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ABSTRACT

The segregation of impurities and the resulting effects

on material properties have been measured in several systems.

In.A1203 it was found that additives segregated to grain

boundaries, with the ions having the largest size misfit

segregating the most strongly. The role of additives on

the densification of A1203 and.MgO was measured and it was

found that the role of Mg ions in A1203 densification was

primarily due to enhanced diffusion rather than restricted

grain boundary mobility. In MgO it was found that LiF and

NaF promoted densification by the formation of a liquid phase.

Scanning Auger Microscopy has been used to measure segre-

gation of sulfur in nickel, phosphorous in tungsten, and bismuth

in copper.  In all three cases the segregation measured did not

differ from grain boundary to grain boundary on the fracture

surface. Therefore it does not appear that segregation occurs

preferentially to different high angle grain boundaries.

Work continued on the effect of third element additions

for controlling deterioration of properties and on intergranular

corrosion in stainless steels. Techniques were developed that

will prove useful  in the coming year in further developing our

understanding of the mechanism of grain boundary segregation,

its control,.and the effect on properties.



I.  -INTRODUCTION

This report summarizes the work performed under Contract
I ./

AT(11-1)-2166 for the year 1973.  The program has been directed

toward the utilization of Auger Electron Spectroscopy (AES)

to study segregation of impurities to grain boundaries that.

result in a deterioration in the properties of materials.

Included in the properties of interest are embrittlement due

to grain boundary fracture, corrosion at grain boundaries, and

grain boundary mobility during annealing and sintering opera-

,tions.

Several papers (see attached list) have been published

or prepared for publication in the past year. One  paper   ("Low

Temperature Brittleness") is a manuscript prepared as an invited

keynote address to the Third International Conference on the

Strength of Metals and Alloys, and another is a major review
e

article describing the development and utilization of AES to

study grain boundary segregation in solids.

In the 'past year further development of facilities has

occurred. A second vacuum system with the associated electron

optics, sputter gun and fracture apparatus has been assembled.

This was done with non-AEC money. The same. electrodics for

control of electron optics are used on both systems, but the

two systems increase substantially the rate of data acquisition.

II. RESEARCH PROGRESS (1973)

A.  Densification of Ceramic Materials

A Ph.D. thesis has been completed on "The Role of

Impurities and Additives on Ceramic Densification" by W. C.
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Johnson. This study was undertaken to determine the relation

between grain boundary hardness and impurity segregation that

had been observed in fully dense A1203„  These fully dense

A1203 bodies were prepared by making addition of MgO and it

was thought that the MgO segregated to the grain boundaries

and restricted their mobility. The evidence for this was the

increase in microhardness measured in the near grain boundary

regions. However, direct experiments using AES did not show·

substantial segregation to grain boundaries. Ca was observed

at the grain boundaries at levels as high as 5.5 percent, but

the segregation was limited to less than 10 atom layers from.'

the grain boundary: .Since microhardness measurements indicate

hardening some 5 microns from the boundary, it is clear that

the microhardness measurements are not directly related to the

chemistry.

The absence of MgO segregation to the grain boundaries posed

a question as to its role in densification of A1203 and to the

general role of impurities in promoting densification of oxide

materials. The answer to these questions were the more important

aspects of Dr. Johnson's thesis. It was concluded that discontin-

uous grain growth is not inhibited in doped alumina, but rather

the material achieves theoretical density before discontinuous

grains can nucleate. Because the rate controlling diffusivity

is extrinsic due to the MgO introduced vacancies, doped A1203

sinters faster than pure A1203.  Therefore, segregation of im-

purities to grain boundaries is of little if any importance in

the promotion of full densification in doped A1203·

_ _
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In the course of the study various impurities were added

to A1203' such as Y, Ca, Ni, and Mg to test various models of

segregation. The size difference of these ions in comparison

to aluminum turned out to be an effective way of predicting

the segregation to grain boundaries.  Using the McLean formula

for equilibrium segregation,

c   = c eQ/RT
gb   1+c eQ/RT

where Cgb =* grain boundary concentration

C   = bulk concentration

Q   = misfit energy

T   = temperature

R   = gas constant

The temperature dependence of the segregation also was consistent

with this model, so the evidence strongly supports the Gibbs

equilibrium model for segregation of impurities in A1203·

B.  Scanning Auger Microscopy

· In the past year Physical Electronics Industries, Inc.

has developed a scanning Auger microscope that they have made

available for our use to determine its capability in metallur-

gical research. Preliminary experiments have demonstrated that

segregation.of impurities to grain boundaries is not strongly   '

dependent upon grain orientation. The systems studied so far

are Ni-S, W-P, and Cu-Bi. The chemistry on the surface of each
--Il---Il#..---*--

grain was found to be nearly identical for each material, so

either the fracture path is along grain boundaries of nearly
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identical mis-orientation or the segregation does not depend

sensitively to grain boundary geometry.

Scanning Auger spectroscopy has been used to augment

some of the other areas of research also and the results will

be described in each section.

C.  Non-Equilibrium Segregation

The major effort in this area has been to determine an

experimental procedure that would be useful for studying non-

equilibrium segregation. It is. necessary that a technique be

developed for making the grain boundaries brittle without

altering the non-equilibrium segregation that has occurred to

the grain boundary region. Originally it appeared that the

Cu-Zn system would be useful, but it now appears that· Ni base

materials are better. Nickel can he embrittled at rather low

temperatures by sulfur and the previous segregation due to heat

treatment can be preserved. Scanning Auger Microscopy has shown

that the sulfur is uniformly deposited on all the grain surfaces

through which the fracture has passed and therefore it should·

not interfere with the determination of other solute atoms that

have segregated in a non-equilibrium manner at the grain boundaries.

Ni-Cu-S alloys have been prepared for this study and .preliminary

results are encouraging.

D. Stress Rupture in Nickel-Base Alloys

The stress rupture properties of nickel-base superalloys

can be markedly affected by very small changes in alloy compo-

sition and trace impurity content. High melting point elements

such as Hf can markedly improve stress rupture ductility while
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low melting point elements such as S, Pb, and Bi have been

observed to reduce stress rupture life and ductility drasti-

cally. Since stress rupture is typically a grain boundary

failure phenomenon, -it  is  itportant to learn whether the marked

effects of these .elements are reflected in the grain boundary

chemistry  of  the  alloys.

The results to date indicate that Pb (and probably

Bi) do not segregate to the grain boundaries in Ni-base_ alloys.

The effect of stress rupture conditions (stress applied at high

temperature) did not appear to induce Pb segregation.

Alloys doped with 0.6 a/0 Hf were found to have Hf

segregated to the grain
 

boundaries in amounts ranging from

3 a/0 to 8 a/0. Sputter profiles indicated that the Hf enriched

region is on the order of 30 atom layers thick.

In all of the Ni-base alloys observed thus far, S has

been observed to segregate strongly to the grain boundaries.

Bulk S levels of 50 to 60 ppm are typical of the alloys inves-

tigated, however, grain boundary S concentrations of between

0.5 a/0 and 2,.0 a/0 are typically observed in these alloys.

The complexity of the commercial alloys used initially

made detailed study.of the segregation process difficult in

some cases. Work is currently underway on experimental Ni-Al

and Ni-Al-Ti alloys in which  a more detailed study of S segre-

gation should be possible. The information desired is the varia-

tion of S segregation with temperature and bulk S level. Efforts

will also be made to determine the rate of S build up at the

grain boundaries as a function of time.
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E.  Porosity in Titanium Powder Metallurgy Components

Porosity in aircraft components produced by a Ti powder

metallurgy process has hindered the development of this process

which makes dse of relatively plentiful Ti alloy scrap. Until

recently, the porosity was believed to be the result of entrapped

Ar which is·used as a shielding gas during the  powder processing

steps. The responsibility of Ar for the. porosity was never

conclusively demonstrated, however.

Work under this contract using conventional AES indicated

significant amounts of S and Cl on the fresh fracture surfaces

of samples heat treated to produce porosity. Inert ion sputtering

indicated that the S is present only within a few atom layers

of the surface while the Cl which is present in excess at the

fracture surface appears to drop off with sputtering, to a constant

value, still above the bulk concentration. Sputtering also re-

vealed excess  Al  at 'the fracture surface.

Work using the SAM, (Scanning Auger Microprobe), indicates

that the Cl and S are located in spots on the fracture surface.

These spots are approximately the same size as the pores observed

on the fracture surface. AES analysis of the spots indicates

that spots contain about 40 a/0 Cl. Chemical analysis of the

bulk samples indicates that they contain less than 10 ppm Cl or S.

Both Ti and Al form compounds with Cl which have relatively

low triple points, 249°K for TiC14 and 465°K for Al(13.  At the

relatively high annealing temperatures, approximately by 1200'K,

used to stress relieve the sintered and forged components, these

chlorides could be expected to become gaseous and create pressures

approaching the yield stress of the alloy, thus causing the pores

to develop.
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F. Third Elemeht   Effects

One of the possibilities for reducing embrittlement in

materials is by the addition of a third element. It is known

that small additions of Fe to copper containing Bi substantially

reduces the amount of embrittlement. However, it is not known

if the iron segregates preferentially to the grain boundary or

if some other mechanism is responsible for the improvement in

ductility.

Since previous work had been done on the Cu-Bi system

it was chosen for study with Fe additions. It was found that

iron did not preferentially segregate to the grain boundary

region, but by some mechanism it substantially reduces the amount

of bismuth segregation. This is difficult to understand, since

50 ppm of iron has such a marked effect. Further studies are

underway, but the usual explanation of preferred segregation

is clearly not correct in this case.

G.  Intergranular Corrosion of Ferritic Stainless Steel

These Materials. are rendered susceptible to intergranular

corrosion or embrittlement by various heat treatments. For

example, commercial purity alloys are sensitized to intergranular

corrosion by quenching from temperatures 6f 1700° - 2000'F.

There is indirect evidence that chromium depletion in areas

adjacent to intergranular chromium carbides are responsible for

this sensitization.

We have to date studied the intergranular corrosion

susceptibility of commercihl purity AISI 430. All material is

first subjected to 2400'F annealing in order to provide for a

1



8

large grain size., quenched, and then held at. various intermediate

temperatures.  Corrosion rates in boiling 65% nitric acid are

measured by electrical resistance methods which are substantiated

by optical measurements. Susceptibility is induced by 1700°F

heat treatments, the rate of subsequent cooling markedly affecting

the corrosion rate - rates for air cooled materials exceed those

furnace cooled or water quenched. Thermal treatments between

1100°F and 1400°F do not cause intergranular corrosion; however,

temperatures of 900'F - 1000'F cause greater susceptibility than

the 1700'F treatment.

The present task is to determine intergranular compositional

changes accompanying the sensitizing heat treatments. The large

grained sensitized material can be fractured along the grain

boundaries.  Work employing Auger spectroscopy to measure compo-

sitional profiles near grain boundary fracture surfaces is in

progress.

H. Surface Composition of Platihum Electrode-Catalysts

Noble metals serve as electrodes and/or catalysts in

many chemical processes of commercial importance. Although

platinum is one of these noble metals, it has been known for

several years from electrochemical behavior that platinum does

react with oxygeh during the electrolytic evolution of oxygen

at the platinum surface. The nature of the reaction has been

difficult to study because the thickness of the product layer

is only a few atomic layers. It is important to determine the

identity of this surface material since it, and not the metal,

is the apparent catalyst for the electrolytic reaction.
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We have studied surfaces of platinum anodized in 1 N

H2304 solution and found an exttemely stable film of Pto stoi-

chiometry, confirming a postulate based on electrochemical

behavior. Platinum anodized in NaCl'solution did not form a

stable reaction product - chlorine and oxygen are weakly adsorbed

on the surface under these conditions.

Detailed results of this study are reported in our

recent paper in the Journal of the Electrochemical Society.
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