1050°C) are responsible for the techmelogical properties of the

alloys and their Borgesbility, which will be djiscussed below,
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The plasticity of these three alloys may be judged from the values

o ot
of the sddanhbden and reduction dmmpuse df the specimens during the tensile

. . rouh\s.
Cest and from the resul€s of a study of the impach strength and wedge dewening.

]
- .

Figure 7 gives the’ curves of temperature variation of the elongation and

reduction in area for alloys B and ®s. These alloys have maximum plasticity

‘ampund 1100°C.,

-

The variation of the plastic ;;rOportios with temperature from the impact

.

strength is shown in Fig.8. The impact strength is minimum at around 1000°C,

The high plaétic properties correspond to temperatures of 1100 and 1200°C.

. -

1

v
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Fig.8 - Temper'ature ‘Depencence of Impact Strength of' Alloys B and Ts

Alloy Bzt Stested @ boya®:1160-1180°C, then cooled in water.

Alloy Ts/- speciens 1, 2 - Forged and heat-treated 2 ‘hr at 1210°C, .
g(:ie’d—l;x water; Specimens 3, 4‘- Cast without heat treatment;

Curves 1, 3 and 4 - Heated to test temperature; Curve 2 - Cooled

in furnace ¥XX from 121C°C to teet temperature .

a) Impact strength, kgm/cm?; b) Alloy B; c) Test temperature °C;

d) Impact strengthXy, kgm/cm?; e) Alloy Ts

From the condition of the side edges ef specimens of alloys rolled to
337 various reductions, it wild be seen that the plastiejty of alley 8 at 1050°C
. —

is lower than at 1200°C (F1ge9). This follcws from the fact that at the

lower tenperature tears were formed on the edges at a reduction as low as 32.5%,

15
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Fig.9 - External Viéw of Spgc!nens of Alloy B Rolled to
. Various Reductiomss .
a - At 1050°C with reductionds 1 - 327; 2 - 21.0%; 3 ~ 15¢74; & = Gebi;
b - At 1200°C with reduction.sc. 1 - 50.9%; 2 - 30.5%; 3 = 19,5%;
4 ~ 12.6%

Figure 10 shows gast specimens of alloy A welled to a wedge. It will be
seen here that s$ 1200°C smadl tears begin to form at reductlons over LOKq-

These data show 011 ¢heee alloys €0 possess relatively low p!as‘ticity.'

7

The temperature sange of thedr deformétion is nerrow, amd 1= of the ormro(ﬂoso - 1g20°Ce

-



Fig.10 - Appearance ‘of Specimens of Cest "Alloy A after '

Wedge Rolling at Various Temperat'urn: R .
. ' a - 1100°C; b = 1200°C; ¢ - 1260°C ' ’
. . . . ® L]
17
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a)

INA "2‘!0

22.8¢ Mo
;25380

‘

b)-

" F8g.11 - Variation of Hardness of

Binary {ickel-Molybdenum Allcys with
Molybdenum Content and Temperature

2 ctin j
(%ﬁg in Water)

a) Hardness, Hys b) Temperature, °C

The alloying elements
=

have a great influence on the
plastic properties of these alloys.
The influence of molybdenum on
patPél i:orgeabillty has been
established fot binary .' ¥ .
nick‘el-molybdenum alloys.- IY was
found that the forgegl;ilitsy
(plasticity) of these alloys
declines with increasing molybdemum
ccntents &t less uvuan 20% Mo the u
alloys have good forgeability; °
at apout 40F they b.ecom'bx‘ittle .
and unforgesble., With mcr;asing .
moltybéomm éontent their hardne‘;e s

increases. At over 20%. Mo the

.
alloys are dispersion hardenfag ! i

as indicated by the peaks on the curves (Fig.ll). Tbe varistion in the

propertiss with increasing soljbdenum eontent §s due to the segregation of an

excess phase (apparentdy nickel molybdenite), shich is readily detected from

the changes in the microstructure as well (Figel2)e

18
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Silfcon has an exceptionally great influence on the properties of
high-nickel-molybdenum alloys. Tsble § gives data on alloy NM3C of the

folYowing chemical coupositions 0.048 C, 0488f Mng 64.5% Nig 30.0% Mo, 4e59% Fe.

» . .
., B [ s n N .
R Table 4 ‘
. Veriztion in Hardness of Alley B with ts Silieom Content ' »”
) ., ) . . Hardnese ' Hardness of ° " Havdness of
» Ingot Silicon : of Ingots Forgings Forgings
No. Content, -after Pourifg. after Forging aftes Heat
. % and Cooling, and Alr m Treatments .
© T By - Hy o Redue 4130%c, 20 min; Water,
'- . ~ HV . »
1
2.
"3

a. -as found on forging that only ingots 1 and 2 wepd forged without

; , . deelired,
i defects. At high silicbn content the forgeability of the ingots AEXr uxa

.

q.u‘ tears applearc-dl or_x- the forg.ings, and their resist.apeo ¢o defoymation was
' apprec-iably'increascd. In:got'.s.had .tht'ﬁoor‘est forgoabﬂity. 'y §inilar
. . | :b'ehav;or of the r.net'al ;as observed in. hot—rol.ling. St'rip;‘ from lggots 1 and 2
were rolled without tha formation of eracks.and tears on the lmgitl;dinol edges.
- - Qacks and tears were, however, formed on the edges of the strip fyom m;ots 3,
: 4 2nd 5, most of all from ingots & and‘ 5 (Figed3).

e hot-rodded strip so obtaimed, 2.5 tm thicke after heat treatment
dhewey fur-hish

Uma.
Cheating 30 min to 1390°Cy and MQ in air) weme rolled on a quesdbe” rolling

weo
mill} with rolls 180 gm in diameter. The strip from ingots 1, 2 and 3 wese rolled

~,




od

oo

'.v.ery first reduction (Fig.l4).

v

Intermediate working (’EZ
without JISIXININNEFXXXFENINENX to/thicknessy0.5 n)uth a total reduction

of about 90%. At 30% total reduction ,small tracks began to appear on the

-

the edges at the first.reduction; and the styip frca ingot 5 broke at the

. .

. P

Thus .silicon in alloy NM30 at the same time lowers the plasticity of the :

.

metal and increases the resistance to deformation. This effect on the

properties of the ailoys may be expliined by the formation of a new phgse in’

the form of silicides (probably MoSiE?) which is plainly visible on Figs.15 a,

“hess 10
b, c, d, e. A% low silicon content A very little of the new phase, but with

increasing silicon there is more and more of it'g it is located both along the

grain boundariés and in the grain interiors. In spite of the fact that the

2



Fig.13 - Appearance® of Sp'ocinen. of 4lloy with Varying

Silicon Content afteg Hot-Rodding. $i content in aldoyss.
1 -1.3%; 2 - 0.98%; 3 - 0.59%) 4 = 0e23%3 5 ~ 040568
(the strip edges ave on top)

22
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Fig.15 - Microstrusture of Alloy NMBO with Varying
Comtent of Siligon, £. 100 xs
a - 0.056; b @ 04233 ¢ - 0.59) & = 0985 @ « 3.3

24
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8lloys were all heated to the same temperature, which 3‘. sufficiently high,

1180°C, the grain size at higher silicon contents vas oonsideyably smaller

Si
than at lowpcontent. This indfcetes that the stifctdes retagd ¢he grain growth

of the metal during its recrystallization, '=iltimauly. deading to a Yowering

of the plastic properties of the alloy and to an increase in its resistance to

.

deformation.

*
*
.

On the basis of the data obtained,the conclusion must be drawn that the

.

silioon content in these alloys should be nRE low as possible, and must not

exceed 0,3 - 0..4%.‘

[

Registance of Allev. o vetormation during Rolling
4 study of thé resistance to deformation was made by measuring the
pressure of the metal on the roll by the ald of capacitan@e measuring instruments
- .

durdng rolling of specimens 20 mm and 12 mm thick (H = const), and 40 mm wide

on a 400~mm rolling mill at a wela® of 1.0 m/sec. The specimens H = 20 mm

- were rolled at 1050 - 1250°C; the specimens H = 12 mm at 20, 200, 400, 600,

+ 3050 - 1250‘0'. .Bach Spe(‘:iMh was rolled in a single pass at various reductions,

The specimens were heated in tubu.larl guffles in a-gas chamber furnace. To obtain
) ) .
comparative data?specimens of—tp—capeaivind of steel 1 were rolled besides
specimens of alloys NM2O (&)e WM3O (B) and NM1TKMISVS (Ts).
Figure 16,a, b, ¢ shows the curves of the depemdence of the resistance 3 %
%

of ‘alleys Ay B and .Ts)bc-dtfomﬁo& when rolled at H = const = 12 mme

1t -will be seen that at all temperatures and reductions the resistance

25
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of alloys A, B, and Ts to do!‘orm_ae!on is considerably Bighep tham that of $tel

*
under comparable cenditions, The resistance of these .110;8 to deformatiom

almos® § - 6 ¢times as great for °
[ these alloys as for St.l at 2J360°C and

-

5% .nouction.' and 4 - 5 times as great at 1000°C. Adloy B has a higher
resistance .t; ‘deformation tln‘n all.oy A Th'!.s difference is the greater,the
lower the rolling temperature. ) .

The rolling temperature has a stromg effect on the resistance of both
alloys to deformation. In the temperature Pange from 600 to 1000°C, the
registance of both alloys to deformat'.ion decreases very slightly, gbut in a

. ‘
narrow interval (from 1000 to 1050’.0) it falls very sharply, am? ‘then remains
almost constant up to about 1120‘C.. and finally falls sharl;ly ;gain. For steel
Holloua

St.1 the decrease in resistance to deformation pudessde—edeng a smooth concave

cu ve, more intensely from 600 to 1000°C than at temperatures over 1000°C (Fig.l7).

L3 ey
-
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Figure 18 shows the varlation of the resistance of both alloys to

deformation with increasing rolling rate, which ia.o! groat interesd.

The relation between the resistance of 21l three alloys to deformation

-

.

and the reduction in cold rolling is shown in Fig.19. The cold rolling was. .
. [

H

.

done on a rolling mill with rolls 432 mm in diameter at 40 épmg'thlckness of . *
specimen ,.5 mm; width 4O mm. o ' .

o L. -

;W'fﬂi.denlng N

The tendency of’ élloys HMR20 and NM30 to widening was studied at H w» const,

-

Specimens of constant tﬁickne'ss d = 20 mm, 40 mm wide, were rolled on rolls 400 mm -

in diameter at a rolling speed of 1.0 n/sec. The specimens were-heated to

¢
various temperatures. For comparison similar specimens of carbon steel(sf.l)

were also rolled at he same tire. The data so obtained are represented in

Fig:y J,., b 1. v... form of cuxjves' of the widening index against the reduction * '

-

at various rolling temperatures. As will be seen, both alloys have a greater

tendenc;- to widening than St.1.

o

—
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Fig.20 - Relation between Widening Index of Alloys A and B
and the Reduction.in Rolling at Various Témperatures
" a) Widening index, & b/Ahj b) Alloy-Ase) Reductién,;lq-& 100, %; .

d; &livy 7;

" _Stampability - s

-\

Stampability in the cold condition was determined by the method of M
m on an Bricsson instrument. Figure @} shows the relation between

the stampability of strip of aldoys NM3Q and NMA7Kh15V5 and the thickness of

the steip. Pefore the test all specimens were given a softening heat treatment:




. s
. » . " ’ *
»
“
.
<
., . . . .
: : .. b)) - d)
. " - L . .
L[] - .
- . .
a) - a)

e)

Q
~—

. o Fig.21 - Rc.alat..i.oh~ between Stampability.of Strip of Alloys B
and Ts and the Thi;:kmss of the Strip (Radius of Punch 10 mm)s
1 - Heat treatment: 5 min at 1180°C, air; 2 - Heat treatments
5 min at 1180°C., air « cold rolling =2 N 2.573 3 - Heat

treatment 5 min at 3220°C, air . .

8) Stampability, mm; b) Alloy By c) Thickness of strip, mm;

d) Alloy Ts .

For alloy NM3C, some of the specimens after heat treatment were cold-~rolled
to 25% reduction. The experimental data show the stampability of both alloys

.

T to depend on the thickness of the strip and the reduction im cold rollinge

k33
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" T : . . .THE EFFECT OF BARIUM AND CALCIUM ON THE “LIFE"
" T - ' e OF NICHROMES

by
- o o Professor M.V.Pridantsev, Doctor of Technical

Sciences, and Bngineer A.V.Merlina -

- .
:: . The favorable influence of cerium and barium on the "lifew#of iron-chromium-
= -.\ - N . - . —
o aluminum alloy No.2 has béen established by the Steel Institute of the
I—— . . . . ) . . .
- ’ Central Researeh Institute for'Ferroug Metallurgy.. It has also made a study
o ) ) . . of the influence of barium and calcium on the “life" of nichrome alloys of
— - v
- ‘ .
- : g grade Kh15N60 and Kh20NSO.
- )
;""" " Barium and calcium gre powerful deoxidizers, promoting shpuproduction of
: a purer alloy with decreased content of oxtdes mlong the grain boundaries.
The addition of barlum and calciwn to nichrome in the &lloys is of great
»
- w interest with respect to the lmprovement of thelr heat resistance.
: . * %Zhivuchest'™, quotation marks in original. Fie—éerm—hesbeen

SONSNe i SIS -ty LIV EONT 1 PO erPerentis-Sesthonbineand
anbonitlmensswive.

A& 3% .

'
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2% is well inown fgom the worke of G.V.Akinow ‘Bib]...l) that ¢he addltion ¢

of calcium to nichrome tends to improve the mechanical properties of the alloy

. . at high temperatures and increases the ;eaisupcc of the grain b:)mdlriea

.
.
N Y

to the action of hot gases,

- . »

LI . > -

The effect of barium on £he properties. of nichromas‘ was §tu¢.11.e'd from
.. . 0:6 to. 1% ané that of‘ calcium f'rom 0..2 to ‘0.6%.. T.ab,le 3 giveg the chemical -
composition of the alloys investi@ted. The cxp;rinantnl spocime'ns of the.
o ; a_lioys were tested for "life®, resistivity, temperature coefficient of resistance,

and mechanical properties. The properties of the alloys were studied on 'wix"e 06 mm

in diameter in the heat treated condition.

Preparation of the Experimental Alloys

The alloys were melted in a 30 kg high frequency furnace with a bésic
crucible according to the technology customarily used for nichromes,
The barium was introduced in the form'of an aluminum-barium master alloy,

the calcium in the form oi-‘.silicocalcium. Tne mester alloys were added to

.
“

ot ) . the molten metal 7 - 8 min before pouring.

233




Table L

Chemical Composition of the Experimental A1loys, £

Series of Alloys with Varying Additions of Calcium

. “~
Industrial
nichrome

Kh15N60

Kh20Ng0

series of Alloys with Varying Additions of Barium

Khl5N60

* The content of Ba and Ca given is the calculated value.




-

Afer int®oductlen f $he adtltSons ¢hi urqace was Sapard off Log 4 = 5 min,

. and was then turned on again to full power untfl the me€ald wa® posred, I8

L 3 » L] 13 . -
ovder to give She sddition slements &iee o seac® rommletaly (n Ghe mate)

a -
. . -

-". The barium was determined by the epemteal and w& netheds ;

. o . the calcium only ‘by the speméieseeskd method. In all cases XMK barium and-

- L . ) . calcium was not detected in the alloys obtained, Apparently both barium and
calgium .whtn added to the molten matal.perform‘ the functions of a deoxidizer

. . "and pass into the slag, and even if they do remain in the metal, .i¢ is in such

small quantities as to be difficultly detewmined by the spectral and chemical

fo

methods.
. T . The ingots were heated to 1050 - 11G0°C for forging. All the ingots.
forged satisfactorily. During the preparation of the wiregno unfavorable effect

. : of the additions of barium and calcium on the nichromes was noted.

353 Mechanical Properties

The mechanical properties (tensile strength and elongation) at normal
temperature of the alloys with various additions of barium and cadciumas

compared with spdinary nichromes ,a8re given in Teble 2,

435




Tabde 2

Mechanical Properties of the Alloys Studied -

Grade c? Steel Stryngth, Elongatic ,

Kh15N60 . .

Khls5N60
with calculated addition of barium from 0.6 to 1%

Khl5N60 - - . :
with calculated addition of calcium frim 0,2 to 0,5%

°

Kh20N.

Kh20N80
with calculated addition of parium from 0.6 to 1%

Kh20N80
with calculated addition of calcium from 0.2 - 0.30%

It will be seen from these data that in almost all cases the alloys
treated with calcium o barium had a tenglle strength somewhat higher tham
une
that of ordinary nichrome; and the elongatfon In all cases jm slso higimr,
The favorable effect of barium on the longetime strength is very dis@ingte,
For esample, at 700°G and stgess 11 kg/mxé, for alloy MRISNEO without ®arium,

the time to rupture was 48 hr, while the same alloy treated with Wwarium under




35%

the same test conditions showed a time %o Pupture of 138 - 156 hr,

3 Tntesimmns

Thus the treatment of alloy Khl5N60 and Xh2ON8O with dariua or calcium

doede- t0 an improvement of the mechanical properties at normad temperature,
and to a considerable improvement of the tensile properties %n long-time tests.
The pronn&o of b?rium and calcium was not detected in tiw finishead alloys.
The improvement may be af:trib.uted to their action as ptj)wel’!'ul deoxidizers, i.e,,

to the improved purity of the metal, espetislly along the grain boundaries.

Resistivity and Temperature Coefficient of Resistance
The resﬁvuy was investigated both o normal temperature and on hea®ing,

as a function of the calculated additions of barium and calcium. At least six

specimens of each heat were tested. Good Sgreement of the results was noted
in all heats.
No distinct dependence of the resiﬁvity on the calculated addition of.

barium or calcium was noted for Khl5NBO and Kh20N8C at normal temperature;

although the difference in the heats studied was measured in hundredths, the

‘ a certain . )
addition® cf barium to nichromes still ¢aused KIOUOEKENNTAL tendency to increased

resﬂivit.y.
The tests wese Pun in the temperature ringe 20 - 1150°Ce The resistivity

increassa more sharply in the specimens of «lloy M15N60, since this is less

: thgoughout
sta®le, A higher calculated addition of barium the Pssistivity IENKIRXNEN the

entere tempers®u®e range J{ higher (Fig.l).

Alloy Kh15N6O with she highest {0.6%) calculated addition of calcium Ko

437



hoatlng-hes & slightly highee rcsiativityAChn e sam alley without ee¥cium

(Fige2).

.

" -

The alloys Kh20N8O with additions of ba®ium and caleium hewe a higher

¢ rniativi?.y and sesesdingly a lower temperature coefficiemt of resistance

throughout the entire temperature range (Figs.l,2). .

"Life* of the Alloys

The tests of the Wlife" of the alloys were run by the accelor;ted method
. on wire 0,6 mm Ln. dimt.erlpum\.unt to GOST 2419-44. Alloy Kh15N60 with
' - .
various additions'of barium and calciom was tested at 1100°C,.the working
temperature of nichrome of grade Khl5N60. -Alloy Kh20N80 with various .adciiz.ibns
of.barium and calcium was tested at the working temp;rature of 1175°G.
Six specimens of each heat wer.e tested. The test of the "life" of the
- - alloys is a combined form of test@ in which the favorable effect of barium
-
and calcium on the nichromes was displayed.
Figure 3 shows the results of the “'ltfe" test on alloys Kt_xlsrlbé and
Kh20N8O with various addi"oions .of barium, It will be seen ;.hat pichl'ome
trea;ted with bariim has a "1life® twice as high as the ordinary alloy. There
is no direct dependehce of thﬁ'";l‘ifo' of the alloy on the calculated addition

of barium. Apparently the "11fe® depsnds mot so mueh on the quantity of the

element added as on the method of its addition to the molten metal, The alloys

28
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¢ with barium spowslla more stable relhta;let during the €ime of the “lifev .
test, Calcium ha‘ a stild more effective imfluence on the “life* of nichromes.

For example, the"life® of alloy Kh15N6O with the calc@lated addition of 0.4% Ca

.
.

increased from 69 Ar to 444 hr (Fig.4), i.e., Bjxa factor of six; for alloy
Kh20NBO it increased from 58 €0 290 hr (Fig.4). The slloys treated with
calcium hadl a still more stable resistance during the “lifew ;Q;t than f.!noée g
treated with calcium.

Analysis of the microstructuye of the specimens tosted for life®
indicates that the process of oxidation of ordi'nary nichgomes procee.ds at af.!

accelerated rate awimng thf.f grairi boundaries, while in eYloys treated with .

barium or caléium it broceeds at a retarded rat:é along those boundaries,

Conclus ions

. - * . .
1. The M.rzduction of barium or galcium . nxéﬁroms

— - O

improve§their mechanical propertie

a at normal te'npe'ragure, th‘e.ir heat resistance oo
and their life.
. 2. The addition of barium (0.6 -~ 1¢) to ohmic ?esistor alloys of grades
Kh15N60 and Kh20N80O improves their "Eife by a factor of 2 -~ 2.5,
3. The addition of calcium to the same alloy is more effective: am
introduction of 0.2 - 0.6% of cslciun‘ improves the "life* of alloys Kh1SN6O
and Kh20N80 by a factor of 4 ~ 6.
4. No relation between the ®life® of nichrones and the quantity of

barium or calcium added was found. Apparently in shis casw the "1ife" depends




357 ' !
" not so much on the quantity of barium or calcium added as on the time and

: into
method of their introduction A the molten metal.

a 44
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ALLOYS REPLACING MOLYBDENUM IN THis RADIO INDUSTRY
by
D.A.Teymer

ey A :
Wodern radio tubes A’. an extensive class of electrical devices used in

many fields of technolcgy.
The grid is one of the most vitel pespsnents of a radio tube., It may be
8 cont.rolhor screen electrode ucting on the motion of the electrons. For the
proper operation of an electrom tube the grid must strictly maintain its dimensions
- ® o R ' L3
without the glightest changes In any loop, A grid mast be m g
to resist XN deforming forces during ite—insteddetion gd to maintain 1t8 shape
and dimensions durimg operation. It must be sirong enough gnd rigid emough at
Ve
- high temperatures. This &s particularly important du-rlngkdeg‘ss!ng of the
. - -
tube components én-eswwemmm, when the tube is heated considerably above the
' Thus the wire used
working temperature of the device, ZREMEXESAKNNRNATNXE for winding a gead
must have good mechanical properti®s in wery fine cvroes sections (30 - 330 m)

it must have high strength st room an@ elevated femperatures, high eigidlty

for stretching the wire during winding and st the same time must have the good

» 44
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.

winding
impact strength that is required for automstic KNAXIKE of €he grids. The wirse

of a vacuum tube must have appropriate physical propeeties; a high vaporization
point, a low coefficient of thermal expansion and a relatively good thermal :
conductivity for removal of the heat formed in the grid (no:ntt.)ht}teisating of

the strongly hested cathode. -

Molybdenum wire is used for the grids of most electron tubes. This wire

PR ’
L.

~.. s g v

is easlly degassed, has high strength at room and elevated témperé;,ur;s.:.a high
.modulus.of elasticitj', a low temperature coefficient of thermsl expansionm,
and. relatively good thermal conductivity., But this metal cdn be dr;t‘n into
‘wire only with difficulty. Molypdenurr wire must be drawn in the .ho.t state at
low speeds. Before deformatlon in the heated statz,the wire is covered with
| (@ 00rida® sslutiom of pradlik). o
399 . aquadag Kﬂn aquadag must then, under all circumstances,be cleaned off the
surfacé of the wire before usiné, by means of a letidous electrolytic ?rocess.
The molybdenum wire so manufactured is nonuniform in diameter and no'nunifo_m'
1n'l;|echanical 'properties.ix some places it lacks adequate plasticity, makiné .
its winding on.automati.c machines difficult and leading to high .rates of
spoilage in winding grids. A serious shortcoming is the ease of oxidation -
of molybdenum w'ire during assembly and prolonged storage. >F1na11y, molybdenum
is in short supply and is very expensive. Consequently, in connection with
the development of vacuum tube technology it is necessary to find other
meterials that are more asbundant and less expensive.

A subgtitute for molybdenum wire for grids mgy be wire of a nickel-molybdenum

alloy of the type of Hast§lloy A. Alloys sftbhis type were taken by us as the

2z 4L
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basis for @ study and development of the technology of maufaetuyimg extremsly
utﬁniul and ‘ . e PN~ f

fine wire Il!!&llﬂlﬂllml mechanical propertigs

molybdenum wire for the grids of electrbn tubes,

%o determing more proc.‘nse,lx the chomj:cnl composit.i'on wo mlted

conunt of molybdenum

nickel-moly®denum alloys with vurthg BEXOARERXENNEENXXXY (in the ramge from

10 to 308) and of nickel(from 66 t; 69%). The silicon content was considerably
lower. than in'lthe alloys. hastel.loy A and B, The mengé..nese content was varied
from. 0.35 ¢0°2.00¢ in c;rd'er to study the influence of thia'qe'ta‘l on hot deformstion.
Table 1 gives the c;l'.wn'xical compoeition of several experimental Baats,
o " L
Table 1

Chemical Coumrcgition of Nickel-Melybdenum Alloys of

oxperimental Heate, %

Heat : - o
Moo . c . Fe

remajnder

Y o
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In nelting the experimental nickelemolybdenum glloys, measures were

taken to obtain a pure me€al with the lowest possible gas conten®, which is

1

of great importance for alloys with a high resistance to deformation.

The experimental alloys were me-ltedhin a 4Owkg highefrequency furnace
ifepignagiienpresiidesesl the experimental plant of ‘the Central Research
Institute for Ferrous Metallurgy. High grade pure-materials were meddcted
for the charges: electrolytic nickel of grade®extra® or w000", m.etallic
molybdenum, metallic mangsnese .of_ grade Mrl, crystalline silicon, metallic

chromium, and technically pure armco iron.

A basic slsg consisting of 65% Ca0; 25¢ ing and 104 ‘morspar was used

' smeltfings, ) : :
~in the}h!ﬁ—lfher melting of the charge, diffusional deoxidation with

borlime (a mixture of lime with aluminui powder) N the slag was employed.
. . i

The subsequent direct deoxidation (after_ the diffusional deoxidation) waa

before

- accomplished by metallic magmanese and crystalline silicon. Finally, XXRE¥X

teenming, . :
KMMNINE the metal was deoxidized by a nickel-magnesium master alloy (157 Mg)

and with silicocalcium.

After melting the ,charg'e.a vacuum of 15 mm Hg was established in the

furnace. The metal was poured at 1370 - 1400°C into heated ingot molds through

hot freshly ignited JMAMMEAD.

using a clean
The technilogy of meltingyXXXXXXEXNEMAX charge, boiling in a rarefied

Etmosphere. thorough deoxidatiom and proper pouring, should assure the production

‘of & sound and defise m )

« 4tf
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Hot Deformatjon

Nickel-molybdenum alloys have an excesdingly high resistance ®o deformstion
in the hot state. At molybdenum conten®s over 20£ these alloys may be deformed
in a narrow range of temperatures..

The ingjots were heated in &z gas furnace to 1220 - 1250°C, and the XXHNEX
temperature at the end of rolling the ingots was 1020 - 1060°C. Experimental
forging of these alloys showed that *he MSM" of precaution had to
he taken for succ.:es:;sful hot deformation: me ingots and ake rough

forginga in a sulfure-free medium; the holding time at high temperatures

?

(1230 - 1250°C) must not be prolonged; the flame in the gas furnace must be
slightly reducing; and contact of the flame with the metal must be avoided.
Failure to observe these precautionary measures led to surface cracks during
furging.
) . . The forging of the ingots proceeded satisfactorily except for heats with
over 28% Mo (heats No.409 and 410). The ingots from these heats {ractured
401 during forging in spite of the elevated manganese content. The narrow range
of temperatures at which the metal is &meebumed makes it necessary to preheat
the ingots, to use rough forgings of small M\T - and to force the aate
% rollingh‘l .
The forged and cleaned rough forgings (squares of 24 - 36 mm) were rolled
H L]
&wa.. (8 mm circle) on¥he 300 mm rolling mill of the "Elektrostal'® .
. A
Plant. The rolling was dooe with A‘mlxed grooving (circle-oval, square-oval)

sdopted at the plant for rolling alloy grades of steels on the 3p@da duplex-duoc

- Jn
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rolling mill. The rough forgings were heated to 1220 to 125C°C.

In the temperature range from 600 to 3000°C, nickel-molybdenum alloys

Be wand.
are brittle, and thus the rolled metal in an 8 mm circle could eswspie~inve
.. . . -
“a. Jo corls only after cooling below 600°C. . . .

Hegt Treatment and Wire Drawing . .

The W‘.M must be annealed to deform the .motal' in the cold state

(dra'wing). For alloys with 20% Mo or more, the minimum tensile st.réngth and

the ﬁtinimum hardness were obtained after quenching from 1150 - 1200°C, an&

for alloys with about 10f Mo after quenching from 1050 - 1080°C.

a). . - . c)

b)

Fig.l - Variation of Tensile Strength and Elongation of
NIMO25 Uire with Heating Temperatures;

1 - Qemsile strength,curve; 2 - Elongation curve

a) Tensile serength, ks/mz; b) Tempera®ure, *Cy

¢) Elongation, €

%S0
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. wrewi

The curves of Fig.l show the variation of the tensile strength and

. .
elongation of wire of a nickel-molybdenum alloy containing 259 Mo (NTIMO25)

- Ll
» 1

. " with the heating tempeyatur#. It will be seen that ‘with increasing temperature

L 3
L3

. . hd

“above 1150°C the elongation fails rapldly, in connection with the overheating .

Lot oz of the metal. The holding time at high temperatures should be minimum.

. -

ot Gomfanalis Lo, .
- Prolonged holding Aoft.en led to rup’cux"e of the wire coil. Formt‘f .o

WM‘? (circle 5 - 8 mm, weight 5 - 10 kg). holding at 1150°C for 10 min

. ) The intermediate
. " was entirely sufficient for a successful anneal. RIMIXMINKEYXXXXX anneals

were run at lower temperatures. ' ’ ' . .

Wire of diameter less than 1.0 mm, to eliminate the M'process,

and also to decrease the gas content, xn annealed in a hydrogen furnace
at 1050 - 1030°C.
. after

To remove the scale from the gurface EXXWIXY heat treatment, wire of

dlameter over 1.0 mm was w.’m a solution of 1% - 15% 'é;ulfuric actd and
. 3.5% nitréc acid, which is ordlx"xarily' used for alloys ‘with a high nickel comtent.

The picMing temperature was 60 - 80°C. The pickbd metal wa.s thoroughly rinsed,
first with hot water and then with cold. 'Bafore drawing.the wire, after
picwng, was stored in a ('iry and warm place not le:'ss than 24 hr. The intermediate

. | A6

anneals of the wire @we$ be run in a protective atmosphere to avoid loss of

metal in pi“‘lg .

fo solevivedy
- "‘w.ckel-molybdenum alloys with up ¢o 2£§$ Ho.-n,-lmw a cold
' d
deformation is relatively easy, not harder thanAhigh-al‘!oy grades of steel

(saatidess steels ang nichroms). The lower the molybdenum content of the

-99"
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a) ‘ e a) ) )

b) : . L)

‘a

Fig.?2 - verietdeon—e$ Mechanical Px'opertiés of Cold-Drawn
versus
Wire of Alloy with 25€ Mo (a) and 20% Mo (b) whbhetha Beduction
: a: 1 - Tensile strength; 2 - Yield strength; 3 - Elongation
b: ' l. - Tensile strength; 2 - Elongation
Ore—end Heat No.411; @meem-eg@ Heat No.412

a) Tensile strength ®, kg/mmz; b) Reduction, ;; c) Blongation, %

alloy, the easier the cold deformation proceedd.It was not necessary to use

any coating of the wire surface in drawing. A mixture of soap powder with

SR 8leks -

sulfur (flowers of sulfur) was used as @ lubricant for drawing on the eearee.

and intermediate drewingediuss.

In drawing the fine wire, only soap powder was

used on the fine drawing bm-

The partial reductions ranged from 12 to 20%., The total reductions fwem

« .
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. Nicked-mo3ybdenum alloys work-harden rapidly dur§ng ee3@ deformeSion.

L 4

Here the sharp #3l1 of elongation characterise®ic i all austemitic steels

s . takes pYace. JFigare 2 shows the variaticn in the mechanical propertieswof coid
. . - & ' .
drawmt wire of alloys with 25 and 20%.Uo s a function of the reduction. It also

.
L] » .

shows the variation in plasticity, as charscterized by the elongation. In spite
of the rapid work hardening, wire of nickel-molybdenum alloys free of additional
elements has a large margin of plasticity, so that grea® total reduction in

wire drawing cen be allowed.

Manufacture of Extremely Fine Wire

are .

e .
- J-nickel-moly’odenum alloys JRE .drawn toAfMest gmicron sizes at plants

(‘f;. of the redio industry.qSuch wire must be annealed only in %rm}cu

with a prote'ctive atmosphere. Win is heated in throughﬁhydrogen furnaces at

plants'of the radio industry by the passage of an electric current through the

wilrem mercury contacts. To assure uniform heating of the wive, the

- cloa*umace is then brought to the tequired t',e"mper'ature by means of electrical
L4 -
T T ‘resistance €lemants, .

....... SN R

The drawing‘fr.om 0.2 mm to 0.070, 0.030 mm wes accomplished on multiple
w theowgh diamond dies. - wTl'le total reductions in many cases were brought
up to 808. @n emulsion of amine soap prepaved from chemically pure oleic acid
atid triethanolamine was used as €he lubyicab®e This lubricant has a low ash content,

e the .
which is very isportant forhcold-drawn wire ugsed in vacuum tubes,




Manufacture of ggids

Several types of gr'!ds for varjous types of vacuum tubes were manufactured

. oodranm, . . '
from the dsewe extremely fine wire N The grids were made on automatic machines

v

. . .

. . ' crosspieces, , :
. 404 . which cut out recesses on the mmmnb wound the wire in them and M

.

‘. . .

: . to-‘a“eobthe coilsA- the crosipieces. To have ‘the wire successfully wound '

. . N
ne W . . . »

. automatically, it mus¢ be giﬁri 't‘he. pro‘pexl agneal in.the lp;ropti.ate-plastic
« condition. , |
For nickel-molybdenum allo;' with 25¢ Mo, for instance, ann'ealing.
._‘ ) . . ) | .conditio‘ns have b.ee'n establish.ed in whlch’at diu%eter 0.70-m‘a bret;king | v
' ~ strength of 310 - 340 gn and 25 ~ 30% elongation is obtained.

\ ' ‘ enide made of wire-of nickel-molybdenum alloys with 20 - 28% Mo, after

dnnealing in hydrogen, meswtads their shape and had all the necessary properties.

e . . Microstructure ‘
. T . According to the equilibrium diagram of the ternary i.g‘or.\-ni..ckelomolybdemm
. . . . alloy, alloys with 50 to 80% Ni an.d 20 t0.30%.M0 at 20°C..°0f\513t' of a 50_5_%?
PR ) \ ¥-solution and inte;-metalllé compounds . . , - - .o

The micz:ostruc'ture ¢f nickel-molybdenum alloys in the cast conditior

) ' g ] - .
consists of austenite i)olyhedra with Wz the excess phase (Fig.3,a).

Asl

- The microstructure of an annealed wireh*consists of coarse grains of solid

. - . .
M
. . Y-solution with of the excese phase mbshiéam the grains (Fig.3,b).

(2]
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Mechanical and iigysical Properties of Wire of Nickel-Molybdenum 43loys

(a) Tensile Strength st High Temgerstures < e

Since wire for radio-tube gri‘&f"must mainSain high s€rength and rigidity

.

: o
at elevated temperatures, we determined the vagpiation of the Sensjle and modulus

-
.

of elasticity with incréasing temperature.

a . .

. The elevated-temperature tgnsile test was run on specimens 0e8 mm in -

" .. . - . - “ '
diameter on a GZIP half-ton tensile machine. The vlire. #® heated by passing

I

-

a 24 volt DC through it. This current was obtaine.d.t.hr.ough'a 14 kv selenium .

-

.:rectifier of type VSA-6. The current strength was regulated..by a rheostat.
One lead was tonnected directly to'a sponge insulated from the machine'and ’
‘supporting the specimen, and the other lead to the machine. The temperature

at break . . ‘ .
to which the specimen Wwas heated XNXILXNXX was measured by a thermocouple

'att'ached to its surface. Table 2 shows the ‘tensile strength.of the wire ’M
several heats.'with varying molybdenum content, heated to t_,ex'xp'eratures from
."200 to 750°C. At-over 20% Mo the wire maintains its strength at temperatures

up to 700 = 750°C. At less' than 20% Mo, the fall-in strength at temperatures

“over 500°C is sharper. -

wss . .
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- . Fig.3 - Microstructure of Nickel-lMiolybdenum Alloys (NIMO). 400 x

) a - Cast specimen of NIMO25; b - Specimen of hot-roiled and
: annegled NIMO25 alloy -
v 9 *
-
®
[ ] »
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» Table & . N

%

%ensile Strength of Nickel-Molybdemwn Alloys at Various Temperatur@s

-
»

. Tensile Strength, ké/mm’, at following Temperatures, °C
Heat Mo Content, . o
Noe 4 20 200 .
757 . ’

-— . - R ]

(b) Modulus_of Elasticity av High Temperatures

The modulus of elasticity of nickel-molybdenum alloys at room and

elevated temperatures, characterizing the r&gidity of the specimens, was

- determined by the resonance method on a special instrument at the Central

Research Institute for Machine Building, The test consists in the excitation
of transverse vibrations in the verticsl plane of a circular specimen, and
in the méasurement of the frequency of such vibrations,
Table 3 gives the test results on specimens of various nickel-molybdenum
alloys am‘é"ahled before the test. The modulus of elasticity of nickel-molybdenum

alloys, is the same as that of high-catbon grades of steel, and is higher

than that of many well-known alloys and high-slloy grades of steel RXXXXX
iy

# s t
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{17.000° - 20.000 kg/mu?)¥.
. Table 3

. Modulus of Normal Elasticity of Experimental Nickel-Molybdenum
. .

* D

. Alloys at Various Temperatures

Modulus of Normal Elasticity, kg/mm<, at the fo)lewing
Heat . Temperatures, °C
No.

20 160 <00

757 , _ .
346 _ . .

With increasing temperature, the modulus of elasticity of nickel-molybdenum
alloys decreases. At over 20% Mo, this- decrgase is slight by comparison with
other alloys and grades of steel. At 600°C the modulus of elasticity deeresses 139,

while jaccording to Roberts, the decrease for most alloys amoumts to 18 to 24%;

at 800°C it & respectively 19 - 207 as against 25 - 4O%,

* -’ata on the moduli of elasticity of various grades of steel and
alloys at various temperatures, likewise determiped by the resonance method,
are given by Hobertse® and Northcliffe in the Journal of the Jrcn and Steel

Institute for June 1947.

wsY
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Physical Propertiss of the Alloys

To judge the suitability of the wire of the heats inves®iga®ed for

radio tube grids, a number of i%s pBysical paramsters had €o be determined.

We detormino*ho following physical constants of nickel-molybdenum alloys,

. L
407 g w}th varying molybdenum contents: specific gravity, resistivity, temperature
- ) cosfficient of resistance, temperature coefficient of thermal expansion :n, ,
. temperatures up to 800°C, and thermal conductivity at temperatures up to 100°C.
. Specific Gravity

It was necessary to determine Mthe specific ‘gravity because the gauge
of tim finest wire 1s not measured by a2 micrometer but is uuuouo.d- instead,
mg welight of specimens of accurately computed’ length. The following awe Luotass
the values for the speciﬁc. gralvity cf a.Lllc;ys of the experimentai .heats:

Heat No. Sp.gr

413 . -

“he specific gravity r‘hk higher.the hi&her the molybdenum content.
Depending on small variations in the composition, the specific gravity of

alloy NI)L02SQcontalnLng 2/, - 28% Mo, ranged from 9,00 to 9.18.

w S9

P
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« Jesistivity e

. the
Toe resistivity otAnickel-molybdonum alloys was determined on a Wheatstone

bridge om specimens of annealed wire 0.2 mm in diameter,

28% Mo

2)

24.57 Mo

R0% Mo
b)

Fig.4 - Variation of Resistivity of Nickel-Molybdenum Alloys
WATA,

Mea Bieationob the Molybdenum Content and the Temperature

a) Resistivity, ohms/mm?/m; b) Temperature, °C

) fMoys containing 65 - 69% Ni and over 20f Mo possess a very high
resistivity, from 1.20 to 1.45 ohm/mm?/m. With increasing molybdenum content,

their resistivity rises. Figure 4 shows the Kh&- of t& resistivity of




s 408 ¢

s

‘o
.

N °
n’iékel-mplybdenum alloys with varying molybdenum content,sss-fumeblorr—ctfoihy :

* 4oupodsiupe, The temperature

. ) coefficient of resiativity falls

ae
. ) sharply with increasing molybdenum
content (Fig.5). At 27 - 28% Mo,
. ’ thé. temperature coeliicient@
. . XXNLRREX R SNV MY AL NYXXY of
. ' o . .resistivity of the nickel-molybdenum

- ’ a) ‘ . alloy appx"oaches that of nﬂxﬁn

chromium~aluminum alley No.2 used
‘ the finest
for registorsyand in MUEYTRLLXELX

sizes can replace it in miniatusrs

o) elenents.

Fig.5 - SEEEviewesy8 Temperatues ] : Coefficient of Linear Expansion

Coefficients of Resistance of
The thermzl coefficient of linear
Nickel-Molybdenum Alloys as a

Function of the kolybdenum Content expansion of nickel-molybdenum alloys

(NL = 67 - 68%)
was determined on a leitz
a) Temperature coefficient of

resist oMM, oy x 1076; - differential dilatometer in the

b) Molybdenum content, %
temperature range from 20 to 800°C

1€ wea.
on standard annea]’pecimens 3.6 mm in diameter. Iie=weles-4® not high by

comparisom with steel and other alloys, sspecially for alloys with high

" &
- molybdenum content, but “still almost double value for modgbdenun.
i
' L]
. » . . .
[
® i 0

. il
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a)

b)

.

. of
. Fig.6 - Temperature JepsadancedX Coefficients of Linear

Expansion of Nickel-Molybdenum lire
a) Coefficient of linear expansion, & x 10'6;
b) Temperature, °C

Figure 6 shows the curves of varlation of the temperature coefficient of

expansion of the nickel-molybdenum alloys with rising temperature.

Thermal Conductivity

tr et

The coefficient of thermal conductivity of the alloys up to 100°C was
determined on a Tomashov-Fridman instrument on specimens 6 mm in diameter and
150 mm long. The following were the values of the thermal conductivity,
cal/cm-sec~°Cs

Heat §o,
57

(v




. | The thermal conduc®ivity of the nickel-molybdenunm alldy is very low by

the :
‘ comparlaon with that ofkpure metals, @mb especially that of molybdenum, which

has a coefficient of thermal conductivity of 0.35 cal/cm sec °C.
Thermal conductivity is one of the mos® important characteristics of an

alloy for radio-tube grids. The rapid removal of heat from a grid is one of

the necessary conditions MNXER normal operation. The low thermal conductivity

. their
of nickel-molybdenum alloys, like that of all othor alloys, prevents YBEXTXX . °

substitution wh ealita

mxmnum for molybdenum or tungaten W radio.tubeQ

Where the grid becomes heated and it is impossible to remove the heat by means ’ .

by eiw
- . of crosswmg® or by increasing the radiation NAXNje-add=eé various coatings,

- : - &M“‘M\.

grid thermo-currents arise 0

Manufacture of Grids .

G6rids manufactured from experimental batches of nickel-molybdenum alloy

s
wire ﬁere agsembled in several types of electron tubes;  In testin;:aln?comparmg
them with tubes of the same type with grids of the materia)hcnﬁn t?e‘pgxt.
satisfactory results were given by tubes.with grids of wire of nickelemodybdenum
alloys containing over 20% Mo. The conaumer plants prefer the use of wire

of alloys containing 67 - €9% M§ and 24 - 25% Mo, since their rigidity is higher,
The wire of this composition required by the radio industry, 0.2 mm in dismete®,
is being del}ivered by the experimental plant of the Central Resesarch Institute

for Ferrous Metallurgy, and in the'Yinest gages, by the Beloretskiy z.u:xd

"Elektrostal!™ plants, .

w63




Wire of alloy NIMD25 successfully substitutes for molybdenum wire in

ot

many types of electren ®ubes. In fino' cross sochqm.iQ possesses high

- ° ’ .&.
strengid ‘hﬁb room and elpvated temperatures. AS the same time it 'eoasesses

d » * o,
* .good impact strength, p% sutomatic winding of grids, tauhs—sesiie

hd .

. . 410 sacenplishad. The grids wound with this wire. have adequate rigidity to

- .

the :

. _ . ) res Lstfefomlng‘forcu &uring asserbly, and maintain their shipe and size

e . ‘ .. .'during operation and during the degassing of elements in the tube gt high -

. *

. . ‘ ) ) temperatures.. Wire of ‘alloy NIM(525 has a number of advantages over molybdenum

¢ . wire, It does “oxidize in the air, while molybdenum does show considersble
. ¢ . \J

- oxidation during prolonged storage.and during the of the tubes, . In

contrast to molybdenum wire, it.can be ‘dram cold at high speeds on multiple

asehines. The wire produced is light, uniform in dismeter and uniform in
i d

.. mechanical properties over the entire length of the op.i. The spoilage of
grids of alloy NIM025 during winding 1s negligible ‘m'qompar_ison wit:,h'gz‘ids

frregular ,and nonuniform
. of brittle.mﬂmmmmxl molybdenum wire.

. ' equivalan.t
* Radio tubes with grids of wire of alloy NIMO25 are EOYRREXAERE in service
life and other parameters - distribution of anode current, 't:ransconductanco
characteristics and emission - to tubes of the same type with fiickelized molybdenum.
Nickel-moly®denum alloys have found use in the radio industry not only"

for grids but also for other components. The technology of manufacture of KSRg

cold-rolled strip 0.15 mm thick (of alloys NIMO20 and NIMO28) which cam be

. . - o
.o i used for tmm‘new types of vacuum tubes Qave ‘been developed. The

basic requirement in this case is the service life of the %&ich is

»

et
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411

ot

1 m &he breaking
defermined by teating fatigue linit elethesnssbsane by

{

o
its vacuum seal by vibrations on a special instrument.

& LanudB iy,

Cold rolled strip after annesling and pic"ghlikewise passedaxiie gdraiee
»

» L)
without difficulty. The total reduction amounted to 80 - 85%.

L ]

. .

» Nickel-Tungsien Wire for Grids in Radio Tubes * .

H . .
.
[ - \d

In view of the fact that molybdenum is expensi:le and in short supnly,

-

” - .

. a e e . -
the ase ofknickel-base molybdenum~free alloy hag been proposed for the grids

. L

of electron tubes. "Tungsten #s an elament which is a successful substitute

v
. - *

for modglidenum in’ many alloys and grades of steel. It is less scarce “than

* 1

*

'!ﬂolybdenwn;,and is also cheaper.: Several heats’ of nickel-tungsten alloys were

run in 2 high frequendy furnacegusing the same precautions and the ‘sane technolsgy’

.

as for the nicﬁel—molybdenum alloys {Tatte 4. .

v
-

No data whatevsr can be found in the literature on the properties of
nickeld-tungsten alloys, but our very first experimental studies showed thelr
resistance ¢o deformation In the hot condition to be as great as that of the

nickel-molybdenum alloys. For successful forging.like'ise.it. was necessary to

. hed G
use a clean, dense, well deoxidized ingot. It mws be heated to a high

Table 4

Chemical Composition of Bxperimental Nlalg-Base Alloys of Tungsten, %

LT

-

Heat c Nn Si Ni |
No.
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' .

temperature for forging and rolling.- 1200 - 1240°C. In the range 600 - 1000°C,

nickel-Cungsten a!loys. ;:Ee “as brittle as nickelemolybdenum alloys,

. L 3
a) T . . e

b)

Fig.7 - Variation of the Mechanical Properties of Nickel-Tungsten
[

Alloys Mthe Annealing Temperature (Heat No.234)s

1l - Tensile strength; 2 - Elongation

a) Tensile strength, kg/mnR; b) Pemperature, °C; c) Elongation, ¢

Figure 7 shows the variation of the tensile strength and elongation of
* [}

nickel-tungsten alloy wire with 257 i sewewiunetdansef the annesling ®emperature.
It will be seen that the optimum annealing conditions for this alloy are
heating %o the range 1050 - 1150°C. After heating at these temperatures,

followed by rapid coolings nickel-tungsten alloy wire has a tensile strength

under 100 kg/m? and an elongation of 30 - 36€. But elmmedjwes Mating to J‘,

900 - 950’0&‘ plastic wire for cold deformation with elongation 25 - 30% eem

ba=cbbubosd.

abé *
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H

At tungsten content from 10 to 15%, the optimum annealing conditions

o are heating to ths mange 1000 - 1100°C.

°4l2 Tha m«. the surface ofklow-tungsten wire was

ikl
accomplished by Min a solution consisting of 10f sulfuric acid,

.

® 5 ~ 6% of hydrochloric acid dnd 2 - 25¢ of nitric acid, &t 65 e 75°C, followed
. byilnersion for several minutes in a hot 10% solution of calcined soda. .
] e : . In spite of the fact ‘that

annealed nieho;-tvmgsten wire
has lower ®longations than wire
of nickel-molybdenum alloys,
it‘ is considerably more plastic
a) S . c) and can be dram to the finest
gages without e!oubie. .
The character o! the curves
" in Fig.8 shows that né.ckzl-t:m;sten

' alloy wire (NIVOR5) dees mot

b)
work harden during deformation

Fig.8 - Veséstienmebwliechanical os wanallon

: ’ Senbhoniizf putent as 8EX
Properties of Nickel-Molybdenum .

N Alloy as a Function of ¢he nickel-molybdenun alloy wire

Reductidns "

heat (NTi025) oty o
1 - Tensile surength, SNREP No.233;
2 - Tensile streggth and elongation,

W\ ARG .

3 - Tensi.le“strength. heat No.236
a) Tensile strength, kg/mm?; .
b) Reductiong %; c) Blongstion, % .-
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; Mechanical gnd Physica) Propertjes i Nickel-Tungsten AJlqys E
. Wihbe- Voye! Mase -h?:.fw

According to the equwiidbsbwmdisgran-ef ternary irén-nickel-tungsten

: m-——nm aldoys eioliopuubompepatunes with 60f

. * of nickel and 10 to 26% of molybdenum coonsist“cl & ¥-801id solution and
v L]
. ' intermetallic compounds, iron-tungsten and nicigel-tungsten. Figure 9 shows
hd »

the microstructure of .annealed nickel-tungsten aldloy wire with' 254 W, consisting

L) .
*
. e e of coarse grains of ‘solid Xesolution with segregation of ®he excess phase
) inside the grains. < . .
Mechanical ‘Properties of Nickel-Tungsten Alloys .
The tensile strength of nickeél-tungsten alloy wire at elevated: temperatures )
HaGZIP )
was determined on k@2 tensile machine by the method described above.
Table & gives the results of the tests,
413 Table 3
Tensile Strength of Nickel-Tungsten Alloys
- Tensile Strength, kg/mmz, at Various Temperatures, °C
deat
No. 20 200 210 360 420 450 £0N O Y50 800
o
..
) .
® ® ) Y
& - e . - -
w67
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M onddd
Aﬁn tensids stfength wislmeses—0fell on increasing the temperature to 600°C 0

decrefises s5ligh®ly (apeut 20%) from the initial strength, but even at 800°C
L ]

» ﬂ‘ W AR M
-1t s€ill semajns Pather high. The strength ot‘h-l heat Jo.236 with 25.88 W

'goalmost as figh as tﬁxa% of alloy NIMO25 at these temperatures,and i higher

than ¢hat of a nickel-molybdenum alloy with 20% Mo.

Fig.9 -~ Microstructure of Annealed Specimen of Nickel-Tungsten Alloy
(25% K) . 1000 X -

a
Table ¢ gives the Tesults of WNR determinatiom of the modulys of normal

L ]
. for
elas®icity at room temperature and elevated tempsrature SEER already annealsd

" .

specimens.

. 49
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. Mgdulus of Normal Blasticity of Nickel-Tungsten Alloys

L]

Nodulus of Elasticity, kg/mm?, at Various Temperatures, °C
Heat N
No. 20 . . . :

The modulus of elastlicity of nickel-tungsten ®lloys at room and elevated

-

temperatures is as high as for nickel-molybcienum alloys. It is particulardy

.

high for the alloy with 2t W, 18000 kg/ mn? at B00°C, Just as high as most alloys

at room tempersture.

. . ) ' Paysical zrgggrqes of Nickel—Tungst.en A;lols .

: e determlne#hhe physical properties by the same methods as, for

-
L]

- nickel-molybdenum alloys.

- Specific gravity, resistivity and thermal conductivity of the FERXMRIXE
alloyse . ) . R
Heat No. 233 234 235 236

Tungsten content
Specific gravity
Resistivity, ohms -mn/m

Thermal conductivity,
cal/cm-sec-*C .
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*

With increasing tungsten content the specific gravity of the alloy

increasef.. Its mean value was 10,235 for f_ive heats of the alloy with 25¢ W

{(NIVO25). The resistivities of nickel-tungsten alloys increasé*ith ncreashng
tungsten content.
temperature
Figure 10 shows the XKXIXXXENXX dependence of the resistivity of the alloys.
The temperature coefficient of these alloys is higher thanlzhat of nickel-molybdenum
alloys, but, beginning at 400°C, fheir resistivity remains almost unchanged.
‘The thermal conductivity of nickel-tungsten alloye up to 100°C was

determined on a Tomashov-Fridman instrument.

One specimen of an alloy containing 25¢ W (NIVO25) was tested for thermal

conductivity at temperatures up to 800°C at the Central Research Institute for

Machine Building on an imstrument designed on the Kohlrausch principle., In this

.

instrument the test specimen was heated bﬂ' an electric current in vacuo; the

27/




g
. !
¥
‘ o
. B
v
-
\ a)
a)
b)
Fig.ll - Temperature Dependence .
‘ b ) _ of Thermal Conductivity of Alloy
i . NIVO25
- Fig.1l0 - Tempera‘ture Dependence of a) Thermal comductivity X ,
. _ cal cm sec °C;
the Resistivity of Nickel-Tungsten
N ) b) Temperature, °C
alloys . ’ . .
.+ .1 - Heat No.233; 2 - Heat No.234; :
3 - Heat No. 235; 4 - Heat No.236
a) Resistivity, ohm/mm*/m;
b) Temperature, °C:
) ghentity of heat conducted was determined from the potential difference. The
electrical
* ERXEXERIRXXY conductivity of the alloy was determined at the same time.

Table 7 and Fig.1l show the results of the tests.
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Table 7

2

Results of Determination of Elsctrical Conductivity and

Thermal Conductivity of Alloy NIVO25 at Various Temperatures

i L]
. . Test Temperature, °C
. . *
126.7 205 342 448 '600
- . .
. .
. Eleetrical conductivity 0.811 .
. Thermil conductivity .
: : cal/cm-sec-°C * ot
. . kith Increasing temperature.the thermal conductivity of the alloys .
= considerablyAlncreases. The rise in thermal conductivity in this' case is
. ’ ‘linear, as will be seen from Fig.ll., The linear and considerable rise in . .
* " ) . “.s»~ “the thermal conductivity of nickel-tungsten alloy during heating is its
AL ' advantage over other alloys, whose thermal conductivity ,&ncreases. but sometimes .
. . even decreases'with increasing temperature. This property of NIVO alloy *
. should expand the possibility of its. use for grids of various types of electron Lt
tubes, .
. ’ . ’ coefficients ' of the nickel-tungsten
Table 8 gives the thermal XNKEXXNXNSSE ¢f linear expansion ¥XXEXEXEIXMNEXXNG
O.M.
he@ben
Table 8
Coefficient of Linear Expansion (af x 10'6) of Nickel-Tungsten Alloys
Heat Temperature, °C
No. .
, 20-100 . 20-200 &40-300 20=400 20-500 20-600 20-700 20-800
<33
234 .
286

273
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Resjotence of Nickel-Tungsten Alloys to Corrosio

s The.corrosion resistance of nickel-molybdenum alloys. under atmospheric
- conditions evoked no doubts whatever, since similar alloys are used in the
chemical industry as corrosion-resistant. Nickel-tungsten alloys containing

e 60% NL and 10 - 21% W have not heretofore been used in industry, and there are

no data on their resistance to corrosion. In dry air, like all other high-nickel

. alloys, they do not oxidize. To determine the corrosion resistance of the
- . - . . .
o . nickel-tungsten élloys under investigation ,inder atmospheric conditions,
[ 4 ’ ) . b . ‘ ’
. . * . * specimens of wire of these alloys were tested for seven days under the following

\ conditions: from 9 to 13 hr, rocking in a variable load apparatus; from 13 to

. . . =
. . . .

. 17 br, in the air, from 17.tc 4 hr, in tsp water.

oo '. * For purppses of* comparison, specimens of wire of nickel-molybdenum alloys

.

. .

under these same .
with 20 and 27¢ Mo were tested EENMMXRXXEXXNXXKUXE conditions. Table G gives

.’ the losses-in weigh?. after the tests., According to the results cbtained, the
i under humid atmospheric
corrosion resistance of nickel-tungsten alloys XMXMEXNKXXAXXMXEMUIUXXXX conditions
is not poorer than that of nickel-molybdenhm alloys under the same conditions.

Under prolonged storage and during the zssembly of electron tubes with

grids of wirea of nickel-tungsten alloys, no oxidation was noted.

379
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Table 9 *

* [ ]

fiesults of Tests ©f Alloys NIVO and NIMO for Resistance
®

L2
to Corrosion
- »
. hire *  Weight keight
— Snecimens of Alloys Diameter, before after Weight Losses
* mm Testing, Testing,
R gn gm gm g em?/hr
&

- . »

NIVO of heat: : .

No. 236 ° . ,
. No, 235
No. 234 . .
NIMO20
NIMORS
Table 10 gives, for comparison, the mechanical and physical properties
" 6f annealed wire for radio-tube grids, made of molybdenum alloys NIMO and NIVO.
Table 10
Comparative Mechanical and Physical Properties of Annealed
Wire of Molybdenum and of Alloys NIMO and NIVO -
v %. d , d. Ob' kg/mm2 B, kg/mm2
Material kg/mm< kg/ﬁ"m2 % at at at at
500°C 800°C 200°C 800°C

_— v e

liolybdenum wire
- NIMOZS
NIMOZ0
NIVO25

NIV020 ‘ '




Temperature
Thermal Coefficient Resistivity,
Conductivity of Thermal ohm/mm< , Melting Point,
Material cal/ cm-fee0°C Expansior:g 20°C c
. ol x 10
- »
M - . -
R : . :
Mékgbdenum wire . .
NIMO25 . - . . -
. . .
NIMO20 . o e L,
NIVO25 ° g ) . . ’
NIVO20 ) . . ) -
. 418 Test of Nickel-Tungsten Alloy hire in Radio Tubes ot N . .

The first tests of grids made of nickel-tungbten alloys'with 21 and 25% W o

-

. .
. v .

in 200 type 2KZh tubes yielded satisfactory results for all mrmtérs. »

£ . ‘. - R . A

Favorable recults were aiso ,‘obtained after testing for service life. All tubes

tested showed a drop in anode current, transconductance and rise in emission

within the established standards after 500 hr of service, The tests were

L
-

repeated on 100CO tubes. with grids made from an industrial betch of nickel-tungsten

alloy wire with 24 - 267 W (NIVO25). The quality of ‘the tested tubes was

found to be equivalent to that of the current production. The marf value of

-
O

-

their parameters was the same.  The percent of output of satisfactory tubes
[

in a sample was the same as that in the current production, 90.5%. Favorable

results were also given by a test of NIVO25 wire for grids of other types

Q . -

of tubes at other plants of the raalo industry,

N N\

~

a




v:’ L]
As a result of the t@st¢s run and of the fact that NIVO wire deforms

be replaced by NIVO
very easily ix.x the cold condition, NIMO siley wire,should MMXEENXXXYIXWLNRE wire.

.
. NIVO wire has also found use for other components in several types of radio tubes.

o
. .

.. Conclusions ' ‘ .
L]

R 1. The chemical. composition of nickol-molybd'onum alloys (NIMO) has been
; ‘ . .

L ° E)
. .
. . R .

. L]
., mere precisely determined, their properties have been studied, and a“technology .
. » .
, . * . .
. . . . LN . developed for the manufacture of extremely f:Lne wire from this alloy for
. ) molybdenum, whidh .o T
) radio tube grids to replace wire of XNMXNKNEUNXKKAXXX is in short supply and

- * » .

. . is difficult to work. The technology of producing NIMO wire has been

- .

.
*

introduced into industry. ‘
. L] ! . .

., 2, Cempositions A nickelsbase molybdenum-free alloys with tungsten

. .

< % ' ) ' have been selected, their properties have been studied,and the technology ®f

. N production of extremely fine wire from these alloys has faeen developed. Grids

. . .
. .

made of NIVO alloy-wire are as good as grids of NIMO or molybdenum. The

-
—

technology of production of NIVO alloy wire has been %.

-
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. . * .

- . . . SmUCTURAL TRANSFORMATIONS IN N'ICKBL-BAS ALLOYS
.o . .

' D : ) .

A iby . *. - . -« '

. " Bngineer L.N.Zimina and Proiessor V.V.Pridantsev, ‘ .

Doctor of Technical Scicnco_l

. . -
. - L . * . .
- » -
- L d
.

The extensive industrial use of riickel-base heateresisting alloys and ~—— == —

.. .
. -

¢ the design of new super-ailoys demand® a profound understanding of the structural

.

. .. transformations taking place during hezt treatment and operational use of the

alloys.

\
14
. Most heat-resisting alloys swe disperaion hgrdening by segregation of IXX

intermetallic phases. Great interest therefore attaches to the systematic

.

o - e ———— — BT . Sevirse

" -the
study oprhase diagrams of compilex and simple systems.

e

The first phase diagramp of the system Ni-T1 was drawn by Vogel and
Wallbaum (Bibl.l), and was based on X-ray diffraction and microstructural studies.
' solubility y
According to these authors the EEXXMMIXXXY of titanium .‘Q nickel was 2.8 - 3.0 Wt.%
at 800°C. The titanium they wsed, however, was not sufficiently pure (95%),and
. this fact ceste doubt upon the position of the solubility limit of titanium

.

] : . :d. nickal.

x ¢
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In 1952 Taylor and Floyd (Bibl.2) published s detailed study of the
1 system Ni-Cr-Ti, NNE giving the solubility of titanium ﬁ nickel at 750 and
1150°C as 9..4 aL.f es (7.8 .%) and &340 Ghe¥ s (20.8 ws). respectively,

At a titanium concentration beyond these Yimits, the intermetallic phase NLi,Ti (?).

with a hexagonal close-packed lattice, is segregated. This phase is observed

on polished sections in the for!n of very fine lamellas. Subsequent studies
T by Yu.R.Bpgaryatskiy and Yu.D).Tyapkin (Bibl.3) established the solubility
lilitiof titanium in nickel It'800 and 1100°C and copflmd the data given by

o Teylor and Floyd, ) .
. The presept study was undertaken with the object of determining the

w »
. . ' lolubillty' limit of titanium emd nickel at lower temperatures, of studying the

-
.

: structﬁrll transformations during aging of Ni-Ti apd Ni-Ti-Al alloys of,

. - - . ..

. . . composition close to the solubility limit &% 606 - 800°C, and (;f studying the R
‘. ¢ . 473 ’ , structure of several industrial alloys of the system N1-Cr~Ti-Al after prolonged -
5 - . ¢ aging. L R L
' - “ e vom
* Starting materials of high purity were used in melting the Ni-Ti and

- ’ Taapteiiim ~Aedmasd
Ni-Ti-Al alloys. They were electrolytic nickel of mark N-O md,Ptallic

. vaptbocgbene heats
titanium.prapased-oy-the-negnesiua-biermsb-nathed, The msdde were run in a
omily M On

10-kg induction furmco‘-h“argon «—“‘y protective atmosphere. Tsble 1

[}

gives the chemical composition of the Ni-Ti systéh alloys studied.

x7
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Tabje }

Chemical Composition of Ni-Ti Alloys

Heat ' Content of Elements, Wt.%
‘ No.
! . Ti Al Fe si Mn s P c Ni
. *
. not found’ 0.01 remainder
. ’ . ' . -
- : . *
traces * "
- .
" t, * "
i * * " »' * N .
*
s . -
B o . n
L * -
L3 Y b4 : -
. . : of e )
s . The solubility limitytitantum & nickel was'determined mainly by the
.. [ . ' * LI
. X-ray diffraction and migrostructursl ngthods. Tho X-ray diffraction patterns#*
. o ’ back-reflsction N ’ : )
were taken by the MEXMEDETXXXXXX nthodA. copper radiation. The focusing
was on the line (024) at'a Bragg angle of 75 ~ 76°. The error of. measurement
. - . - -~ _
: : . of the lattice parameter was not over % 0,0006 kX. Six-diffraction patterns
. 4 » * N . . 14
‘ were ’ :
= #XEN taken of each specimen and the mean value of the latticc paruzter was .

determined. The lattice parametar of the sm specimen .na measured first

a®

after quenching in a 10% NaCl solution EXX from 1150°C, and then after

* ’ . . . MM Le

_tempering for 1500 hrs at 700°C." Tie—pevmitbed Y results fes

.
-

Arather reliable. As will be seen from the curve (Fig.l) based on the data of

-t -
-

#* The X-ray diffractién analysis was run under the supervision of

R.M.Rozenblyum.

reo




Table 2, the m of the hexagonal phase Ni

’ﬂ. at 700°C 1is

6.8 W% (8.2@t.T). Figure 2 gives part of the phase disgrams of the system

Ni-Ti on which the limit of separation of the hexagonal phase N13T1 has been

-
*

plotted from the data of other studies “(Bibl.2,3 and &) taking account of our
. -

.
owh results. All points fit well on a straight line. The only exception is

the point for temperature 1150°C ocbtained by Taylor and Floyd on powder

» L ] -

414 specimens of an Ni-T! alloy during a two-hour anneal, which at the high

. temperature could have resulted in a certain evaporation loss of titanium, dut

-

*he » equilibrivm :
ﬂh‘h holding time was probably not long enough to teach an ENEXXXMINE structure.

- - Py 0‘ .
3 ' t ) . -
L L] - " R
-* . .
a) 700°C~2560 hrs .
L ] a . ) b
b) .
» : .
: L
. Fig.l - Variation of Lattice Parameter of Solid Solution :
L
after Quenching (a) and Aging (b) - v

A
. @) lattice parameter, kX; b) Titanium concentsration. wt.%

-

Vel .
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Table 2

»

N * Variation of Lattice Parameter of Solid Solution and of

o . ’ Microstructure of Ni-Ti Alloys during Aging

. Lattice Parameter, kX, after
Heat Ti, wt. % Structure
No. Guenching Aging 700°C for after Aging
. (700°C for 500 hx) 1500 hrs at 700°C
for 1500 hrs

e, 959 54 3.542 3.542

. . . T a - . linesptrongly blurred

-~ . ’ .o . To bring oot the microstructure of the alloys we used a reagent® of the .

foldoping compositiows 3% FeSO, 4+ 3.5% NaCl + 5% H,S0, + 88.5% distilled water, -

.
.

-
-
»e

which had beep developed for *he electrochemical separation of the phases in

. L3
»

. N1-Cr-Ti-base alloys.” After electropolishing in concentrated nitric acld,the

) . . amp/cn?
- polished sections were electrolytically etched at a current density of 0.8 - }.5 ptsn

. -4
) —~ & ) different :
. During this etching, owing to the YAX¥XKEXX rate of electrolytic dissolution of«

475 the various structural components, parts of the solid solution with a relatively

low $3tanium content are dis3olved, The titanium-rich portions of the alloy are

- a

more stable electrochemically, and, projecting sbove the surface of the

polished section, they become cleaPly visible under the micgo@eope at magnificationg

et

# This reagent was developed in lab@rstofy No. 41, Central Research

Institute for Ferrouns\mtallurgy. by M.M.Shapiro and R.Ye.Grabarovskaya.

4232
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of W 600 - 1000 x.

In the quenched conc;ition. all
the alloys investigated had the
structure of & simgle-phase solid
solution (Fig.3,a).

. In alloys with 5.4 and 6.55% Ti

a) . '
. at bver 650°C in the phase dlagram

*
< .

R »
! . - in the,.single-phase region, regions, .

. . LI
. R .

A

appear during aging which are’

» . considerably enriched in titanium

. b) . '
.and have & distinct surface of

separation from the matrix solid
Fig.2 - Phase Diagram of Ni-Ti : B

(Nickel Corner) . solution. After 25 hrgg aging at
. .

&) Temperature, °C; 6) Ti content, ‘ .
800°C, the presence of & sharp

...........

(atomic %) .
. inhomogeneity of the alloy can be

.

;e
observed under the optical microscope at high magnification (Fig.3,b)." The

*size M’
lower the concentration’ of titanium in the alloy, the smaller the KEEXK and

NNMNAX of the segregated phase. This is clearly visible on the micrographsof

€93
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e . - . Fig,3 - Ni-Ti Alloy (6.55% Ti) in the Quenched Condition (a) .
L s - - . . ‘
Lt .- - and after Aging-2$ hr at 800°C (b) - 2250 x )
s . " “ (s .
» . c e * . ’ o .. .-
* . 476 the ‘alloy with 5.4% Ti (Fig.4,2)-and 6.55% Ti (Fig.4,b), after aging 1500 hr at 700°C.
.- 4 R . ’ :
- . ’ “ - ) . . . .
. .. XE ) - .
- ' . * R B - T .
: d - “ M ' )
- - .. * -
. ’ ' . ' » . )
- et * - . .
» . ¢ y
. .
4 .
i
T , S -
b 8 b
Fig.4 - Ni-Ti Alley {5.4% Ti) (a) and 6.55% TL (b)
‘ IWXXISE
. after 1500 hr Aging at 700°C. 600 x
»
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Mﬂ Gt
R.B.Colubtsova and L.A.Mashkovich {Bibl.5) separated a M
(X wes &5l

Ni-Ti alloy with 7.9 wt.% Ti after }00 hr tempering at 800°C Aon the phase .

» diagram Shbe—besaZownd in the single-phase ¥-region). They found that the
L J

anodic precipitates had a composition clqae" to that of the chemical compound N13T1 H

their titanium content was 23 ~ 25 at.%, bug, the lattice had a facg-centere:i d

- .
L4 [ . .
L 4

. cubic structure with dhe parameter 3.581 kX. ®The hardening phase-in the alloy BI437

.
* hd -

*
has this lattice parameter, s «
L -

. »
hd -

The phase of segregation with a faee-centered cubic lattice and a .

composition close to the compound Ni"l‘i will hereafter be termed theoX!-phase,

. t& distinguish it from the J*‘ ~phase with the same lattice ty.pe but based on

¥ B 2 - “e ————
']

. . o the compound NiBAl. It sheuld be noted that in XXX alloys with a low tifanium
_ content it is difficult to detect the os'-phase with instruments of *the .E)resent
. | L . .

aensitivity,ey such methods a&s the q!latometric) or by.measurements of hardness

and electrical resistance. In each case only ahsiight. incregnnt of hardness

is noted during the aging of alloys with €.58 and 7.0% Ti (Fig.5).

- Alloys with higher Ti content YXRXJ (7.0%f or more) shownot only &he

A

T~ ’."uq- of e d'-pa-e b 8390 fine lamellar um“ of the NiTi (7)

4'7"7 . ph'ase with a hexagonal lattice (a = 5.10 kX; ¢ = 8.31 kX; ¢/a = 1.63). The
presence of a considerable amount of the 'r)-phase in th® alloy is characterized
by the appearance" of a second maximum on the hardness curve. Thﬂe yin the
alloy with 9.1¢ Ti, during the first period of aging at 650°C.t.hem is a

gradual increase in hardness from 12 to 33 Rc, primarily on account of the

ke(




Y

segregation of the cubic Q¢ '-phase (Fig.5). Whhen the holding time is increased

from 15 tg 25 hr, the sharp rise of hardness to 52 R, corresponds to the
. - - e L

. .
formation of the lamellar 7%phase. s . e
LY 1) . L]

e

" In a study of ¢he Thitial stageh of aging of Ni-Ti alloys, Yu.MBagaryatekiy

L4
- . -

L v, ) -
e and Yu.D.Tyaplein: (Bib1.6) found the formation of the hexagonal NijTi phase to

i J
¢ * proco.& in two st‘.ages.’ The first stage consists in' the formatlon"in the crystal

W, v e N

- -
.

. ° of XXX s'uparsatura'tod solid solution,of regions enriched in titinlum up to the

.9
. . = . .. ., . . '
. + . composition Ni}'l‘i;. The second stage consdsts 1;'3 the rearrangzement *of, the,
. * : \.‘\\l -
» hd ~ *

. lattice inethese regidns into a hexagonal lattice of the segregated phase,vu;qn:-?
T e e - .

.

LI J L] -

wibh its conjugation with, the impoverished solid solution meimteimed, Consequently,

L4

-

. jn the alloys in the two-phase, region (:14»1.) of the phase diagram, the cubic

o '-phase is metastable and in course of time must pass over into the hexagonal

. pov | 2% ot

- 7 -phase. But in alloys located to thé left of thé Disibb-ol solubilityAd

P




&n

¢)

b) . . *

Pige5 - Curves of Digpersion Hardening of Ni-Ti Alloys at'650°c..

T4 coptent in alloys:
. . . 1 -6.80%; 2 - 7,03 I - 7.4%; 4 - T.6TF; 5 - 9.1¢

Aging time hr;

a) Mardness, R 3 b) BIMCUMIEOKEIKENNY c) Hardness, Rg

. -

“ +
. titanium amé nickel'the X '-phas‘ is very stable at low temperatures. ‘Apparently
its size, and perhaps also the deficit of ¢§tanium atoms ,do not permit the

lattice rearrangement to pr@ceede v

M *
> L J
-

The first lamellse of Nia‘!’i dn the alloy with 7.0% Ti appear in several

grains after 500 hrsaging at 700°C (Fig.6)e In alloys-with a higher titanium

*

» 57
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Fig.6 - Ni-Ti_Allo;; (7.0% Ti) after 500 hr Aging at 700°C. 1500 x

O *
L[]
-
w
. &
1 ]
- ‘ R
.
- . » a b
¥ . * . .+ Fig.7 - Ni-Ti Alloy (7.4% Ti) after 500 hr Aging at 700°C.
s . (a) and 1500 hr aging (b). 600 x
>

x gy
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content, the segregation of the 'Ylophuo takes place at firat along the grain
boundaries and twinning lines in the form of parallel lamellse (Fig.7.,a). With
the passage of time (for example, at 150C hry the process now extends to the
entire grain interior (F.ig.'/.b). The lamellas of the N13Ti phase are arranged

on the type of a Widmanstaetten structure.

Fig.8 - Ni-Ti Alloy (7.67% Ti) after 500 hr Aging at 700°C (a)
without Preliminary Deformation; and (b) with Preliminary 20.8%

Extension. 300 x

4

Thus‘in alloys located close to the solubility limit in the two-phase

region (-‘ +0|) on the phase diagram, the structure consists for a long time of

& MEX predominant solid solution“‘sogﬂgatd"oﬁ -phase, mostly ef=&he square

shape (Fig.6,b) and a face-centered cubic lattice, and, on the other hand, a
e .

hmlhr'q-phaee with a hexagonal latf,ico. The size of the particles of the
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.20125 hr at 1000°C, only XNNXXX

wth
of'-phase in the slloy ef—the 7.0% Ti after 500-hr aging at 700°C is,on the

are of
average 0.3 - 0.6 pa. The lamellae of the 7/-phase AKEE the most veried sizes,

some of them are as long &8 0.05 - 0.1 zm dmmg with a width of 0.6 - 0.7 Jh.

»

Using bulk strain hardening, the process of formation'of the hexagonal

crograﬂsor an
) n

‘alloy (7.67% Ti) after aging'’500 hriat 700°C ,1n one case (a) immediately after

N13'1‘i phase can be substantially accelerated. Figure 8 shows

quenching, and in the other case (b) after first stretching the specimen by 20.8%.

An
TNE increase of the titanium content of the alloy and a rise in the

aging temperature make the o' -phase less stsble. After aging an alloy with 9.1% Ti

occasional eqiens ‘\M-«W ‘,.JZJ:-
XXEL-sogregetions—olsguuraTgheps Can be seen in

the structure (Fig.9).

Fig.9 - Ni-Ti Alloy (9.1% Ti) after Aging 25 hrg st 1000°C, 600 x
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The aqdiuon of aluminum to an Ni-Ti alloy retards the formation of the

hexagonal 7j-phase. While the first lamellac of the u13'r1 phase appear in an

Ni-Ti alloy after 500 hn: of aging at 700°C at awccnient—ef 7.0f Ti, ebopioture

ko-oboesmed in presence of 0.4% Al)kb-i-rmmuﬂng 7.4% Ti (Fig.10,a).

a b
Fig.10 - Ni-Ti-AlpAlloy with 7.4% Ti and 0.4% Al (a)
*
and 1% . (b) after Aging 500 hry at 700°C. 1500 x

When the Al content is increased to 1% in the alloy with 7.4% Ti, however, the
-y‘-phase is entirely sbsent (Fig.10,b). According to Taylor and Floyd, an
analogous alloy lies in the two-phase region (Y‘ 7'). anethed same work Aiata
sve—giuss to the effect that an alloy with 6.2 wt.® Ti and 1 #t.% Al has a

single-phase structure of @ Y-solid solution at all the temperatures investigated

(750 - 1150°C). Our own data fail to confirm this proposition. EBven an alloy

Pl
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containing 5.35¢ Ti and 1% Al
has a two-phase struc‘tun
(Fig.11) after aging fmw
200 - 500 hr at 650 - 700°C.
There ig a slight decrease
in the lattice pu:amt‘of of
the solid solution in this
case (from 3,5472 kX to
3.5462 kX), accompanied by
an j'.ncreaae in hardness
Fig.1ll ~ Ni-Ti-Al Alloy (5.35% Ti and 1% Al) ' amounting to 10 Ry units.

after Aging 500 hxyat 700°C. 1500 x
Such an alloy has a rather

Dwmala

high resistance to heat. &t 650°C under a stress of 15 kdnun2 the Aerpture

wime is 250 - 270 hyy, which 1s comparable with the long-time strength of a

w;x& A.tml-t
two-phase MXXNY Ni-Ti alloy with 7.4% Ti, wivkehlas—e-rupture 4ime—iE of 185 - 200 hiy

under the same test conditions.
The dilatometric curve taken on heating quenched specimens at a rate of l'C/min‘
make it possible to determine the temperature range of the transformation in
)
| £ then ant ne-
Ni-Ti-Al alloys at 1% Al. Iauthe-oese—of—sbeenee—of trnnsformtiona in the
alloy (3.5% Ti), the dilatometric curve in the tempsrature interval 500 - 900°C
is linesr in character (Fig.l2,a). At 5.35% Ti (Fig.l2,b),in the temperature

interval 500 - 820°C, a slight shortening of the specimen is observed in

connection with the segregation of a phase of type NL3(T1, Al) from the solid
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L e w

solution. An increase in the titanium content to 7.5% broadens the region

of existence of the second phase on heating to 930°C, while the process of

coagulation and partial solution of this phase in the solid solution begins

at about 750°C (the minimum on the curve of Fig.l2,c).

A large number of studies of the structural transformations in alloys

. of the system Ni-Cr-Ti-Al have appeared in recent gurs in the Soviet and
. 2 WW‘G >

- foreign literature, oap'a*lﬁy-* ;]_.i;;—r; “of the KnN80T type (grades EI437

and NIMONIK-80). It is well known today that the hardening of type BI437 alloys

Lo T Ao , : iy oy, '
is of “the finely disperse phase (ol ),
Wk has oo

. Suringebgingri-phoso-wity face-centered cubic lattice and the parameter 3.58 kX.

. * : huytitia wlio ot etchant -
482 The square 4f the sesgend is properly selected (Bibl.7,8,9).
.

. . N 2
’ Nordheim and Grant (Bibl.10) consider that the m phase in v alloys

. of this type is based on .‘tb.e chemical compound N13A1 with a cubic lattice in
L]

« which some of the aluminum atoms have been substituted by titanium atoms.

Ld




. . *

* .
Fig.12 - Dilatometric Curves of Ni-Ti%Al Alloys: (a)
. 1% Al,'3.5% Ti; (b) 5.35% TL and (c) 7.5% T1

H
- o L4 - -

This 'view is refuted by the data of chemical phase analysis* {Table 3) showing

. [ ]
"

16 - 18 atomic percenit, T2 incthe c('-phase and omly 4.5 atomic percent Al,

. L]
gy 0 .

indicating its composition -to -be-close to that of the compound NiBT.i in which
[ ]
the titanium atoms have been partially replaced by aluminu® atoms. In course

of time, at a sufficiently high aging temperature, assuring the occurrence of

. «

. diffusional processes, or under epeveting conditions under the action of

* The chemical phase analysis was run by R.Ye.Grabarovskaya.

ar 74




483

considerable stresses, lamellar w appear, first of all along the
grain boundaries and twinning lines. Figure 13 MHG7 alloy

Macbltate

with ngngﬁu of the lamellar phase. After long=time tensile tests at 700°C
and stress 36 kg/mn? for 350 hr (a); after M the alloy SerdGd-hr
(b) and after aging 600 hr at 800°C (¢). Some authors (Bibl.11,12) tend to

Table 3

-

Composition of Metallic Segregetes of Alloy EI437

Ni
Composition of

Heat Treatment Conditions . . Ti + AL

. Yield .o Ratio in

Bogsfuart Yo
Quench Temper mmg 3 NI Ti Al Cr Fe

1080°C, 8 hr¢<- watem 700°C, 16 hrs 3.6
1080°C, 8 hrs - air _ the same

1080°C, 8 hrs- with the LEXKMEK the same
furnace

consider that the (x'-phase in alloy EI437 is MEX the equilibrium product of the
decomposition of the solid solution, and that there is no formatlon o;‘ the
hexsgonal Ni;Ti phase. Thew‘?the Q'tpliass into the compound NiyTL
is' observed only in alloys containing less than 0.04% Al. In thd alloy RI437,
however, lphnlhr segregates are formed as a result of the growth and coalescence
of ssparate particles of o('-phase lying in the same direction, in the same plane,
without any change in the type of crystal lattice,

Wwith the object of discovering the possibility of deformation of XEK an

[ 4

intermetallic compound NijTi with hexagonal lattice in al.loys of type KhNE(T,

295




we ran a prolonged aging of alloy EI437 with 2.8% Ti and 0.98%¢ Al, and also

~of an alloy of type EI437 with edded molybdenum and tungstonA(gnde EI445).

’ . * 2 .
A study of the microstructure of the anoyhgudo EI445 showed that al 707°C
the diffusiondl processes, owing to the presence of molybdenum, are 4o slow
that the oc'-phase mintains submicroscopic size for 2500 hmy; its cougulation
proceeds mainly along the grain bounderies (Fig.14,a). At 770'C.a1‘t.e..r holding ,"n
1000 hr§ besides the distinctly visible eegwegesbems of o('-phase, a lamellar phase
appears in the structure, mainly along the grain boundaries (Fig.1l4,b;. 4in
increase in the aging temperature ¥& 850°C promotes the formation of the lamellar

e ‘ ) : number
N , phase after holding:500 hr% After holdingjq.OOO hriat 850°C, the XEENNX anqd
size of the lamellae are very substantial (Fig.ls4,c).
- ]
. .

In alloy 3[1.3'/, the process of formation of a lamellar phase proceeds at
lower temperatures than in alley EI445. Such lamellar asguegebbens were alloo
observed by us as-wedd after prolonged aging of alloy BI444 (type BI437‘with O.J-wn

" 2 '

p% Mo @dded). Figure 15 shows a crograﬂ of the alloy after aginghjc))oo hr; at
900°C. It will be seen that the growth of XEK a lamella“ takes place\in
accordance with the generul theory of phase formation My the dissolution of

-«
the neighboring particles of the ¢¢'-phase and Adifi‘usi.on of titanium atoms

toward the growing lamellad.

9 9¢
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The nature of the lamellar phase appearing in the alloy was determined

(w,am{*

aiffraction cemers .
by the electron JANXNNENGNAX Polished specimens of alloys BI437 and BILLS were

etched in a special y§agent

in such a way that particles

of w phase stood

out above the surface of the

section. The elsctrone

aiffraction patterns
were taken by the

“reflection® methods. The

. ldﬁfraction camers
. electron fanassepe in such

Fig.15 - Grade EI444 Alloy After Aging
. a way that the electron rays

. 1000 hrqat 900°C. 2250 x
slid along the surface of the
section under examination,
passing through the microprojections. The interpretation of the electron
diffraction patterns .
BUSEREIEES unambigu~usly indicated the existence in the alloy o‘-a. verles ’\.‘AJ‘.
with a hexagonal laitla@-wied parameters a = 5,10 K; c = 8,31 1; e/a = 1.63

(Fig.16,a). In the electrolytic Mﬁarated from alloy EI445, She

hexagonal pha.se was likenise found (Fig.16,b).

l — diffraction patterns
#* The electronkDWBEINES were taken and interpreted by G.A.Kokorin and

S.B.Maslenkov,

# 79
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Fig.16 - Electron gof Specimen (a) and Sediment (b)

of Alloy BI445 after Aging 1000 hrsat 850°C

As already stated, she—stmessed by establishing a stressed state in the
-
alloy the process of formation of the 'q-phase during aging may be accelerated.
Thus, after only 20 hrs
a
tempering at 850°C of ama
M oL
stretched-on ypeat specimen
of alloy BI445, the beginning
of formation of the lamellar
N13’1‘1 phase 1s already
distinctly visible (Fig.17).

It should be noted

that on the appearance of
Fig.1l7 - Alloy of Grade EI445 Aged 20 hrg

at 850°C after Preliminary 10% 1300 x

23 )00




the hexagonal phase we did not observe any sharp embrittlemnt of the alloy.
Y for .
The hardness and jguginess are practically the same . sn allpy in the
4

two-phase state ( y+0(') and for specimens with an¥j-phase in the structure
(Table 4).

Table 4

Structurs and Properties of Alloy BI445 after Prolonged Aging

(Msan Values)

Aging Holding Hardness Peughmeos
Temperature, Time, hr Structure Hy R, &, kgn/enm?
.C k
CONCLUSIONS

1. In alloys of the Ni-Ti system containing 5., wt.f Ti or more, on
prolonged aging in the temperature interval 650 - 800°C, WK phase (o( ') appears .
of composition 'floae t.o'(.ho compound N13Ti. but wihle a face-centered cubic lattice.

The particles of the phase in the plane of the polished section are square.

With decreasing titanium content, the sisze and number of the particles of the

MCL-711/1 24 |0
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o('-phase decrease.
2. In the binary diagram lii.1},the boundsry of fovmation of the
hexagonal phase N, (r, ) at 700"C correspiads to 6.8 wt.S.

488 3. In two-phase aum.ktlm regiong (Toq) ,&m lamallar
M of the intermstalli: coapound m3u,\. cubic off-phase de—presend
for a long time (over ‘1500 hr at 700°C). The stability of this cubir phese
decreaae; with lncr;asing temperatars, v'vltg increasing aging time, and with
:an_-easing titanium content.

4e In Ni-Ti-al alloys,at .. wt.f Al, a second phase of the type NL3 (Ty, A1)
appears a® u lower vitanium content than indicated by the phase diagram
proposed by Taylor and Floyd. The alloy containing 1f Al and 5.357 Ti is of
two-phase structure.

5. In alloys of type BI43"?, the decomposition of the supersaturated
solid solution takes place in tw) stages:

(a) %f anc('-phase with a face-centered cubic lattice

of the. saﬁn type as the solid solution and having the parameter 3.58 kX. In j.tls
chemical composition, the o('-phaie is close to the compound N13T1 in which some
of the Ti atoms have been replacnd by Al atoms;

(b) formation of the lamellar phase Ni;Ti (7)) with hexagonal lattice

(a = 5.10 &; ¢ = 8.31 A; ¢/a = 1.63),
Maruane
6. The predominant preeess in the transformation of the cubic of'-phase

. are

into the hexagonal M -phase IXXXK diffusionsl and substitutional. For this

rsason ,the rate of transformaticoa depende on the aging temperature, the holding time,

MCL-711/1 ' e




