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[ Abstract] The relationship among annealing temperature, microstructure and electrical resistivity of Cir (8% ~ 13%)

Zn (mole fraction) alloys was studied. The results show that the relationship between the electrical resistivity of cold de-

formation CuZn alloy and annealing temperature is related to the recovery and recrystallization of the processes. The incre-

ments of electrical resistivity due to strain are restored mainly on the process of recovery and recrystallization. The room

temperature resistivity of soft state alloys is linear to the Zn contents. The extended application of Matthissen rule on high

concentration solid solution was discussed.
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1 INTRODUCTION

For the commercial use of frequency conversion
transducer, the asynchronism electromotor has a in-
creasing application in such fields as underground,

L1121 Therefore, a

city light train and high speed train
higher criterion is put forward to the rotator materi-
als, a key materials of asynchronism electromotor. A
higher heat resistance, mechanical properties and
mezzo electrical resistivity are needed at the same

timel >~ 3!

. In high speed train, one set of frequency
conversion system is operated to offer power for 4 or 6
electromotor simultaneously, in order to keep loads
balance, the tolerance of circuit bar resistivity must
be controlled within one percent. Conventional copper
alloys can’ t meet this demand, therefore, a new kind
which satisfied
the need of high speed electromotor through the resis-
tivity regulated effect of Zn and the strengthening ef-
fect of trace Zr/ Cr addition. In this paper, the effects

of copper alloy was developed ™ ®

of Zn content and heat treatment on the resistivity of
CuZn alloy are discussed.

2 EXPERIMENTAL

2.1 Materials prepared

T he actual compositions of six prepared alloys are
listed in Table 1. Alloy ingots of CuZn were prepared
by melting nominal amounts of 99. 99% copper and
zinc together in a middle frequency induction furnace,
and casting in a round iron module in air atmosphere.
After homogeneous treatment and skinning, ingots
were hot extruded to d 8mm billet. The pre heat
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temperature of hot extrusion was 870 C for 2h with
an extrusion ratio 35/8% = 19. Followed by cold
drawing, the billets were cold deformed with section
shrinkage up to 86%, and d3mm thin wires were ac
quired.

Table 1 Content of Zn in CuZn alloys (%)

Alloy Nominal Actual Mole fraction
Cur8Zn 8 7. 69 7.490
Cur9Zn 9 8.46 8.243
Cur 10Zn 10 9.54 9.298
Cur11Zn 11 10. 59 10. 320
Cur 12Zn 12 11.47 11.180
Cuw137n 13 12.76 12. 450

2.2 Heat treatment and experiment method

Six alloys were isothermally treated for 1h, the
temperatures were as the following: 150 'C, 250 C,
300 'C, 330 C, 350 C, 370 C, 400 C, 450 C,
500 C, 600 C and 700 C, Double

electrical bridge method was applied to measure the

respectively.

resistivity, its precision reaches to 107 ¢ Q. A light-
load hardness instrument was chosen to determine ev-
ery state hardness and a Germany-made NEOPHOT-
21 metallography lens was adopted to observe the mi-
crostructure.

3 RESULTS

3.1 Influence of annealing temperature on resistiv-
ity of CuZn alloy

Fig. 1 plots the room temperature (16 C) resis-

tivity of six kinds of CuZn alloys under different an-
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nealing temperatures. Fig. 2 and Fig. 3 show the light
load hardness results and microstructures in part pre-
pared alloys respectively.

It can be concluded from Fig. 1 that the relation-
ships between room temperature resistivity and an-
nealing temperature of all 6 studied alloys are follow ed
by a same rule. Three main steps are represented in
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Fig.1 Room temperature (16 C) resistivity
under different annealing temperatures

this rule. Above 50% of the total restore resistivity is
restored under the annealing temperature below
350 C, the residual is almost completely restored
within the annealing temperature range of 350 ~
400 C, and a stable resistivity is acquired when an-
nealed above 400 C.

Comparing Fig. 2 with Fig. 3, it can be conclud-
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Fig. 3 Microstructures of annealing CuZn alloys
(a) —Cur 13Zn, 250 C for 1h; (b) —Cur 13Zn, 350 C for 1h; (¢) —Cuwr13Zn,400 C for 1 h; (d) —Cu 13Zn, 600 C for 1h
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ed that the room temperature resistivity of CuZn al-
loys is associated closely to whether there is a recovery
or recrystallization annealing process. When the an-
nealing temperature is below 350 C, a recovery pro-
cess has taken place. In this process, the decrease of
hardness is not very much, occupied only one fifth of
total decreased value, but the decrease of resistivity is
up to above 50% of total decreased value. When the
annealing temperature is 350~ 400 C, a recrystalliza-
tion process takes place. In this process the effect of
cold working is weakened greatly, so the hardness de-
creases rapidly and the change of resistivity is nearly
completed. With increasing annealing temperature,
from 400 C to 600 C, due to the growth of the first
recrystallization grain, the decrease of grain boundary
leads to the slowly drop of hardness.

3.2 Influence of Zn content on resistivity of CuZn
alloys
Fig. 4 describes the relationship between Zn con-
tent and the resistivity of studied CuZn alloys after
different temperature annealing treatments.
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Fig. 4 Relationship between Zn content
and resistivity

It can be concluded from Fig. 4 that the relation-
ship between Zn content and resistivity of CuZn alloys
after annealed in the temperature range of 400 ~
600 C conform to a linear regression relation. Table
2 lists the parameters of linear regression relation.

It can be concluded from Table 2 that when the

Table 2 Results of linear regression on electrical
resistivity and Zn content

Annealing Interception Slope
temperature/ C /(1076 Qe cm) /(107 © Qecm)

600 3.24115 0.11309
500 3.209 68 0.11297
450 3.17036 0.11610
400 3.24161 0.11228
370 3.22036 0.11900

Average 3.21570 0.11361

* Results of 370 C does not concluded

CuZn alloys annealed at temperature range of 400~
600 C, even including 370 C, the linear regression
results of their resistivity to Zn content are almost e
qual. From above-mentioned analyses of the resistivi-
ty of CuZn alloys to annealing temperature, it is
known that the resistivity remains unchangeable at
the annealing temperature range of 400~ 600 C,
therefore, the relation between resistivity and Zn
content can be represented by a same linear regression
relationship, that is to say that this relationship can
be calculated statistically. Eqn. (1) gives the relation-
ship between Zn content and the room temperature
(16 C) resistivity Py( Q*cm) of soft state Cur (8% ~
13% ) Zn (mole fraction) alloys.
pg = ng+ x (Zn) Z
= 3.2157x 10" °+ 0. 11361 % 10 °x (Zn)

) (1
where & means the resistivity increment caused by
one percent of zinc ( mole fraction). From Eqn. (1),
it can be deduced that Py equals to the resistivity
when the equation extrapolated to zero zinc content,
but not the resistivity of real pure copper.

4 DISCUSSION

4.1 Influence of annealing temperature on resistiv-
ity

Resistivity reflects the resistance of crystal lattice
on the electron that is directional moving under elec
tric field. The crystal structure defect alters the cycle
potential field of lattice, becomes the scatter center to
moving electron, so leads to the increase of alloy elec
trical resistivity. For the scatter effect to moving elec
tron, void and interstitial atom are more effective
than dislocation, therefore, the change of resistivity
is more sensitive to the alteration of point defect'” !,
When the alloys annealed below 350 'C, a recovery
process has taken place, point defect concentration
decreased mainly in this process, which leads to a
large decrease of resistivity occupied above 50% total
resistivity decrease value. When the alloys annealed at
350~ 400 C, corresponding to the rapid decrease of
hardness, a recrystallization process has taken place,
crystal defect eliminated greatly, which leads to the
rapid decrease of resistivity. However, when the an-
nealing temperature over 400 C, a complete recrys-
tallization grain microstructure is formed in the al-
loys, with the stablizing of point defect, the resistivi-
ty is remained unchangeable.

4.2 Influence of Zn content on resistivity

It is a common rule that the conductivity de-
creasing and the resistivity increasing with the form-
ing of solid solution even if the conductivity of solute
atom is larger than that of the solvent atom!'"'

The reason why the resistivity of solution is higher
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than the pure metal relies on the abnormal lattice dis-
tortion of solvent due to the solution of solute atom,
which increases the scatter effect to electron and en-
hances the resistivity. At the same time, the chem-
istry interaction in different composition leads to a de-
crease of effective electron and results in an increase of
resistivity! !

The resistivity of low concentration solid solution
obeys the Matthissen experience rule! . The resis-
tance of low concentration solution is divided into two
parts. The first part is the resistance brought by sol
vent atom, this part changes following temperature
and equals to zero when the temperature tends to 0K.
The second is the additional resistance brought by so-
lute atom and is independent form temperature. If a
solid solution is cooled to 0K, the second part of addi-
tional resistance will be remained down as the residual
resistance. The Matthissen rule can be expressed as
the follows:

P= R+ P = P+ «¢ (2)
where [y is the resistivity of solvent metal, O is the
additional resistivity caused by solute atom, x is mole
fraction of solution atom, & represents the resistivity
increment caused by one percent of the increase of so-
lute atom.

The Matthissen rule is only applicable for low
concentration solution. This is because that the resis-
tivity is only considered in the effect of lattice distor
tion, not involved the interaction effect of different
component. But for a high concentration solution this
rule is not applicable, the variation of effective elec
tron quantity brought by the interaction effect of dif-
ferent component and the change of band structure
cannot be neglected.

Assumed that the solution concentration reaches
up to a certain extent, the influence of solute atom on
the bonding force and the band structure tends to a
stable degree, further increase of solute atom had lit-
tle influence on the bonding force and band structure,
the Matthissen rule could be expandingly applied.
That is to say that the additional resistivity brought in
only by the effect on lattice distortion of the further
increased solute atom and was independent to temper-
ature. Therefore, the resistivity expression of a cer
tain high concentration solid solution could be estab-
lished on the equation for low concentration solid so-
lution, namely transforming Eqn. (2) as the follow-
ing one.

P= Pot F= A+ 2" ¢ (3)
where x is the solute mole fraction of further in-
creased. ¢ is the additional resistivity brought by
1% further increased solution. Q9 is not the same

as in Eqn. (2) according to Matthissen rule, which is
not only the resistivity of solvent atom but also a
physical value including the interaction of different
component. Theoretically P, and ¢ are varied with
the variation of solute atom concentration in high con-
centration solid solution. But at a certain concentra-
tion value, for the stabilization of the solute atom ef-
fect on bonding force and band structure, it can reck-
oned that the two parameter Py and € are unchange-
able. For instance, as the zinc content is 8% ~ 13%
(mole fraction) in this paper, the room temperature
resistivity of soft state CuZn alloy is followed the
Eqgn. (1), that

M atthissen rule.

implies the applicable of the
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