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Abstract

The paper deals with a creep behavior of Pb — Sn eutectic alloy is studied. The creep experiments
were executed at constant tensile stress (4.2, 5.5 and 6.5 MPa) in range of temperature 360 — 430K. From
traditional analysis of steady — state creep is acquired the creep data. The curves creep are showed
temperature effect, the stress sensitive variable, and evident activation energy of creep. The evident
activation energy and stress exponent for creep were delimited as approximately 57 KJ/mole and 4
respectively. The values of n and Q are delicate to the process controlling creep deformation. Optical
microscope was used to test the microstructure of samples before and after creep deformation to find the
mechanisms of creep deformation. The strain of Pb-61.7wt%Sn is increased during creep test and according
to subjected stress value. The best value of strain at 360K and in stress 6.5MPa about 0.3, also can be get
little strain values at (360, 370,380,390K) and at 4.2MPa are (0.1,0.15, 0.2, 0.3) respectively.

Key wards: Stress sensitivity, Pb-61.7wt%Sn eutectic alloy, Creep, Activation energy.

Introduction:

The operation hours and behavior of deformation for high temperature stainless steel can be affected
by the previous elastic loading. This partially effect is due to generation of intergranular strains and
anisotropic plastic deformations during loading. The research is to investigate of the plastic strains of
intergranular during accumulate strain creep for stainless steel (316H). The experiment of synchrotron
diffraction was performed at 550 C°, where the sample is loading incrementally for different values of
plastic strain flowed by displacement is controlled by static stress at each stage [1, 2].

The brittle material and fluid nature is difficult to perform processing on it. The mechanical properties
is critical for mechanical machining, therefore the deformation behavior properties for high plasticity alloy
crystal unstudied very well. The strain rate effect on hardness deals with in this research, whereby was
investigated mechanical polishing of plane for (KDP) crystal and it depend on nano indentation technology.
The strain rate is increased from 0.001 to 0.1S. The hardness is increased from 1.67 to 2.07 . The strain
rate sensitivity is calculated as 0.053, specified volume of dislocation nucleation 169 A™. According to
constant load the creep deformation is studied at deeps in room temperature. The strain rate sensitivity for
steady state of creep flow was estimated while the mechanism of creep is discussed [3, 4, 5].

The plastic deformation at constant load in austenitic stainless steel is tested at temperature 4K. The
creep at low temperature data is taken from studies and reports about austenitic stainless steel. The creep at
frosting temperature for austenitic steel common such as AISI 304, 310, 316 and strength nitrogen steel
such as 304HN and 3116LN. The analysis in study is logarithmic creep (strain creep depend on log time).
The present study deals with austenitic stainless steel behavior in secondary creep stage. The creep slop
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quid log time depends on ratio of (stress / Yield strength). The law of cold work, strain of fault energy for
creep behavior at low temperature is discussed [6, 7, 8].

The laminated composite of Cu-Pb-Sn and Q235 were processed by a horizontal semisolid rolling
process. The racial structure, element distribution and attributes of the composite were investigated. The
simulation by finite element was conducted to analyze the temperature field and solidification process
during the semisolid rolling. A suitable semi-solid zone was noticed at a casting temperature of 1598K IN
The simulation, which would dynamically kept fluidity and averted casting defects. The experimental
results appeared that good interface between Cu-Pb-Sn alloy and Q235 steel was attained by the mooted
process at 1598K, without casting defects or excessive deformation. The Cu and Fe alloy were bonded
mainly by the pervasion of Fe into Cu matrix and a handful of microscopic Pb- rich layer[9, 10, 11]. The
research aim is investigated of Pb-61.7wt%Sn alloy ability to resist creep stresses at low and high
temperature.

Methodology
1-Speciemens preparation:

The specimens are done in high purity 99.9% and mixing in suitable weights from binary alloy
elements and the mixture is melting with CaCl; to resist oxidation in graphite crucible. The fuse is casted
in molded made of steel in shape of rode. The length of rode is 15cm and in diameter of 1cm. The casting
alloy is heat treated at temperature 450K for interval time 48 hours, and then is suddenly cooled to room
temperature to get of accurate grains. The alloy is drew to coils specimens in length of 50mm to conducting
tensile test on it. The drawing specimens are treated at temperature 440K for interval time 4 hours and then
is slowly cooled to room temperature. The cooling rate is 2*10 K/sec, because of allowed of grains
stability. The specimens are left for interval one week before conducting the tests on it, because the grains
were more stable

2-Mechanical tests:

The creep test is done by especial equipment. The one of specimen ends loading by weights. These
weights are limited to generate constant tensile stress, when the specimen is connected to equipment. These
specimens are put inside electric furnace. The furnace has thermal dual to control the temperature. The
temperature is increased to the required temperature before start of loading. The specimen is fitted between
two decoder, one is fixed and other is mover and then is subjected slowly loading. The loading begins from
zero to the required stress. Figure 1 illustrates tensile mechanism used. The specimens are tested with
varying of stress and temperature for each specimen. The testing is done with function of time. The curves
are drew in different temperature and constant stress. The experiments of strain-time isothermal (equally
temperature) under constant applied stresses (4.2, 5.5, 6.5MPa) at different temperature which located in
field from 360K to 450K by changing value 10K. The elongation of coils specimens is measured by circular
elongation scale (dial gage) in sensitive 10°m. The piloted error for scale in +0.5% . The temperature
control is done of +1K by using thermo computer equipment type K (Kelvin thermo computer MOD:
TOUCH K). The equipment is connected with thermal sensor type K is located near of study specimen.
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Fig. 1, The equipment of Creep Test.IB-Creep30 Max. Capacity 30KN Europe(Spain).
3-Results and Discussion:

Figure 2, shows phases equilibrium curve double alloy Pb-Sn. The eutectic point is located at
minimum of melting temperature in thermal equilibrium curve, therefore the alloy is conducted alone,
composite behavior from side of melting temperature, also in nature of internal microstructure. The
ascendant plasticity alloy is consist at eutectic point, and the conditions of ascendant plasticity is
materialized according to references [12, 13]. The microstructure equilibrium of eutectic alloy Pb-60wt%
Sn from eutectic mixture that is rich phase by lead (Pb) and rich phase by Tin (Sn). The continuous strain
is depended at specified stress level during creep process on: test specimen grains size, deformation
temperature, separation interaction lattice defects with melted atoms.
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Fig.2, Phases equilibrium curve for double alloy Pb-Sn. The high plasticity alloy is formed
at eutectic point (Vertical line).

In metallic material there are microstructure defects which appeared with increasing the strain.This
is led to stop the slipping of grains boundaries and clambering, and versa the plasticity deformation rate
appeared at application of stress on material in low and high temperature. The rate of deformation can be
used as a parameter to measure force of tensile stress of material. During creep test the grains boundaries
shared to increase or decrease strength of material, and this depends on temperature value of deformation
and applied stress and faults concentration. These factors worked separately while the final behavior is
produce from previous factors.

1-The curves creep characteristics:

Figure 3 illustrates creep curves of alloy Pb-61.7wt %Sn at different deformation temperature and
subjected to different applied stress. Figure 3 shows the characteristics of secondary creep after loading
with primary creep is very small. The triplex creep shows clearly. This refers to that the alloy hardness
return directly and stable at secondary deformation. The different of creep rate (&) shows that the creep
behavior of alloy Pb-61.7 wt%Sn (eutectic) is effected by deformation temperature in high, fast and applied
stress. There is low translate for high strains by increasing stress or temperature. Hence, the creep is
increased by increasing of applied stress level and applied temperature. The rate of creep strain is limited
at any time by strain creep derivative for time. The low value of rate (8¢ /6t) as rate of creep strain for
constant stage (e'st). Figure 4 illustrates the relationship between calculate values for (gs) by function of
creep temperature at constant applied stress. There is increasing in (¢st) by the effect of creep temperature
and constant applied stress during three stages of temperature.
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Fig.3a,b,c is illustrated creep curves of alloy Pb-61.7wt %Sn at different deformation
temperature and subjected to different applied stress
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Fig.4, the relationship between strain rate (¢st) with temperature for different stresses.

3-2, Constant state creep rate on stress:

It is possible to get the rate of creep strain as a constant state (&) in constant temperature and

applied stress according to the law [14]:
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B : constant, n : stress exponential ( alngs_t-/ aln 0)) The creep curve in figure 3 gives creep
strain rate of constant state (e;; = a‘9/ ot

From linear part inclined for strain curve with time. Stress exponential (n) can be get as shown in
figure (5) by using squares methods and take the line best for suitable points as function in temperature as
illustrated in figure (6). The value (n) depend on deformation temperature, and from figure (6) the value of
(n) decreases with the increase of deformation temperature. The present study shows that the applied stress
at different temperature increases with the increase of strain rate for constant state (¢s) . The applied stress
mainly depends on reactions between establish separations from continues deformation. The centers are not
let separation motion in specimens of solid solution. Figure (6) shows that the decrease of (n) with
temperature due to the increase of strain rate sensitive (m),also figure (6) refers to get arranging because of
thermal acerbating at high temperature. Therefore, the separation motion is easy at high temperature and
low values of stress exponential at this range of temperature. The creep deformation is limited by (n) value,
hence, the values of (n) between (3-8) represented type of creep technique separation [15, 16]. The values
of (n) 2.8 to 4.3 that the separation climbing is control technique of creep deformation.
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Fig. 5, the relauonsnip petween LNgst. and LNG TOr PD-bl./-WT¥oSN alloy at aifferent
temperature test.
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In general, the high plasticity when (m) is equal or bigger than 0.3, where m is calculate from the
following equation [17]:
c=C* &5t eonn.n. 3)
Where, C: constant, m: strain rate sensitive.

The value of m for Pb-61.7 wt%Sn is less than 0.3 at low temperature in range (360-390K),
therefore the high plasticity is not occur in this range. The value of m for Pb-61.7 wt%Sn is
increased on 0.3 at high temperature in range (400-430K). The m is located in range (0.3-0.35),
and this refers that the high plasticity occurred in this range. The values of m for this alloy is
increased with homogenous temperature, and this refers to that the narrow strength of alloy Pb-
61.7wt%Sn increased with increasing the temperature.

3-3,Evaluate of creep activation energy:

To evaluate activation energy (Qc) of creep process from Arenose equation (loge’s=f(1/T))
as shown in figure 6 , which gives straight lines in order to different applied stresses at different
temperature. The activation energy calculation for constant state creep depends on applied stress.
Greatly, the value of experimental activation energy and stress exponential are used to evaluate
control technique in deformation process. The deformation occurred for crystals multiple
materials at temperature is greater than (0.5 Tm) by different deformation technique that is
connected by value of stress exponential and activation energies. The slipping viscous separation
is characterized in stress exponential value (3) at high temperature, and in (5) value at low
temperature. The suitable activation energies is equal of spread for melted and separation spread,
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where separation climbing is control technique in pure metal at high temperature with value of (n)
in rang (4 — 6) and activation energy is equal to self-spread activation through mesh.

The present alloys have different creep technique is showed in high and low range of
temperature. The mean of creep activation energy of constant state at low temperature is in range
(360-390K) in value (49 KJ/mole), while the mean of creep activation energy of constant state at
high temperature in range (400-430K) in value (51 KJ/mole).The mean grain dimensions measured
by scanning microscope in mechanical laboratory of Almusaib institute as shown in figure7. This
is suitable with activation energy of other alloys as shown in table 1. This refers to that the weight
concentration is very important in grains grow, therefore these alloys are different [18].
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Fig.7, The scanning microscope.

Table 1, Characteristics comparative of constant state creep for alloy with other alloys.

Alloy Melting Applied | Elongation | Sensitive | Activation Grain References
Temperature Stress % rate energy dimension
K (MPa) Q(KJ/mole) | mean(um)
Pb- 455 42-6.5 185 0.25-0.37 50-57 3.5-55 Present
61.7wt%Sn(eutectic) work
Pb-10Sn(binary) 588 12.85-23.2 18 0.18-045 | 47.2-89.2 71 [15, 16]
Pb-Sn(eutectic) 456 7.89- 72 0.56-0.9 43-64 5.5-95
12.92
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3-4 the microstructure:
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The microstructure of alloy for creep specimens at different temperature and applied stress can be
shown by using photosynthesis microscope. Figure 9 illustrates specimens microstructure at constant stress
(6.5MPa) and at temperature (360, 420, 430K) respectively.

It shows the changing of microstructure deformation with temperature change.
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Fig.9,The specimens microstructure of Pb-61.7wt%Sn alloy at lissome 430K for interval
4.5hours (a) Befor creeping. (b,c,d) After creeping at constant stress 6.5MPa.

Conclusions:

Based on the experimental work,

1-The strain rate sensitive for constant state (m) and activation energy (Q) are increased with
increasing of deformation temperature while decreased of stress exponential (n).

2-The strain rate sensitive for constant state is changed from 0.23 to 0.27 in rang of experimental
temperature, and called separation climbing technique.

3-The value of creep activation energy for constant state above of transformation temperature 56
KJ/mole.

4-The value of (n) is convergence with creep experimental value for same alloy. The range
of stress exponential 4.6 — 3.7 for Pb-61.7wt%Sn is occurred in it . The creep
deformation technique is appeared due to separation climbing.
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