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Abgract: On the basis of high temperature ductility tests in single-phase cupronickel CuNi25
sample has been found areation between microstructure, grain size and effect of ductility minimum
temperature (DMT). Metallographic tests confirmed literature studies that cracks nucleste at points
of two or three grain joints and cross-cut of twined grain with border of the grains. The non-
homogeneous character of chemical composition concentrating in areas of grain joints and cracks at
high temperature has been investigated by linear and point Cu and Ni analysis (EDS). This anayss
shows that locd areas of non-equilibrium formation concentrate at this places. This fact can be
accepted as one of the reasons of non-homogeneous deformation, cracking and itslocation at DMT.

Keywords. Hot ductility, Non-uniform deformation, Cupronickel, Ductility minimum
temperature (DMT).

1. INTRODUCTION

The phenomena of ductility minimum temperature (DMT), is one of the unexplained features of
metalsand their aloys, observed asthe effect of middle temperature ductility decrease during high-
temperature plagtic deformation in the range of 0.3-0.6 T; (melting point temperature).

In literature effect of Ductility Minimum Temperature is widely described [1-7], the scientific
research shows that this effect is a common attribute of many polycrysta metasand dloys[8,9] for
example copper and its dloys [10-12], stedl [13-15], occasiondly this phenomena hasn’'t been
noticed [16-17].

Various forms, conditions, and type of hot working (rolling, bumping, forging, stranding or
pressng out) causes different levels and temperature range of ductility minimum temperature
phenomena. The explanation of cause of the DMT effect isdifficult because of the variety of studied
materids, investigative methods, experiment conditions and also the shortage of possibilities of
identical repetition of experiment each time. It is possible to identify in different metals and aloys
heterogeneous mechanisms responsible for loss of ductility and crack formation, and in
consequence destruction of materid. The non-uniform course of plastic deformation process in
middle temperature is correlated with a number of factors affecting DM T phenomena due to: rate of
deformation, non-uniform of chemica composition and process of deformation, segregation of
impurities on grain joints, shape and size of grains, geometrical heterogeneity, therma activated
internal dynamic transmutation, temperature of deformation and its local changes, type of
environment, differences in defects of crystdline building. The critica level of non-homogeneity,
caused by factors mentioned above leads to concentration of stress in materid in both macro and
microscopic scale causing decrease of ductility. As temperature rises, thermal activated processes
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take place in more aress, after reaching suitably high temperature, amost in whole volume of
sample provoking stress relaxation leading to increase of materia ductility [18].

The investigations conducted on copper dloys [4,5] confirm occurrence the phenomenon of
ductility minimum trough out function of temperature. The single-phase cupronicked aloy seemsto
be an ideal material to investigationson DMT effect. Conducted on this materia investigations [3,4,
19-21], they confirm occurrence this phenomena. In work [22] carried out on uniaxia grips
experiment at the CuNi dloys has shown the influence of materid structure on course of the plagtic
deformation process in wide range of raising temperatures.

An observations on other copper aloys[4, 23] has shown that the course of phenomenon DMT
depends on shape and size of grain therefore the am of undertaken investigations of thiswork was
confirmation of smilar dependences in CuNi25 dloy. The change of chemica compostion in
neighborhoods of migrating grain borders for example sulfur [5], oxygen [24], zinc [25], lead [4],
cause the growth of stresslocating in this area. One of the aims of presented work is to verify these
asapotentia reason of DMT phenomenon occurring in cupronickel dloy.

2. EXPERIMENTAL PROCEDURES

The samples for examination prepared from commercia CuNi25 alloy by casting of 600kg ingot
preliminary rolled and cut out 250x400x600 piece. The cuboid has been cut and forged within
900-1100°C on rods 17-19 mm in diameter, after these rods have been cold drawn to 15mm in
diameter. The chemica composition of aloy has been shownin Table 1.

In am to obtain diverse size of grains material has been divided into three series A, B, C, held at
temperature shown in Table 2.

Table 1.
Chemical composition of the investigated cupronickel (mas. %).
The chemica composition Cu Ni Mn Fe Co Rest
% mas 741 255 0,247 0,089 0,003 0,006
Table 2.
Average grain Szein CuNi25.
Seria Time Heating temperature Averagegrain size
A 0,5h 800°C 50um
B 8h 800°C 150um
C 8h 1000°C 400pum

In A and B series of samples the grain structure is homogeneous of regular A-50um (Fig.1) and
B-150um size. However the shape of grain in C series samples is non-homogeneous of size
bal anced from 200um to even 1500um, the average size of grain carried out 400pum (Fig.2).

The tendle test temperatures was received on basis of literature analysis and contained between
300 — 800°C with graduating in 50°C, after determination of ductility curves to specify the range
and level of DMT effect the graduating in 400-600°C was reduced to 25°C. The five samples have
been investigated on each testing point.

The investigation has been done on tensle test machine INSTRON 1195 with electronic
controlled eectric furnace with measurement tolerance +3°C. The drain rate for al series was
4.2.10°s* and with three strain rates to A series 2.7-10%s?, 4.2.10%s? and 2.7-10"s™. To stop
structure of the deformed materia after tendle test samples were immediately cooled in water.
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Metdlographic investigations were conducted on light and scanning microscopes in range of
magnification 5-2000x. Linear and point analysis of Cu and Ni concentration executed with the help
of X-ray microandizer JCXA 733 made by JEOL.

Figure 1. The dructure of A series CuNi25 Figure 2. The sructure of C series CuNi25
sample before deformation. sample before deformation

3. RESULTSAND DISCUSSION

The results of conducted tensile tests of cupronickel CuNi25 in range of temperature 300 —
800°C confirm occurrence of the DMT phenomenon in al examined cases (Fig. 3,4). The ductility
minimum contains within range of 450-600°C. The curves of elongation and reduction of the area
shows that the minimum of DMT effect transfer from 475°C for A series by 500°C for B series
samples to temperatures of 525°C for C. The tensle test confirms that the level of DMT effect for
elongation together with grain Size is decreasing, achieving 27.2% for 50um by 23.45% for 150 um
and 15.24% for 400um. In studied case appears that the difference in grain size affects to level and
range of ductility minimum temperature effect.

The tensile test proved that escadation of dtrain rate both for elongation and reduction of area
cause displacement of minimum of DMT to higher temperature A series samples getting for
dongation minimum a 450°C for strain rate 2.7-10™s™, by 475°C for 4.2:10%s* and within
525°C —550°C for 2.7-10"-s* (Fig, 5, 6).

It has been noticed that in samples of al series, together with growth of temperature to DMT
effect, the cracks placed in grain joints. The mgjority of observed cracks are located at triple grain
joints and places of the twinned grains with grain borders point of contact. (Fig.7). The fallowing
conclusion was drown on basis of microscope observations and course of ductility curves that non-
homogeneity of structure impact to DMT, testify about it cracks in C samples series placed in areas
of coarse-grained contact to fine-grained areas (Fig.8).

It was supposed, that one of causes of DMT effect is the non-uniform chemica composition
which can be precisaly examine using modern investigative methods. In paper was examined the
segregation of copper and nickel near borders of grains proceed during therma activated dynamic
internal transmutation. The point analysis of chemical composition on samples deformed in range of
ductility minimum trough, made with the help of X-ray microanaizer proved difference in
concentration of nickel and copper. Differences in fluctuation for coppers achieve 72.5 % to 77%
and for nickd 23% to 27.5 %. Statisticd andysis of areas conducted in grain boundaries cracks
neighborhood shows that it is possible to observe in 30% of the cases differences of content Cu and
Ni between two sides of cracks achieving even to 3% on space of afew micrometers (Fig 9.).
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Figure 7. The structure of CuNi25 series B, Figure 8. The structure of CuNi25 series C,
deformed in temperature 500°C deformed in temperature 500°C

Linear anadysis of concentration confirms the results of points investigations, visible growth of
the copper concentration from one sides of the crack and nickel on the others (Fig.10.). The
chemical analyss was made on two-dimensiond plane cuts through three-dimensiona objects —
grains, but cross-cutting planerarely ideal cover the locations of cracks nucleation.
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Figure 9. The structure of CuNi25 series A, Figure 10. The structure of CuNi25 with grain

deformed in temperature 500°C, with visble size 150 pum deformed in temperature 500°C,

points of Cu and Ni analysis. with vigble linear Cu and point Cu and Ni
analysis of concentration.

It has been noticed during electron microscope scanning that samples deformed in range of
DMT temperature indicate intergranular fracture with deep visible grain joint cracks (Fig.11.).
Deformation of CuNi25 aloy samples in lower and higher temperature shows plastic
transgranular fractures (Fig.12.).

Figure 11. The fracture structure of CuNi25 Figure 12. The structure of CuNi25 series B,
series B, deformed in temperature 500°C deformed in temperature 650°C.

Based on observation and analysis of plastic deformation process and its influence on
range and level of DMT phenomenon, in cupronickels alloy can be accepted, as in brass
hypothesis of non-uniform deformation [10, 26]. Confirmation of this hypothesis can be
model of "soft” and "hard” places. The location of deformation process in small volume of
heterogeneous material causes the formation of stress between "soft” and "hard” areas. The
critical level of non-homogeneity caused stress concentrating in whole volume of material
caused nucleation and growth of cracks. In result further influence of strength, to reduced
surface cause growth of stress provoking lowered ductility and destruction of material.

The measurement of deformations of “inhomogeneities’ can be relation between volumes of
areas, in which the plastic deformation runs (soft areas) with definite level of stress, to total volume
of sample (the hard areas). Similarly like in [4, 27] for smulation and illustrating the non-uniform
plastic deformation in the range of DMT effect was used the FEM.
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4. CONCLUSIONS

The deformation in temperatures gpproximating to beginning of therma activated processes
provoke superimpose of many “inhomogeneities’ causes loca changes of physical, mechanica and
chemica materia proprieties. It can be make an assumption that in micro scale we have to deal with
two materials with different properties. The process of deformation locates in smal space on theirs
joints. The dress leve increasing and provoke cracking between “hard” and “soft” places. The
critica levels of stress concentration in whole volume of sample cause decrease of ductility and
destruction of materid.

In this case the differences of; nickel and copper local concentration, material geometrical
structures (size and shape of grains) are responsible for dimension of DMT effect.
"Inhomogeneities’ leading to perturbation in physical and chemica equilibrium provoke
lower ductility of material.

The “soft” and “hard” places model, bases on difficult to measuring and defining concept of
heterogeneous deformeation reflect in macro scale the process of plastic deformation in range of the
DMT effect . Therefore, quantity description of this phenomenon in structura scopeis very difficult
and clarifying of DMT has a character of hypotheses.

REFERENCES

F.N. Rhines, P.J. Wray, TransAM S 54(1961) 118.

C. Upthegrove, H.L. Burghoff, ASTM Special Publication 181 Philadelphia (1956).

SA. Gavin, Metas Tech. 11 (1979) 397 + 401.

R. Nowosielski, Mechanika (135), Wydaw. Pol. SI. Gliwice 2000, (in Polish).

W.Ozgowicz, Proc. 10" Intern. Sci. Conf. AMME' 01, Gliwice (2001) 411

Z. Mohamed, Materials Science & Engineering, May (2001)

E.M. Tdeff, JoM January (1999) 33

S.A.Brown, K.S. Kumar, Journal of Materias Research 8 (1993) 1763

W.C. Porr, Dissertation Abstract Internationa 8 (1993) 58

R. Nowosielski, Proc. of the 4" Inter. Conf. Advanced in Materids and Processing

Technologies KualaL umpur, Maaysa, 24+28 August (1998) 113

11. A.S Wagh, L.N. Ezegnunam, Scripta Metdurgica, 18 (1994) 933

12. A. Muto, S. Goto, M. Tagami, SAso, J. Japan Ing.. Metals 58 (1994) 1461

13. L.W. Cepeda, JM. Rodriguez-1babe, J.J. Urcola, Zat. Metdlkunde, 11(1992) 801

14. A.Darsouni, B.Bauzabata, F. Moutlaillet, Journa of Phisiquet.5(7) (1995) 347

15. E.P.Georg, D.P. Pope Sklenicka, V Conf. Proc.- Clean Steel Technology, Illinois, 2-5
Nov (1992) 17

16. H.Yagamata, O. Izumi: J. Japan Inst. Metals 58 (1978) 146

17. C. Ouchi, K. Matsumoto: Trans. 1S1J, 22 (1982) 181

18. W.Briickner, V.Weihnacht, Journa Of Applied Physics 7/85 1 April (1999)

19. JP. Chubb, J. Bilingham, P. Hancock, C. Dimbylow, JOM, March (1978) 21

20. JP. Chubb, J. Bilingham, Metals Tech. (1978) 100

21. L. Feberbaum, A. Rossoll, A. Mortensen, Materials from Swissmeta (2001)

22. S. Wierzbinski; Book of AGH Krakdéw, Metalurgiai Odlewnictwo 147 (1997), (in Polish)

23. F.A. Mohamed, T.G. Langdon, Met, Trans,, 5(1974) 2339

24. R. Luke, JBankmann, P.J. Wilbrandt: Phase Separation by internd oxidation, Scripta
Materidia, 39 (1998) 73+75

25. Butrymowicz D.B, Picconr T.J., Manning J,.R., Newbury D.E., Metalography, 16 (1983) 349

26. R. Nowosieski, P. Sakiewicz, P. Gramatyka Proc. 32th Sci. Conf. ,,School of Materias
Science”, Krynica (2004) 131 (in Polish)

27. R.Nowosidski, Journa of Materials Procesing Technology, 109 (2001) 142-153

BOooNoThWNE

o



