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The paper presents the results of the investigation of properties of the tungsten wire obtained from powders
with particle sizes from 1 to 5 um with the addition of ultrafine powders with particle sizes of less than 0.5 ym
produced by the reduction of hydrogen plasma at a high temperature. Different compositions of mixtures were
studied and a new optimal composition was developed. Methods of its compressing and presintering of bars
were also developed. The results showed that mechanical and performance properties of the wire with a new
composition have higher stability compared to the properties of the wire obtained by the standard technology.

They allowed:

— to lower the creep for the wire with the diameter of 1250 um,
— to achieve a stapel structure for the wire with the diameter of 650—-1450 pum;

— to improve the spiralability of the wire;

— to increase the good-to-bad yield to 3.79 % for the wire with the diameter of 120 pm.
Keywords: sintering; ultrafine powder,; wire; properties.

Introduction

The tungsten wire used for the production of fi-
laments should have the non-sagging property which
is normally achieved by the addition of small quanti-
ties of KO,, Al,Os3, or Si elements.

However, the usual BA-grade of the non-sagging
tungsten wire does not meet the requirements of in-
dustries manufacturing electrical lamps and electro-
nics. The production of some new items, such as halo-
gen lamps, requires the creation of super heat-resistant
tungsten alloys.

An optional solution of this problem is the crea-
tion of original tungsten powder compositions with
higher surface-active properties as compared to those
of standard tungsten powder fillers, i.e. the production
of the non-sagging tungsten wire made of a two-
component molding powder mixture consisting of
standard tungsten-BA powder and ultra fine or ultra
dispersed (UD) powder gained by the process of re-
duction in high-temperature hydrogen plasma [1-3].
The powder made in such a way includes up to 40 per-
cent of B-W and exhibits a much higher activity [4, 5].

In this work the following questions are dis-
cussed: preliminary and high-temperature processes of
sintering pressed billets; the consequent pressure
treatment of sintered billets; the structure and proper-
ties of the W-wire produced.

1. Preliminary and high-temperature sintering

of billets

The specific surfaces of molding powder mix-
tures made of standard W-powders with different
quantities of UD powders added are much wider than
those of standard W-powders. That is why, to wet
qualitatively such a mixture with a plastificator,
a higher quantity of glycerin-in-alcohol solution (a plas-
ticizing agent) was introduced into the mixture as
compared to the standard powder.

As a rule, presintering of pressed tungsten bars is
performed at the temperature of 1200 °C + 50 °C, in
hydrogen atmosphere, in one-stage operation. Presin-
tering of bars made of standard-W-BA-UD-powder
mixtures in one step of operation under such tempera-
ture leads to vigorous withdrawal of a high amount of
the plastificator from the entire volume of the bars.
As a consequence, this withdrawal causes expansion,
delamination and full destruction of the bars.

Ultra dispersed (UD) powders, especially those
with B-W modification, contain a high amount of oxy-
gen and offer a high chemical activity which leads to
a more intensive grain growth in the process of one-
stage presintering at 1200 °C £50°C. A grain is
a conglomerate consisting of the particles of standard
BA and UD tungsten powders. The intensive grain
growth inhibits the withdrawal of the carbon excess
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from the billet and the reduction of oxide films be-
cause of the hindered access of hydrogen in the con-
glomerate.

In accordance with the existing technology,
the solution of glycerin in alcohol containing carbon
serves as a plastificator. Due to a high chemical activi-
ty of UD powders, mainly, when they contain B-modi-
fication of tungsten, the temperature of the tungsten
powder carbidization decreases. Hence, in the process
of one-step presintering at 1200 °C + 50 °C carbon
cannot be fully withdrawn from the bars but forms
carbides where the access of hydrogen is hindered.
This causes lower deformability of the bars under their
pressure treatment. Therefore, the process of presinter-
ing of the bars of the standard W-BA and UD powder
mixture carried out in one stage of operation at
1200 °C £ 50 °C leads to the production of billets un-
fit for further pressure treatment.

In this connection, the method of sintering of
the bars made of powder mixtures with UD powders
was developed and brought to a commercial level.
The essence of the method consists in three-stage
presintering:

— heating up to 300 to 500 °C and soaking during
0.3 to 0.7 hours;

— heating up to 600 to 750 °C and soaking during
0.3 to 1.0 hours;

— heating up to 1000 to 1200 °C and soaking
during 0.6 to 1.0 hours.

This method allows to produce bars of UD
powder mixtures fit for further pressure treatment.

After preliminary sintering carried out according
to the new method the pressed bars were subjected to
high-temperature sintering by the direct conduction of
the electric current through them. In Table 1 characte-
ristics of original materials, pressing parameters and
parameters of the bars after high-temperature sintering
are given. In the table: p, — density of the standard
powder; p,, — density of the UD powder; p,;, — densi-
ty of mixture; p.,, — density after pressing; p,;,, — den-
sity after sintering.

From Table 1 it is well seen that the density of the
bars made of the UD powder mixture is lower than the
density of the bars made of standard tungsten powders.
The higher is the content of UD powders in the mix-
ture, the lower is the density of the bars. The high pin-
hole porosity of the bars of powder mixtures is the re-

sult of the increased content of the remaining oxygen
and the filler which are removed in the process of high-
temperature sintering. Those processes which retard
the bars’ shrinkage are to a great extent to be over-
come due to a high activity of UD powders in sintering.
The bars containing UD powders have pronounced
plasticity for the subsequent pressure treatment.

2. Treatment of sintered bars,

W-wire structure and characteristics

Experimental master batches of the W-wire
were prepared from tungsten-BA bars which in their
turn were made of molding powder mixtures of stan-
dard tungsten-BA and UD powders. The studies of
the W-wire microstructure revealed that UD powders
contained in a molding powder mixture stabilize
a stapel structure of the wire.

The balance batch of the W-wire with the diame-
ter of 69 pm was fabricated from the bars pressed and
sintered with the results given in Table 1. The results
of microstructure investigations for the recrystallized
wire are shown in Table 2.

These results clearly illustrate that the wire made
from the bars with 12 percent content of UD powders
exhibits a stable coarse-crystal structure with long
grain boundaries for all wire diameters as compared
with the wire produced from standard tungsten powders
which does not meet requirements of The National
Standards (GOST). If the diameter of the standard
W-wire is equal to or below 120 um, the structure of
the wire is in fact the same as the structure of the wire
obtained from the mixture of standard W-BA and UD
powders.

The wire produced from the bars made of the mix-
ture containing 6 percent of the UD powder could not
withstand the drawing operation. Starting with the dia-
meter of 510 pm the wire was torn on all bobbins
during drawing.

The wire with the diameter of 1250 pum was
tested for creep according to the technique described
in GOST 19671-81. The results of testing for creep
are given in Table 3.

From these results one can conclude that the W-wire
made of the standard W-powder with more than 500 pm
in the diameter does not fit for manufacturing fila-
ments intended to stand up to 2500 °C and higher than
working temperatures.

Table 1
Parameters of pressing and sintering bars with UD powders
Characteristics Pressing parameters Sintering parameters
of original materials gp gp
0 0 D » Spec. 0 Bar size, mm Weld. Bar size, mm 0
sts udps udp» mixs coms sints
3 3 o 3 press., 3 current, 3
t/m t/m % t/m MPa t/m h b A h b t/m
3.043 | 0.439 0 3.043 403 12.273 | 12.01 12.24 3600 10.61 | 10.62 | 17.680
6 4.599 402 12.676 | 11.60 | 12.26 3600 10.38 | 10.80 | 17.673
12 4.746 400 12.572 | 11.58 | 12.30 3600 10.38 | 10.83 | 17.447
18 4.765 400 12.439 | 11.57 | 12.34 3600 10.26 | 10.92 | 17.409
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Table 2
The microstructure of the recrystallized wire
Wire diameter, pm Standard W-wire GOST 19671-81 UDP W-wire GOST 19671-81
’ Fit* Unfit* Fit* Unfit*
1450 — - - —
780 — - - —
630 — 22,25 12,13 —
510 17,18, 16 - 12,13, 15 -
470 13,16 17, 18 - 12,13 -
320 27, 28,30 - 26,29 -
300 26,27, 28 - 26,29 -
185 - 36, 34, 37 33,34 -
120 36, 34 - 33,34 —
112 33,34 - 33,34 —
73.5 41, 40 - 41, 39 —
68.9 39, 41 - 41, 39 —
46.0 40, 41 - 41, 39 —
30.0 46, 49 — 46, 48 —
* Numbers of figures, appendix 7 of GOST 19671-81.
Table 3

Testing-for-creep results for the wire of 1250 ym diameter

Structure according
Batch Item No Soaking time, hour Elongation, mm to GOST 19671-81,
Appendix 7
1 4 4.5 Fit draught 3
Standard W-powder 2 4 4.7 —
batch 3 4 4.7 —
4 4 4.6 —
1 4 2.4 Fit draught 1
2 4 2.3
UD powder batch 3 4 25
4 4 2.3

Table 4

The good-to-bad yield for the standard W-BA powder wire and the wire containing UD powder

Wire diameter, im Good Wire Yield, %
’ Balance batch UDP Batch Current Shop-batches
510 78.52 80.25 77.7
300 72.16 74.52 70.83
120 67.61 71.40 65.70

Spiralability was tested according to the regimes
specified in GOST 19671-81 using the wire with
the diameter of 300 um and less and winded on 10 bob-
bins. The spiralability of the wire made of the mixture
of standard W-BA and UD powders is better than that
of the wire produced from the standard W-BA powder
only. Thus, the UDP W-wire is suitable for winding
the spirals about the core with two and fewer factors
over the entire range of diameters studied. The stan-
dard W-wire with 30 pm in the diameter fits for
winding the spirals about a die core with 2.5 factors
and more.

The good-to-bad yield for the wire obtained from
the standard W-BA and the UD powder bars was
cheeked using the wire of 510, 300 and 120 pm in

diameters. Table 4 shows that the yield of good wire
made of the UD powder bars is 1.73 % higher for the
wire of 510 um in the diameter, 2.36 % higher for the
wire of 300 um in the diameter and 3.79 % higher for
the wire of 120 um in the diameter than the yield of
good standard W-BA powder wire.

Conclusion

The application of the bars made of the standard
tungsten-BA and the tungsten- BA-UD-powder mix-
ture for manufacturing the W-wire allows:

—to lower the creep for the wire of 1250 um in
the diameter,

—to achieve a stapel structure for the wire of
large diameters, from 650 to 1450 um,

BecTtHuk KOYplY. Cepus «<Metannyprus».
2016. T. 16, Ne 3. C. 117-121

119



nOpOI.IJKOBaf-l MeTannyprma n KOMNno3munMoHHbIEe MaTepuarnbl

— to obtain a stable staple structure along the wire
length over the entire range of diameters from 30 to
1450 pm,

— to improve the spiralability of the wire,

—to increase the good-to-bad yield by 3.79 % for
the wire of 120 pm in the diameter.
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CBOWUCTBA BOJIb®PAMOBOM NPOBOJIOKM U3 NMOPOLLKOB
C OOBABJIEHUEM YINIbTPAOUCINEPCHbIX YACTUL

J1.A. Bapkoe', M.H. Camodypoea’, C.A. MbimpuH?, 10.C. lamepynuHa’
" fOxHO-YpanbcKuii 20cydapcmeeHHbill yHusepcumem, 2. YensabuHck,

2HMO «[MPOMWH>, 2. YensbuHck

[IpencraBieHs! pe3yabTaThl UCCIEIOBAHHUS CBOMCTB BOJIb(PPaAMOBON HMPOBOJIOKH, MOIYYEHHOH M3 MOpPOLI-
KOB C pa3MepaMu 4acTHI[ OT 1 10 5 MKM c JoOaBJIeHUEM YNbTPaJHCIEPCHOTO MOPOIIKA C Pa3MepaMH JacCTHUI]
Mmenee 0,5 MKM, TPOU3BEICHHOTO BOCCTAHOBJICHHEM B BBICOKOTEMIIEPATYypHOIl BOZOPOAHOI mina3Me. M3ydanucs
pa3nIuYHBIE KOMIO3UIMH CMECEi U pa3pabdoTaH ONTUMAIBHBIN COCTaB HOBOM KOMITO3WLUH. Pa3zpaboTaHs! cro-
COOBI €e MPECCOBAHUS W IIPEABAPUTENHHOTO CIEKaHMS ITaOMKOB. Pe3ynpTaTel MccleoBaHMl MOKa3anu, 9To
MEXaHMYECKUE U SKCILTyaTalMOHHBIE CBOWCTBA NPOBOJIOKM M3 HOBOM KOMIIO3WIIMH BBIIIE M CTaOWIbHEE II0
CPaBHEHHIO CO CBOMCTBAMM IPOBOJIOKH, MTOJyUYEHHOM 110 CTAHJAPTHONW TEXHOJIOTUU:

— HIDKE TOJI3Y4eCTh IS IIPOBOJIOKU AuameTpoM 1250 Mkm;

— TOJTyYeHa CTalelbHasl CTPYKTYpa Ha MPOBOJIOKe auaMeTpoM 650—1450 MkM B qraMeTpax;

— yIIydIIeHa CIUPaTH3yeMOCTb TPOBOJOKH;

— yBEIHWYEH BBIXOJ] TOAHOTO Ha MPOBOJIOKe AuamerpoM 120 MxMm Ha 3,79 %.
Knrouesvie cnosa: criekaHne; ynpTpaJucIepCHBIil OPOILIOK; IPOBOJIOKA; CBOWCTBA.
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