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MICROSTRUCTURE AND ELEMENTAL ANALYSIS OF POWDER
IRON-BASED COMPOSITE MATERIALS

This article studies the kinetics of structure formation of a composite powder material
containing solid lubricants such as graphite, talc and zinc stearate. For the experiments
were prepared charge containing powders, wt.%: Cu — 4-18; Sn — 1-2.0; C — 1.5-2.5;
talc — 2.0-3.5; zinc stearate — 0.5, Fe — the rest. Mixing of powders was carried out in a
Y-shaped mixer, pressing of charges was carried out on a hydraulic press at pressures of
400-1000 MPa, and sintering of compacts — in a conveyor furnace in a protective gas
(endothermic gas) in the temperature range 850-1150 <C. There is no pearlite in the mi-
crostructure of iron-bronze sintered at 850 <C. This is due to the adsorption capacity of
talc on the surface of iron particles, which prevents the diffusion of carbon into the iron
crystal lattice. An increase in the sintering temperature to 1000 < leads to the formation
of pearlite in the structure of iron-bronze, while pearlite prevails over ferrite. This indi-
cates the partial burnout of talc from the surface of the iron particles and the open paths
of carbon diffusion. At a sintering temperature of 1150 <C, a pearlite structure and a net-
work of light inclusions are formed in the microstructure of iron-bronze samples. The
study of the chemical composition of light inclusions with a micro-X-ray spectral analyz-
er showed that these inclusions contain solid solutions of variable compositions either
Fe-Cu-Sn, Cu-Fe-Sn or Cu-Sn-Fe. To confirm these assumptions, X-ray phase analysis
was performed. The diffraction patterns of these samples are reflections of Fe and Cu.
The absence of diffraction effects characteristic of Sn is due to its solubility in the Cu lat-
tice. This is due to the low melting point of Sn (232 °C) and its ionic radius, which allows
the isomorphic substitution of Cu and Fe ions with Sn ions (their difference is no more
than 15%).

Keywords: structure, ironbronza phase, powdered composition, the liquid sintering, the
porosity of, non-metallic phases, perlite, braking, verd particles.

Mpycyp3acea bamypa beitbana kusu. Mikpocmpykmypa i eiemenmHuil ananiz nopout-
KOBUX KOMRO3UUINIHUX Mmamepianie Ha OCHOGI 3aniza. Y Oawili cmammi 6U84eHo KiHe-
MUKy CMPYKMYpOYmMEOPEHHS KOMNO3UYINIHO20 NOPOUKOBO20 MAmMepiany, wo Micmums
meepoi MacmubHi Mamepianu muny epagimy, manvky i cmeapama yunxy. Ans npoee-
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O0eHHsl eKCHnepumMenmie Oyiu NpucomoGIeHi Wuxmu, wo micmsams nopowku, mac.%:
Cu —4-18; Sn — 1-2,0; C — 1,5-2,5; manvx — 2,0-3,5; cmeapam yunxy — 0,5, Fe — inwe.
3miwysanna nopowkie 30iUCHI08ANOCA 8 Y-NOOIOHOMY 3MiuLy8ayi, NPecy8aHHs WUXMU
nposoounu na ciopaeniunomy npeci nio mucxom 400-1000 Mlla, a cnikanus npeccogox —
V KOHBEEPHILL neyi 8 cepedosuiyi 3aXuUcho2o 2azy (eH0omepMiyHull 2a3) 6 iHmepeaii mem-
nepamyp 850-1150 °C. V mikpocmpyxmypi cneuernoi npu 850 °C 3anizo-6ponsu nepiim 6i-
ocymHin. Lle nos’sa3ano 3 aocopOyrouor 30amuicmio maivKy Ha NOGEPXHI 3ANi3HUX Ydc-
MOK, W0 nepeukoodicae oughysii gyeneyto 8 Kpucmaniuvy pewimky saniza. Iliosuwenus
memnepamypu cnikauna 0o 1000 °C npuzsodums 00 ymeopeHHs 68 CMPYKMYpi 3d1i30-
OpoH3U neprimy, npu YyboMmy nepaim nepesaxcac Hao geppumon. Lle nos’saszamo 3 yacm-
KOBUM GUSOPAHHAM MAIbKY 3 NOBEPXHI 3ANIZHUX YACTOK | GIOKPUMUM WAAXOM Ou@ys3ii
gyeneyio. Ilpu memnepamypi cnixanus 1150 °C 6 mikpocmpykmypi 3paszKise 3aiiz0-06poH3u
YMBOPIOEMBCA NEPAUMHASL CMPYKMYPA 1 CIMKA CEIMAUX 8KAI0UeHb. Buguenns Ximiunoeo
CKAA0Y CBIMUX 8KIIOUEHb ) MIKDOPEHM2eHCNEeKMPANbHOM)Y AHANI3amOopi NOKA3aN0, Wo 8
Yux SKIIOHEHHsX € meepli posuunu 3miHHux cknaoie: abo Fe-Cu-Sn, Cu-Fe-Sn, abo
Cu-Sn-Fe. /[ns niomeeposicenus yux npunyujeisv 6y nposedenutl hazosuil peHmeeHoCcm-
PYKmypHutl ananiz. J{ugppaxkmozpamu yux 3paskie € peprexcamu Fe i Cu. Biocymuicmo
ougbparyiinux echexmis, xapaxmepHux 01 Sn, 08 A3AHO 3 1020 POZYUHHICMIO 8 peulim-
yi Cu. Lle nog’azano 3 HuzbKo memnepamypoio niasnenus Sn (232 °C) i tio2o ioHHUM
paoiycom, axui 0o3eonse izomopgro samiyamu ionu Cu i Fe ionamu Sn (ix pisnuys
ckaaoae He oinvwe 15%).

Knrouoei cnoea: cmpykmypa, 3anizo-Opousa, ¢haza, nopowikoga KOMNO3Uyis, piouHa,
CHIKaHHSA, NoOpucmicmo, Hememaresi (hasu, nepiim, mepmooopoobKa, meepoi YACMUHKU.

Mpycypsaesa bamypa beinoana kvizot. Mukpocmpykmypa u 3nemeHmuulit. aHaAu3 no-
POWKOGLIX KOMROZUYUOHHBIX MAMEPUANOE HA OCHO8e Jcene3a. B oannou cmamoe u3y-
YeHbl KUHeMUKa CMpyKmypooopasoeanus KOMROUYUOHHO20 NOPOUIKO8020 Mamepuaia,
cooepacawyeco meepovie CMA30UHble MAMEPUAIsl muna zpaguma, maivka u cmeapama
yunka. [na npogedenus 9KCHEPUMEHMO8 ObLIU NPUSOMOBIEeHbl WUXbL, COOepaicaujue
nopowku, macc.%: Cu — 4-18; Sn — 1-2.0; C — 1,5-2,5; marx — 2,0-3,5; cmeapam
yunxa — 0,5, Fe — ocmanvnoe. Cumewusanue nopouwkos ocyuecmsisiniocs 8 Y-oopasHom
cmecumerne, npecco8anue WUxXm npogooUlU Ha 2UOPAGIUYECKOM npecce noo 0agieHuem
400-1000 Mlla, a cnexanue npecco8oK — 68 KOHBEUEPHOU Neyu 8 cpeoe 3aWUmno2o 2a3a
(aHOomepmuneckuii 2az) 6 unmepsanre memnepamyp 850-1150 °C. B muxpocmpyxmype
cneuennou npu 850 °C scenez0-6poH3vl nepaum omcymcemeayenm. Imo césa3aHo ¢ aocopou-
pyroweti cnocobHOCMbI0 MAlbKA HA NOGEPXHOCMU JHCENE3HLIX HACTUY, YO Hpensim-
cmeyem oughgyzuu yanepooa 6 KpUucmaiiuieckylo pewemky sxcenesa. Ilogviuenue mem-
nepamypel cnexanusi 0o 1000°C npusodum Kk 00pazoeanuio 6 cmpykmype oicene3o-
OpoH3bl nepauma, npu 3Mom nepaum npeoobnradaem Hao geppumom. Imo ceudemenb-
cmeyem 0 Yacmu4HOM 6bl20PAHUY MANLKA ¢ NOBEPXHOCU HCENE3HBIX YACMUY U OMKPbI-
mom nymu ouggysuu yenepooa. Ilpu memnepamype cnexanus 1150 °C 6 mukpocmpyx-
mype 00pasyos Jicene30-0pon3svl 0OpA3yemcs NepaumHas CMpYKmypa U Cemxa C6em.iblx
exmoueHul. H3yuenue Xumuueckoeo cocmasa CEemiablx GKIIOUEHUN 8 MUKPOPEHM2eHO-
CREeKMPANbHOM AHAU3AMOpe NOKA3AN0, YMO 8 IMUX GKIIOUEHUAX UMEIOMCs meepoble
pacmeopul nepemennvlx cocmasos. aubo Fe-Cu-Sn, Cu-Fe-Sn, aubo Cu-Sn-Fe. /{ns noo-
MBEPIHCOCHUSL IMUX NPEONONONCeHUU ObLT NposedeH ha3o8blll penmeeHoCmpyKmypHblil
ananus. [ugppaxkmozpammel smux obpaszyos aeisomcs pegaexcamu Fe u Cu. Omcym-
cmeue ougpakyuonnvix d¢pghexmos, xapakmepuvix 0na Sn, c643aHO C €20 PACMBOPUMO-
cmvoio 6 peutemxe Cu. Omo cesazano ¢ nuskou memnepamypoul niasnernus Sn (232 °C) u
€20 UOHHbIM pPAOUYCOM, KOMOPBIL NO360Asem U30MOpPHO 3amewjams uonsl Cu u Fe
uonamu Sn (ux paznocms cocmagisem ne 6oiaee 15%).

Kniouesvie cnosa: cmpykmypa, dicenezo-oponsa, aza, nopouikoeas KOMNo3uyus, Hcuo-
KOCMb, cnekamue, NOPUCMOCMb, HeMemaiiuiecKue @asvl, nepaum, mepmooopabomxa,
meepovle 4acmuybl.
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Description of the problem. Antifriction sintered composition of the «iron-bronze» type can be
a successful alternative to expensive conventional and alloyed bronzes of various brands.

In our opinion, graphite and talc can be used as solid lubricants for iron-bronze, which, when
combined, give a greater effect than separately. So, talc, having a high adhesive ability, can suppress
the efficiency of the interaction of graphite with iron during sintering, keeping it as free as possible,
useful for antifriction materials. In addition, these solid lubricants allow the elimination of process lub-
ricants such as zinc stearate from the batch, which has a detrimental effect on the sintering process.

To detect the above effects of solid lubricants — graphite and talc, a deeper study of the micro-
structure and the distribution of elements in it of a sintered composition of the «iron-bronze» type is
required.

Analysis of recent research and publications. In works [1, 2], the kinetics of structure for-
mation of a composite material containing Cu (3%), Sn (1.5%) va Fe (the rest) were used during sin-
tering. It was found that at temperatures above 232°C due to the melting of tin in the system, a liquid
phase is formed, however, due to small particles of Fe and Cu oxides, wetting does not occur. With an
increase in the sintering temperature to 8500°C, active reduction of all particles of the solid phase and
their dissolution in the liquid phase take place.

These studies show that the interaction of the liquid phase of tin with iron particles at a sintering
temperature of 850°C for 1 hour and subsequent cooling lead to the formation of a fine-grained multi-
phase heterogeneous structure. X-ray diffraction studies have shown that the structure of the sintered
samples also contains double chemical phases (CusSn, CuSn, FeSn,, FesSn,, FeSn), as well as phases
of complex composition.

Purpose of the article is to study the microstructure and elemental analysis of antifriction pow-
der compositions of the «iron-bronze» type.

Presentation of the main material. The chemical composition of the investigated iron-bronze
composite materials containing solid lubricants are given in table 1. The mixtures also contain solid
lubricants — graphite and talc together with Cu and Fe.

Table 1
Chemical composition of the charge
i 0
Charge The content of powders in the charge, wt.%

designation i

J Copper Tin Graphite Talc Zinc Iron
stearate

A 9,0 1,0 2,0 3,5 - rest
B 9,0 1,0 2,5 3,5 0,5 rest
C 18 2,0 15 2,0 - rest

The mixing of the components was carried out in a Y-shaped mixer for 1 hour. The charge was
compressed on a Mannesman hydraulic press at pressures of 400, 700, and 1000 MPa, and sintering
was carried out in a Koyo Lindberg conveyor furnace at temperatures of 850, 1000, and 1150°C in an
endothermic gas medium.

The microstructures of the prototypes were studied on a Neofot-21 metallographic microscope,
and the distribution of elements on a Camsan X-ray microstructure analyzer.

An examination of the microstructures of all investigated compositions shows that there is al-
most no pearlite in the structure at 850°C (Figure 1). This is primarily due to the fact that talc is ad-
sorbed on the surface of metal particles with a high adhesive ability, which prevents the diffusion of
carbon through the iron surface. In addition, it was found that the sintering temperature at 850°C is
insufficient under the given thermodynamic conditions for carbon diffusion.

Talc and graphite at 850°C have thermal stability and shield the surface of copper and iron par-
ticles and envelop them. Presumably for the same reason, the wetting of Fe and Cu particles does not
occur.

An increase in the sintering temperature of the studied composition to 1000°C in the structure of
composition A, the pearlite structure prevails over the structure of ferrite with solid lubricants, and in
addition, separate light inclusions are visible (Figure 2).
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Fig. 1 — Microstructure of sintered iron-bronze at 850°C; x400: a, b, ¢ — composition A,
d, e, f — composition B; j, g, h — composition C; a, d, e; b, d, g; ¢, f, h — pressing pressure,
respectively, 400, 700, 100 MPa

Fig. 2 — Microstructure of sintered iron-bronze powder at a temperature of 1000°C;
x400: a, b, c,d, e, f,g—asinFig. 1
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An increase in the sintering temperature to 1150°C leads to the formation of cementite in the
structure of composition A in the form of a network around the pores and at the boundaries of

particles.
In rare cases, separate light inclusions do not occur, particles of solid lubricating additives are

barely visible (Figure 3).

Fig. 3 — Microstructure of a composite based on iron-bronze sintered at a temperature of
1150°C, x400: a, b, ¢ — composition A; d, e, f, g, j, h — composition B; a, b, ¢, d, j, h —
core; g, e, g — surface; a, g, e; b, d, g; c, f, h — pressing pressure, respectively
400,700,1000 MPa

B C
i Bees
NFLR SN
<l . PR -

" bx200

Fig. 4 — Location of points determined by the chemical composition of iron-bronze pow-
der: a—sample 4; b — sample 8
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The microstructure of alloy B in large amounts consists of fine light inclusions and cementite in
large amounts. In some places, these particles, surrounding the pearlite matrix, form a continuous
lattice. The alloy matrix consists of finely dispersed pearlite, which is characteristic of copper.

To study the chemical composition of particles in a Camsan X-ray spectral microscope
analyzer, an analysis of the microstructures was carried out at selected points of the alloys of
composition B and C (Figure 4).

According to the data in table 2, the chemical compositions at different points differ sharply.
For example, an alloy of composition B consists of solid Fe-Cu-Sn at high iron concentrations at
points 1, 2 and 6 (97.88; 98.76; 94.38 wt.%).

The number of elements in individual particles is given in table 2.

Table 2
The chemical composition of iron bronze in a microvolume
. Namber Number of elements, wt.%
Alloy Receiving . .
composition mode microanalysi .
s numbers Fe Cu sn N_on-me_talllc
inclusions
1 97,883 1,64 0,358 0,119
2 98,46 1,242 0,225 0,073
Roster B P =700 MPa 3 3,15 92,033 4,804 —
T =1150°C 4 3,807 89,964 6,12 0,106
5 63,644 34,227 2,133 —
6 94,38 4,05 1,065 0,008
1 74,467 20,619 1,895 0,024
2 13,289 80,392 5,806 0,066
Roster C P =700 MPa 3 52,619 42,013 3,692 1,679
T =1000°C 4 69,052 27,818 2,2 0,936
5 74,371 23,697 1,937 —
6 69,535 28,184 2,16 0,126

At the same time, copper is the predominant element at points 3 and 4. The boundaries of these
elements are Fe-Cu-Sn solid solutions with an increased copper content (34.22 wt.%). The number of
non-metallic inclusions is very small, which indicates the destruction of the talc structure at a heating
temperature of 1500°C and the complete disappearance of free graphite.

It was found that an alloy of composition B consists of a Fe-Cu-Sn solid solution based on iron
and copper. However, due to the high content of copper and tin in the alloy, the chemical composition
of the points differs significantly from the corresponding points of the alloy consists of B, that is, they
are rich in copper and tin.

At points 3 and 4, a significant amount of non-metallic elements (graphite and talc) was found,
which confirms the thermal stability of talc at a temperature of 1000°C.

The presence of talc, which spreads along the pores and between particles, significantly reduces
the interaction between the liquid and the solid phase.

The results of chemical analysis in micrographs show that as a result of sintering Fe, Cu, Sn, an
iron-bronze structure is formed. The matrix of such alloys consists of Fe-Cu-Sn solid solutions of vari-
able composition based on iron. This indicates the heterogeneity of the sintered composite structure.

To confirm these assumptions, we carried out a phase X-ray diffraction analysis of the iron-
bronze composite powder material. Diffractometric curves were plotted on DRON-2.0 on filtered iron
rays. As seen from Fig. 5, the diffraction patterns of the studied samples are mainly reflections specific
for Fe and Cu.

For example, crystal reflections reflected from planes (110), (200), (211), (220) are 0.2024, re-
spectively; and the reflections of copper crystals reflected from the planes (111), (200), (220), (311),
(222), respectively, were noted from the interplanar distances of 0.2083; 0.1803; 0.1272; 0.10860 and
0.10400 nm.
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The absence of diffraction effects characteristic of Sn and Zn in diffractograms is probably due
to their solubility in Fe and Cu cells. This is due to the low melting points of Sn (232°C) and Zn
(420°C), on the other hand, their ionic radii, which make it possible to isomorphically replace Cu and
Fe ions with Sn and Zn ions (their difference is no more than 15%).

According to the formula below, the stability of Cu and Fe cells is slightly different from that of
pure Cu and Fe.

a=d(nk)Vh* +k>+ 7,
where d, n, k, I, h are coefficients.

Comparison of the diffraction effects of Fe and Cu shows that the sample of alloy of
composition A at 800°C contains a small amount of Cu, which is mainly represented by iron.

(200) Cu
Cu (200) Fe

(220)

Fig. 5 — Diffractometric curves of iron-bronze samples. Compositions: 1, 2, 3 — A;
4,5, 6 —B; vo7 - C; pressing pressure, MPa: 1, 2, 3-700; 4, 5, 7 —1000; 6 — 400; sinter-
ing temperature, °C: 1 —800; 2, 5—1000; 3, 6 — 1150; 4, 7 — 850

Since sample 3 with such a composition with an increase in the sintering temperature to 1000°C
has only traces of copper, this confirms the above-mentioned statement that copper particles with a
liquid tin phase at a temperature of 800°C are isolated and copper has not yet dissolved in iron.

In samples 4 and 5 of composition B, sintered at 850 and 1000°C, the amount of Cu or Cu-Sn is
almost two times higher than in the composition of alloy A. The largest amount of Cu and Cu-Sn is
recorded in sample 6 with a content of B, sintered at 1150°C.

Conclusions

1. The microstructure of solid lubricated sintered iron is multiphase.

2. With the help of X-ray studies and point chemical analysis, the compositions of complex
phases were studied.

3. It has been established that these are solid solutions of complex composition, both Fe-Cu,
Sn-C based on iron and Cu-Fe-Sn-C based on copper.

4. In addition, their number decreases significantly with an increase in the sintering temperature
from 850 to 1000°C. However, the higher the graphite content and the sintering temperature of the
samples, the greater the formation of the amount of free cementite in the structure.
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JOCJIKEHHS BILTUBY KOHCTPYKIIII MATHITHOI CUCTEMHU HA
MHAPAMETPHU IMITYJIbCIB, KEPYIOUUX NEPEHECEHHSAM
EJIEKTPOJHOI'O METAJIY

B pesynomami ananizy nimepamyprux oanux ecmanogiero, wjo 0o 20% enekmpoono2o
Memany empaiacmucs Ha yeap i po30pusKy8anis, wjo 3yMOGIeHe KOPOMKUMY 3aMUKAH-
HAMU 0Y208020 HPOMIJICKY BEIUKUMU Kpanisamu i ix eubyxom. [nsa smenuwienHs empam
APUMYCO80 30iMbULYIOMb YACOMY Nepexooy Kpaneib iMnyIbCam CMpyMy, MeXaHiuHumMu
IMRYIbCaMU, IMAYIbCAMU MACHIMHO20 NOJAL.

Knrouoei cnosa: macnimua cucmema, onip MAasHimHO20 HOMOKY, AMIAIMY0d IMRYIbCY,
NOGIMPAHULL 3A30p, CMPYM KOPOMKO20 3AMUKAHHA, 8UOYX KPanai, po30pu3KyeanHs, nepe-
HEeCEeHHA, KOMYMayis.

Hocoeckuni b.H., Kozapy P.A., barawoe A.B. Hccnedosanue enuanus KOHCMPYKUuU
MAZHUMHOU CUCHEMbl HA NAPAMEMpPbl UMNYIbCOG, YRPACIAAIOUUX NEPEHOCOM ITeK-
mpoonozo memanna. B pesynomame ananuza 1umepamypHuix OAHHbIX YCMAHOGIEHO, YMO
00 20% s71exmpooHo20 Memania mepsemcs Ha y2ap u pazopwizeueanue, o0OYCio8IeHHOe
KOPOMKUMU 3AMbIKAHUAMU 0Y208020 NPOMENCYMKA OONLUUUMU KANJAMU U UX 83PbleoM. /s
VMeHbUeHUus nomepb NPUHYOUMENbHO YEEIUYUBAIOM YACOmMY nepexo0a Kaneib UMNYlb-
camu moxa, MeXaHU4eCKUMU UMNYIbCAMU, UMNYTIbCAMU MASHUMHO20 NOJIA.

Kniouesvie cnosa: macnumnas cucmema, conpomugieHue MazHUMHOMY NOMOKY, AMNIU-
myoa ynpasisioue2o UMnyibed, 6030YUiHbI 3a30p, MOK KOPOMKO20 3aMbIKAHUS, 63Dbl8
Kanuu, pazopuvleueanue, NepeHoc, KOMMYmayus.
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