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ABSTRACT

Predominantly transgranular, ..cracking of Zircaloy-2 and
Zircaloy-4 specimens has—been observed with deposits of LiCl
KC1 eutectic, NaCl and Csl at 350°C and in fused eutectic
mixtures of sodium and potassium nitrate with potassium iodide
at 300-450°C. Cracking was not obtained in any medium with
U-bend specimens, but split-ring specimens stressed initially
to the yield point cracked readily. A number of batches of
tubing of various textures were all cracked, although the time
to failure varied from batch to batch. The measured time for
crack propagation was a minor fraction of the total time to
failure; the time for crack initiation being the major fraction.

In fused salt mixtures of nitrate and chloride or nitrate and
bromide at 300-450°C severe intergranular penetration occurred
even in the absence of stress. In the latter mixture traces of
chloride are thought to act as activators. No cracking, but
severe pitting was obtained in fused nitrate/fluoride mixtures.
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Fissuration d'alliages de zirconium

environrieméntalémént provoquée

III. Fissuration dans des sels chauds et fondus

par

B» Cox

Résume

Une fissuration en prédominance transgranulaire
d'échantillons de Zircaloy-2 et de Zircaloy-4 a été observée
avec des dépôts de LiCl KC1 eutectique, de NaCl et de Csl à
350°C et dans des mélanges eutectiques fondus de sodium et
de nitrate de potassium avec de l'iodure de potassium à
300-450°C. La fissuration ne s'est produite dans aucun
milieu ayant des échantillons cintrés en U mais les
échantillons en anneau fendu contraints initialement jusqu'au
point de rupture se sont fissurés facilement. Un certain
nombre de paquets de tuyaux de textures variées ont tous été
fissurés bien que le temps écoulé jusqu'à la rupture ait
varié de paquet à paquet. Le temps de propagation des
fissures nfa été qu'une petite fraction du temps total
jusqu'à la rupture; le temps d'amorçage des fissures ayant
constitué la fraction principale.

Dans les mélanges de sels fondus de nitrate et de
chlorure Ou de nitrate et de bromure à 300-450°C, une grave
pénétration intergranulaire s'est produite même en l'absence
de contrainte. Dans le dernier mélange on a pensé que des
traces de chlorure ont servi d'activants. Il n'y a eu
aucune fissure mais un grave piquage dans des mélanges
fondus de nitrate/fluorure.

L'Energie Atomique du Canada, Limitée
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Janvier, 1971
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ENVIRONMENTALLY INDUCED CRACKING OF ZIRCONIUM ALLOYS

III. CRACKING IN HOT AND FUSED SALTS

by

B. Cox

1. INTRODUCTION

The cracking of titanium alloys in hot and fused salts has
been the object of much study in recent years, since it was
first reported in 1955 (I"*9). However, there have b&en no
reports so far of the cracking of commercially pure titanium.
The commercial zirconium alloys with the generic name Zirca-
loy are all predominantly a-phase alloys with the alloying
additions present mainly as intermetallic particles, they
would not, therefore, be expected to crack in hot or fused
salts if the analogy drawn between the cracking of titanium
and zirconium alloys previously(10,11) is valid and if
unalloyed titanium is genuinely immune to cracking in these
environments.

Nevertheless, Zircaloy-2 has been reported to crack in iodine
vapour at 300oc(12,13), while titanium alloys have been
cracked in chlorine(14) and hydrogen chloride(15) vapours at
300-450°C during investigations of the mechanism of hot-salt
cracking. Since iodine is one of the major fission products
produced in nuclear reactors the cracking of Zircaloy fuel-
cladding by iodine stress-corrosion cracking is clearly a
possible mechanism for fuel failure.

The experiments reported here were performed to test the
analogy between zirconium and titanium alloys as regards hot-
salt cracking, and to determine whether cracking in halogen
vapours was merely a vairiant on the hot-salt cracking environ-
ment; perhaps representing a critical intermediate in the
hot-salt cracking process.

2. EXPERIMENTAL

Two types of specimen have been tested during this study.
Firstly, U-bend specimens, made from two batches of annealed
Zircaloy-2 sheet were tested after bending over a 0.5 cm. dia.
mandrel, pickling and either coating with the appropriate salt,
or immersing in the fused salt mixture, secondly, 0.5 in.



lengths of standard batches of Zircaloy-2 and Zircaloy-4 fuel
cladding (0.6" diameter) were split longitudinally, pickled,
stressed by inserting stainless steel blocks and either coated
with the appropriate salt, or immersed in the fused salt
mixture. Analyses and texture coefficients for the batches of
Zircaloy tube are given in Table I.

Specimens were coated with salt by dipping in a saturated
aqueous solution followed by drying at 100°C. The specimens
were exposed in a furnace, generally containing 1 atm. air,
although for some experiments the air was evacuated to -lO"**
torr- The salts used were NaCl; SnCl2.2H2O; LiCl/KCl eutectic
and two grades of Csl of differing purity. Salts were
commercially pure grade and were 99.9% purity or better except
for the lower grade of Csl which was 99% pure. Analysis showed
the residual impurity in this batch to be predominantly CsCl.

Fused salts were prepared from commercially purs salts to give
the eutectic or transition compositions, with the melting
points indicated in the systems (16). K+, Na+, NO3', Cl

1 (M.pt.
212°c) K+, Na+, NO31, Br1 (M.pt. 207°C); K+, Na+, NO31, I1

(M.pt. 222°C). The fused salt containing fluoride ion was
prepared by saturating the eutectic mixture of sodium and
potassium nitrates (M.pt. 228°C) with LiF. Specimens were
immersed in these salts in baths open to the air at 300 +̂  2°C.

After exposure specimens were examined metallographically to
determine crack frequency, length and type. The fracture
surfaces of specimens which broke during test were examined
using a JSM II scanning electron microscope (SEM). Some
specimens with visible cracks, which had not penetrated through
the specimen, were broken subsequently after cooling in liquid
nitrogen and were studied on the SEM.

RESULTS

The initial tests on U-bend spscimengi coated with NaCl;
SnCl2.2H2O and LiCl/KCl eutectic gave no cracks in 16 hrs. at
300°C or 24 hrs. at 350°C, whereas a stressed split-ring of
tubing MLI-788 cracked completely in <24 hrs. when coated with
LiCl/KCl eutectic at 350 + 3°C. A similar tube exposed to
LiCl/KCl eutectic at 300 + 2°C showed no cracks after 10 days.

Subsequent results on split-ring specimens stressed initially
to the yield point at room temperature are shown in Table 2.
In the hot-salt tests at 350QC in vacuum relaxation of the
stress occurred so that no failures occurred after the first
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24 hrs. exposure unless specimens were restressed by the
insertion of larger wedges. Examination of specimens which
had relaxed without cracking showed incipient cracks in all
specimens of batch MLI-801, but not in other batches of tubing.

The experiments in fused salts were initiated as an attempt to
eliminate the relaxation problem,by reducing the operating
temperature, while still maintaining a short time to failure.
To achieve this a molten halide salt was regarded as desirable,
and since no alkali metal halide mixture melts at a temperature
significantly lower than the LiCl/KCl eutectic, it was decided
to test halide solutions in stable oxidizing fused salts. The
results of these tests are included in Table 2.

Oxidation of the specimens in the NO3VI 1 eutectic was appar-
ently normal for the temperature (300°C), as was expected
from extensive previous work in fused nitrate/nitrite melts
at 300°c(17,18). However, severe surface oxidation took place
in both the nitrate/chloride and nitrate/bromide baths. In
some instances this was so rapid that the specimen was reduced
completely to zirconia powder in "10 days. A study of the
oxidation phenomena in these media will be presented else-
where (19). Unlike the specimens which relaxed but did not
crack in the hot-salt tests, specimens which relaxed in the
NO3VCI 1 and NO3'/Bjr' salts were found to be severely embrittled,
and broke readily between finger and thumb, and in some
instances shattered when dropped only a few inches.

Examination in the SEM of the fractures produced at 350°C in
hot-salt showed them to be predominantly transgranular (Figure
1). The fracture surfaces were oxidized in most instances so
that interpretation was more complicated than for the low
temperature studies1 performed previously(10,11), but distinct
cleavage facets were visible on most specimens. A small
proportion of inter granular cleavage was also visible. The
fracture surfaces appeared to be identical with those produced
in iodine vapour at 300PC(20), and showed none of the striated
features typical of the liquid metal erabrittled specimens(11),
nor the "blocky" type of transgranular fracture observed in
methanol/hydrochloric acid solutions at room temperature (10) •.
Typical micrographs of the fractures in hot-salt are shown in
Figures 1-3.

Optical metallography (Figures 4, 5) confirmed the predominantly
transgranular nature of the fractures and showed that there was
little branching of the main crack and few other major cracks
in any one specimen. The frequency of nucleation and degree
of branching varied somewhat with the batch of tubing and the
salt used (Figure 5). Specimens which had not cracked in 216
hours were sectioned, and only those from batch MLI-801 showed
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incipient cracks.

Specimens exposed in the fused nitrate/iodide bath at 300°C
showed fractures indistinguishable from those of similar
material cracked at 350°C with a LiCl/KCl depor.it (Figure 6 ) .
However the fractures produced in nitrate/chloride and nitrate/
bromide mixtures were essentially intergranular with some
"transgranular" branching (Figure 7). There was also extensive
internal intergranular oxidation, which preceded failure and
occurred even with unstressed specimens (Figures 8, 9).
Specimens in the nitrate/fluoride bath were badly corroded
and pitted, but showed no signs of cracking.

Subsequent batches of specimens added to both the nitrate/
iodide and nitrate/bromide baths took longer to fail than
the initial specimens put into a fresh bath. In the case of
specimens in the nitrate/bromide bath both internal and surface
oxidation rates were much reduced; whereas for the nitrate/
iodide bath, although times to failure were longer, the surface
oxidation rate appeared to be unaffected and normal for
specimens exposed to 300°C air or fused salt(18). This
suggested that traces of chloride ion might be acting as an
initiator, or activator, and be exhausted during the corrosion
of the first batch of specimens. No such effect was seen in
the nitrate/chloride bath where subsequent batches of specimens
duplicated the behaviour of the initial batch. This effect was
tested by adding traces of chloride to the "depleted" iodide
bath. Only a small effect (~15% reduction in time to failure)
was observed for additions of up to 0.2% chloride, at which
point enhanced surface oxidation started to appear.

An experiment was conducted in the nitrate/iodide bath to
measure the fraction of the total time to failure due to
initiation, and the rate of crack propagation. The results
are given in Figure 10. Stressed specimens were also cracked
in air at 300 and 450°C with deposits of nitrate/iodide and
nitrate/chloride salts, in the same manner as the "hot-salt"
specimens. Cracking times are included in Table 2; examination
showed that cracking tended to initiate around the circumference
of the deposited salt; and to lead to fewer incipient cracks
than for specimens immersed in the fused salts. r ^

• D I S C U S S I O N - : . ; • : ; . - ; / : . • •.'••. . • - . : . . ; • ; ; . - •• ^ :•, • •• :• . • • ! .••..•••:...• : . - - > . - - •

Commercial purity titanium has not been qracked in hot of molten
salts; the Zircaloys are low a-phasealloys more closely allied
to commercially pure titanium than the high-strength titanium
alloys which are susceptible to "hot-salt" cracking. Apart from
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this difference in the susceptibility of comparable alloys, the
other features of "hot-salt" and "molten-salt" cracking of
titanium and zirconium alloys are very similar. The similari-
ties arid differences can be summarized as follows:-

(i) In both systems cracking is predominantly .
transgranular in the a-phase when "hot-salt"
cracking is considered.

(ii) Cracking in fused nitrate/chloride mixtures
(by contrast) is predominantly intergranular
only for zirconium alloys(3). Extensive
internal oxidation occurs with Zircaloy-2
in this medium, but has not been reported for
similar experiments with "titanium alloys.

(iii) When salt deposits are used to generate cracking
the cracks tend to initiate at the periphery of
the salt deposit in both systems (21).

(iv) Times to failure are reduced considerably for
molten salts compared with solid salts at the
same temperature.

These similarities strongly suggest that the cracking mechanism
may be the same in both systems. Although there is still
considerable argument about the mechanism of transgranular hot-
salt cracking of titanium,alloys the following points seem to
have been established.

a. Failure times are largely determined by
initiation rather than propagation rates.
Thus in tests with a salt deposit on notched
titanium alloy specimens fracture occurred
at theJedge of the salt deposit and not at
the nptcht4). c

b. This preferenae for the edge of the salt
~ deposit as the initiation site is ascribed

to a differential oxygen cell giving cathodic
v regions at the circumference. Confirmation of

: this is given by tests in which cracking under
"hot-salt11 deposits was prevented by anodic
polarization, and accelerated by cathodic
polarization(*).

c. Although experiments by a number of investiga-
tors with and without the presence of moisture
have not always been conclusive the overall
impression is that while "elimination" of
moisture does, not stop "hot-salt" cracking the
deliberate addition of excess moisture definitely
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accelerates it(4). it is worth noting at
this point that none of the investigators,
who: purported to have eliminated moisture
from their experiments, took the obvious
additional step of vacuum degassing their
specimens, nor was it clear how effective were
the attempts to eliminate moisture from the
experiments - a notoriously difficult task.

The susceptibility of titanium alloys to
stress-corrosion cracking by hot-salts
apparently correlates well with their
susceptibility to low strain-rate embrittle-
ment by hydrogen (eg., commercially pure
titanium is not susceptible to either)(22).
Thus, the "hot-salt" transgranular cracking
of titanium alloys appears to be consistent
with low-strain rate embrittlement by
hydrogen as the operating mechanism. The
recent success(23; ^ n locating hydrogen
autoradiographically in a fractured surface
after some previous failuresA 9) lends further
support to this hypothesis. However, although
this explanation fits more of the evidence
than any other, there are still a number of
features which are inconsistent with such an
explanation, and hence have caused some
investigators to propose alternative mechanisms.
Since the zircaloys are not known to be
susceptible to low strain-rate hydrogen
embrittlement(24) and yet are sensitive to
hot-salt stress corrosion, the factors which
contradict the hydrogen embrittlement hypothesis
must be considered carefully before any
conclusions are drawn about the behaviour of
the Zircaloys. Thesecontra-indications can
be summarized as follows:

1. Fractography of specimens which have
failed by low strain rate hydrogen
embrittlement is apparently different
from that resulting from "hot-salt"
stress corrosion(3).

2. in some fused-salts the cracking can be
stopped by cathodic polarization(3). This
is the normal behaviour experienced in a

, number of stress-corrosion systems (mainly
giving intergranular cracking) where anodic
dissolution at the crack tip is postulated
as the cracking^mechanism;
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The last of these points can probably be dismissed when we note
that the nitrate/chloride salts used in our experiments give
anomalous results with zirconium alloys. The cracking mode
changed from the usual predominantly transgranular in "hot-salt",
and some other fused-salts (e;g. nitrate/iodide), to a
predominantly intergranular mode. It would not be surprising,
therefore, if the electrochemistry also changes so that anodic
dissolution at the crack tip, the most commonly accepted
mechanism for intergranular stress-corrosion cracking, became
the cracking mechanism. Beck's studies(3) in the analogous
titanium system showed, however, that cracking was still
predominantly transgranular, under conditions where cathodic
protection was possible. This seems to be a definite anomaly,
since anodic dissolution at the crack tip is usually expected
to lead to intergranular failures.

The difference in fractography of the hydrogen-embrittlement
and "hot-salt" cracked specimens if confirmed is more difficult
to explain. However, the initial comparison was made between
hydrogen embrittlement and SCC in aqueous hydrochloric acid
for a Ti-8% Mn alloy(3). Since the corresponding correlation
with hot-salt cracking and the Ti-8% Al-1% Mo-1% alloy was not
made the difference may not be real. If hydrogen embrittlement
of this alloy, as of Ti-8% Mn is intergranular then a difference
does exist between the cracking modes and this difference may
result from differences between the stress distribution in
the two types of experiments. Thus the notches introduced
during "hot-salt" cracking may be much sharper than those
commonly used for hydrogen-embrittlement experiments; the
preference for cracking at the edge of the salt deposit and
not at a pre-machined notch supports this view, although the
observation of sharp notches at the base of the machined
notch in strained (but not broken) notched specimens argues
that the initial notch radius may not be critical.

The past failures to detect any hydrogen absorption during
"hot-salt" cracking was a more serious argument against the
hypothesis. It was perhaps not surprising that standard
analytical techniques did not detect any increase in the
initial hydrogen content (usually 20-40 ppm); since, if hydrogen
were absorbed only, at the crack tip this would represent a
very small increment in total hydrogen when averaged over a
typical analytical specimen. The recent success in detecting
hydrogen absorption autoradiographically during "hot-salt"
cracking testsv23)f n a s effectively eliminated this counter
argument. ..-" _,_..

The observationautofadiographically of tritium absorbed during
hot-salt bracking does not resolve the question; of whether the
initial liydrb^ri^ content of tb& specimen inay *be ehbogh td clause

" b : that th£ ̂ allure to vacuum degas
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specimens in the tests previously reported was a particularly
serious omission which rendered the results of these tests
meaningless. However, if such were the case we would have to
explain why the initial hydrogen content of titanium alloy
specimens does not render all specimens brittle in a low
strain-rate test, whereas the experimental evidence implies
that several hundred ppm are necessary. One would then have
to fall back again on the argument (already used above) that
the notches introduced for experimental testing for hydrogen
embrittlement were not sharp enough to give a sufficient
stress enhancement at the tip to cause hydrogen concentration
in the region of triaxiality. As we saw, there are arguments
both for and against this hypothesis which can not be resolved
on the basis of present evidence. However, experimental
evidence shows that notched, pre-fatigued titanium alloy
specimens used as controls in stress-corrosion cracking tests
do not fail under the influence of their initial hydrogen
content(1). Thus we must conclude that if small quantities
of hydrogen are the primary cause of crack propagation in
titanium alloys exposed to "hot-salt" stress corrosion that
there is a critical difference between hydrogen absorbed at
the crack tip during stress corrosion crack propagation, and
hydrogen already in the metal which may migrate to the region
near the crack tip.

The hydrogen embrittlement hypothesis meets with further
difficulties when we consider that zirconium alloys of the
Zircaloy group have not been found to show static fatigue even
at high hydrogen contents, and yet (like high strength titanium
alloys) they can be cracked in hot-salt environments, whereas
commercially pure titanium cannot. Thus we do not seem able
to draw any positive conclusions about the mechanism of
transgranular hot-salt cracking of zirconium or titanium alloys
from the above experiments and arguments. However, it seems
possible to test these arguments in the zirconium system more
easily than in the titanium system since in the former it is
possible to get hot-salt cracking in alloys not shown to be
susceptible to low strain-rate embrittlement by hydrogen in
conventional notched tests. Thus it may be possible in future
work to resolve the question of whether static fatigue of the
Zircaloys can be caused by hydrogen under conditions where it
is not presently known to occur.

5. CONCLUSIONS

Zircaloy split ring specimens underwent transgranular stress
corrosion cracking in hot-salt or fused salt environments at
300-450°C, whereas JUr-bend specimens did not crack. The
appearance of the fractured surfaces after cracking by hot-
salts, or fused nitrate/iodide was similar (except for the
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degree of oxidation dictated by the length of exposure to the
salt during cracking), and appeared to be identical with
similar fractures produced in iodine vapour. In fused nitrate/
chloride and nitrate/bromide mixtures intergranular cracking
with severe surface and internal oxidation results, whereas
in nitrate/fluoride melts severe pitting, but no cracking,
was obtained.

The mechanism of the intergranular cracking is probably anodic
dissolution at the crack tip, followed by oxidation of the
crack walls. That of the transgranular cracking remains
obscure, but is probably the same as that of the analogous
phenomenon in titanium alloys. Of the mechanisms suggested,
a form of hydrogen embrittlement appears to explain more of
the evidence than any other.
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TABLE 1

Fabrication, Analysis and Texture of Zircaloy Tubing

Alloyi

Manufacturers:

Fabricationi

Analysis - Sn wt%

Pe "

cr "
Ni ppm
0 "
H "
N "
C "

Texture Coeff.* A

AB

' CB

C

D

MWC7B8

Low Ni Zirc-2

Harvey Al

Cold drawn

(16 passes +

int. ann.)

1.4?

0.151

0.079

25

1170

11

28

105

4.1

2.6

1.4

2.5

0

MLI801

Low Ni Zirc-2

Superior

Cold drawn

and annealed

1.39

0.139

0.095

16

1120

26

40

120

3.9

1.5

1.5

3.5

0

MLI3034

Zircalov-4

Reactive Metals Inc.

60-70% tube reduced

and stress relieved

1.55

0.215

0.110

21

1050

10

25

130

3.8

' 1.1

•••'• 2 . 4

5.6

0.3

MLI3804

Zircaloy-4
U.S. Weatinghouse

68% tube reduced,

no stress relief

1.59

0.215

0.117

25

1250

4

42

170

1.1

1.9

2.3

6.4

0

42«CW

Zircaloy.-4

AECL.

(Experimental)

Planetary

Rolling

1.43

0.22

0.09

20

990

5

35

130

<1
<1
>2
<1

<1

Texture coefficients according to idealized orientation

(after B.A. Cheadle, AECL-2627).



TABLE 2

TIME(HRS) TO FAILURE OP STRESSED SPLIT-RING SPECIMENS EXPOSED TO HOT AND MOLTEN SALTS

£ ;:;;; Salt .:./,. ; ;':

LlCl-KCl

i i ; N a c a •; ' • ; • . • • ' : '

:CsI(99#)
i CBI(99.954) '

SnCl2.2^p :

KK©3/NaNd3V^KI

"; t: • '-' "''..,•'•' XiSmgi,'
••• "lr; ' 'K'!! « ' ; • : :

Reference No,
Alloy
Manufacturer

" ^ ^ Fabrication

35O°C

H,

M

J00°C
• H .! . " , .

. " • ' , : • ! • i ' :

MLI-788
Zircaloy-2

Harvey
Cold drawn (16
passes + in t .

ann.)

<24

~216*

<48

<144

NF

70-110

24-26

80 (E)
-

-

Alloy

MLI-801
Low Ni Zirc-2
Superior Tube

Cold drawn
and annealed

<72

NF(I)
NF(I)

NF(I)

NF(I)

60-90
22-25
72-80+

120 (E)
40-72

<24

Batch

MLI-3034
Zircaloy-4

RMI
o5% tube red.

stress relieved

<48

~216*

NF

~216*
NF

168(E)

<40

120 (E)
-

40% CW
Zircaloy-4

AECL
Planetary

Rolling

<216

NF

NF

NF.

NF

72 (E)

100-120

-

-

—

NF - Not failed in 216 hrs at 350°C. No visible cracks when viewed
at low magnification; did not fracture on straightening.

I - Incipient cracks when specimens were examined meta11ographically.

• * -Specimens contained small, but readily visible, cracks when
.', removed at 216 hrB and broke when flexed slightly.

• + - Second and subsequent batches of specimens.

E - Specimens did not crack, but relaxed completely and were
severely embrittled.
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a. x 100

b. x 300

c. x 1000

FIGURE 1 Appearance of Transgranular Fractures in Hot-Salt
(MLI-788, coated with LiCl/XCl eutectic at 350°c)



- 15 -

FIGURE 2 pi*^Pract^e..Surface.-
eutecstic, 350°C; x 3000)
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s. MLI-788
coated with
Csl at 350°C
( x 1000)

b. MLI-3034
coated with
LiCl/KCl eutectic
at 350°C
( x 1000)

FIGURE 3 Variations in Fractography with Texture and their
Absencewith Varying Salt Composition (cf. Figures 1 and 6)



- 17 -

a. MLI-788 (x 150)

b. MLI-801 (x 150)

FIGURE 4 Optical Metaliographs of Specimens after "Hot-Salt"
Cracking. NB. absence of much branching or of many
other incipient cracks.



- 18 -

MLI-788
Auxiliary cracks adjacent
to the primary fracture

BT. "MLI-3034
Primary fracture and
adjacent area. NB. very
few incipient cracks were
observed

c. 42% CW tube
Incipient cracks adjacent
to primary fracture, which
was also at 45°C to the
surface

FIGURE 5 Effect of Texture on the crack Morphology of Specimens
Exposed to Fused KNOa/NaNOa/KI at 300°C (x 150).
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a. MLI-788

b. MLI-801

c. MLI-3034

FIGURE 6 E f f e c t o f Texture on Fractdgraphy"'in KMOa/NaNOa/KI a t 300"C
(x 1000)
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a. MLI-788

b. MLI-801

c. MLI-3034

FIGURE 7 Intergranular Nature of the Cracking in KN03/NaN03/NaCl
at 300°C (x 1000).
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a. MLI-801, 6 days

b. MLI-3034, 7 days

c. AC-U-bend, 11 days

FIGURE 8 Intergranular Oxidation and Thick Surface Oxides Formed
in Fused Nitrate/Bromide Eutectic at 300*C (x 150).
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a. Ac-sheet
(x 40)

b. MLI-788
(x 150)

c. MLI-3034
(x 150)

FIGURE 9 Effect of Texture on Intergranular Penetration in
Nitrate/Chloride Melts.
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