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ABSTRACT

Modified copper (high copper based alloys) are used in structural partsand
friction materials. The aim of this study wasto evaluate the effect of adding
small amount of Al, Ge, Mn, Ni and Sn on microstructure, electrochemical
corrosion behavior, hardness and thermal properties of copper. Crystal size
of Cu decreased but |attice microstrain increasedafter adding small amount
of Al, Ge, Mn, Ni. Corrosion resistance of Cu decreased after addingAl, Ge,
Mn, Ni and Sn. Nickel, Germanium and tin have ahigh lattice microstrain and
lowest corrosion rate. Differential scanning calorimeter shows a change in
endothermal peak of copper based alloys which correlated to alloy
composition and that is agreed with x-ray and scanning el ectron microscope
analysis. A significant increasein copper strength after adding small amount
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of Al, Ge, Mn, Ni and Sn especially Sn element.
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INTRODUCTION

Copper aloysare metal alloysthat have copper
as their principal component. In modern industry
there are many different types of copper and copper
alloy are used and their compositions roughly
grouped into the categories: copper, high copper al-
loy, brasses, bronzes, copper nickels, copper—
nickel—zinc, leaded copper and special alloys. High
copper aloys contain small amounts of various a-
loying elements such as beryllium, chromium, zir-
conium, tin, silver, sulfur or iron. These elements
modify one or more of the basic properties of cop-
per, such as strength, creep resistance, machinabil -
ity or weldability. Most of the uses are similar to

those given above for coppers, but the conditions of
application are more extreme. Theinfluence of heat
treatment on its shape-memory effect of Cu-Zn-Al
ternary aloy was examined¥. The shape-memory
effect isstrongly influenced by many heat-treatment
parameters, such asbetatizing temperature, betatizing
duration and rate of quenching. Various additions
showed effective on grain refinement of different
copper aloys. For bronzes and gun metals, 0.3% Zr
with C and or N in the absence of sulfur, 0.2% Ti
with 0.03% B and 0.1% Fe or Co with 0.03% B are
effective. Zirconium effectiveintin bronzesand red
brass but it is not silicon bronze. Although sulfur
destroysthe grain refining effect of zirconium and it
could berecovered by adding magnesium@. Adding
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0.05% Zr or 1% ironiseffectivefor gun metalsand
red brass. Iron was effective asgrain refiner for alu-
minum and manganese bronzes. Iron-free aluminum
bronzes and beta brasses can be refined by acombi-
nation of 0.03% Zr and 0.02% B Zirconium (0.3%)
and boron (0.02%) together were effective in Fe-
free betabrass¥. Adding hard particlessuchas SiC,
AlQ,, TiB, and TiC significantly improve the me-
chanical propertiesof copper matrix materialswhile
maintaining high electrical and thermal conductiv-
ity™>7. The combination of ceramic particles as re-
inforcement may al so enhance the high temperature
mechanical properties, oxidation and wear resis-
tance, without severeworsening of thermal and €l ec-
trical conductivity of the copper matrix. Low price
Al O, particleshave mostly selected asthereinforce-
ment phaseg® 9. Also theuniform distribution of ALO,
particles can be accomplished by the process of in-
ternal oxidation> *! or by mechanical alloying™*>
33, Pure copperis used in the electrical and the elec-
tronics industries because of its excellent electrical
and thermal conductivities. Theaim of our research
was to improve some physical properties (such as
strength, creep resistance, machinability or
weldability) by adding alloying elements such as
auminum, tin, nickel, manganeseand germaniumwith
minor concentration. Thisresearch isimportant be-
cause modified copper (high copper based alloys)
are used in structural parts and friction materias.

EXPERIMENTAL METHODS

Commercia bare of copper sheet (purity 99.9%)
and Cu,Sn, (98 wt. % Cu and 2wt. % Sn), Cu Al
(98 wt. % Cu and 2 wt. % Al), Cu,Ni, (98 wt. %
Cu and 2 wt. % Ni), Cu,Mn, (98 wt. % Cu and 2
wt. % Mn) and Cu,Ge, (98 wt. % Cu and 2 wt. %
Ge) aloyswere provided viathe European Copper
Institute, Brussels. The bare samples were cut to
suiTABLE dimensions for different measurements.
Microstructure of used sampleswas studied using a
Shimadzu x-ray diffractometer (Dx—30, Japan)and
scanning el ectron microscope(JEOL JSM-6510LV,
Japan). A digital Vickers micro-hardness tester,
(Model-FM-7- Japan), was used to measure Vickers
hardnessva uesof used aloys. The polarization stud-
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ies were performed using Gamry Potentiostat/
Galvanostat with aGamry framework system based
on ESA 300. Gamry applications include software
DC105 for corrosion measurements, and Echem
Analyst version 5.5 softwarepackages for data fit-
ting. The working electrode was immersed in the
acid solution and the constant steady-state (open cir-
cuit) potential was recorded when it became virtu-
aly constant. The polarization studies were carried
out over a potential of +250 to -250 mV with re-
spect to the open circuit potential at a scan rate of 5
mV st. Thelinear Tafel segments of the anodic and
cathodic curves were extrapolated to obtain corro-
sion potential (E_,) and corrosion current density
(J oorr)- DSC measurements above room temperature
of used samples were performed using SDT Q600
(V20.9 Build 20) instrument, U. S. A.

RESULTSAND DISCUSSION

Microstructureanalysis
X-ray diffraction analysis

X-ray diffraction patterns of Cu metal,
Cu,,Ge,,Cu,Mn,, Cu,Al,, Cu,Sn,, and Cu,Ni, al-
loys have lines corresponding to Cu face centered
cubic with Cu,0(Copper contain Oxygen content,
Oxygenisamost insolublein Cu and forms Cu,O)\
or and intermetallic phase contain Cu and one of
alloying elementsasshowninFigure1(a b, c,d, e
andf). That ismeant that, some atomsof Snor Al or
Ni or Mn or Ge dissolved in Cu matrix and other
atoms formed CuSn or CuAl or CuNi or CuMn or
CuGe intermediate phase with different composi-
tions. The details of x-ray analysis for Cu meta,
Cu,Ge, Cu,Mn,, CuiAl,, Cuy,Sn,and
Cu,Ni dloys are listed in TABLE 1 (a, b, c, d, e
and f). From these analysesit is obvious that, small
amountsof an aloying e ement added to molten cop-
per will completely dissolve and form a homoge-
neous microstructure (asingle phase). But at some
point, additional amounts of thealoying element will
not dissolve; the exact amount is dependent on the
solid solubility of the particular element in copper.
When that solid solubility limit is exceeded, two
distinct microstructuresformwith different composi -
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Figure (1a) : X-ray diffraction patterns of pure copper
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Figure (1d) : X-ray diffraction patterns of CugAl alloy
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Figure (1€) : X-ray diffraction patterns of Cu,Sn,alloy
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Figure (1f) : X-ray diffraction patterns of CugNi.alloy
TABLE (1a) : X-ray analysis of pure Cu

20 dA Int. % FWHM Area Phase hkl
36.1944 248185 5.79 0.7085 120.84 Cu0 111
43.2549 2.0917 100 0.1378 405.82 Cu 111
50.3991 181068 57.17 0.3346 563.46 Cu 200
61.3214 151178 0.87 0.7872 20.16 Cu0 220
74.1106 127832 87.15 0.288 99941 Cu 220

tions. Lattice parameters, (aand c¢), unit volumecell

and crystal size of Cu phasein Cumetal and Cu,X,
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TABLE (1b) : X-ray analysis of Cu,Ge, alloy

20 dA Int. % FWHM Area Phase hkl
36.3984 246841 1.1 0.6298 24.63 Cu,0 111
43.2646 209125 100 0.4133 1466.42 Cu 111
50.3247 1.81318 44.82 0.3936 625.92 Cu 200
73.8939 1.28153 177 0.288 244.46 Cu 220

TABLE (1c) : X-ray analysis of Cu,Mn, alloy

20 dA Int. % FWHM Area Phase hkl
34.846 2.57473 1.07 0.629%8 21.53 CuMn
36.3915 2.46886 1.62 04723 24.36 Cu,0 111
40.6248 2.22083 1.53 04723 23.05 CuMn
43.1918 2.09461 2248 0.23&2 169.49 Cu 111
50.349 1.81236 100 0.3936 1256.72 Cu 200
58.7363 1.572 12 0.551 21.08 CuMn
61.2382 1.51364 0.33 0.9446 10.05 Cu,0 220
73976 1.28138 5847 0.2952 551.07 Cu 200
89.7605 1.09165 2042 0.264 23264 Cu 311

TABLE (1d) : X-ray analysis of CugAl, alloy

20 dA Int. % FWHM Area Phase hkl
36.25 247817 0.28 0.09 0.6 Cu,0 111
43.163 2.09594 100 0.3149 1111.47 Cu 111
50.2148 1.81689 614 0.3346 725.1 Cu 200
73.7701 1.28444 649 0.2952 676.3 Cu 220
89.5338 1.09383 34.91 0.336 559.64 Cu 311

TABLE (1e) : X-ray analysis of Cu,Sn, alloy

20 dA Int. % FWHM Area phase hkl
36.3087 24743 1.73 0.6298 3331 Cu,0 111
4294 2.10565 86.92 0.3346 891.61 Cu 111
49,9872 1.82463 87.16 0.3149 841.44 Cu 200
61.2923 1.51243 0.66 0.9446 19.24 Cu,0O 220
73.4219 1.28967 100 0.3346 1025.78 Cu 220
89.0202 1.09971 35.27 0.2558 276.66 Cu 311
89.3947 1.09517 189 0.216 169.16 Cu 311
TABLE (1f) : X-ray analysis of Cu,Ni, alloy

20 dA Int. % FWHM Area phase hkl
36.4602 2.46437 1.9 04723 16.9 Cu,0 111
43.357 2.08701 90.02 04133 699.38 Cu 111
50.4938 1.80751 100 0.3149 591.92 Cu 200
74.1782 1.27838 69.83 0.2362 309.99 Cu 220
74.4498 1.27334 38.7 0.192 188.79 Cu 111

(Ge or Mn or Al or Sn or Ni)aloys were deter- 4tan6 as shownin Figure (1h), the induced internal
mined andthenlisted in TABLE (1g).Alsofromthe lattice microstrain of Cu metal and Cu, X, (Ge or

relation between full width half maximum (8) and Mn or Al or Sn or Ni)alloyswere calculated and
Potorioly Seience Comm——
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crystal size of Cu,X, alloys
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TABLE (1h) : Lattice strain ofCuyX, alloys

Alloys

L attice strain (g)x 10™

Pure Cu
CuyGe,
CugsMn,
CugsAl
Clgg S,
CugeNi2

7
28
11
9
19
24

Alloys alA Vv AS T A
Pure Cu 4.299 79.434 409
CugGe, 3.622 47.523 258
CwsMmn, 4.442 87.627 289
CugsAl, 4.292 79.082 301
Cligs S, 4.286 78.712 357
CugsNi> 3.615 47.234 357
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Figure 1(g) : FWHM versus 4tan@ for Cu,X, alloys

then listed in TABLE (h).

Figure 2(a f) shows scanning electron micro-
Scanning electron micrographsand EDX analysis  9raPhs, SEM, and EDX of Cumetal and Cu,,X, (Ge
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Figure (2a) : SEM and EDX of pure copper
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Figure (2b) : SEM and EDX of Cu,Ge, alloy
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Figure (2c) : SEM and EDX of Cu,Mn, alloy
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Figure (2d) : SEM and EDX of CugAl, alloy
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Figure (2f) : SEM and EDX of Cu,Ni, alloy

or Mn or Al or Sn or Ni) alloyswhich have hetero-  different rod size, shape and orientation with small
geneity structure. Figure (2b) showsgermanium-cop-  grains and strips. But EDX anaysis show Cu, O, C
per/ or germanium grains disturbed in Cumatrix as  and Ge atoms appeared in Cu,Ge, alloy. Manga-
——  Patoricly Science
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TABLE 2 : Vickers hardness and maximum shear stress

of CugX, alloys
Alloys H, kg/mm? n, kg/mm?

Pure Cu 28.475+1.78 9.4

CugGe, 43.55+5.5 14.37
CugsMn, 44.475+3.17 14.68
CuggAl 50.55+6.63 16.68
ClgeSn, 69.675+5.58 22.99
CuggNi2 45+0.5 14.85

nese-copper/ or Manganese grains disturbed in Cu
matrix ashomogenous narrow dendritic ewith small
grains ~0.5um. But EDX analysis show Cu, O, C
and Mn atoms appeared in Cu,Mn, alloy as shown

00

| Pure Copper
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in Figure (2c). Figure (2d) shows auminum-cop-
per/ or aluminum grains disturbed in Cu matrix as
circular shape like dendrite with different sizefrom
~1pm to 20 um and strip with ~ 10 um. But EDX
analysis show Cu, O, C and Al atoms appeared in
Cu,,Al, aloy. Tin-copper/ or tin grains disturbed in
Cu matrix at different position with different size
from ~1pum to 3 pm and dendrite shape with ~12 um
and strip with ~ 1 um. But EDX analysis show Cu,
O, C and Sn atoms appeared in Cu,Sn, aloy as
shown in Figure (2€). Figure (2f) shows nickel at-
oms disturbed in Cu matrix as dendrite shape with
different grainsizefrom~ 3 umto 30 um and some
non homogeneous nickel grain disturbed in matrix.
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Figure 3 : Electrochemical polarization curves forCu,X, alloys
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), and corrosion rate (C. R)ofCu,X, alloys

TABLE 2 : Corrosion potential (E. ), corrosion current (I

Corr Corr

Alloys -E oMV | cor A em'? C. R mpy
Pure Cu 293 5.89 2.994
Cug,Ge, 273 9.93 5.042
CUggM ny 509 60 3047
CugAl; 454 46.6 23.68
CuggS, 481 154 7.807
CugNiz 296 871 4.424
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Figure (4a) : DSC thermograph of pure copper
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Figure (4b) : DSC thermograph of Cu,Ge, alloy
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Figure (4c) : DSC thermographofCu,Mn, alloy

Also stripwith ~ 15 pm of Cu grains appeared. But
EDX anaysisshow Cu, O, C and Ni atoms appeared
in CugNi, alloy. These results analysis show that,
microstructure of Cu metal, Cu,Ge,, Cu,Mn,,
Cu,Al,, Cu,Sn,and Cu,Ni, aloysshowsCu matrix
with other phaseshave different shape andorientation
which agreed with x-ray results.

Vicker smicrohar dnessand minimum shear stress

The hardness is the property of material, which
gives it the ability to resist being permanently de-
formed when aload is applied. Vickers hardness of
Cu,X, (Ge or Mn or Al or Sn or Ni) aloys at 10
gram force and indentation time 5 sec are listed in
TABLE (2). The maximum shear stress (u_) value
of Cu,X, (Ge or Mn or Al or Sn or Ni) alloys was
calculated using the equation (1)1*4, where vis
Poisson’s ratio of the elements in the alloy and then

listed in TABLE (2).

B = %Hv {%(1 — 59 +§(1 +v)[2(1 + v)]a}(l)

The results show that, a significant change in
Vickers hardness value of copper after adding Ge
or Mn or Al or Sn or Ni. That is because these al-
loying elementsformed hard inclusion in Cu matrix
with refinement crystal sizeof it.

Wtenioly Science - mmm——

Electr ochemical corrosion behavior

Figure (3) shows electrochemical polarization
curves of Cu metal and Cu, X, (Ge or Mn or Al or
Snor Ni) aloysin0.25 M HCI. From these results,
the corrosion potential of the Cu metal, and Cu,X,
(Geor MnorAl or Snor Ni) aloysexhibited anega-
tive potential. The cathodic and the anodic polar-
ization curves also showed similar corrosion trends
with avariation in shape and position. Cathodic and
anodic polarization curves of Mn or Al or Sn have
different feature compared to pure copper. The cor-
rosion potentia (E_,,), corrosion current (I ), and
corrosionrate (C. R) of Cumetal and Cu, X, (Geor
Mn or Al or Sn or Ni) aloysin 0.25 M HCI are
presented in TABLE (3). The results show that, the
corrosion rate of Cumetal in 0.25 M HCI increased
after adding Ge or Mn or Al or Sn or Ni. That is
because Ge or Mn or Al or Sn or Ni content caused
a heterogeneous microstructure (formed asolid so-
lution with other traces of phases)which effected on
microsegregation and reactivity of Cuand Geor Mn
or Al or Sn or Ni atoms with HCI solution.

Ther mal behavior

Thermal analysisisregularly used to study solid
state transformations as well as solid-liquid reac-

An Judian Jouwrual
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Figure (4d) : DSC thermographofCugAl, alloy
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Figure (4e) : DSC thermographofCu,Sn, alloy

tions. The magnitudes of therma properties depend
on the nature of solid phase and on its temperature.
The differential scanning calorimetry (DSC) ther-
mographswereobtained by SDT Q600 (V20.9 Build
20) with heating rate 10 °C /min in the temperature
range 0- 1300 °C.

DSC thermographs of Cumeta and Cu X, (Ge

or Mnor Al or Sn or Ni)aloys are shown in Figure
4(a f). From these graphs the melting point of Cu
metal, and Cu,X, (Ge or Mn or Al or Sn or Ni)
alloysare identified. Thermo-graph (Endothermal
peak) of copper has variations in their shape and
position. That meansthat, thereis a change in cop-

per matrix structure caused after adding Ge or Mn
e Paloricly Science
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Figure (4f) : DSC thermograph of Cu_Ni, alloy

or Al or Snor Ni content and that is agreed with the
x-ray diffraction and SEM analysis.

CONCLUSION

Lattice microstrain of copper increased but unit
cell volume and crystal size decreased after adding
Geor Mnor Al or Sn or Ni.

Vickers hardness value of copper increased af-
ter adding Ge or Mn or Al or Sn or Ni.

Corrosion rate of copper increased after adding
Geor Mnor Al or Sn or Ni.

The melting temperature and thermal behavior
of copper changed after adding Ge or Mn or Al or
Snor Ni.
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