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WEAR OF FOUNDRY CARBON-IRON ALLOYS IN THE CONDITION OF EROSIVE
DESTRUCTION. PART II

Summary

A comparative laboratory research on a specialitgsstand of casting materials erosive wear havenbeonducted in
terms of assessing their tribological propertiestf&ent types of carbon iron alloys have been ussdwell as modified
alloys (metallurgically) in order to increase the&sistance to this type of wear. Results have peesented in the form of

tables and graphs.
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ZUZYCIE ODLEWNICZYCH STOPOW ZELAZA Z W EGLEM W WARUNKACH
NISZCZENIA EROZYJNEGO. CZ. Il

Streszczenie

Przeprowadzono laboratoryjne poréwnawcze badaniaten@ow odlewniczych w warunkach zguia erozyjnego
w aspekcie oceny ich wiawasci tribologicznych z fyciem specjalistycznego stanowiska badawczego. iéjsgtano réne
stopyzelaza z wglem; do bada tych uyto take stopy modyfikowane metalurgicznie i cieplnie W eavickszenia ich od-
pornasci na ten rodzaj ziycia. Wyniki bada zaprezentowano w postaci wykresow i tabel.

Stowa kluczowezizycie, erozja, stopselaza z wglem, elementy maszyn rolniczych, odlewy

1. Introduction

Some of these alloys have been metallurgically
modified by nitrogenation (fallowing markings habeen

Many tools, machine parts and agricultural equipime used: N - after nitrogenation P - without nitrogeoa) and
operate under abrasive wear. These conditions lsave subjected to heat treatment. In the case of loayallctile

significant impact on the tool's durability. Nexb t

cast iron a hardening with isothermal transfornratio

conventional abrasive wear of the components in dryaustenitization: 900°C/1.5h; hardening in salt0Z82h)

friction conditions a significant meaning has agswear in
complex erosion conditions, especially when we détll a

have been done. In the case of chromium-mangarseste c
steel and chrome-nickel cast steel annealing réspgcat

wet abrasive medium, which particles impinge on thé&00°C, and 1100°C have been done.

surfaces of the device at different velocities.

Undoubtedly, this is a stochastic process regylftiom
the random interaction of particles on the elensantace in
the real in.e. soil conditions. Individual partglenpacts of
soil medium cause momentary stresses which aréutipt
relax resultiong in the gradual accumulation oficeasl
stresses [1]. At the same time, it can cause osutface of
the material: hardening in the microregions, micacks
and damage to the structure of the continuous mhter
Alloy resistance to erosive wear is largely depanam its
ability to strengthen as a result of the stressseduby
external forces.

In the first part of the article the wear resistamnf cast
iron alloys (ADI) in the dry friction wear conditiohave
been described [2]. Second part discusses thegesduksts
carried out in the erosion conditions in the watgspension
of abrasive medium (quartz sand). In these stutiféerent
types of carbon iron alloys have been used, as all
modified alloys (metallurgically and heat treatn)ent

2. Research material

The research material consists of carbon-ironyallo
samples (two types of ductile cast iron: low-alémd plain;

3. Carbon-iron alloys erosive wear research and redts

Methods of research and different testing stands fo
erosive wear tests have been described extensivehany
publications in e.g. [3, 7]. In this paper an afp¢no assess
the behavior of selected carbon - iron alloys hheen
studied in laboratory tests under such an abrasiear
condition, on the testing stand located in the [Eoun
Research Institute in Cracow. Basic idea of openatind
structure scheme of the testing stand is showrngarg 1.

This testing stand operates on the similar priecif
operation as the centrifugal pump. At the bottomthud
container (8) with an abrasive medium water sotut(®)
special vertical baffles (7) are located with profiew
through channels. Rotor (3) rotates with samplésplaces
on the circumference between two plates (2,4) atsl is
motion water solution of quartz sand. Centrifugalcé
causes the ejection of sand in the direction ofhefouter
wall of the container. The sand on its movement Wiy
the test samples, and then sinks to the bottomhef t
container and is again drawn in the central arelasrefore,
the erosive medium flows in a closed cycle.

At the applied rotation speed 450 rpm sample igintp

two types of alloy cast steel: chromium-manganeseé a at the speed of 3.7 m/s relative to the containighn e

chromium-nickel in different microstructural vartah
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erosive medium. Special baffle system with the flow
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through channels directs the movement of sand eriegt tested simultaneously, which provided the same
samples, intensifying the process of wear. As alre$ the  experimental conditions for all samples and prodidiee
friction the temperature of the liquid rises to ab@C®C.  possibility of a comparative evaluation between\thgous
Impeller design allows the simultaneous examinatibB0  carbon iron alloys. As a measure of wear resistasice
samples with following measurements: square sidenn8 various carbon iron alloys have been taken thengitte of
and lenght 50 mm. As a destructive medium a wateerosive weaZ mg/h, determining the weight loss in time.
suspension of quartz sand with a grain size ofrtieen  The test results heve been summarized in the Tlable
fraction 0.20 / 0.32 / 0.40 and uniformity of 84%vie been Graphic presenting the results of erosive weastarsce
used. The container holds a volume 2.5 dinsand and 4 measurements of test carbon iron alloys, reflecting
dm® of water. Tests of erosive wear have been conductdnfluence of the applied nitrogenation and heaattrent,
during cycle of 40 hours time. All alloy samplesvbédeen are shown in the Figure 2.

9 8

Fig. 1. Scheme of the test stand for erosion tgstirmetal alloys: 1 - alloy sample, 2 - drive plad - rotor drive axis, 4 - plate
for fastening the alloy samples, 5 - top cover, lbrizontal baffle, 7 - vertical baffle, 8 - comtar, 9 - abrasive medium
(quartz sand)

Rys. 1. Schemat stanowiska do badezyjnych probek ze stopéw metali: 1 - probkatétcza napdowa, 3 - 6 napedowa
wirnika, 4 - tarcza mocyga probki, 5 - pokrywa, 6 - przegroda pozioma, pfzegrody pionowe, 8 - zbiornik, 9 - medium
scierne (piasek kwarcowy)

Table 1. Test results of erosive wear intensftgelected carbon iron alloys
Tab. 1. Wyniki pomiarow intensywfeb zieycia erozyjnego badanych stopow

. Metallurgical Intensity of erosive
No. Carbon iron alloy type Al et modificaﬂion Sample vzear
treatment . : marking

(nitrogenation) Z [mg/h]
1. without, rough NO 1P 23,175
2. casting YES 1IN 16,650
3. low-alloy ductile castiron|  hardening with NO 1P-hi 15,275

isothermal .

4. transformation YES IN-hi 14,050
5. plain ductile cast iron without,. rough NO 2P 22,225
6. casting YES 2N 16,625
7. without, rough NO 3P 12,350
8. casting YES 3N 12,200
9. chromium-manganese annealing at 900°C NO 3P-900 13,150
10. cast steel YES 3N-900 11,425
11. annealing NO 3P -1100 12,175
12. at 1100C YES 3N -1100 11,875
13. without, rough NO 4P 13,025
14. casting YES 4N 10,750
15. chromium-nickel cast . o NO 4P -900 11,625
16. steel annealing at 900°C YES 4N -900 11,375
17. annealing NO 4P -1100 12,350
18. at 1100C YES 4N -1100 13,100
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LOW-ALLOY DUCTILE CAST

1. Eough casting
2. Hardening with 1sothermal
transformation

Intensity of erosive wear Z [mg/h]

PLATN DUCTILE CAST IRON

1. Eough casting
2. Hardening with isothermal
transformation

Intensity of erosive wear Z [mg/h)

CHROMIUM-MANGANESE CAST

1. Bough casting
2. Annealing at 200°C
3 Annealing at 1100°C

Intenaty of erosve wear £ [mgh)]

CHROMIUM-NICKEL CAST STEEL

1 Rough casting
2. Annealing at 900°C
3. Annealing at 1100°C

Intenaty of erosive wear Z [mg/h)

alloy

Fig. 2. Intensity of erosive wear of selected caribon alloys depending on the type of heat treatmmarked as: 1-4N
means alloys after nitrogenation, 1-4P alloys withmetallurgical modification

Rys. 2. Intensywr6é zwycia erozyjnego badanych stopéelaza w zalgnasci od rodzaju zastosowanej obréobki cieplnej,
gdzie: 1-4N oznacza stopy modyfikowane metalurgiczotem, 1-4P stopy niemodyfikowane
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4. Analysis of the test results

carbonitrides). Much lower resistance for this tyffevear
had ferrite. Therefore is why treatments that resthe

Conducted comperative experiments of carbon irommount of this phase in cast steel (introductionnitfogen

alloys erosive wear resistance have shown benkeéffects
of nitrogen presence on the increase their immuteitthis
type of wear. Well-visualizated it's been doneha tase of
ductile cast iron, both types: plain and low-alldye slight
increase in the content of this additive in the tdeicast
iron from level of 0.008% by weight to the levél0025%
by weight had a significant influence on the insi¢y of
erosive wear during test. In the case of iron phhictile
cast iron, the decrease of wear intensity was ntoas
25%, and in the case of low-alloy ductile cast jroime

element into the alloy and annealing at 900°C) helged

to reduce the erosive wear of tested alloys. Howeve
annealing at 1100°C of chromium-nickel cast steghw
nitrogenation had lead to the formation of moreriter
phases with interdendritic areas distribution, ahic
increases the intensity of erosive wear.

5. Conclusion

Summarizing the results of erosive wear, it wasntb

decrease of weat intensity was more than 28%. Thigut that the use of appropriate heat treatmentdgmang

phenomenon arises from the strengthening of thigidwhl
phases by dissolution of nitrogen, and from the faat
ductile cast iron with nitrogen does not have atbtime
graphite particles ferrite fractions (little resiste to
erosive wear). After the nitrogenation graphitenisich
more fragmented, and in some places has the form
vermicular fractions and even nodular [4].

The tested low- alloy ductile cast iron had a cicain
composition typical for ADI cast iron. Hardening tiwi

with the isothermal transformation) for ductile tmen and
nitrogenation as a metallurgicall modification, cagreatly
increase the resistance to erosion. Obtained srntidthod
alloy properties and erosive wear resistance wi#l b
comparable to expensive high-alloyed cast steethfwi
gpe addition of nitrogen). Among the studied foyndr
materials most resistant to wear by erosion wasrbr
nickel cast stell in a state of a rouch castings Thaterial
had more than 23% lower wear intensity than the lo@s-

isothermal transformation of ADI cast iron caused@lloy ductile cast iron with the addition of nitrery and

a decrease of the erosive wear intensity by mae 80%.
The combination of heat treatment with the nitragem
into the alloy resulted in further decrease of #resion
wear of almost 40%.

A significant increase in erosive wear resistansea
result of nitrogenation have been observed for
chromium-nickel cast steel as well. Wear intensifythis
alloy decreased by over 17% after the nitrogenatitigher
wear resistance of the cast steel due to the inttazh of
nitrogen is determined by the microstructural clenig the
alloy under the influence of this element. Testebmium-
nickel cast steel without nitrogen is a typical tplase
alloy, with a small amount of regions of lamellarusture
(austenite + carbonitrides) expanding around thsteaite
grains. Introduction of nitrogen element into thkoy
matrix resulted in obtaining a austenitic matrixhwinter-
dendritic areas of lamellar microstructure. Lossfarfite
(susceptible to erosive wear) increases the resistaf
alloy to this type of wear.

Chrome-manganese cast steel in the nature is
austenitic alloy and introduction of nitrogen elerndid not
affect the change in the amount of ferrite in thioya
microstructure. It was found out that the intensityerosive
wear of this cast steel did not change signifigaafter the
metalurgicall modification. Both of the tested glleamples
have been subjected to heat treatment (anneali@QGaC
and 1100°C). In the case of chrome-nickel castl stmme
increase in the erosive wear resistance have begmned
after the annealing at 98D. Annealing at 1100°C did not
give such a good results. This is due to the minmogiral
changes that occur as a result of heat treatméfgctEof
the heat treatment on the microstructure of suclalimys
have been shown in work [5].

Comparing the structural phases of alloys withirthe [7]

erosive wear intensity it was found out that thesmo
resistant phase for this type of wear is austerated
slightly less - lamellar microstructure (austenitad

hardfaced with isothermal transformation. Howevire
barrier for its common use is very high cost ofduction,
particularly the cost of batch materials (nickeéiramium,
molybdenum, etc.) and alloy properties (strengtlctitity,
impact resistance, fatigue, mechanical, thermatngint

th&tc.) which have to be individually adjusted to #pecific

operating conditions for the element.

It must be remarked that these results referasiver wear
carried out for alloys tested at about 70°C tentpegain a
particular abrasive medium (quartz sand). Changhese
conditions, for example the significant increase the
temperature at which the wear process takes ptheages
strongly the results of erosive wear intensity,eegly for
ductile iron with heat treatment (isothermal transfation)
when the temperature rises above 350°C [6].
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