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WAYS OF INCREASING THE DENSITY, STRENGTH AND
TRIBOTECHNICAL CHARACTERISTICS OF ANTIFRICTION POWDER
COMPOSITIONS

The article considers the issues of obtaining high-density powder compositions by reduc-
ing the amount of process lubricant in the charge or its complete exclusion from the
charge. It is shown that when technological grease is introduced into the charge under
conditions of high pressing pressure, it prevents compaction of the powder charge. This
is due to the negative effect of lubrication on the evacuation of air in the press. Lubrica-
tion enveloping the particles of metal powders at high sealing pressures closes the air
outlets from the area of the compaction seal. In the case of applying grease to the die
wall, the negative effect of lubrication at high pressing pressures is reduced to zero. The
introduction of lubricant into the powder charge is justified only in the case of pushing
the press out of the matrix, the lubricant reduces the pushing force. Reducing the amount
of lubricant (zinc stearate) to a reasonable minimum at high compression pressures con-
tributes to the compaction of the charge, i.e. dp/dp remains a positive value. Experi-

mental data show that the use of a minimum amount of lubricant helps to increase the
density of the presses, and hence all the mechanical properties of the sintered powder
compositions. To increase the competitiveness of powder compositions with cast materi-
als of similar composition, it is necessary to use the technology of double pressing and
sintering. However, double pressing technology doubles the product production cycle.
Therefore, further extensive research is required to fully solve the problem of obtaining
non-porous powder compositions by single pressing and sintering.

Keywords: density, strength, tribotechnical characteristics, powder composition, com-
paction pressure, the lubricant, the sealing performance.

Abacee 1.1. lInaxu nioguwienna winpHocmi, MiyHOCMI Ma MPUOOMEXHIUHUX XAPAK-
mepucmuK aHMU@PUKYILHUX NOPOUWIKOGUX KOMRO3UUil. Y cmammi po3enaoaomscs
NUMAHHA OMPUMAHHA BUCOKONJIOMHUX NOPOUKOBUX KOMNOSUYIU WLIAXOM 3HUINCEHMSA
KIIbKOCMI MEXHONI02IYHO20 MACMULA 8 WUXMI ab0 NO6HO20 BUKOUeHH: iT 3 wiuxmu. 1lo-
KA3aHo, W0 Npu 88e0eHHi 8 WUXMY MEeXHON02IYH020 MACMULA 8 YMOBAX NOJIOHCEHHA GU-
COKO20 MUCKY Npecy8aHHs, 0HA NEPEeuKO0HCAE VWINTbHEHHIO NOPOwKo8oi wuxmu. Lle
NOSACHIOEMbCS He2AMUBHUM 8NJIUBOM MACMUNLA HA e8aKYAYir0 NOGIMPS, U0 3HAXOOUMbCS
6 nopowky. Macmuno, ocopmaroyy yacmxu mMemanesux NOPOUIKI8 Npu GUCOKOM) MUCKY
VWINTbHEHHS, 3aKPUBAE WIAXY BUX00Y NOGIMPsL 3 0OaACi YWinbHeHHs npecy8ants. ¥ pasi
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HAHeCeHHs MACMUAA HA CMIHKY Mampuyi He2amueHuu naue MAacmuid npu GUCOKOMY
MUCKY HPEeCYBaHusi 38600umuvcs 00 Hyas. Beedemns macmuia 6 NOPOWIKO8Y WUXTY
BUNPABOAHO MINbKU 8 PA3l BULUMOBXYBAHHS NPECYBAHH 3 MAMPUYI, MACTMULO 3HUNCYE
3YCUNNA BUUUTNOBXYBAHHA. 3HUNCEHHS KIIbKOCMI Macmuia (cmeapama yuHky) 00 po3ym-
HO20 MIHIMYMY NPU GUCOKUX MUCKAX NPECYy8AHHS CHPUSE YWITbHEHHIO WUXmu, moomo
do/dp sanuwaemoca nosumusnoio éeruuunor. Excnepumenmansvhi 0ani nokazyioms,

WO BUKOPUCMAHHS MIHIMATLHOL KITbKOCMI MACMUNA CHPUSE NIOBUUIEHHIO WITbHOCMI
Npeccosox, a omoce i 6CIX MEXAHIYHUX 1ACMUBOCMEN CHEYeHUX NOPOUKOBUX KOMNO-
3uyitl. J{nsa nioguueHHs KOHKYPEHMOCHPOMONCHOCI HOPOUKOBUX KOMNOIUYIL JTUMUMU
mamepianamu aHAaI02iYHO20 CKIady HeoOXiOHe 3aCmOCY8AHHA MEXHON02Ii NOOGIUHO020
npecysanns i cnikants. OOHAK MEXHON02is NOOBIUHO20 NPECYBAHHS 808IUl 30LIbULYE YUK
supobnuymea 6upodie. Tomy 015 NOGHOYIHHO2O BUPIUEHHS NUMAHHA OMPUMANHA Oec-
HOpICMUX NOPOUIKOBUX KOMNO3UYIL OOHOPA308UM NPECYBAHHAM i CRIKAHHAM NOMPIOHI
nOOANbULT YUCTIeHHT OOCNIONHCEHHS.

Knrwouosi cnoea: winonicms, miynicms, mpubomexuiuni xapaxmepucmuxu, nopouKosd
KOMNO3UYis, MUCK NPECY8AHHSA, MACMULO, e(EeKMUBHICTb YUiIbHEHHSL.

Abaes H.H. ITymu noseviuienus naiomHocmu, HPOYHOCHHBIX U MPUOOMEXHUUECKUX
XAPaKmepucmuKk auHmu@puUKyUOHHBIX ROPOWIKO8HIX Komno3uyuil. B cmamve pac-
CMAmMpUarOmMcs 0NPOCyl NOJYHUeHUs GbICOKONIOMHBIX NOPOULKOBLIX KOMAOZUYUL NYymeM
CHUDICEHUSL KOTUYECMBa MeXHON02UYeCKOU CMA3KU 8 Wuxme Uy noaHo20 UCKTIOYEHUsl ee
u3 wiuxmol. [loxazano umo npu 66edenul 8 WUXmy MmexHoI02ULecKoll CMA3KU 8 YCI0BUSX
NONOJHCEHUSL 8bICOKO20 OABNEeHUS NPECCOBAHUS OHA NPENIMCmayem YIOMHEHUI0 NOPOUL-
KOBOU WUXmMbl. IMO 00BACHAEMCS OMPUYAMETbHBIM GIUAHUEM CMA3KU HA 98aKYaAYU0
6030yxa, Haxooaujeeocs 8 nopouxe. Cmaska, 00601AKUBASE HACMUYbL MEMATIUYECKUX
HOPOWKO8 NpU 8bICOKUX OABIEHUAX YNIOMHEHUSA, 3aKpbléaem Nymiu 8bixo0d 8030yXd U3
obacmu ynIomueHus npeccosku. B ciyuae HaneceHus cmMasku Ha CMEHKY Mampuybl Om-
puyamenvroe GusHUe CMA3KU NPU BbICOKUX OABNIEHUSX NPECCOBAHUSL CBOOUMCS K HYTIO.
Bseoenue cmazku 6 nopowlkogyro wuxmy onpagoaHo MobKO 8 CAyyae GblMAIKUGAHUS.
NpPeccosKu U3 Mampuybl, CMA3Ka CHudxcaem ycunus guimankuganus. CHudicenue Koaude-
cmea cmasKku (cmeapama YuHKa) 00 pAazyMHO20 MUHUMYMA NPU BbICOKUX OABNEeHUAX
npeccosanus cnocobcmeyem yniomuenuto wuxmot, mo ecmo Ap/dp ocmaemcs nono-

HCUMENLHOU BETUNUHOL. DKCnepUMeHmMabHble OAHHblE NOKA3bI8AIOM, YMO UCNOIb306d-
HUe MUHUMAIbHO20 KOIUYECMEd CMA3KU CHOCOOCMEYen NOSbIUEHUI0 NIOMHOCMU Npec-
COBOK, a, C1e008AMENbHO, U BCEX MEXAHUUECKUX CEOUCTNE CNeYeHHBIX NOPOUKOBLIX KOM-
nozuyutl. /[ns nogviuieHus KOHKYPEeHMOCHOCOOHOCIU NOPOUKOBHIX KOMNOZUYUL TUMbIMU
MAMepualamy aHal02UIHO20 COCMA8a HeOOXO0OUMO NPUMEHEHUe MEeXHON02UU O80UHO20
npeccoganus u cnekanus. OOHaKo MmexHoI02us 080UHO20 NPECcCO8ANUs 8080€ VYEEIUYUBA-
em yuxa npousgoocmea uzoenuil. Iosmomy 0 NOTHOYEHHO20 peuleHust BORPOCa NoLy-
yeHus 6eCNOPUCIBIX HOPOUIKOBBIX KOMNOZUYULL OOHOKPAMHbBIM NPECCOBAHUEeM U CHeKd-
Huem mpebyiomcest OanbHeluue 0OuUpHvle UCCIe008AHUSL.

Knwouesnvie cnosa: niomuocms, npouHoCcms, MpubOOmMexHuyecKue Xapakmepucmuxu, no-
POWKOBASL KOMNO3UYUA, OABTIeHUe NPeCCO8ANUs, CMA3KA, 3P HeKmUHOCMb YHIOMHEHUS.

Description of the problem. The process of preparing high density powdered materials by the
method of single-stage cold pressing and sintering is closely related to the presence of low density
(less than 1.0g/cm®) organic grease in the charge and which are incompressible even when they are
introduced in small quantities. Therewith a sufficiently large part of pressing volume, which remains
after degreasing in the form of pores, is accounted for the part of grease [1, 2].

Analysis of recent research and publications. The strength and the volume of bearing capacity
of powdered materials largely depend on the density of materials. In order to increase the density of
powdered compositionseither double pressing or hot pressing it is used. However the technologies of
doubled pressing-sintering as well as static and dynamic hot pressing of porous work materials have la-
bour and energy intensity in comparison with the technology of the single-stage pressing and sintering.
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In this context the potentialities of the single-stage pressing and sintering in terms of increasing
of compositions density are not exhausted. The main emphasis of the researches is on the increasing
pressed density through the excessive increase of forging pressure which is not undesirable due to a
decrease in the resistance of mold tools and an increase in the energy intensity of the process.

Searching of other ways of problem solution is still important for today.

Purpose of the article — is to increase the strength and tribotechnical characteristics of pow-
dered compositions by using the rational amount of technological grease in a powdered charge.

Presentation of the main material. Figure 1 shows a diagram of critical forging pressure (P,)
where the grease has a negative effect on the compression rate of the powder, since it is higher than
this pressure and makes it difficult to obtain high-density products [1]. Hence, with the increase of the
grease content in a charge P, will decrease even more.
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Fig. 1 — The grease effect on powder compaction: 1 — the grease is added to the powder;
2 — the grease is applied on the matrix walls

In order to eliminate the negative effect of the grease volume it is possible to apply it on the ma-
trix walls. However at present there are no any engineering decisions that can provide an automatic
applying of the grease on the matrix walls under conditions of industrial production.

Alternative decision to this problem is the application of a tool (especially matrices) made of
materials that do not need any grease, for example ceramic tools. But the problems connected with the
manufacturing of such tools have not yet been solved and it will take time to bring the strength of ce-
ramic matrices to the necessary level.

The other aspects of work on this problem is the use of more dense grease than organic ones in
the form of plastic metals and non-metallic inclusions such as copper, tin and graphite. The attractive
thing about them is that they can be added in large amount and there is no need to remove them before
sintering. Satisfactory results in decreasing of ejection force and good quality of a molding surface are
achieved by their use in a charge in an abnormally high amount, which leads to a significant change in
the chemical composition of the powdered material [2].

However the introduction of plastic nonferrous metals and alloys to the charge significantly in-
creases a prime cost of materials, which is not always allowable in manufacturing. The other not the
least of the factors is low wear resisting properties of such materials under the condition of boundary
and dry friction.

The author [1] has found out that it is possible to achieve the maximum pressed density with the
low ejection force and satisfactory quality of the surface if stearic acid is used as a lubricant. This acid
was introduced to the charge of iron powder ASC100.29 in the amount of 0,2 wt.%.
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Figure 2 shows the density relation and mechanical properties of iron powder samples, which
contain 0,25 wt.% zinc stearate and which are sintered at temperature of 1120 and 1250°C of forging
pressure and we can see on this Figure, that the sealing efficiency of material (dp/dp) still remains
positive value even at high pressures. As the forging pressure increases, all the mechanical properties
of the material increase, but the plastic properties are significantly improved (KC, 3).
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Fig. 2 — Dependence of density and mechanical properties of iron powder samples sin-
tered at various conditions -1120°C, 1h (1) and 1250°C, 2h (2) — forging pressure: a — p;
b-Fy c-9;d-KC

Similar experiments were performed with iron-copper alloys and Astaloy A from prealloyed
powders, that are very difficult to press, as well as unalloyed and alloyed carbon steels. The results of
the experiments are given in table 1 and show that charge pressing with minimal quantity of techno-
logical grease (0,25 wt.%) at high pressure leads to increase of density in all cases as well as the me-
chanical properties and especially Astaloy A alloy.

Figure 3 shows the properties of sintered and casted materials, obtained by using various modes.
The properties of sintered iron, pressed at high pressure are comparable to the properties of technically
ingot iron, while the properties of high density steel powder are a little bit worse than forged ones, but
they significantly exceed the properties of common sintered steels.

It is possible to achieve the further improvement of mechanical properties by applying of high
pressure when repressing of sintered bars (tables 1, 2 and Figure 3). The mechanical properties of
steels obtained by double pressing and sintering are equal to the properties of casted and wrought
steels. Comparatively slight reduction of the residual porosity provides significant increase in the plas-
tic properties of powdered products. However the technology of doubled pressing-sintering doubles
the production cycle under conditions of increased operational costs.
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Table 1
Mechanical properties of iron-based powdered materials
Sintering condi- F
Material P, MPa tions: p. w 002 3,% KC, kJ/m?
g/lcm MPa MPa
t,rand T, °C
600 2; 1120 7,2 329 280 5,2 18,7
Fe-3% C 2; 1200 7,18 395 326 7,2 318
1200 2; 1120 7,48 389 315 10,5 408
2; 1250 7,48 427 353 13,8 770
600 0,5; 1250 7,15 361 162 8,0 62
Astaloy A 4; 1250 7,15 270 156 11,0 109
1200 0,5; 1250 7,67 366 236 11,7 150
4; 1250 7,66 327 188 15,3 257
600 1;1100 7,20 376 not under- 57 not under-
Fo-0.5% C 1;1200 7,21 476 | stood «--» 5,8 stood «--»
' 1000 1;1100 7,43 426 «-» 6,6 «=-»
1;1200 7,44 523 «-» 8,8 «=-»
600 1;1100 7,18 579 «=-» 50 «==»
Fe-2%- 1;1200 7,19 607 «=-» 3,2 «=--»
0,5% C 1000 1;1100 7,41 645 «-» 50 «=-»
1;1200 7,41 739 «-» 54 «=-»
Fe-1% 1000 1;1250 7,41 685 «-» 5,0 380
Mo-0,7% C| 600+1000 1;1250 7,55 775 «-» 6,5 1020
Fe-1,5% 1000 1;1250 7,87 720 «-» 45 450
Mo-0,7% C | 600+1000 1;1250 7,56 805 «-» 6,2 1110
Fe-2% 1000 1;1250 7,28 720 «-» 3,5 200
Cr-0,7% | 600+1000 1;1250 7,41 835 «-» 6,8 230
63, MPa
200 @ 7
0
d00r s
b q = 5
400 - ! 3
0 L ! 1 L gl
g 0 2 7] %0 50 &0
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Fig. 3 — Mechanical properties of iron-based materials: 1 — common porous steel; 2 — sin-
tered materials Fe-C and Fe-Cu-C, pressed at high pressure; 3 — sintered iron pressed at
high pressure; 4 — technically ingot iron; 5 — casted and forged steels; 6 — sintered materi-
al Fe-C, obtained by double pressing; 7 — high resistance steel

It is worth pointing out that the problem of increasing of density and strength properties of
powdered materials by the authors [2-4] was not considered in a comprehensive manner and it was
also not detailed the reasons that lead to decrease in possibilities of technology of single-stage press-
ing-sintering. In particular, it is not taken into account the influence of the conditions for draining gas-
es from molds during pressing process, depending on a number of factors: granulometric texture and
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powders morphology, content of grease in the charge, the quality and construction of work elements of
the mold, pressing and sintering conditions, etc. on density and strength properties of sintered materi-
als. Besides it was not proposed the technical solution, which provides the charge cold pressing with-
out technological grease.

Table 2
Mechanical properties of carbon steels obtained by double pressing*

. Sintering conditions: P, Fu, o
Material 7,rand T, °C glem? MPa 8,%
1, 1100 7,56 527 13,2
2;1100 7,56 559 12,5

_ 0 H H 1
Fe-0.5% 1;1200 7,58 499 18,5
2,1200 7,58 508 24,0
1, 1100 7,50 683 10,1
2;1100 7,51 7,34 19,7

i 0 H H EH 1
Fe-0.7% 1,1200 7,52 747 12,4
2,1200 7,52 778 9,2

* — compression at 600 MPa, annealing during 1 hour at 650 <C, recompression at 1200 MPa,
sintering.

For this reason in order to obtain high density and therefore strong powder compositions, it is
necessary to develop new approaches and techniques for cold pressing of powder charges. So upon
that, exclusion of a technological charge from the charge may be the most attractive approach and
thereby achievement of active air drainage from the matrix area when compaction of press powder.
Further studies in this area can be considered as the most promising ones.

Conclusion
It was established that the potentialities of cold pressing of powdered metal charges in order to
increase the density and hence the properties have not been exhausted. For comprehensive solution of
this issue it is necessary extensive studies of the compaction processes of plastic and elastoplastic
charges for determination of decompaction of bars both when compression and sintering processes.
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3ACTOCYBAHHS METOJY EJIEKTPOJAYTOBOI METAJII3AIII 3
nyJbCYIOUUM NNOBITPAHO-PO3INUJIIOBAJIBHUM CTPYMEHEM J1JIsA
HAHECEHHA ITOKPUTTIB 3 ITIOPOIKOBOT'O JPOTY

3 Memor 3HUJICEHHS OKUCHO20 GHAUGY PO3NUNIOGATILHO20 CIMPYMEH HA PIOKUU Meman
mopyie, AKi NIAGIAMbCs, paHiue 3anpPONOHO8AHUL [ pO3PobIeHUll CROCIO NepioOutHO20
(ny6Cyou020) 6naUGy HA PIOKUNi Memain eileKkmpooié NOGIMPAHO2O PO3NUTIOBATILHOLO
CMpyMeHs 3 YPaxy8aHHaM mMO20, Wo Nay3a Mixc MomeHmamu Oii NOMOKy 00360.15€ 3d-
Oesnewumu niaeieHHsA enekmpooie 3 obmedceHum obcsieom nosimps. Ilpedcmasieno
NPUCMpiti, po3poOaeHULl MAKUM YUHOM, WO 3a0e3nevyc OmpumManis nyabcayiti NOMoKy 3
PI3HOI0 Hacmomoo i mpueanicmio, OMpUMani OaHi npo GNIUE NYIbCYIOU020 NOMOKY HA
MEeXHONO0TYHI XapaKmepucmuky noKpummie, 30Kpema, 3HayHe 3HUMICeHHs 6mpam Je2yio-
yux enemenmie. B axocmi supiuenns npobiemu enepeozbepediceHts npu 0y208il Memaini-
3ayii po32naHYMO NUMAHHA NPO GUKOPUCMAHHA KUCHIO NOBIMPAHO20 PO3NUTIOEATLHO20
CMPYMEHSL 3 MEMOI0 OMPUMAHHS 3HOCOCMIUKUX NOKPUMMIE 3 6UCOKOI0 MIYHICIMIO 34en-
JIeHHs. 34 PAXYHOK YMBOPEHHS MEepoux OKcuodié 3 Hede@iyumHux nopowKie Memanis i
cnaasis. 3eadicaiouu Ha obmediceHull 0ianazon ckiadie Opomis CyyitbHo20 nepemuny, 3a-
NPONOHOBAHO 3ACMOCYBAHHS NOPOUIKOBUX OPOMIB, WO CKAAOAIOMbCA 3 MAN08Y2Neye6oi
00O0NIOHKU | CIMPUICHSL 3 Hede@Iyumuux, NOWUPEeHuUx nopowKie Mmemanis i hepocniasie,
wo 3abe3neuyioms OMPUMAHHS GUCOKO 3HOCOCMIUKUX NOKPUMMIE 3 NIOBUUIEHOI MiYHiC-
mio 3uenienns. B axocmi docnioxcyeanozo 6y10 634mo eKoOHOMHO-1e208aAHUL NOPOULKO-
sutlt opim IIII-MM-2, po3pobnenuii na kagpeopi aemomamusayii ma mexauizayii 36apio-
8a1bHO20 8UPOOHUYMEa IIpuasoscvkoeo 0epocagHo2o mexuiuHo2o yHieepcumemy. Y oa-
HIll pOOOMI PO32NA0AEMBCA BNAUS YACTOMU NYNbCAYIL PO3NUTIOBATILHO20 NOMOKY NOGIM-
Psi npu 0y206itl Memanizayii Ha MIKpOCmMpyKmypy i eiuyuny Mikpomeepoocmi noKpum-
mMig, OMPUMAHUX ULTAXOM 3ACTOCYBANHS HOPOWKOBUX OPOMIE.

Knrouoei cnosa: dyzosa memanizayis, nopoutkosuti Opim, ne2yioui ejemenmu, Kkapoiou,
PO3NUTIOBAILHULL HOMIK, YACTMOMA NYAbCAYill, NOKPUMMSL, MIKpOmMEepoicmb, MIKPOCMpY-

Kmypa.
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! 0-p mexH. Hayk, npoghecop, ABH3 «Ilpuazoscvruii oepicasruii mexuivnuil ynieepcumemy, m. Mapiynos,
ORCID:0000-0002-0899-173X
2 kano. mex. Hayx, ooyenm, /[BH3 «IIpuasoscokuii depoicasnuti mexuiynuti ynieepcumemy, m. Mapiynono,

ORCID: 0000-0002-3492-0134, zakharovaiv75@gmail.com
44




