
4

IC/82/65

c ^ a&/ 2) INTERNATIONAL CENTRE FOR
THEORETICAL PHYSICS

STUDY OF THE ATOMIC ORDERING IN THE ALLOYS NI-IR

USIKG DIFFUSE X-RAY SCATTERING AND PSEUDOPOTEMTIALS

Tahir Abbas

INTERNATIONAL
ATOMIC ENERGY

AGENCY

UNITED NATIONS
EDUCATIONAL,

SCIENTIFIC
AND CULTURAL
ORGANIZATION 1 9 8 2 MIRAMARE-TRIESTE





IC/82/65

I n t e r n a t i o n a l Atomic Energy Agency

and

United Nations Educational S c i e n t i f i c and Cul tura l Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

STUDY OF THE ATOMIC OHDERIHG IN THE ALLOYS HI-IB

USING DIFFUSE X-RAY SCATTER1HG AND PSEUDOPOTEHTIALS*

Tahir Abbas **

International Centre for Theoretical Physics, Trieste, Italy.

ABSTRACT

Experiments were performed on the Ni-Ir alloys to measure the diffuse

x-ray scattering intensity after annealing from high temperatures. It was

established that the short-range order exists in these alloys when the samples

are quenched from 1SOO°C and lliOO°C. The ordering potentials for various

concentrations of Ir in Ni vere calculated using the pseudopotentials of

Animalu. The method of incorporating the d electrons in the dielectric

screening function was proposed. It was shown that the ordering potential

is severely affected by the new type of screening.
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I. INTRODUCTION

It is an established fact that atomic short-range order influences

the physical properties of alloys . The experimental studies of short-

range order are carried out mainly by diffuse x-ray scattering although some

other techniques like electron spectroscopy, neutron diffraction, Mossbaur

effect, etc. are sometimes employed. A brief description of the diffuse

scattering technique is given in Sec. II. The results of the experiment

are listed in Sec. III.

For comparison of experimental results a proper theoretical method

of predicting the sign and the magnitude of the order parameter has not yet

been established. However, the calculations on the basis of statistlcal-

pseudopotential theory can most oftenly predict the correct sign of the order

parameter. The theory successfully works with alloys of simple and noble

metals but difficulties arise in case of transition metal alloys

A correct step for calculating ordering potentials for an alloy of transition

metals can be the account of d electrons which affect the dielectric

screening of free electron gas. An approximate method is developed in Sec. IV

which anables us to calculate the effects of d electrons on the ordering

potentials. It turns out that the absolute value of the ordering potential

on the first coordination sphere reduces by 50£. The calculations are carried

out in second and third order perturbation theory. The results of calculations

are presented in Sec.IV. Conclusions are drawn in Sec. V.

I I . EXPERIMENT

Experiments were performed on. samples c o n t a i n i n g 2 , 3 , 5 and 10 atomic

pe r cent I r in N i . They were produced i n arc furnace wi th t ungs ton anode

in helium atmosphere. The 99.91* irridium and 99.99? electrolytic nickel

were used as raw materials for preparation of alloys. Samples were cut in

the form of discs of nearly 20mm diameter and were annealed at 6(30 C for 10

hours and quenched in diffusion o i l . Mirror surface of the samples was

obtained after polishing on the diamond paste. High temperature annealing at

1200°C and lltOO°C was carried out in the atmosphere of hydrogen.

Diffuse x-ray scattering was measured on diffractometer of type Dron-1

with CuK radiation which was monochromatized by a flat quartz crystal cut
a

parallel to III plane. Diffracted x-rays were registered ty a scintillation
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counter.following a discriminator. ReadingSwere made absolute by comparison

with the scattering from amorphous quartz at high scattering angles.

The air scattering, the Compton scattering, the thermal diffuse scattering,

the double Bragg scattering were subtracted from the experimentally obtained

intensity to get the order dependent diffuse intensity. The method of obtaining

the absolute value of scattered intensity is given in Eef. h. The formulae

for the calculation of short-range order parameters are the same as in Ref. 5.

The method of least-squares is employed for calculating order parameters.

III. RESULTS OF EXPERIMENT

Samples were quenched from ltOO°C after annealing for It hours at that

temperature. The x-ray diffraction patterns revealed that two ordered phases

having fee lattice and crystal parameters a = 3.5J5A0 and a = 3.89A0 were present

(shown for Ni-5 at fcjr in Pig. l);subsequent annealing at !|00° up to £0 hours,

600 C for 10 hours, and 700°c up to 5 hours and quenching in diffusion oil did

not change the diffractograms of the alloys, only some intensity changes in main

structural lines were observed, which are not shown and not discussed in this

paper.

The annealing of the samples containing 2, 3 and 5 at % Ir at 1200°C for

10 hours resulted in destruction of the ordered phases (Tig. 2) and instead of

super-structural lines a diffuse maximum was observed. From the diffuse

scattering intensity short-range order parameters were calculated which are

presented in Table 1.

Diffuse scattering intensity, good enough to calculate the short-range

order parameters (Fig. 3) for the alloy Hl-10 at % Ir was obtained after annealing

at 11(00 C for 10 hours. • The results of the calculation for Ni-5 at % Ir and

Ni-10 at % Xr are tabulated in Table 2.

In Figs. 2 and 3, the character of diffuse intensity and position of

the maximum shows the presence of short-range order in the alloy Mi-Ir. The

short-range order parameter a., is negative, whereas a and a are positive.
1 neighbour ^ J

It follows that at first nearest/places the possibility of the presence of unlilye

atoms is greater. I t is observed that the absolute value of a for NI-5 at % Ir

at 1200°C and DTi-10 at % Ir at lltOO°C are greater than the maximum possible

value for the corresponding concentrations- This may occur due to the presence

of heterogeneous oriocal order in the alloys for the specified concentrations

and:temperatures.

In general, the short-range order parameters increase (in absolute

value) with the increase of irrldium concentration and with the increase in

temperature of annealing.

IV,' PSEUDOPOTENTIAL METHOD OF CALCULATING THE ORDERING POTENTIAL

d) General theory

In pseudopotential theory, the ordering potential at an arbitrary

distance R. can be represented by

(1)

Sere P. is the mean atomic volume of the alloy, q is the wave-vector, e(q) is
o

the dielectric function of the alloy and E*(qJ = e(q) (l-f(q}), where f(q} is

a function which takes into account the exchange and correlations in the free

electron Fermi gas, AW°(<l) is the difference in the pseudopotentials of the

components, n is the Ewald parameter. T(q) is the term taking into account the

third order expansion of the perturbation theory. The function T(q) is given

by

(2)

Prime on the summation deletes the zero-order terms from the sum. A is called

the tripole and Its analytic form is given in Ref. 6.

The results of the calculations in second and third orders of perturbation
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theory are presented in Table 2. It is seen that the ordering potentials

for all the concentrations nave posititve sign on first coordination sphere

which Indicates the possibility of opposite-atom.-type ordering. The sign of
potential

the ordering ton the second and third coordination spheres is negative and has a

small absolute value, which is compatible with the experimental results. It

can he said that the ordering potential has a semi-oscillatory character.

b) Method of taking into account the d electrons for the calculation
of dielectric screening function

Here m ±s the effective mass of d electrons in m subshell, their

Fermi Impulse, e is the charge of an electron and A is an integral which depends
9)

upon the radial wave function of the alloy .

To calculate £,,ta.) one must know the band structure as well as the

radial wave functions of the alloy. Because of the absence of these quantities an

approximate method was adopted in which the calculations were carried out

using A and m of pure Mi.

The effective mass for the d electrons was obtained using the formula

The transition metals have partially filled a bands. In Ref. j the effects

of d electrons have been taken into account and a transition metal model

potential has been proposed in Ref. 8. In Ref. 8 and elsewhere, the screened

pseudopotentials are obtained using the dielectric function which incorporates

only the s-electrons. In a more generalized way, taking into account the d

transitions, the dielectric function in an isotropic two hand model aen be

written in the form-.

' « J (6)

Analytic form of A was obtained from Ref. 9-

Results of calculations of ordering potentials are listed in Table 3.

A comparison of Table 2 with Table 3 shows that by the new form of screening,

the ordering potential on first coordination sphere, decreases by nearly 50$.

The change in the potential is in the direction of the experimental results.

The new results do not differ In sign from those previously obtained.

Tha form of £ss(q) is given in Hef. 8 and £da(q) is given by

(3)

It was observed in Hef. 9 that for nickel the factors £sd(q)and £ds(q)

are negligible as compared to the factors £, (q) and £ (q), so far Hi one

can write (3) In a simplified way

(5)

V. CONCLUSIONS

1. The fact that the short-range order exists in the alloys Ni-Ir (with

2, 3, 5 and 10 at % Ir) at high temperature is established experimentally.

2. It Is proved that the pseudopotential method can be employed to predict

correct sign of short-range order parameter a for the alloy NI~Ir.

3. The account of d electrons in dielectric screening function reduces

the absolute value of ordering potential on the first coordination sphere

without changing its sign.

h. The experimentally obtained large values of the short-range order parameter

a may be interpreted by the presence of heterogeneous or local order

in the alloy.

•J The values of E_ and E were obtained from the band calculations of
T r25,

Ref. 9 . The value of K_, was obtained from the free electron energy

used in the calculations.
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N i -
3 at

-0

0

0

$ Ir

.05

.01

.02

Ni-
5 at % Ir

-0.06

0.01

0.01

-0.03

0.05

0.06

Ni-
10 at % Ir

-

-

-

-0.18

0.10

0.01 '

TABLE 2

Ordering po ten t ia l s for a l loys Bi- I r calculated vi thout taking in to account

the d-d scattering in the dielectric screening.

Alloy

Hi-2 at % Ir

Hi-3 at % Ir

Hi-5 at % Ir
i

Hi-10 at % Ir

Order of
P.T

_l

II 1
III

h " Il"

III

II

III

II

III

V{E1)

a.0386

0.0293

0.0381*

0,0292

0.0383

0.0290

0.0376

0.0287

V[H2)

0.0002

-0.0001
1

0.0002

-0.0001
_... ._

0.0002

-0.0002

0.0001

-0.0001

V(R3)

o.aooi

-0.0002

0.0001

-0.0002

0.0001

-0.0002

0.0001

-0.0001
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TABLE 3

Ordering potentials for alloys Ni-Ir calculated taking into account the d-d

scattering.

Alloy

Hi-2 at % Ir

Hi-3 at % Ir

Ni-5 at % Ir

Ni-10 at % Ir

Order of
P.T

II

III

II

III

II

III

II

III

V(E1)

0.018U

0.0205

0.018U

0.-205

0.018U

0.0207

0.0188

0.0250

V(R2)

-0.0037

-0.00!t3

-0.0037

-0.00U3

-0.0035

-0.001*3

-0.001*0

-0.0050

V(E3)

-0.0002

-0.0086

-0.0003

-o.ooao

-0.0003

-0.0020

-O.OOOlt

-0.0050

relative units

120

80

40

a-phasewith a=3.55^
cr-phasewith a=3.39;

Atomic units are used in Tables 2 and 3.

The scattered intensity lay Ki-5 at % Ir sample after

annealing at l*00°C for 10 hours.
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relative units

0.2-

-0.4

14 / / / 22 30 29°

Fig.2

Diffuse scattering intensity for the alloys Ni-Ir.

1 Ni-2 at % I r
Ui_3 a t $ I r

Ni-5 at % I r

relative
units

150

100

50

100 111

JL
002 022

1
113

10 20 30 40 50

Fig.3

Diffuse scattering intensity of alloys Hi-Ir.

— A— M-5 at % Ir

A Hi-10 at % Ir

60 70 80 90 ZB°
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