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THE PARTICLE-MATRIX INTERFACE
STRENGTH IN ‘iD-NICIIROME

~~~~

‘

J. E. Franklin, G. Judd, and G. S. Ansell
Materials Division, Rensselaer Polytechnic Institute

Troy , N . Y . USA

Introduction

Olsen and Ansell have shown that the yield strength of some two-
phase alloys is directly related to the strength of the interface bond
between the two phases (1) . They found that in ‘iD—Nicke l this could
result in a tensile yield strength lower than the compressive yield
strength, and attributed this strength different ial  to the separation
of the particle—matrix interface in tension at a stress below the nor-
mal yield stress. In a la ter investiga tion Olsen , Judd , and Ansell
measured the stress required to cause separation of the particle—matrix
interface, and found that in ‘iD—Nickel the interface strength was in-
deed low enough to produce an anomolously low tensile yield strength
(2).

The present study was undertaken to investigate the effect of a
solid solution alloying element on the particle—matrix interface
strength in a dispersion strengthened alloy . This effect was related
to the tendency for interface decohesion and to the occurrence of a
strength differential (SD effect)~

Material

The dispersion strengthened alloys used in this inv~stigation were
TD—Nickel (thoria particles wit~ a mean diameter of 400 A and a meaninterpar ticle spacing of 2 ,000 A dispersed in a nickel matrix) and TD—
Nichrome (thor4 particles with a mean diameter of 290 ~ and a meanspacing of 830 A in a 80% nickel — 20% chromium matrix). TD—Nickel
and TD-Nichrome (heat3332) were supplied by Fansteel Corporation in the
form of stress relief—annealed sheet. TD—Nichrome (heat 3325) was
supplied by Fansteel as 0.250 inch rod in the stress relief only con—
dition and was la ter annea led at 2400°F.

Experimental Technique

Room temperature tension and compression tests were performed on
IV—Nichrome, heat 3325 , to determine if this alloy exhibited an SD ef-

‘I fect .  Tensile specimens were 2 .5 inches in length and 0.25 inch in
I diameter with a gauge length of 0.640 * 0.002 inch and a reduced sec-tion 0.160 * 0 .003 inch in diameter . Compression specimens were ma-

chined as cylinders 0 .250 * 0.002 inch long and 0.25 inch in diameter .
Both tension and compression tests were performed with a Model TT-CM
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Inetron Testing machine at a strain rate of 0.0026 sec.1.

Several specimens of !IV—Nichrome (heat 3223) and ‘ID—Nickel were
cold rolled to 80%, 60%, 40% and 20% of the as-received sheet thick—
ness. The resulting microstructures were examined and compared by
transmission electron microscopy.

The particle—matrix interface strength of TD—Nichrome (heat 3323)
was measured using the method developed by Olsen ~~ ~~~, (2). This is
based on the difference in coefficient of thermal expansion between the
metal matrix and the ceramic particles. If a specimen is heated ex—
tretnely rapidly, the metal-oxide system is unable to accommodate the
thermal expansion difference and high stresses will develop at the
interface. If the change in temperature , ~T, iB large enough , this
stress may be sufficient to cause particle—matrix decohesion.

Rapid thermal cycling was performed with the Gleeble, Model 501,
described by savage (3). Sheet specimens were machined to a length of
3.0 in. and width 0.5 in. with a reduced section 1.25 in. long and 0.25
in . wide. Specimens were heated to various temperatures between 650°
and 1800°F at a rate of 12,000 to 14,000°F per sec. After holding at
temperature for some time, At, the sample~ were tensile tested to
fracture at a strain rate of approximately 0.02 sec.1 The fracture
surfaces of these high temperature tensile test samples were examined
by scanning electron microscopy . 

-

Results

Room temperature mechanical testing of W—Nichrome revealed that
k no significant SD effect occurred in this alloy. The average 0.2%

yield strengths for the sped.mens tested were 103,000 psi in tension
and 106,000 psi in compression .

~r. 
Large plastic deformations (cold rolling 40, 60 or 80 per cent)

result in the formation of voids at oxide particles in both 1V—Nichrome
and ID—Nickel. The voids are elongated in the direction of rolling.
In TD—Nickel voids are very elongated and appear to be associated with

• most of the particles. In TD—Nichroine, however, the voids are smaller
and less elongated, and fewer particles have voids associated with them.

Fig. 1 shows tha t after a reduction in thickness of only 20% voids
are quite evident in ID—Nickel while few if any voids can be observed

- ‘~ I in TD—Nichrome.

The results of thermal cycling and high temperature tensile test—
.1 ing are summ arized in Fig. 2. The 0.02% ~ie1d stizen.~t1~eof specimens

tested a fter holding at 650°, 1200°, 1500 , and 1800 F following rapid
• heating are plotted as a func&rn of time at temperature (A:) . For the

three lower temperatures there is no variation in yield strength with
time at temperature . At 1800°F, however, yield strength increases from
about 25,000 psi at 0.4 seconds to 32,000 psi for times of S seconds or
more. Therefore, at some temperature between 1500° and 1800°F a tran-
sition occurs from a time independent yield strength to a yield
strength which varies with time.
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FIG . 1
(a) ID-Nickel sheet, cold rolled 20% .

- 
(b) ID-Nichrome sheet, cold rolled 20% .
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Yield strength of TD-Nichronse as a function of time

at tempera ture , following rapid heating.

The nature of the transition from time independent to time depen-
dent yield stress was further investigated by studying the high tern—

• perature tensile specimen fracture surfaces with the SEM. There is no
• difference in the appearance of fracture surfaces of specimens tested

• after various times at temperatures of 1500°F and below. All display
the fine dimples associated with ductile fracture in dispersion
strengthened alloys.

At 1800°F the fracture surfaces are significantly different. Fig .
3a shows a specimen held for 4.2 seconds at 1800°F prior to loading .

‘1 The fracture mode in this case appears to be intergranular. Fig. 3b,
‘~‘~j~ ; on the other hand , shows a specimen pulled after 0.8 seconds at 1800°F.

~~ 

.~~~~ Here the facets appear to be rounded and individual grains are not
• .~i 

distinguishable. The distinctive feature of this surface is that the
facets are marked by many cavities.
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FIG. 3
Fracture surfaces of TD—Nichrom. pulled to failure

after (a) 4 .2 sec., (b) 0.8 eec . at 1800°F .

Discussion

It is apparent that ID—Nichrome does not exhibit an SD effect as
was observed in ID—Nicke l . Thus ‘lD—Nichrome presumably has a relatively
high particle—matrix interface strength (1) so that, in tension,
decohesion does not occur , before yielding occurs by the same mechanism
which operates in compression .

Observations of cold rolled etructur~~are consistant with this
view that the interface strength is higher in ID-Nichrozae than in ‘ID-
Nickel. The formation of voids after large deformations in both ‘I’D-
Nichrome and ID-Nickel is not unexpected (1) . Void formation of this
type has most often been associated with relatively larg. amounts of

• plastic deformation leading to fracture . However , it was proposed that
partic le—matrix decohesion could occur at much smaller strains as a
result of elastically induced stresses , and lead to macroscopic yielding
(1). For very small amounts of plastic deformation voids should be
present although they will be so small that they will not be observable
by electron microscopy.

Although the structure of the cold rolled specimens does not asso-
ciate void formation with yielding, it does show that void f ormation is
more prominent in ID-Nickel than in 1D-Nichroae, especially for small
amounts of deforma t ion . This indicates that interface decohesion
occurs at lower stresses in ID—Nicke l, and that TD-Nichrome therefore
has a stronger particle—matrix interface bond . Therefore, the SD ef-
fect would be lees in TD—Nichrcme than in ID—Nickel , which is in agree—
ment with the results of mechanical testing both in this investigation
and as reported by Olsen (4) .

A quantitative estimate of the particle—matrix interface strength
was obtained using the technique described above ( 2 ) .  The AT required
to cause interface decohesion is defined by determining the temperature
at which the yield strength becomes time dependent . This phenomenon
results from the detrimental effect of the presence of voids at the par—
tid e-matrix interfaces and the subsequent “healing” of these voids
with t ime at temperature . From this transition temperature the parti-

348

~ 
1 

_____  

_____________
- 
I 

— 

- 

—•— 

— 

-
—-

- —~~~~~~~ -1
I ~~~~~ - - ••~~~~ •~~~~__ _~~~~~ - •  - •~~~~~~ •‘-~~ - . - - - • —~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ 

- -
.

-
—

-
~~~

•
~~~~~

• ,

~~~~ ~~~-



Paper 70

d c—ma trix interface strength can be calculated using the equation of
Rao et al (5) . The transition temperature, as shown in Fig. 2, is
between 1500°F and 1800°F for 1D—Nichrane. By calculating the inter-
face stress , resulting from heating to each of these temperatures the

I interface strength is determined to be between 198,000 psi and 238,000
psi . These values are considerably higher than the 40,000 psi measured
by Olsen !~ ~~ 

for ID-Nickel (2). In ID-Nichrome then it is not cx-
pected tha t interface decohesion will occur prior to y ielding, and ,
therefore the SD effect should not be present.

The SEM studies showed that at temperatures of l500~F and below,
— the fracture surfaces were dimpled due to void formation followed by

void coalescence and growth. It is believed , however, that voids in
these specimens form during plastic d ’formation and not as a result of
rapid heating . No change in yield strength with time at tempera ture
is expected for these alloys if interface decohesion does not occur as
a result of rapid heating. Consequently, the appearance of the frac—
ture surface is the same for all  times at tempera ture .

At 1800°F, however, there was a time dependence of the appearance
of the frac ture surface which accompanied the time dependence of yield

k strength . For long times at 1800°F the fracture surface has the typi—
~~~- -~ cal intergranular appearance . There is no evidence of void formation

in Fig. 3a . If voids were formed during rapid heating they must have
healed before the tensile test was performed . In the samples tested
immedia tely after  reaching 1800°?, however, voids have not had suf-
ficient time to heal. The applied stress prevents voids from healing
with time and, in fact, enlarg2s voids so that they can be observed

‘I with the SEM . Pig. 3b shows that many cavities remain on the fracture
surface and that particles are visible in some of these.

Conclus ions

The addition of chromium to the nickel ma trix in thoria dispersed
alloys increases the particle—matrix interface strength thereby reduc—
ing or eliminating the SD—effect. However, rapid heating to 1800°F can
produce sufficient stress to cause decohesion of the interface thus
decreasing the yield stress for short times at tempera ture af ter ini tial
heating .
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